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NMPUBETCTBHUE

VBaxxaeMH rocTH,
Hamu u rocnona,

[TossonmeTe MM Hali-CbpAEYHO Ja BM mo3fpaBs ¢ aobpe mouuth B Haydnara
cranuusa Ha Coduiickusa yHusepcurer "CB. Knument Oxpuacku" B nnaHusaTta Puna Ha
Tpernss  Gbirapo-cpbOcku  cummosdyM. IIbpBuAT cuMMO3HyM Oe TNpPOBENEH B  Ip.
Benorpamguuk. Toli 6e MmHoro ycrmemwen. B oTneyaranus OT ACTpOHOMHuECKaTa
obcepsaropus — Benrpan "PROCEDINGS OF THE FIRST BULGARIAN-YUGOSLAV
ASTRONOMICAL MEETING", penaxktupad ot npot¢. Munan dumutpuesnu, Jlyka
[Torosuy u Mun4o IleTkos, Gaxa mybmyxyBann 7 noknaga oT Obirapckd W 8 ot
H0TOC/IaBCKK acTpoHOMH. OGaue oOwuaAT Opoil Ha yyacTHHLMTE B MbPBHS CUMIO3UyM Ge
27 pyw. Ha TpeTus CHMNO3UyM, nopaid (GMHAHCOBM TPYAHOCTH, ca TMOKaHEHU camo 4
noknaaa, no asa oT Gbjrapcka W cpbOCKa cTpaHa, HO MPUOPUTET € JaleH Ha ToCTepHaTa
cecusl. HapsiBame ce, e 10 TO3W Ha4MH 1€ MMaMe Bb3MOKHOCT Ja OCBLUECTBHM MO-106pH
¥ MO-€(EKTHBHM HayYyHU KOHTAKTH MEXIY OBJITapckuTe W CPHOCKHTE aCTPOHOMH.
KatenpaTa no acTpoHOMHs € MHOTO 1Lac/iBa, Ye B HeliHo nuue Cobuiickns yHupepcuteT
"Cs. Knumenr. Oxpuacku" e eIWH OT HHULMATOPUTE 32 MPOBEXNAHETO HA TO3M
cumnosnym. KaTeapara mo acTpoHOMMA €€ HajifBa, Ye MPOBEKAAHETO HAa  PETyJAPHU
0Brapo-cprOCKH CHMMO3MYMH Npe3 [Be FOAHHH Lie Ce NpPEBbpHE B TPAAHLHsA, KOETO HH
[aBa YBEPEHOCT 3a IIEPECTIEKTUBHO HAY4YHO CBHTPYAHHUECTBO MexJy Obirapckure u
cpbbckute actpoHomu. Katenpara no actpoHomus e ybeneHa, ue reorpadckara 61u30cT
Ha bearapus u Copbus € NONBLAHUTENHO YCTIOBHE 32 TION30TBOPHO HAYYHO ChTPYHUYECTBO
B aCTPOHOMHUSITA.

Ipod. adu 'eopru Mpanos,
pbKoBoauTen Ha Kateapa AcTpoHoMus
npu Coduiickus yHusepcuter "Cs. K. Oxpuncku"
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IMMPUBETCTBHE

YBaxkaeMu KOJIETH, CKBITU NPUATECIIH,

Ilpe3 cpenata Ha mait 1998 r. Munuo I{BetkoB u a3 B Codus meuTaexme na
opranusupame Obarapo - cpbbcka koHepeHuus. A3 My pa3ka3Bax, ue JOKAaTO B
FOrocnaBus umalle e1MHCTBEHA TEEBU3MS BCHYKK HUE — CbpOU, MAKEIOHLH, CJIOBEHIH Ce
pa3bupaxme, a cera 3a HALUKTE [eLa MAKEOHCKUAT H CIIOBEHCKHAT Ca Yy)KAH €3HLM. A3 My
Ka3Bax, 4e ako HaluTe mnanexu obuysar, 6p30 6uxa ce pasdbpanu. ['oBopuxme cu, ye
MEXJy OTAE/HH KOJIErH — CbpOU M OBbIATAPM MMa KOHTAKTH, HO MJIAQMTE HAMAT MON3a OT
ToBa. Hawara uen 6ewe na cwbepem Mnagure oa oOulyBaT U 3a B Ob/elle 1a CTaHe KaKTo
no 1974 rox. B FOrocnasus, KOrato BCHYKH aCTPOHOHOMM FOBOPEXA HA CBOMTE €3WLH U CE
pa36upaxa. 3auoTo Hue, 3@ Pa3ANKa OT PYMBHLIUTE U IbPLHUTE, MOKEM C MAJIKO YCHIIUS OT
IBeTe cTpaHd ga ce pasbupame. Hue ce OOropopuxMe Tasu mbpBa cpella ga Obae B
benorpanuuk i npe3 aBryct 1998 r. a3 nokapax mejieH aBTOOYC ¢ BCHUKM MJaiy Xopa OT
Benrpanckata o6cepsatopus. BiHaru iie 3armoMHHM NMPUCTHIAHETO CH, KOTaTo Mui4o me
nperepHa W kasa “Hampasuxme ro”. ToBa € TperaTa cpella U ce HaisABam Te3 Cpelld 1a
cTaHaT Tpaguuua. Tesn KoH(pepeHuMM HM MO3BONMXaA Ja CE 3aro3HaeM, Aa AMCKYTHpame
CBBMECTHO HaYYHHTE NpOGJIEMH, C KOUTO CE 3aHMMaBaMe M 3ac[HO [a I'd MyOJuKyBaMe.
OcBeH TOBa MMaxme yJOBOJICTBMETO Ja Pa3liMpUM Kpbra Ha MpUATENUTe cH. A3 Gux
M3TIOJ3BAN TO3H MOMEHT zia Gnarojiaps Ha Mundo LiBeTkoB, 6e3 KOHTO Te3un koH(epeHLImH
He Ouxa craHany, ¥ Ha KaTs, KOATO HanpaBH BCHYKO BB3MOKHO Apyxk0ata MeKLy
Obnrapckute U CpLOCKUTE aCTPOHOMM Ja ce peanmsupa. Mckam na 6naromaps Ha
Anexcannbp u PeHana AHTOBM, KOMTO OKasaxa GespesepBHa MOAKpPENa W OpraHu3Mpaxa
nezabpaBuma cpema B Benorpamuuk. Mckam pa Gnaromaps na mpod. MBaHoB, koiito or
HA4a0To MNOJAKPEIH HALIeTO HAYWHAHWE W OpPraHu3mpa Tasu cpemla. MckaM na Gnaromaps
Ha BacuJsi [Toros 3a 6e3pesepBHaTa MOAKpena 3a peain3upate Ha HAIUATa MeuTa, U OLe Ha

“Banepu I'ones. Korato nonutax npo¢. UBaHos u Mun4o u Kars L[BeTKOBH KOl € BAOKMI
Hali-MHOTO BpeM€ M TPyJ 3a Ja Ce OpraHu3upa Tasu KoHdepeHuus, 6e3 konebaHue Te MU
otropopuxa — ToBa € Awdeis CTaHeBa, Ha KOATO HCKaM [a u3pas3i rojsmara cu
GnaronapHoct. KoraTo nonurax: Koii olle € BIOXHII CBOS €HTYCHa3bM , BPEME H TPYI, Te
Mu oTroBoprxa “Panoctun KypTes”, Ha KOTOTO ChLIO HCKaM Ja U3Kaxa GiaroapHocT.

Hckam na Gnaropaps Ha Jlyka ITonoBi4, KOHTO OLiE OT CaAMOTO Hauaio BJIOWKH
MHOTO TpyA W €HTYCHa3bM 3a OpraHW3MPaHeTO Ha TpPHTE KOH(pEPEHUMH U 3a
peanu3upaHeTo Ha MoATa U Munyosa upes. Mckam na Gnaromaps W Ha mos npusTen
Mpuonpar Jauuy.
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["oneMusAT pycku noet Anekcanasp biok e ka3an:” Ako HsaMaTe UCTOPUYECKH M3TOYHML,
3Ha4¥ HAMaTe M HcTOpusa.” Muompar J[laumy, uuuto Qororpadud OT MHUHAIKTE
KOH(epeHUnH UMaMe B COOPHUIIUTE, OCUTYPH W3TOUHHLMTE 33 UCTOPHATA Ha OalKaHCcKaTa
aCTPOHOMHMSA, YUHUTO CTPAHHULM JHEC MTHIIEM.

Hue cMme 3acanu ceMeHaTa Ha NPUATENICTBO, JIIOOOB H CHTPYAHMYECTBO. 3a aa
nopacHat ¥ HabepaT cuia, Te TpsA6Ba Ja ce ma3ar. Heka HaluTe COMEHH 3a pamocTTa u
YAOBOJICTBHETO OT CbBMECTHHUTE CPEIIH I'M 3aIlUTaBaT U pa3BUBAT.

JKenas Ha BcHUKM ycnelrHa pabota, MHOTO yJOBOJICTBHE U PafoCT ¥ pa3UIUpsABaHE
Ha HaIlEeTO NPUSATENICTBO.

Munan JumutpreBuy
Hupekrop Ha benrpaackara o6cepBaTtopust
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IIO3JPABHH I'OBOP

YBaykene KoJiere, Ipard NpujaTesbi.

ITonosunom maja 1998. roaune, Mumao Ilserkos u ja cmo y Codujn mamrranu
0 Tome 1a opramu3yjemo Byrapcko - cprcky acrpomomcky xondepenuujy. Ja cam
IpUYao 1a Aok je y Jyrociasuju 6umma jeanHcTBena TeeBm3nja 6o je HOpMaJHO 18
Caosenan, Makenounan u Cpbun rosope Ha CBOJUM je3uluMa U ja ce pasyMmejy, a Ja
Cy Aamac, 3a Hally JIeIy, MaKeIOHCKH U CJIOBEHAuKu crpany jesuuu. [0BOpHo cam ma
aKo Om ce Halllm MIIaJu MaJIo APY3KUJIH, BPJIO Gp30 6u ce meljycobro pasymenn.

Pasrosapamu cmo o Tome ma je msmeby cprckux u Oyrapckux acTpoHoma Guio
MOje/AMHAYHUX TIOCETA I CAPAIIhe, i 12 MM Of TOTa HUCY MMaJIl KOpucTH. Hain
b je 6uo ja nosesemMo miaaae ga Mehycobuo pasrosapajy u ja y 6yayhnoctu, kao y
Jyrocnasuju mo 1974, cprickn u 6yrapcku acTpoHOMHU rOBOPE CBAKH Ha CBOME je3UKy U
Aa ce pasymejy. Jep mu, 3a pasnuky og Pymyna min T'pka, MOzKeMO ca Maiio HaIopa
TO J1a YYUHIMO.

Horosopusn cmo ce na npsa koudepenmuja Gyxe ncre 1998, roaune y Beso-
TPAIMUKY U ja CaMm y aBryCTy JOBEO IyH ayTobyc H CBe Majaje ca Oncepsaropuije.
Yeex ly mamruru kaza me je na gomacky Mutio 3arpJiMo ¥ PaI0CHO pekao - Hampas-
HXMe ro.

Ozo je Tpelia koudepentmja n nazam ce na hie opaksu CYCPETH [OCTATH TPAJIUIIN]a.
Oge xoudepennuje omoryhnne cy mam ma ce YIO3HAMO, 3aje/IHUYKH MPOJMCKYTYjeMO
Hay4He npobieme Kojuma ce 6aBUMO U 3ajeIHHUKN nybiKyjemo csoje pagose. Ocum
Tora, lazie cy HaMm BEJIMKO 33/[0BO/BCTBO, KA0 M MOTYHHOCT Ja IPOMWNPHMO KPYT ipu-
jarepa.

Ja bux nckopucTo OBy NpUAMKY na ce 3axpajnM Muun LsetkoBy, 6e3 KOTa OBHX
KoHdepeniuja He 6u 6o u Katjn koja je yuunuia cse na ce namr 3ajeIHUYKU CaH O
ApyKetby MIaaux GyrapcKUX M CPICKUX aCTPOHOMA pean3yje.

Xreo 6ux na ce 3axBaanuM u Anekcanapy u Penaan AnrtoBum, Koju cy Hac 6e3pes-
ePBHO NOAPIKa/M U OpraHu30BaJl He3a60paBHO ApyKeme y Benorpagunky.

Xreo 6ux ma ce 3axBajum npocecopy Teopru MpanoBy, Koju je o mouerka Tmo-
APKaBao Hally Wiejy U OPraHM30Ba0 OBY KOH(MEPEeHIH]y.

Xreo 6ux 1a ce 3axsannm Bacusy Ionosy 3a Ge3pesepBHy NOAPIIKY y peann3anujy
Hamer Mamrama. 3a 6e3pe3epBHY MOAPIIKY KEJUM A2 Ce 3aXBajuM | Banepujy
Tonesy.

Kana cam nurac npodecopa Vsanosa, Munuy u Karjy llerkose, ko je najsume



BPEMEHA U TPyZa yJl0XKHO JIa ce opraxusyje oBa KoHdepennuja, 6e3 okesama Cy MH
pekin z1a je To Anenmja CraneBa, KOjoj JKeIUM [ja U3PA3UM BETHKY 3aXBaJIHOCT.

Kana cam nx murao ko je jour ynoxkuo CBOj eHTy3uja3am, Bpeme u TPYH, PEKJIH Cy
mu 12 je To Pagocrun Kypres xoMe »xennm 1a ce 3axBajiiM.

xKesieo 6ux jga ce 3axsaaum u JIyku ITonosuhy, xoju je y OpraHu3allijy CBe Tpu
KoHbepeniuje ylnoxno BeJINKA TPy U KOjH je Ha OCTBAPEIby OBE HAIIE nzeje ca Be-
JINKAM €HTY3Wja3MOM PAJHO0 Ol MOYETKA.

Xreo 6ux ja ce 3axpaium u MoMe npujarersy Muonpary Taunhy. Besku pPycKu
nectnk Ajiekcangap Brok je pexao: ”Ako memare HCTOpHjCKe H3BOpe, HeMaTe He-
topujy.” auuh, unje dboTorpadiuje ca mperxoqHux KOH(EPEHIHja IMaMOo y KbUrama,
obesbelyje ucropujcke u3BOpe 3a MCTOPHjy acTpoHoMmuje Bankana 4yuje CTpaHuIle
JIaHAC UCIHCYjEMO.

ITocejamm cmo ceme mpujaTesbcTBa, jbybasu u capamme. Ja 6u 6Gumka nopacjia u
ojauana, Tpeba jaa ce meryje. Heka je mrnte n passujajy maimre ycromene ma pajoct
3ajeJHAYKOr APYIKelba Ha OBUM KOH(EpeHIyjaMa. KeJInM BaM CBHMA ycreman pag,
IYHO 33/I0BOJbCTBA M PAJIOCTU U 1IPOAYO/bHBAE HAIIET TIPHjaTe/bCTBRA.

Munan C. Tumnrpujesnhi
Hupexrop Beorpazcke acTporomcke OTICCPBATOPH]C
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MPUBETCTBUE OT HAHOHAJIHUSI ACTPOHOMHUYECKHW CBHIO3
41
OT CHIO3A HA ACTPOHOMMWTE B BbJITAPUSA

VY BaxxaeMH KOJery,

3a MeH e ocobeHa yecT OT MMeTo Ha HaunoHanH1A KOMHUTET MO aCTPOHOMUS W OT
nMeTo Ha Cblo3a Ha acTpoHOMHTe B bbirapus na nosapasst Bac yuactHuunte B Tperus
Obarapo-cpbrOCcKH  ceMuHap ¢ godpe gouu M na Bu nosxenas ycneiiHa paborta npes
clleIBALLUTE TPU JHU. '

Tasu cpeina Mmu HaroMHs nanevHata 1981 roauna. Torasa B lyOpoBHUK, Ha Opera
Ha AnpuaTvka YCTAHOBHXME MBbPBUTE JIMYHM KOHTAKTH MEXJY Hac W Bac, KOJEruTe oT
Benrpaackara acTtpoHomudecka oOcepBaTopusi. ToBa cTaHa MO BpeMe Ha [OpeaHaTa
ERMA-6.Cnen 3akpuBaHeTo Ha cumnosuyma npog. Teaexu (ceemia sy navien) HA TIOKaHH
na nocetuM benrpaackara actpoHomMuuecka obcepBaTopis. HekonkoAHEBHOTO NOCELIEHHE
Gelle neiiCTBUTENHO €HO BEJIMKOJIENHO TpexuBaBaHe. OT CyTPHH 10 Beyep 00CHKIAXME
pasnuyHu  npobieMu, pasriexaaxme —obcepeaTopusATa, noceTuxme  benrpanckus
YHUBEpPCUTET W Hskou 3abenexurtennoctd Ha benrpan. [pynata, koato ce obpasyea
CMOHTAHHO TpuTeXkaBalle ocobeHa KOJIOPHUTHOCT. B Hes yuacTBaxa ¥ ABamMa M3BECTHH
aMmepukaHcku actpoHomu: mnpod. Eneonop Xemnn u a-p Ponw Xemun ot JPL
[TanomapckaTta obcepratopust. Te 0sxa nokaHeHu oT bbirapckara akagemus Ha HayKuTe
na noceraT HauwnonanHata acTpoHomuuecka oOcepsBaTopus — POXKeH M CbhyeTaBaxa
y4acTuTeTo ci B ERMA-6 ¢ noceluenneto ¢ y Hac. TyK [I€ CH MO3BOJA 1A MOKaxa eaHa
CHHMEKa OT OHOBA BpPeMe Ha 4acT OT CMOHTaHHO 00pasyBajara ce rpyna.

TemMuTE Ha pa3roBOPUTE €CTeCTBEHO 0sxa Hali-pasHOOOpasHu — OT HYHCTO
TeopeTHUHH 10 HaabmonarenHu. [Tocneanure 6sxa CBBLP3aHH C B3MOKHOCTHTE ‘Ha HOBATA
obcepBaTOpHs Y HAC KAKTO W C TIaHUPaHMA TI0 TOBA BPEME CTPOEXK Ha odceppaTopus Ha
TepuTOpuUsTa Ha TorasawHata lOrocnasus ¢ 1,5 M. Tejeckor.

I[ucxycume 10 BpEMETO Ha TOBA KPAaTKO MOCEWEHNE 103BOIMXA €IHO NPUHUHITHO

Joropapste 3a Obaelo CLTpyAHNHecTBO. JloroBopruxMe ce mpes ciensai@ara 1982 r. na
ce crOepemM OTHOBO K MPOXBKMUM AHCKYCHHTE OTHOCHO ObaellaTa CbBMECTHa paboTa.
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BEJITPAJ] - 1981 2.
A. Cmosauyu om 1280 Ha OsICHO:
Buosera UBanoBa — buarapus,
Eneonop Xeann — CAIL,
BoiiciaBa [IpoTuy — FOrocnasus,
Hean IMakBop - FOrocnasus,
Muxke Ky3smanocku - FOrocnasus;

B. Ceosuyu:
Baagumup llkoapar —-Boarapus,
Jparomup Onesny - FOrocnasus.

CpeLuaTa OTHOBO C€ CbCTOA B BenrpazlcxaTa aCTPOHOMUYECKA o6cepBaTopm. OTHOBO, H
Nno-geTannHo  o06ChAMXME Bb3MOXKHOCTUTE Ha TOKY UI0O OTKpuTaTa Haunonanua
aCTPOHOMUUECKA o6cepBaTopnﬂ - PO)KCH, KakKTo 4 0051acTuTe , B KOUTO OUXMeE MOIJIM J1a CH
CbTPYAHHUYHM. ITo BpPEME Ha MOCIENHOTO obcwxknane Oete PeLWECHO Oa MOArOTBUM MPOEKT
Ha paMKOB J10roBop 3a CbTPYyAHHUYECTBO, KoliTo ma Oble MoAnucaH or PBKOBOACTBATA Ha
OBETE MHCTUTY LIUH.

Ckopo cllell MpHKJOYBaHe Ha Pa3rOBOPUTE JAOTOBOPBLT Oelle MOAMHCaH, HO 3a
ChKaJICHHE Taka ChCTaBeH, ue He Moxka aa npopaGotu. Tyk He Oux uckan ga oGcwkaam
00EKTHBHUTE U CyOCKTHBHHU MPUYHHH 3a TOBA.

Ille orGemexa, Y€ Npe3 UMIOTO BpPEME pa3roBOpUTE 6sXa M3KIIOUUTETHO
KONIErHajiHy, AyXbT Oelie mpusTenacky U Apyxemoben. Hamasam ce , ue To3m ayx Ha
OM30CT U NPUATEJICTBO LUE NPOIBIDKH U cera Mo BPeMe Ha Ha Tas3u cpelua.

Beuuky 3HaeM, e acTPOHOMUATA € MHTEPHALIMOHAJIHA HAayKa U OTKJIOHEHHETO OT
TO3M acleKT He Ou Ouil mosjie3eH 3a camaTta Hesl. VMicka MM ce KOHTaKTHTE U PasroBOpUTE Ja
NpoABL/DKAT M Aa ce pa3BuBaT. ToBa ce Hajmara oulle NOBEYEe B HAlIe Bpeme, KOrato
CbLIECTBYBAT oOnpeneneHu ycnosus  Haumonannata actponomuyecka obcepBaTopns-
PosxkeH cbc cBoeTo 0OypyABaHe ce NpeBbpHE B OO0LL ACTPOHOMHUYECKH LEHTBD B
IOrousrouHa EBporna, K0eTo € 1 B ICHCTBUTEIHOCT.

IMpod. ndx Bragumup Lkonpos
Ipedcedamen na Hayuonanuus komumem no acmponomusi 8 bvreapus,
Ipedceoamen na Cviosa Ha acmporomune 6 bvizapus
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Abstract. A review of approximate methods for calculation of spectral line profiles in hot
stellar plasma has been presented. We have discussed in detail the modified semiempiri-
cal method for Stark broadening parameters determination as well as the regularities and
systematic trends for interpolation of new data and critical evaluation of existing ones.

1. INTRODUCTION

Since the atmospheric composition of a star is not known a priori, and many
interesting groups of stars exist with very peculiar abundances as compared to the
Sun, stellar spectroscopy depends on very extensive list of elements and line transitions
with their atomic and line broadening parameters.

The interest for a very extensive list of line broadening data is additionally stimu-
lated by the development of space astronomy, since with instruments like Goddhard
High Resolution Spectrograph (GHRS) on Hubble Space Telescope, an extensive
amount of high quality spectroscopic information over large spectral regions of all kind
of celestial objects has been and will be collected, stimulating the spectral—line—sha-
pe research. The dramatic increase of accuracy and resolution is well illustrated in
Fig. 1 where the x Lupi UV spectrum obtained by IUE and GHRS are compared

Development of computers also stimulates the need for a large amount of atomic
and spectroscopic data. Particularly large number of data is needed for example for
opacity calculations. An illustrative example might be the article on the calculation of
opacities for classical Cepheid models (Iglesias et al. 1990), where 11 996 532 spectral
lines have been taken into account (45 lines of H, 45 of He, 638 of C, 54 of N, 2 390
of O, 16 030 of Ne, 50 170 of Na, 105 700 of Mg, 145 200 of Al, 133 700 of Si, 12 560
of Ar and 11 530 000 of Fe), and where Stark broadening is included. Another good
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Fig. 1: The UV spectrum of x Lupi obtained with GHRS and with IUE satellite
(Leckrone et al. 1993). The resolution of GHRS spectrum is 0.0023 nm and the
maximal signal to noise ratio is 95 (Brandt et al. 1999). The full line at GHRS
spectrum is observed and the dotted synthesized one.

example for the need of an extensive set of atomic and spectroscopic data including
Stark broadening is the modeling of stellar atmospheres. For example, PHOENIX
(see Hauschildt and Baron, 1999 and references therein) computer code for the stellar
modelling includes a database containing 42 x 108 atomic/ionic spectral lines.

Interesting investigations which shows the possibilities opened with the develop-
ment of computer technology and indicating the need for as much as possible larger
amount of spectroscopic and atomic data, are calculations of equivalent width changes
with the age in starburst stellar clusters and galaxies (Gonzales-Delgado et al. 1999).
In this research the change of particular hydrogen and helium lines equivalent widths
during 500 milion years, has been calculated and compared with observations of stel-
lar clusters and starburst galaxies. Calculations have been done in two steps. First,
the population of stars of different spectral types, as a function of age are calculated,
and then the profiles of the lines are synthesized by adding the different contributions
from stars. For spectral line profiles synthesis the effects of natural, Stark, neutral
atom impact and thermal Doppler broadening have been taken into account.

We draw attention here, that for temperatures of around 10 000 K or higher,
hydrogen is mainly ionized and Stark broadening is the principal pressure broadening
mechanism of spectral lines. Consequently, astronomers often need Stark broadening
data for a large amount of spectral lines. In spite of the fact that very sophysticated
methods for Stark broadening calculations exist, as e.g. quantum mechanical strong
coupling method (see e.g. Dimitrijevi¢ et al. 1981, Dimitrijevié 1996 and references
therein) or semiclassical approach (see e.g. Jones et al. 1971, Benett and Griem 1971,
Griem 1974, Sahal—Bréchot 1969ab), approximate approaches are often the unique
way to obtain the needed information. Moreover, they may be used for the critical
evaluation of existing theoretical and experimental data. The aim of this lecture is
to present some of such methods, in particular methods developed in Serbia.
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2. MODIFIED SEMIEMPIRICAL METHOD FOR STARK
BROADENING AND ASTROPHYSICAL APPLICATIONS

It is twenty two years from the formulation of the modified semiempirical (MSE)
approach (Dimitrijevi¢ and Konjevi¢ 1980) for the calculation of Stark broadening
parameters for non-hydrogenic ion spectral lines. Within this period the considered
method has been applied successfully many times for different problems in astro-
physics and physics. According to the modified semiempirical (MSE) approach (Dim-
itrijevi¢ and Konjevié¢ 1980, 1981, 1987, Dimitrijevié¢ and Krsljanin 1986, Dimitrijevié
and Popovi¢ 1993, 2001, Popovié¢ and Dimitrijevié 1996a) the electron impact full
width (FITWM) of an isolated ion line is given as

8r h? , 2m 12 ™ A2
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{30 ST RmiliAidi, i (1) Ai TG, 4,51)+
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and the corresponding Stark shift as
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where the initial level is denoted as ¢ and the final one as f and the square of the
matrix element

(Rl ArJi, (G £ DA Ji], k=i, f}is

- / ny (€x
R [T (e £ DAL = 5725 QUlAws (b £ DALQUK, )[R0
(3)
Also,
(5 = max({, . £ 1) and
5 3ng o1, o
> Rerr) Anso = ("2—Z—k)2§(nk2 +36% + 30, + 11) (4)
kl
In Egs. (1) and (2)
E

Lt = o
kalyr AEI_k,[_‘k,’

and £ = :ﬁkT
is the electron kinetic energy and AEy, ¢, = |Ey, — Ey,, | is the energy difference
between levels ¢, and ¢,+1 (k =4, f),

E
Tnp,np+1 =T o™,
* AEnk,nk-i—l

where for An # 0, the energy difference between energy levels with ny, and ng+1,
AEn n+1 18 estimated as AE,, 41 & 2Z22Eg /ni®, n} = [ExZ2/ (Eipn — E3))/?
is the effective principal quantum number, Z is the residual ionic charge (for example
Z=1 for neutrals) and E,, is the appropriate spectral series limit.

If we have an oscillator strength, e.g. from literature, the corresponding matrix
element may be calculated as

22 EH e
I ./z‘——' a3 E-/ E.,’ k‘:.
SRA,,A 3Ek' - S (Ey > Ey) i, f
or
< E 2K +1 _
R i z Firs (Ew < Ey), k=1if (5)

PR e i -
Ey—Ey 2k +1
where fi (for By > Ey) and fr (for Ey < Ej) are oscillator strengths and Ey

is the hydrogen ionization energy.

Possible configuration mixing may be taken into account (see e.g. Dimitrijevié
and Popovié 1993) if one represents R2 ; as

R2, =Ko 82, + Kg- $25, (6)

where K, and K3 are mixing coefficients for two configurations and K, + I g =1.
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In Egs. (1 -4) N and T are electron density and temperature, respectively, while
QLA ¢'A') and Q(J,J') are multiplet and line factors. The value of A depends on
the coupling approximation (see e.g. Dimitrijevié and Popovié¢ 1996a). In the case
of the LS coupling approximation, applied here, 4 = L, for the jK approximation
A = K and for the jj approximation A = j. The [R::;::H
with g(x:) (Griem 1968), 7(2:) (Dimitrijevi¢ and Konjevié 1980) and g, (z) (Griem
1968), gsn(x) (Dimitrijevié and Krsljanin 1986) are denoted the corresponding Gaunt
factors for width and shift, respectively. The factor ow = (Ew — Ex)/|Ew — Eg|,
where Ej and Ej are the energy of the considered and its perturbing level. The sum
3" Ok is different from zero only if perturbing levels with An #0 strongly violating the
assumed approximations exist, so that they should be taken into account separately,
and may be evaluated as

] is the radial integral, and

< E
d; = :t'SR?i’ [gSh(AE,-,-u ) + gsit(g"'lli,1ti+1)]v (7)
for the upper level, and
8y = FR . x 8
= 'ff’[gsh(m) F 9sr(Tnymp+1)]s (8)

for the lower level. In egs. (7) and (8) the lower signs correspond to AE < 0,
k=1if.

In comparison with the full semiclassical approach (Sahal-Bréchot 1969ab, Griem
1974) and the Griem’s semiempirical approach (Griem 1968) who needs practically
the same set of atomic data as the more sophysticated semiclassical one, the modified
semiempirical approach (Dimitrijevi¢ and Konjevi¢ 1980, 1981, 1987, Dimitrijevi¢
and Krsljanin 1986, Dimitrijevi¢ and Popovié¢ 1993, 2001, Popovié¢ and Dimitrijevi¢
1996a) needs a considerably smaller number of such data. In fact. if there are no
perturbing levels strongly violating the assumed approximation, for ¢.g. the line width
calculations, we need only the energy levels with An = 0 and £;; = ¢;; & 1, since
all perturbing levels with An # 0, needed for a full semiclasical investigation or an
investigation within the Griem’s semiempirical approach (Griem 1968). are lumped
together and approximately estimated. Here, n is the principal and ¢ the orbital
angular momentum quantum numbers of the optical electron and with i and f are
denoted the initial and final state of the considered transition.

Due to the considerably smaller set of needed atomic data in comparison with the
complete semiclassical (Sahal-Bréchot 1969ab, Griem 1974) or Griem'’s semiempirical
(Griem 1968) methods, the MSE method is particularly useful for stellar spectroscopy
depending on very extensive list of elements and line transitions with their atomic and
line broadening parameters where it is not possible to use sophysticated theoretical
approaches in all cases of interest.

The MSE method is also very useful whenever line broadening data for a large
number of lines are required, and the high precision of every particular result is not
so important like e.g. for opacity calculations or plasma modeling. Moreover, in the
case of more complex atoms or multiply charged ions the lack of the accurate atomic
data needed for more sophysticated calculations, makes that the reliability of the se-
miclassical results decreases. In such cases the MSE method might be very interesting
as well.
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3. SYMPLIFIED MSE FORMULA

For the astrophysical purposes, of particular interest might be the simplified semiem-
pirical formula (Dimitrijevi¢ and Konjevi¢ 1987) for Stark widths of isolated, singly,
and multlplv charged ion lines applicable in the cases when the nearest atomic energy
level (j' = ' or f’) where a dipolly allowed transition can occur from or to initial
(i) or final (f) energy level of the considered line, is so far, that the condition z i =
E/|E; — Ej| < 2 is satisfied. In such a case full width at half maximum is given by
the expression (Dimitrijevi¢ and Konjevié¢ 1987):

g A2(cm) N (cm™3) 1.1 3n: ,
i) (09 Z)Z(QZ)( 2_2-¢-1). (15)

J l

W(A) =2.2151 x 108

Here, N and T are the electron density and temperature respectively, £ = 3RT/2
is the energy of perturbing electron, Z — 1 is the ionic charge and n the effective
principal quantum number. This expression is of interest for abundance calculations,
as well as for stellar atmospheres research, since the validity conditions are often
satisfied for stellar plasma conditions.

Similarly, in the case of the shift

) *fe m 3 1,
d(4) = 1.1076 x 10-8%%11—)(0.9 = %)%x
2= (6 + D - G- ). (16)

If all levels Fi_f + 1 exist, an additional summation may be performed in Eq. (16)
to obtain

8)\2((:m)N(cm‘3)(09 11)i ni2e;
TIAK) 7122 43+ 1

d(A) =1.1076 x 10~ (n}? - 362 30, 1),

where ¢ = +1 for j =i and -1 for j = f.

4. TESTS AND APPLICATIONS FOR DETERMINATION
OF STARK BROADENING PARAMETERS

The modified semiempirical approach has been tested several times on numerous ex-
amples (Dimitrijevi¢ 1990a). In order to test this method, selected experimental
data for 36 multiplets (7 different ion species) of triply—charged ions were compared
with theoretical linewidths. The averaged values of the ratios of measured to cal-
culated widths are as follows (Dimitrijevi¢ and Konjevi¢ 1980): for doubly charged
ions 1.06 & 0.32 and for triply—charged ions 0.91 £ 0.42. The assumed accuracy of
the MSE approximation is about £50%, but it has been shown in Popovié and Dim-
itrijevi¢ (1996b, 1998) and, Dimitrijevi¢ and Popovié (2001) that the MSE approach,
even in the case of the emitters with very complex spectra (e.g. Xe II and Kr 1I),
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gives very good agreement with experimental measurements (in the interval £30%).
For example for Xe II, 6s — 6p transitions, the averaged ratio between experimental
and theoretical widths is 1.15 4 0.5 (Popovié and Dimitrijevié¢ 1996b).

In order to complete as much as possible the needed Stark broadening data, Bel-
grade group (Milan S. Dimitrijevié¢, Luka C. Popovi¢, Vladimir Krsljanin, Dragana
Tankosi¢, Nenad Milovanovié¢, Zoran Simi¢, Miodrag Dacié¢, Zorica Cvetkovié, Pre-
drag Jovanovié) used the modified semiempirical method to obtain the Stark width
and in some cases shift data for a large number of spectral lines for the different atom
and ion species. Up to now:

6 Fell,4 Pt1I, 16 Bi IL, 12 Zn II, 8 Cd II. 18 As II, 10 Br I, 18 Sh II, 8 I II, 20
Xell, 138 Till, 3 La1l, 16 Mn 1I, 14 V II, 6 Eu IL, 37 Kr 11, 6 Y I, 6 Sc 11, 4 Be 111,
4 BIIL 13 S III, 8 Au II. 8 Zr II, 53 Ra II, 3 Mn III, 10 Ga III, 8 Ge III, 4 As III, 3
Se III, 6 Mg III, 6 La III, 5 Sr IIT, 8 V III, 210 Ti II[, 9 C I, 7 N III, 11 O IIL. 5 F
III, 6 Ne III, 8 Na III, 10 Al III, 5 Si III, 3 P III, 16 C1 III, 6 Ar III, 30 Zr I1I, 20 Co
Mr2BIV,CulV,30 VIV, 14 GelIV,7TCIV,4NIV,401IV,2NelV,4 Mg IV, 7
SiIV,3PIV,281V,2CIIV,4ArIV,3CV,500 V,12F V,9Ne V, 3 Al V, 6
SiV, 11 N VI, 28 F VI, 8 Ne VI, 7 Na VI, 15 Si VI, 6 P VI, and 1 Cl VI transitions
have been calculated (see Dimitrijevié and Popovié¢ 2001 and references therein). The
shift data for 16 Bi II, 12 Zn II, 8 Cd II, 18 As 1T, 10 Br II, 18 Sb II , 8 I II, 20 Xe
II, 5 Ar II, 6 Eu II, 14 V II, 8 Au I, 14 Kr II and 138 Ti II transitions have been
calculated (see Dimitrijevi¢ and Popovié¢ 2001 and references therein). Moreover, 286
Nd IT Stark widths have been calculated (Popovié et al. 2001b) within the symplified
modified semiempirical approach.

Calculations within the modified semiempirical approach, for comparison with
experimental data or testing of the theory have been performed also for Stark widths
for 14 Al1, 46 Al1I, 12 Al TIT (Heading et al. 1997), 1 CIV, 1 NV, 1 O VI (Béttcher
et al. 1988, Glenzer et al. 1992), 1 Ne VIII (Glenzer et al. 1992), 3 N III, 3 O IV, 3
F V, 2 Ne VI (Glenzer et al. 1994), 12 C IV (Ackermann et al. 1985), 4 C II, 5 N II,
3 O1I, 4 FII, 3 Ne II (Blagojevi¢ et al. 1999), 1 N IT (Milosavljevi¢ et al. 1999), 8 S
IT (Djenize et al. 1990), 2 Ne VII (Wrubel et al. 1996), 4 N 111, 2 F V (Blagojevi¢ et
al. 1996), 2 Ne III, 2 Ar III, 2 Kr III, 2 Xe III (Konjevié 1995), 3 Si IIT (Dimitrijevi¢
1983), 3 Ne III, 2 Ar III, 2 Kr III, 2 Xe IIT (Konjevié¢ and Pittman 1987) transitions.
Moreover, in Kobilarov and Konjevi¢ (1990) Stark widths and shifts for 2 Cl II and
6 Ar III lines have been calculated.

5. APPLICATION TO THE INVESTIGATION OF
?ZIRCONIUM CONFLICT” IN y LUPI STAR ATMOSPHERE

The electron-impact broadening is the main broadening mechanism in A and B type
star atmospheres (seere.g. Popovi¢ et al. 1999). The electron-impact broadening data
are needed for various problems in astrophysics, as e.g. for diagnostic and modeling of
stellar plasma, investigation of its physical properties and for abundance determina-
tion. These investigations provide us with useful information for modeling of stellar
evolution. As an example, the abundances study in stellar atmospheres provides
evidences for the chemical composition of the stellar primordial cloud, processes oc-
curring within the stellar interior, and the dynamical processes in stellar atmosphere.

The available abundance analysis for early-type stars show that about 10% - 20% of
A and B stars have abundance anomalies, including anomalies in isotopic compositions
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Fig. 2: The UV spectrum of the y Lupi star within the 193.83 nm - 193.87 nm
wavelength range. With the full line is denoted the spectrum obtained by GHRS.
With the dotted line is shown the synthesized Zr IT 4d5s5p VzDg/2 - 4d%5s a2D3/2
A = 193.85 nm line obtained for zirconium abundance log(Nz,/Ny) = —8.12. These
abundance value is obtained from Zr IIT lines. With - - - is denoted synthesized

spectrum for zirconium abundance log(Nz,/Ny) = —9.1, and with larger dots for
log(Nzy/Ny) = —9.0 (Leckrone et al. 1993).

(Leckrone et al. 1993). The abundance anomalies in these stars, called CP stars,
have been caused by different hydrodynamical processes in the outer stellar layers
(aided and mitigated by magnetic fields, weak stellar winds, turbulence, rotation
mixing, etc.). In order to investigate these processes, atomic data for numerous lines
of numerous emitters are needed.

For example the zirconium lines are present in spectra of HgMn stars (Cowley
and Aikman 1975, Heacox 1979, Leckrone et al. 1993, Sikstrém et al. 1999). It
is interesting that the zirconium abundance determination from weak Zr II optical
lines and strong Zr III lines (detected in UV) is quite different (see Leckrone et al.
1993, Sikstrom et al. 1999) in HgMn star x Lupi. This is illustrated in Fig. 2,
where the UV spectrum of the x Lupi star within the 193.83 nm - v 193.87 nm
wavelength range is shown. With the full line is denoted the spectrum obtained by
GHRS. With the dotted line is shown the synthesized Zr II 4d5s5p v2D¢,, - 4d25s

3/2
a2D3/2 A = 193.85 nm line obtained for zirconium abundance log(Nz,/Ny) = —8.12.
These abundance value is obtained from Zr IIT lines. With - - - is denoted synthesized
spectrum for zirconium abundance log(Nz,/Nyg) = —9.1, and with larger dots for

log(Nz,/Nu) = —9.0 (Leckrone et al. 1993).

It is so called ”zirconium conflict” and it was supposed by Sikstrom et al. (1999)
that this difference is probably due to non adequate use of stellar models, e.g. if the
influence of non-LTE effects or if diffusion is not taken into account.

Zirconium, often overabundant in HgMn stars (see Heacox 1979), is one member
of Sr-Y-Zr triad, which is vital for the study of s-process nucleosynthesis and has
been pointed as presenting a non-nuclear abundance pattern in HgMn stars. The
most obvious interpretations of this anomaly are with the help of diffusion theory or
with inclusion of non-LTE effects. However, it is of interest also to investigate the
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Fig. 3: The change of the Zr III 4d? 3P; - 4d5p 3P§ A\ = 193.725 line profile due to
the change of the zirconium abundance log(Nz,/Np) for stellar atmospheres model
with T.;; = 10500 K, logg = 4.0 and the turbulence velocity V; = 0.0 km s (a).
In (b), the equivalent width as a function of the zirconium abundance is shown.

contribution of the differences of Zr II and Zr III Stark broadening parameters to the
zirconium conflict.

In Popovic¢ et al. (2001a), the electron-impact broadening parameters calculation
of two astrophysically important Zr IT and 34 Zr III lines has been performed, in order
to test the influence of this broadening mechanism on determination of equivalent
widths and to discuss its possible influence on zirconium abundance determination.

Atomic energy levels needed for calculations have been taken from Reader and
Acquista (1997) and from Charro et al. (1999). Obtained results have been used to
see how much the electron-impact broadening can take part in so called ”zirconium
conflict” in the HgMn star x Lupi. In order to test the importance of the electron-
impact broadening effect in determination of zirconium abundance, Popovié et al.
(2001a) have synthesized the line profiles of Zr II, A=193.8 nm and Zr III, A=194.0
nm using SYNTH code (Piskunov 1992) and the Kurucz's ATLAS9 code for stellar
atmosphere model (Kurucz 1993) T = 10500 K, logg =4.0 and the turbulence
velocity V; = 0.0 km s~! |, i.e. with the stellar models with similar characteristics as
in the case of x Lupi (Teg =10650 K and logg =3.8, see e.g. Leckrone et al. 1999).
These lines have been choosen, because they have been usually used for abundance
determination. The reason is that the lines have small wavelength displacement and
they are well resolved (Leckrone et al. 1993). The change of the Zr III 4d? 3Py -
4d5p *P§ A = 193.725 line profile due to the change of the zirconium abundance is
shown in Fig. 3a, while in Fig. 3b the equivalent width as a function of the zirconium
abundance is shown.

Popovié et al. (2001a) have calculated the equivalent widths with the electron-
impact broadening effect and without it for different abundances of zirconium. The
obtained results for ZrI11[194.0nm] and ZrII[193.8nm]| lines show that the electron-
broadening effect is more important in the case of higher abundance of zirconium. The
equivalent width increases with abrndance for both lines, but the equivalent width
for ZrII1[194.0nm]| line is more sensitive than for ZrII[193.8nm)] line. It may cause
error in abundance determination in the case when the electron-impact broadening
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Fig. 4: The behaviour of Stark and Doppler widths (FWHM) with temperature, for
stellar atmosphere model with T,r; =10500 K, log g=4.0 and V, = 0.0 km s~! for
a) Zr II 4d5s5p V2D§/2 - 4d?5s a?Dy/p A = 193.85 nm (full line—) and Zr 1T 4d5s5p
VQF‘g/2 - 4d%5s b2G7/2 A = 232.47 nm (broken line) and b) Zr IIT 4d? 3P, - 4d5p *Py
A =193.725 nm, Zr 111 4d? 'Gy - 4d5p 'F§ A = 194.023 nm, Zr 111 4d? 3P, - 4d5p *Pg
A =194.105 nm i Zr 111 4d? 3Py - 4d5p 3P$ A = 194.657 nm. In Fig. 4b, dependence
for all indicated lines is not shown since it is approximately the same.

effect is not taken into account. In any case synthesizing of these two lines in order
to measure the zirconium abundance without taking into account the electron-impact
widths will give that with the ZrIII[194.0nm] the abundance of zirconium is higher
than with the Z11I[193.8nm)] line. However, this effect cannot cause the difference of
one order of magnitude in abundance.

Although the "zirconium conflict” in HgMn star x Lupi cannot be explained only
by this effects, one should take into account that this effect may cause errors in
abundance determination. Moreover in Fig 4 is demonstrated that Stark broaden-
ing is comparable with Doppler broadening or dominant broadening mechanisms for
temperatures around 10 000 K and higher.

6. OTHER ASTROPHYSICAL APPLICATIONS

The modified semiempirical method and Stark broadening parameters calculated
within this approach have been applied in astrophysics e.g. for the determination
of carbon, nitrogen and oxygen abundances in early B-type stars (Gies and Lambert
1992) magnesium, aluminium and silicon abundances in normal late-B and HgMn
stars, from co-added IUE spectra (Smith 1993) and elemental abundances in hot
white dwarfs (Chayer et al. 1995ab), investigations of abundance anomalies in stars
(Michaud and Richer 1992), elemental abundance analyses with DAQ spectrograms
for 15 - Vulpeculae and 32 - Aquarii (Bolcal et al 1992), radiative acceleration calcula-
tion in stellar envelopes (LeBlanc and Michaud 1995, Gonzales et al. 1995ab, Alecian
et al. 1993, Seaton 1997), consideration of radiative levitation in hot white dwarfs
(Char et al. 1995, Chayer et al. 1995ab), quantitative spectroscopy of hot stars (Ku-
dritzki and Hummer 1990), non - LTE calculations of silicon - line strengths in B -
type stars (Lennon et al. 1986), stellar opacities calculations and study (Iglesias et
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al. 1990, Iglesias and Rogers 1992, Rogers and Iglesias 1992, 1995, 1999, Seaton 1993,
Mostovych et al. 1995), atmospheres and winds of hot stars investigations (Butler
1995), investigation of Ga II lines in the spectrum of Ap stars (Lanz et al. 1993).
Stark broadening data calculated within the modified semiempirical method entered
in a critical overview of atomic data for stellar abundance analysis (Lanz and Artru
1988), and a catalogue of atomic data for low-density astrophysical plasma (Golovatyj
et al. (1997), Stark broadening parameter regularities and systematic trends research
(Glenzer et al. 1992, 1994, Wrubel et al. 1998, Purié¢ et al. 1987, 1988a-d, Purié
1996)... The modified semiempirical method entered also in computer codes, as e. g.
OPAL opacity code (Rogers and Iglesias 1995), handbooks (Peach 1996, Vogt 1996)
and monographs (Gray 1992, Griem 1997, Konjevié¢ 1999).

In order to make the application and usage of our Stark broadening data obtained
within the semiclassical and modified semiempirical approaches more easier, we are
organizing them now in a database BELDATA.

7. REGULARITIES AND SYSTEMATIC TRENDS

When reliable data do not exist, the knowledge on regularities and systematic
trends of line broadening parameters can be used for quick acquisition of new data
especially when high accuracy of each particular value is not needed.

Regularities and systemic trends for the widths of isolated non—hydrogenic spec-
tral lines in plasmas have been studied in a number of papers (see for example Purié
et al. 1980, 1987, 1988a-d, 1991, Konjevié¢ and Dimitrijevié, 1981, Dimitrijevié¢ 1982,
Wiese and Konjevié¢ 1982, 1992, Lakicevi¢ and Purié¢ 1983, Dimitrijevié 1985, Vitel et
al. 1988, Dimitrijevi¢ and Popovié 1989, Dimitrijevi¢ and Peach 1990, Djenize et al.
1990, Glenzer et al. 1992, 1994, Purié¢ 1996, Wrubel et al. 1998, Puri¢ and Séepanovié
1999 ). The aim of such studies is to find out if regularities and systematic trends can
be used to predict line widths and to critically evaluate experimental data. With the
suitable use of the knowledge of regularities and systematic trends, we might use the
existing experimental and theoretical values for the interpolation of new data needed
in stellar spectroscopy. One must take into account however, that the validity of sys-
tematic trends and line broadening data is limited to the plasma conditions for which
they are derrived and extrapolations are of low accuracy.

At the end, it is interesting to emphasize that the Stark broadening research is
a developed research field in Yugoslavia, which has a critical mass of scientists. In
Dimitrijevié¢ (1990b, 1991, 1994, 1997, 2001) reviewing spectral line shapes investiga-
tions in Yugoslavia and Serbia within 1962 - 2000 periode, it is shown that during
this periode 1427 (1222 by serbian authors) bibliographic items have been published
by 179 Yugoslav authors (152 from Serbia, 26 from Croatia and 1 living in France).
Majority of these articles concern Stark broadening.
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Abstract. We present an approximate method for calculating the infrared emission from a
galactic nucleus that has recently undergone a starburst and is powered mainly by massive
stars of spectral type O and B. Such nuclei are usually heavily obscured by dust and we
outline the radiative transfer in a dusty medium with scattered sources. We include in the
model transiently heated small dust particles and illustrate their dominating influcence on
the near and mid infrared spectrum.

1. Galactic nuclei

Galactic nuclei are a most interesting class of objects as they are the site of diverse
kinds of activity often accompanied by large infrared luminosities. The origin of the
activity may be either rapid star formation or accretion onto a massive black hole. In
both cases, the hard primary radiation, from the star or the black hole, is converted
into infrared photons by dust. We here consider stars as the source of energy. As
galactic nuclei, like the center of the Milky Way, usually possess a fair degree of
spherical symmetry, one may try to model their infrared spectral energy distribution.

2. Hot spots in a spherical stellar cluster

To model the infrared emission of a dusty galactic nucleus, one has to specify the
properties and space density of the stars, the distribution of the dust grains and then
solve in some approximate way the radiative transfer in the dusty medium. The radia-
tive transfer in a star cluster is, however, complicated by the fact that the geometrical
configuration is intrinsically three-dimensional because the dust temperature varies
not only on a large scale with galactic radius r, which is the distance to the center
of the stellar cluster, but also locally with the separation to the nearest star. This
circumstance must be taken into account [Krii78]. Loosely speaking, the temperature
of a grain located in the immediate vicinity of a star is determined by the distance
to and the properties of that star, whereas a grain at the same galactic distance, but
not very close to any star, absorbs only the mean interstellar radiation field Jis(r)
and will thus be cooler. The spherical symmetry is broken on a small scale because
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the surroundings of a star constitute a hot spot (abbreviated HS) in the interstellar
medium. Their presence significantly changes the spectral appearance of a galactic
nucleus.

Let us assume that the hot spots are homogeneous dusty spheres, each with a
star of monochromatic luminosity L, at the center. It will turn out that their total
volume fraction is small, so they are distributed over the galactic nucleus like raisins
in a cake. The radius RHS of a hot spot is determined by the condition that outside, a
dust grain is mainly heated by the interstellar radiation field, whereas inside, heating
by the star dominates. If 7, is the optical depth from the star to the boundary of the
hot spot and @, the absorption efficiency of a dust grain, RHS follows from

/QUJ;S“fdu = —1—/QuLye*TV dv . (1)

(47TRHS)2
RS is a function of r. Furthermore, R™S depends on the strength and spectral
shape of the interstellar radiation field, the monochromatic stellar luminosity L, , the
dust distribution or density within the hot spot, and on the grain properties via the
absorption efficiency @,. Equation (1) can readily be formulated for a dust mixture.
Then all hot spots at any given galactic distance r have the same radius R™S(r).

3. Low and high luminosity stars

It is useful to divide the stars in a galactic nucleus into two categories, each con-
taing identical objects. Stars of the first class have small or moderate luminosity,
a space density n*(r) and a monochromatic and bolometric luminosity L* and L~*,

respectively, where
£ = / L} dv .

They represent the population of old stars. The second class consists of young and
luminous OB stars that were formed in a starburst; the corresponding values are
denoted n®B(r), L9B and LOB.

e The low luminosity stars are very numerous, altogether there are typically 10°
in a nulceus, and the contribution of their hot spots to the overall spectrum
may be neglected. To see why consider a nucleus of integrated luminosiy L,
containing N identical stars of luminosity L*. When we fix Ly, = NL*, but
increase N and thus lower L*, the intensity of the interstellar radiation field in
the galactic nucleus is to first order independent of N. In view of the definition
for RS in (1), one finds

R®S o« VI* x N7U2,

Therefore, the total volume N - (RH5)3 of all hot spots decreases as N~1/2. A
large population of low luminosity stars may be smeared out smoothly over the
galactic nucleus and the structure of their hot spots need not be evaluated. To
account for the radiation of these stars, one only has to introduce in the numer-
ator of the source function (see equation (2)) the volume emission coefficient

Ip(r) = n*(r)- L .
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If the stellar atmospheres are black bodies of temperature 7™, one may put
L} «x B,(T*). Note that L} need not be specified, only the product I'}(r) =
n*(r)- L}.

e The OB stars, on the other hand, are very bright and not so numerous. There
are rarely more than 10° in a galactic nucleus and their space density n®B(r) is
moderate, typically one star per pc2 or less in the starburst region. The emission
of their hot spots is not negligible and has to be evaluated explicitly. Before
solving the radiative transfer on a large scale in the galactic nucleus, one has
to determine the luminosity LH®(r) emerging from a hot spot. The frequency
integral [ L¥Sdv is, of course, equal to the luminosity LB = [LOBdv of a
single OB star, but LO® and LIS are different because much of the hard stellar
UV flux is converted by dust into infrared radiation.

To obtain LYS(r), we calculate for each galactic radial grid point the radiative
transfer of a spherical cloud centrally heated by an OB star. This is a standard task
of radiative transfer. The cloud radius RS is determined from (1). The hot spot is
illuminated at its edge by an interstellar radiation field (isrf), which fixes the outer
boundary condition for the intensity. Because the volume emission coefficient due to
the hot spots is

IP(r) =nB(r) - LF¥ ,

the source function in a spherical galactic nucleus becomes

THS(r) + T3 (r) + K2 B, (Ty) + K2t

SV = stt

(2)

K2bs and K3 are the absorption and scattering coefficient of a grain, K2°B, (Ty)
is the emissivity of dust at temperature Ty, and the expression K5J' is due to
isotropic scattering. With this source function, one then solves the integral equation
(we now drop the frequency index v)

I(r) = 1(0)-e—*+/OT S(z) e~ ®dz (3)

for the intensity in positive and negative direction, I™ and I~ along lines of constant
impact parameter. From /T and I~ one can readily deduce the mean intensity J,(r).
As the galactic nucleus in this model consists of two phases, a dusty medium inter-
spersed with hot spots, equation (3) is not strictly correct. It gives, however, a good
approximation as long as the volume fraction « of the hot spots,

1) = 3 n0%(r) - [R5

is small; y(r) shrinks when n°B(r) becomes large. For typical space densities of OB
stars in starburst nuclei, v is of order 1073,
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4. Small grains with temperature fluctuations

Because of the copious UV radiation field in a galactic nucleus, we also consider in our
model the presence of small grains (radii a ~ 10A) and polycyclic aromatic hydrocar-
bons (PAHs). Such particles have heat capacity of the same order as the energy of
an UV photon and therefore undergo temperature fluctuations which strongly influ-
ence the near and mid IR part of the spectrum. Such fluctuations require a special
numerical treatment ([Guh89], [Li01]).

The top panel of Fig. 1 displays for illustration the temperature variation T'(¢) of
a silicate grain as a function of time over an interval of 1400s. The grain has a radius
of 10A and is at a distance 7 = 1017 cm from a B1V star (L = 10* Lg, T, = 2 - 10%).
The probability density P(T) in the lower left panel of Fig. 1 gives the chance P(T)
of finding the grain within a temperature interval of 1 K width centered on 7T'; the
area under the curves equals one.

When looking at the temperature evolution T'(¢), one hesitates to assign an average
temperature to the grain at all, although mathematically this can, of course, be done.
There are two disparate regimes: Most of the time the grain has a temperature of
about 40K, but occasionally the grain is excited to a high temperature from which
it rapidly cools radiatively. The probability density P(7") is asymmetric and has its
maximum is at Thax = 51.9 K, so this is the most likely temperature. On the other
hand, the equilibrium temperature T4, which one would obtain if one disregards
the stochastic character of photon absorption, is 116.2K and thus much larger. Teq
follows from the energy balance between heating and cooling,

/ S = /QUBu(Teq) dv |

where J, is the mean intensity of the radiation field. By comparing the dotted and
solid line in the lower left box of Fig. 1, we see that to evaluate the grain emission
without taking into account its hot excursions would underestimate the near and
mid infrared flux by orders of magnitude; this explains the immense influence which
small particles have on the spectral energy distribution in this wavelength range.
Nevertheless, the frequency integrated emission for both curves is the same and equal
to the absorbed flux. Note also the strong 10um silicate feature.

As a further illustration, we show in Fig. 2 the (optically thin) emission from
a dust mixture in a reflection nebula. The dust includes the standard three major
components:

e big grains with a size range between 300A and 3000A consisting either of silicate
material or amorphous carbon. Their temperatures are not time—variable.

e Very small grains (vsg) with temperature fluctuations consisting of silicate ma-
terial or graphite (a form of crystalline carbon).

e polycyclic aromatic hydrocarbons (PAHs). These are planar molecules, made
of a number of benzene rings, usually with hydrogen atoms bound to the edges.
The smallest consist of barely more than a dozen atoms, so they are intermediate
between molecules and grains. They account for a number of well studied near
and mid infrared resonances. Their temperatures strongly fluctuate.
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Fig. 1: Temperature fluctuations of a small silicate grain (radius a = 10A) at a

distance of 107 cm from a B1V star. Top: Stochastic temporal evolution of the
temperature. Lower left: The solid line shows the probability density P(T") of the
temperature; the jittery dotted curve is ignored. Lower right: Emissivity €, of the
grain in erg/s Hz ster. Dots show the emission under the wrong assumption that the
temperature is constant; the solid line correctly includes temperature fluctuations.
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Fig. 2: The emission by dust in a reflection nebula near a B3V star with L = 103 L
and Teg = 18000 K at various distances D to the star. The spectra are normalized at
their maxima. The maximum occurs at ~25um in the left box where the dust is at
a distance D = 5 - 10'® cm, and is shifted beyond 100um for D = 5 - 108 cm. Solid:
total spectrum of all three dust components. dash—dot: big grains only. dashed: very
small graphite and silicate grains (vsg) of 10A radius; the silicates have a hump at
10pm. dots: PAHs.
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5. The influence of hot spots and PAHs on the spectrum

The nucleus of a galaxy is usually deeply embedded in dust and can therefore only
be probed by infrared observations. One way to derive the structure of the nucleus,
to find out how dust and stars are geometrically arranged, what the total extinction
and the gas mass are, or to which spectral type the stars belong, is to model the dust
emission spectrum.

Following the procedure discussed above (for details, see [Krii94]), we compute
the radiative transfer and the resulting emission spectrum from a dusty starburst
nucleus. First, we convince ourselves that it is indeed necessary to properly include
the surroundings of the OB stars (we call them hot spots). If one does not separately
treat the emission from the hot spots, where the dust is much warmer than elsewhere,
but takes averages of the dust emission over larger volumes, one grossly underrates
the mid-infrared flux. This can be seen from Fig. 3, where spectra are displayed that
have been calculated with and without hot spots. Their presence also reduces the
depth of the 10um silicate absorption feature (except for the highest hot spot density
of n(H) = 10° H atoms per cm?®).

None of the spectra in Fig. 3 includes PAHs or very small grains (except for the
point source model, see below). An improved model that is closer to reality has,
of course, to incorporate these dust components. Their importance arises mainly
from the fact that they undergo temperature fluctuations. In this way, their emission
becomes prominent at much shorther wavelengths than if they were at an equilibrium
temperature. We see from Fig. 4 that PAHs and very small grains appreciably further
enhance the mid infrared flux compared to the models of Fig. 3 and radically change
its spectral appearance. As a consequence, it is now not obvious at all how to derive
from the 10um silicate feature, which lies between PAH bands, an absorption optical
depth. We add that in view of the strong and hard radiation field prevalent in a
galactic nucleus, the radiative transfer code must allow for the possibility of photo—-
destruction of PAHs.

Of interest is also a point source model of the same luminosity and spectral ap-
pearance as the exciting stars, but where the stars are squeezed into a tiny volume at
the center of the galactic nucleus. It is shown by the upper dotted curve in Fig. 4. It
too yields a very strong mid-infrared flux, but differs from the models with extended
emission out of a stellar cluster by its small angular size. Mid-infrared cross cuts of
high spatial resolution over the galactic nucleus allow to discriminate between the two
alternatives.

A massive black hole with an accretion disk appears to an observer also as a point
source, but it is one with a considerably harder emission spectrum than OB stars.
Usually one assumes for the black hole a power law S, « v® with oo &~ —0.5. If the dust
is exposed to the flux from such an object, PAHs will evaporate in its vicinity (they
can only survive farther out) and the ratio of mid infrared over total luminosity is
reduced. This can be checked observationally. However, spectral lines from multiply
ionized atoms, which require for their excitation more energetic photons than are
found in HII regions, are generally a better diagnostic for the presence of a powerful
non—thermal source.
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Fig. 3: Radiative transfer models of a starburst nucleus similar to M82. Source
distance D = 20 Mpc, further parameters in Table 1. Left: The two dotted curves
are benchmarks for comparison with the right box and with Fig. 4. The lower dotted
curve shows the case without hot spots. The upper one depicts a point source model,
and this is the only curve in the figure where PAHs and very small grains are included.
The remaining solid lines are computed with hot spots. The density in the hot spots
ranges from n(H) = 102cm™3 to n(H) = 10°cm™2 in steps of a factor 10. Right:
Enlargement of left box showing only the intermediate and probably more realistic
hot spot densities 10° (lower solid line) and 10% cm ™2 (upper solid line).

E T L L L B S e
Y. [ starburst ] r s
[Jy] [ nucleus ] - -

1 type MB2 E
10 e PAHs &
[ 1 *E =
1F 3 r ]
o L ] ! ; ]
-/ &“-
M ¥ A=t
_. 110 - ks
107% | 4 : ; ]
E boesnd g w ol i ewigal 3 7¢ M I P RS TS
10" 10° 10° 5 10 15 20
wavelength [um] wavelength [um]
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Enlargement of left box, but only for hot spot densities 10® and 10% cm™3.
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Fig. 5: Left: Dust emission from the nucleus of the galaxy NGC 1808. The dotted
(solid) line shows the model flux received in a 25” (100”) aperture. The galaxy is at
a distance of 11 Mpc where 1” corresponds to 53 pc. Circles represent observational
data [Sie00]. Right: Blowup of the near and mid infrared data and of the 25" aperture
model. The model fit is very good.
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Fig. 6: The influence of the hot spots and the PAHs on the spectrum of the galaxy
N1808. The line labeled full model includes PAHs and hot spots.
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Table 1: Typical parameters for a galactic nucleus with a starburst, like the archetype
M82. YE AH i the mass fraction of solid carbon in PAHs, N¢ the number or C atoms,
and fy/c the ratio of (peripheral) H atoms to C atoms in a PAH. Infrared spectra
are displayed in Figs. 3 and 4.

OB stars integrated luminosity g 101 Lig
radius of stellar cluster ROB = 200 pc
space density of OB stars nOB(r) oc re1/2
effective surface temperature TOB = 25000 K
luminosity of one OB star LOB — 107 Ly

low luminosity integrated luminosity 1019 L

stars radius of stellar cluster R* = 700 pc
space density n*(r) o r718
effective surface temperature T* = 4000K

dust radius of dust cloud Raust = 800 pc
density paust(T) = const for r < 230pc
x r~1/2 for r > 230 pc
Ay from cloud edge to center 29 mag
Ay from r =0 to r = 230pc 10 mag

PAHs small ones (N¢g = 50) YEA = 0.05, fu/c =04
big ones (N¢ = 300) YEAR = 0.05, fu/c =0.16

very small grains | radius a = 10A graphites: Y2°® =0.05

Hot spots and PAHs determine the mid infrared emission not only of starburst
nuclei. Figs. 5 and 6 show the spectrum of the central region of the galaxy N1808
where the star formation activity is very mild and only 10% of the total luminosity
(Lot ~ 5-10*° L) comes from OB stars. The nucleus of N1808 is also only weakly
obscured (Ay ~ 5mag). Neverthless, model calculations with and without hot spots
or PAHs yield completely different results. Further details in [Sie00].
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Abstract. The implementation of a European Concerted Research Action designated
as COST Action 283 “Computational and Information Infrastructure in the Astronomical
DataGrid” is described. The main objective of the Action is to develop innovative and
well focused approaches to data and information handling, in the context of astronomy
and astrophysics. This includes processing and interpretation of data and, more generally,
information, at the time of data capture or later ("archival research”, ”data mining” and
"virtual observatories” and so forth), and including aspects of the collaborative work and
man-machine environments needed for this.

1. INTRODUCTION

"The brain does not have a single CPU that processes each command in sequence. Rather,
it has millions of processors working together at the same time. Such massively parallel
processing will be the future for the electronic intelligence as well.”

S. Hawking 'The Universe in a Nutshell’

Exponential improvements in telescope, detector and computer technologies mean
that the amount of high-quality observational data available is roughly doubling every
year. These extra data are coming mainly from new extremely powerful sky surveys
like the Sloan Digital Sky Survey (SDSS) for example. The desire to make the best
use of such huge data volumes has led both astronomers and computer scientists to
propose the creation of Virtual Observatories (VO).

The idea of VO is to store all observations in digital archives that would be accessed
by the whole-world astronomical community over a fast computer network similar to
the ”classical” Internet using the so-called AstroGrid technology. Such VO projects
need to overcome a significant technical challenge — how to provide access to the
huge databases and archives of each (and every) modern astronomical instrument
through a single interface. Each database is stored separately and it is not practical
to move all the data to one ”‘central”’ location. In many cases such movement would
take several years over a good Internet connection.

Other main idea taking to heart in Astronomical DataGrid concept is to provide
access to the separate databases and archives using the technology of distributed com-
puting which shares out processing and storage tasks between the various computers
involved in the DataGrid network. This would allow astronomers to summon up data
to their own computers from any of the external databases and archives sharing in
the Astronomical DataGrid. The software to do this doesn’t exist yet.

It is obvicus that the various VO and Astronomical DataGrid initiatives over
the world (like the Astrogrid Consortium in the UK which is one of the Europe-
pioneering Astronomical DataGrid projects) should work closely together in order to
solve globally all arising problems. For these reasons the European COST Action
283 called ” Computational and Information Infrastructure in the Astronomical Data-
Grid” or simply ¢Astro emerged at the end of 2001. The ¢Astro initiative brings
cross-disciplinary perspectives to bear on above-mentioned areas, in which European
scientists currently excel. This Action is centred on the potential related to the Grid,
taking astronomy as a leading case. Below the details of 14 stro are described.
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2. ACTION OBJECTIVES

The COST 283 Action mission statement is as follows.

The Grid is the infrastructure of the virtual organization of the future, providing
high performance and high added value services relating to computational, data, in-
formation and knowledge processing requirements. Those involved in 14 stro aim at
ensuring best application of new theory and tools in the astronomy application do-
main, and simultaneously Grid-enabling the most appropriate areas of the application
domain. The means applied by iAstro to achieve these ends are, respectively, fur-
ther developing and bridging the many ongoing projects (i.e., disseminating exciting
theories and good practice aimed at astronomers), and through selection and bring-
ing Grid-appropriate areas of the application into focus (i.e., expressing and focusing
application requirements aimed at computer scientists, and data and information an-
alysts). An additional objective is the spreading of new national and international
projects, where appropriate and needed.

3. PARTICIPATION AND COORDINATION
3. 1. MANAGEMENT COMMITTEE

Chairperson and Secretary:

Prof. Fionn Murtagh

School of Computer Science, Queen’s University
Belfast, Belfast BT7 1NN, UK,

tel +44 28 9027-4620, fax +44 28 9068-3890,
f.murtagh@qub.ac.uk

Vice-Chairperson:

Prof. Daniel Egret

Observatoire Astronomique de Strasbourg,

11, rue de I'Universite, 67000 Strasbourg, France,
tel +33-3 88 15 07 11, fax +33-3 88 15 07 60,
egret@astro.u-strasbg.fr

COST - Coordination in the field of Scientific and Technical Research European
Commission:

Mr Peter Wintlev-Jensen
200, Rue de la Loi

1049 Brussels, Belgium
Peter.Wintlev-Jensen@cec.eu.int

3. 2. PARTICIPATING INSTITUTES

St. Kliment, Okhridski University of Sofia, BG
Institute of Astronomy, Sofia, BG
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Konkoly Observatory, Budapest, H
Albert-Einstein-Institute, Golm, D
National University of Ireland, IRL
Rutherford Appleton Laboratory, GB
Queen’s University Belfast, GB
Astronomical Observatory, Strasbourg, F
Universita Federico II, Naples, I
Universita di Palermo, T

University of Barcelona, E

University of Granada, E

Universidad Complutense, Madrid, E
ETH Zurich, CH

University of Applied Sciences, Windisch, CH
3. 3. WEB SITE

The Action’s web area is at http://www.iAstro.org. This domain name was pur-
chased, and the site is hosted at Quecen’s University Belfast. The site contains reports
on Management Committee meetings, information on how to subscribe to email dis-
tribution lists associated with the Action, and entry points to a long list of national
and interantional projects and consortia working on closely related themes.

4. THE STRUCTURE
The Action is structured in the following Working Groups:
e Working Group 1

* Interoperability, data correlation and federation:

* Data quality/correlation/fusion.
e Working Group 2

* Visualization;

* Advanced visual user interfaces for data mining.
e Working Group 3

* Heterogeneous, multimedia data,;
* Image/signal restoration;

* Data mining.
e Working Group 4

* Surveys;
* Wide-field imaging;

* Robotic observatories.
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5. EXERPTS FROM THE
MEMORANDUM OF UNDERSTANDING

Memorandum of Understanding For the implementation of a European Concerted
Action Research Action designated as
COST Action 283
“Computational and Information Infrastructure in the Astronomical DataGrid”

The signatories of this Memorandum of Understanding, declaring their common
intention to participate in the concerned Action referred to above and described in
the Technical Annex of the Memorandum have reached the following understanding

1. The Action will be carried out in accordance with the provisions of the docu-
ment COST400/94 Rules and Procedures for Implementing COST Actions, the con-
tents of which are fully known to the Signatories.

2. The main objective of the Action is to develop innovative and well focused
approaches to data and information handling, in the context of astronomy and as-
trophysics. This includes processing and interpretation of data and, more generally,
information, at the time of data capture or later (*archival research”), and including
aspects of the collaborative work and man-machine environments needed for this.

3. The overall cost of the activities carried out under the Action has been esti-
mated, on the basis of information available during the planning of the Action, at 6
Million EUR in 2001 prices.

4. The Memorandum of Understanding will take effect of bemg signed by at least
five Signatories.

5. The Memorandum of Understanding will remain in force for a period of 4 years,
unless the duration of the Action is modified according to the provisions of the doc-
ument referred to in Point 1 above.

TECHNICAL ANNEX OF THE MEMORANDUM

A. Background

Many areas of science, engineering, commerce and the arts are facing continual
evolution in needs related to data, information and knowledge. COST Action 283
brings cross-disciplinary perspectives to bear on these areas, in which European sci-
entists currently excel. This Action is centred on the potential related to the Grid,
taking astronomy as a leading case. The Action includes representatives of other dis-
ciplines among its supporters, and aims at dissemination towards, and collaboration
with, newly developing areas of the Grid.

The scientific and public resonance of the astronomy application domam is far-
reaching. The application of new data extraction and information understanding
technologies to, among many other examples, the Sloan Digital Sky Survey, and to
Hubble Space Telescope data stores, have been profiled in the communications media

41



COST 283 Team: V. GOLEV, M. TSVETKOV, F. MURTAGH et al.

and in outreach work (articles in The Economist, Liberation, and elsewhere). The
computer science of relevance to astronomy includes high performance computing
(e.g. for theoretical modelling), distributed computing, and dealing with massive
databases - very often image databases. The interface areas with telecommunications
and software engineering are now so close that they cannot be separated. Information
retrieval and cognitive science are strongly represented. There is a continuing per-
ception, however, of a gap between the computer sciences and astronomy. Those who
are pioneering new approaches in data mining, distributed computing, Bayesian and
spatial modelling, multiresolution vision modelling, new information delivery tech-
nologies, and who are active in other fields of computer science, statistics and other
disciplines, are very rarely doing such work with astronomy in mind. Both astronomy
and the computational sciences have much to gain from collegial linkage.

A selection of important computational issues on the agenda today includes the
following.

e What is to be understood by data mining in astronomy, and why is this radically
different from commercial and business data mining?

e What are the challenges of semantic description of scientific data and informa-
tion? Such challenges go far beyond writing a few DTDs.

¢ Bayesian modelling can help with the all-important problem of model selection.
What are the leading scientific decisions requiring such model-based decision
making?

¢ Data and information storage and processing are integrally linked to delivery.
What are the new paradigms emerging on the human-machine interface, and
what are the implications for image and catalog archives?

e How is science going to change given availability of broadband networks? What
are the implications of 3G wireless communication, in conjunction with very
high bandwidth backbone links? What are the implications - and the potential
- of wide availability of inexpensive, very high quality display devices?

In the recent past (1995-1997), the European Science Foundation supported a Sci-
entific Network on ”Converging Computing Methodologies in Astronomy” (CCMA,
see http://astro.u-strasbg.fr/ ccma). Out of this consortium grew a number of ini-
tiatives - standardization in practices in electronic publishing in astronomy; the de-
velopment of methods and techniques for wavelets and multiscale transforms, with
many publications; and recently a rapidly increasing number of meetings and ini-
tiatives related to XML for resource discovery. Links exist in other directions too -
the origin of the CCMA network owed a lot to Technical Committee 13 (” Astronomy
and Astrophysics”) of the International Association for Pattern Recognition, and IAU
(International Astronomical Union) committees and working groups. Astronomy has
benefited from French Ministry of Education support under the Cognitive Science
theme, and 4th and 5th Framework projects (e.g. the 5th Framework TRAIA project
on smart information and agent technologies) are relevant to the themes described
above and are a spin-off of work in astronomy.
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There are a number of other initiatives of direct relevance to this Action. A "the-
matic network” called OPTICON (Optical-Infrared Coordinated Network for Astron-
omy) is funded by 5FP. A Fifth Framework proposal on the Virtual Observatory
was launched from a consortium linked with the Action in February 2001. In De-
cember 2000, a large National Virtual Observatory proposal was submitted to the
National Science Foundation ("ITR/IM - Building the Framework for the National
Virtual Observatory”). In January 2001, the EC DataGrid initiative was launched.
In the UK, a consortium of leading institutes is submitting an AstroGrid- proposal
to the PPARC research council with a start date of April/May 2001. The First As-
troGrid Workshop (http://strule.cs.qub.ac.uk/ fmurtagh/astro-grid) was hosted by
Prof Murtagh on January 29-30, 2001. Linkage with the international EC DataGrid
project is assured through organisational collaborations on every level - institutional,
funded, conference organisational, joint scientific work, and so on. Among other devel-
opments which principal participants of this Action are leading is an SPIE conference
in San Diego in July/August 2001 on Astronomical Data Analysis, and a conference
at Penn State University in July 2001 on Statistical Challenges in Modern Astron-
omy. Relative to this rich interlocking set of initiatives, the goal of this COST Action
is (i) to begin with computer science and engineering perspectives, with a trajectory
towards the pressing applications in astronomy, rather than starting with the "science
drivers”, and (ii) to carry out this work on the European level.

The evolution of broadband networks to IP backbones is (cf. the joint statement by
Academia Europaea and European Science Foundation, February 2000, entitled ” The
need for high bandwidth computer-based networking in Europe”) an ongoing area of
technology evolution which will greatly benefit the Action. In wireless communica-
tion, the advent of much greater bandwidth 3G UMTS technology will motivate the
carrying out of scientific work in qualitatively new ways. This Action will contribute
actively to such an evolution.

The very diverse set of different initiatives at national and international level
clearly justify an Action in which coordination can be undertaken to create higher
critical mass and in order to promote convergence towards common solutions, stan-
dards and resulting systems and services.

That COST is a particularly appropriate mechanism is due to the collaborative
nature of many of these issues - for example, semantic description of scientific data
and information cannot be undertaken in isolation; nor can data mining in astron-
omy take place without close linkages between computer scientists and astronomy.
Traditionally, in this area of science, ESA and ESO in Europe have devoted their
attention more or less exclusively to the pursuit of scientific installations - ground-
based or space-borne observatories. EU research programs have sought commercial
drivers. Yet it is precisely the possibility of the linking up with commercial drivers
(e.g. in the area of innovative data mining) in the framework of information tech-
nology and telecommunications which implies that COST is more appropriate than a
less application- driven ESF scientific programme.

THEME AREA 1 OF ACTION 283:
DATA CENTRES AND DATA CURATION FOR THE DATAGRID.

Unlike in Earth observation or meteorology, astronomers do not want to interpret
data and, having done so, delete it. Variable objects (supernovae, comets, etc.) bear
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witness to the need for astronomical data to be available indefinitely. The unavoidable
problem is the sheer overwhelming quantity of data which is now collected. The only
basis for selective choice for what must be kept long-term is to associate more closely
the data capture with the information extraction and knowledge discovery processes.
It is necessary to understand the current scientific knowledge discovery mechanisms
better in order to make the correct selection of data to keep long-term, including the
appropriate resolution and refinement levels.

Data ingest to archives and long-term databases therefore requires knowledge dis-
covery (KDD), computational intelligence and cognitive science, with scientific drivers
rather than commercial drivers. The small number of custodians and curators of so-
ciety’s (astronomy) memory can also be supported by more and better use of results
from the best of Europe’s (computer science, software engineering and telecoms) labs
and departments.

THEME AREA 2 OF ACTION 283:
VISUALIZATION.

The vast quantities of visual data collected now and in the future present us with
new problems and opportunities. Critical needs in the associated software systems
include compression and progressive transmission, support for differential detail and
user navigation in data spaces, and ”thinwire” transmission and visualization. The
technological infrastructure is one side of the picture.

Another side of this same picture, however, is that the human ability to interpret
vast quantities of data is limited. A study by D. Williams, CERN, has quantified the
maximum possible volume of data which can conceivably be interpreted at CERN.
This points to another more fundamental justification for addressing the critical tech-
nical needs indicated above. This is that selective and prioritized transmission, which
has been termed intelligent streaming, is increasingly becoming a key factor in human
understanding of the real world, as mediated through the computing and networking
base. It is necessary to receive condensed, summarized data first, and the understand-
ing of the data can be aided by having more detail added progressively. A hyperlinked
and networked world makes this need for summarization more and more acute. The
resolution scale needs to be taken into account in the information and knowledge
spaces. This is a key aspect of an intelligent streaming system.

A further area of importance for scientific data interpretation is that of storage
and display. Long-term storage of astronomical data, as already noted, is part and
parcel of society’s memory. With the rapid obsolescence of storage devices, consider-
able efforts must be undertaken to combat social amnesia. Exciting opportunities are
opening up, especially in the area of new Internet-delivery platforms, sales of which
are forecast to overtake personal computers by about 2004. Can astronomy benefit
from these developments? Videogame consoles are a case in point. Sony’s earlier
PlayStation, offering outstanding graphics and storage based on DVD disks, sold 60
million units. It and other vendors are ensuring Internet- capability of their machines.
This is one example of new, thus far unexploited, opportunities, not least in regard
to educational spinoffs and public outreach.

THEME AREA 3 OF ACTION 283:
MULTIMEDIA DATA HANDLING.
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Astronomy’s data centres and image and catalogue archives play an important
role in society’s collective memory. For example, the SIMBAD database of astro-
nomical objects at Strasbourg Observatory contains data on nearly 3 million objects,
based on 7.5 million object identifiers. Constant updating of SIMBAD is a collective
cross-institutional effort. The MegaCam camera the Canada-France-Hawaii Telescope
(CFHT), Hawaii, will produce images of dimensions 16000 x 16000, 32-bits per pixel.
The European Southern Observatory’s VLT (Very Large Telescope) is beginning to
produce vast quantities of very large images. There are many examples of images of
size 1 GB or greater, for a single image. CCD detectors on other telescopes, or auto-
matic plate scanning machines digitizing photographic sky surveys, produce lots more
data. Resolution and scale are of key importance, and so also is region of interest.
In multiwavelength astronomy, the fusion of information and data is aimed at, and
this can be helped by the use of resolution similar to human cognitive processes. Pro-
cessing (calibration, storage and transmission formats and approaches) and access are
not coupled as closely as they could be. Knowledge discovery is the ultimate driver,
and it is this which the Action seeks to closely couple to the processing of data, and
thereby to data ingest.

B. Objectives and benefits

The objective of the Action is to develop innovative and well focused approaches
to data and information handling, in the context of astronomy and astrophysics. This
includes processing and interpretation of data and, more generally, information, at
the time of data capture or later ("archival research”), and including aspects of the
collaborative work and man-machine environments needed for this. To achieve this
very broad goal, this Action will address a range of problems on the interface between
astronomy and astrophysics, and the computational sciences. Serendipitously this
Action will seek to tie together the work of astronomers and computer scientists, to
mutual benefit. :

The first problem this Action addresses is particularly relevant in the context of
the astronomical DataGrid, i.e. the work of data centres, and their critical need for
smart tools, especially for data ingest. Data centres require better ways to ingest their
databasases and archives, since their current operations are simply not scalable. The
individual astronomer has an analogous requirement, to master the heterogeneous
and distributed sources of data and information.

Associated with this problem activity, the Action will concentrate efforts on a
third-generation search interface for integrated access to distributed information ser-
vices. This will include user profiling and support of metadata, characteristic of
a second-generation system like ISAIA (details below in Section C), and will also
include more general (structured and unstructured) online resources, visualization
agents, and a natural language interface.

A second problem cluster this Action will address is that of visualization of scien-
tific data, often across the network, and often too involving both virtual (i.e. simu-
lated) data - of the heavens or of the instruments used for observing - and real data.
Closely-related are technology trends in ultra high performance display capability (cf.
large wall displays; or advances in mobile displays).

A third problem cluster this Action will address is related to very large image
storage, transmission and processing. The Action will develop what may be termed
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high performance data streaming. As an example consider how wavelet and other
multiresolution transforms allow for progressive transfer. Consider too how large im-
age delivery based on foveation makes use of the limited region of interest in the image
data. Such paradigms, used for storage and transmission of images and video, have
implications ultimately for scientific interpretation itself. How can the fusion of in-
formation and data, required by multiwavelength astronomy, be built seamlessly into
these technologies (including resolution scale, compression, and region of interest)?

Keywords describing the principal areas of activity, targeted at astronomy and as-
trophysics, include: Cognitive science, collaborative work, knowledge discovery, data
mining, computational intelligence, streaming interfaces, multiwavelength astronomy,
data and information fusion, Bayesian modelling, display and storage device technol-
ogy, distributed computing, distributed and heterogeneous databases.

C. Scientific programme

In order to fulfil these objectives, the scientific programme of the Action will be
developed according to the following structure:

Data centres and data curation for the DataGrid.

This theme is concerned with the critical need for smart tools especially for data
ingest,.

A particular focus of the activities is to enhance data and information handling
initiatives where participants in this Action have played a leading role, and develop
new generation query agents to distributed heterogeneous astronomical databases and
catalogues. One such project, involving major astronomical data providers in Europe,
the US and Canada, was Astrobrowse. A new initiative is now building on this basis -
ISAIA, a query and response agent, which is XML-based and embodies user profiling.

e Sub-themes:

distributed data,

information summarization,

— information fusion,

metadata.

e Immediate tasks:
— further development of metadata interoperability standards and of object-
oriented databases in astronomy,
— textual summarization tools,

— first initiatives in user profiling in astronomy.

Visualization.

This theme is concerned with convergence between display technology and scien-

tific interpretation. ‘
The handling and scientific understanding of data will benefit from new develop-
ments in display technology, but not by simply (and crudely) scaling up traditional
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procedures. Instead, qualitatively new and better ways of navigating information
spaces, extracting knowledge from information, etc., have to be developed. It is only
by defining and then addressing the specific scientific needs that it will be possible to
provide spin-offs back into the commercial and industrial arena (and not the contrary,
e.g. by taking, "undigested”, currently-practiced data mining approaches from the
commercial world).

Through a synergy between computer science and other closely-related method-
ological disciplines (e.g. statistics), with astronomers and astrophysicists, this Ac-
tion seeks to have scientists collectively driving new developments in technology and
methodology.

e Sub-themes:

— display of information,
— fusion of model and observed data,
— knowledge discovery and data mining.

e Immediate tasks:

— visualization for knowledge discovery and data mining,

— further development of visual user interfaces to information spaces (cur-
rently in operational use for bibliographical and some catalogue databases).

Multimedia data handling.

This theme is concerned with the particular multimedia information which astron-
omy deals with: very large images, data of great accuracy and precision (and noise!),
fusion of image and non-image information, and the links between observed data and
(cosmological, instrument) model data.

e Sub-themes:

— delivery platforms,
— networks, wireless,

— distributed computing,

multiband and hyperspectral image data.
e Immediate tasks:
— display-optimized delivery of large images,
— distributed image processing across the major image databases.
The three Theme Areas and corresponding Working Groups described in this
Action clearly have areas of overlap with cach other. Some of the data centres in
WG1 are primarily concerned with image data (a major concern of WG3). The

handling of image and other multimedia data (in WG2) is close to the priorities of
WG3. The results of numerical simulations (cosmological, solar/planetary) in WG2
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themselves comprise a data repository, of relevance for WG1, etc. All WGs are related
to the DataGrid which is now being developed in Europe and further afield.

The Action web area will contain results of all meetings (programmes, presenta-
tions, and - where this proves feasible - a streaming video record on the web of all
presentations).

Working visits of between a number of days to a week in duration will be arranged
between partners, particularly for the PhD students and research assistants taking
part in this work. Each such visit will have a particular theme, and specified targets
(optimally part of a scientific paper, or to contribute to a software and Jor hardware
system).

Coordination visits between partners will also take place, especially to plan work-
shop themes which are relevant to more than one WG, and to focus aspects of the
Action’s activities in the broader scope of DataGrid and Virtual Observatory projects.

Interaction with other Grid initiatives.

The UK AstroGrid consortium came together during 2000 to propose a programme
of DataGrid developments for UK astronomy to the PPARC research council. The
anticipated spend by AstroGrid is around 5M £. The consortium represents a very
wide range of data types, skills, and experience, with Edinburgh (sky survey data),
Leicester (x-ray mission data), Rutherford Appleton Laboratories (space astronomy,
solar and solar/terrestrial physics databases, and Starlink software project), Mullard
Space Science Laboratory (solar databases), Cambridge (UK observatory archives),
and Belfast (Computer Science). In addition there are formal links to the Edinburgh
Parallel Computing Centre and the UK particle physics Grid coordination at Ruther-
ford Appleton Laboratories. The year-1 workpackages focus on

(a) development of a science requirements document, and .

(b) testing, assessment, and deployment of datamining hardware and Grid mid-
dleware toolkits.

The Working Groups described above in this COST Action match closely the data
mining, visualization and information discovery workpackages planned in the Astro-
Grid work. Key participants in this Action are also core members of the AstroGrid
consortium.

The UK AstroGrid is participating in the Fifth Framework AVO (Astrophysical
Virtual Observatory) submission in February 2001. AstroGrid is represented as a
group, through AstroGrid lead investigator Prof. Andy Lawrence, Royal Observatory
Edinburgh. AVO lead investigators are Dr. Peter Quinn (ESO), Prof. Francoise
Genova (Strasbourg) - cf. Steering Committee and supporters of this Action - and
Dr. Piero Benvenuti (Space Telescope - European Coordinating Facility, located at
ESO).

Liaison with relevant US activities will be facilitated through participation in
NSF funded activities by a number of the participants in this Action, by possible
participation of US experts in the Actions and by regular scientific contributions to
conferences and workshops in North America, ete.

It is clear that this COST Action is well integrated with major current devel-
opments (just a few of which have been listed in this section). The COST Action
coordinates and focuses unique computer and related information science perspec-
tives in a way which is not done directly by the other projects.
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Abstract. A short review of the gravitational microlensing phenomenology is given.
The microlensing influence on radiation of QSOs is discussed. Taking into account recent
determination of the Broad Line Region (BLR) size of AGN, we present our investigation of
the importance of microlensing effect for spectral line shapes of AGN.

1. INTRODUCTION

The phenomenology of gravitational lenses effect, and introduction to this field has
been given in several review papers and books (Schneider et al. 1992, Rafsdal and
Surdej 1994, Fort and Mellier 1994, Zakharov 1996, Narayan and Bartelmann 1999,
Paczynski 1996, Wambsganss 1999, Bartelmann and Schneider 1999, Mellier 1999,
Claeskens and Surdej 2002). Consequently, we will no discuss here all aspects of the
gravitational lenses in the universe, but we are going to present shortly the nature
of the gravitational lensing effect in order to give the basic relations. The special
attention we will pay to influence of gravitational microlensing on spectral line shapes.

The influence of microlensing effects on multiply imaged QSOs has been widely
discussed (Ostriker and Vietri 1985; Kayser et al. 1986; Schneider and Weiss 1987;
Nemiroff 1988; Irwin et al. 1989; Schneider and Wambsganss 1990; Yonehara et al.
1999; Mineshige and Yonehara 1999; Agol and Krolik 1999; Kraus et al. 1999; Belle
and Lewis 2000; Popovi¢ et al. 2001ab, Abajas et al. 2002). It has been routinely
assumed that only the continuum-emitting region of Active Galactic Nuclei (AGNs)
is sufficiently compact to be affected by microlensing. However, recent results (e.g.
Wandel et al. 1999, Kaspi et al. 2000) indicate that, also, Broad Line Regions
(BLRs) of AGNs are smaller than was supposed before. Consequently, gravitational
microlensing by stars in the lens galaxy can affect not only the continuum but also
the broad emission lines of multiply imaged AGN (Popovié et al. 2001ab, Abajas et
al. 2002).

The aim of this paper is to give a short review of microlensing effect in AGNs,
especially of the influence of microlensing effect on broad emission line shapes of
AGN. In Section 2 we discus the gravitational lensing effect in general. In Section
3 we include microlensing effect in the case of different dynamics of emitting gas of
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AGN and give the results of our investigation. In Section 4 conclusion is given. Some
of the useful relations are given in Appendix (Section 5)

2. GRAVITATIONAL LENSING - PHENOMENOLOGY

Phenomelogy of multi-imaged celestial objects, well known as gravitational lens can
be explained simply comparing this effect with atmospheric mirages. Since the light
speed in a material medium is v = ¢/n (where c is the light speed in vacuum, n is
the refractive index), the light rays are bent when they travel into an inhomogeneous
medium. Consequently in the lower atmospheric air layers with strong temperature
or density gradients, the atmospheric mirages may be formed. On the other side,
as a consequences of general relativity theory, space-time is curved by the gravita-
tional potential ¢, which depends on object mass, and in weak gravitational field
approximation (¢/c << 1) the equation of metric is (see e.g. Weinberg 1972)

2¢

5 2¢
ds? = —(1+ Z)cd + (1 - C—f)(dmz + dy? + dz?). (1)

In the vicinity of the massive object, the light path is defined by null geodesic
(ds® = 0). Moreover, taking into account that (¢/c << 1), we can obtain for speed
of light

' c
v R
¥ —

and we can see that ¢ acts on the light speed as a medium with an effective refractive
index ny as

35 (2)

e

2
ng ~ 1-— -C%S (3)

Taking into account that a gradient in the Newtonian gravitational field exist in
the vicinity of a massive object, the angular deflection of light trajectories & will
appear. Such deflected rays cause that an observer see the gravitational mirage of
the source. The face of the mirage depends of mass of deflector, and the distances
between the observer-source (Dos), observer-lens (Do L) and lens-source (D).

Let us consider mass (M), so called deflector, at a distance Dgop from the observer
and a point source S at a distance Dop from the observer (see Fig. 1). The lens
equation connects the source position, (d,) and the positions of the images (6) seen
by an observer (O), given the deflection angle & produced by the gravitational lens
(Fig 1). The lens equation can be written (see e.g. Zakharov 1996, Claeskens and

Surdej 2002)

~ _~» (Dos—Dop) .. ~
g, =@ \29S = 20D) ~iny ). 4
Dos a(Dop 6) (4)

To obtain the basic equations, let us consider two planes perpendicular to the
line of sight, at the deflector and at the source distances, respectively. As seen by the
observer (O), the deflector has angular coordinates (%m,Ym) in the sky. Its projections
in these two planes are in points 4 and 4,, with the corresponding linear coordinates

Xa=2zmDop, Y4=ymDop, (5)
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Fig. 1: The geometry of gravitational lensing: The observer, the lensing mass, and
the source are located at the points O, M, and S, respectively. Light rays are deflected
near the lensing mass by the angle a, and the image of the source appears to be located
at the point I, not at S. The distances from the observer to the lens (deflector) and
to the source are indicated as Dop and Dgg, respectively.

X4, =zmDos, Ya, =ymDos. (6)

Let the observer (O) look at the sky in the direction with angular coordinates
(z,y). The line of sight intersects the deflector plane at point B which is defined by

b and have coordinate

Xp =zDop, Ys =yDop. (7)

If there was no deflection of light by the massive object, the line of sight would
intersect the source plane at point I with coordinates

X1 =zDos, Y =yDos. (8)

The light ray passes the deflector at a distance

R=1bl=v(Xp - Xa)2+ (Y5 — Ya)2. (9)
The light ray is deflected by the angle

. AGM -
G=— b, (10)
i.e. the angle has two components
Xp—Xa
= 11
e R ) ( )
Y —Ya
o =at2 14, (12)
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where ACM -
The deflection light ray intersects the source plane at the point S with the coor-
dinates

Xs=Xr—a;Dps, Ys=Y; - ayDps. (14)

The light ray, passing through three points (O, B and S) defines a plane. The
lensing mass M and the point I are located in the same plane. The image of the
source appears not at S but at the point I due to deflection of light rays by mass
M. The angular distance is R/Dop from the point A. It is clear that the distance
6] + |b5] = (R + R,) in the deflector plane is proportional to the distance between I
and S in the source plane, and the latter can be calculated with Eq. (14). Including
the Egs. (11) and (12) in Eq (14) we obtain

D

R+ Ry =/(Xs— X;)? + (Y5 — V12 =22, (15)
Dos
__4GM DpsDop
R+ Ry = a2 TOS—_’ (16)
This equation can be written as
R2
R+R;, = "EE,
where
2 _ 4GM DpsDop o
RE e C2 DOS (1‘)

is the Einstein Ring Radius (ERR). Eq. (16) has two solutions:

_ R2+.\/R?+4R %
N 2

This solution indicate two images of the source, located on the opposite side of the
point A, at the angular distances R /Dop and R_/Dop, respectively. Any of the
lensing conserves surface brightness. The ratio of the image to source intensity, called

amplification (A™), is given by the ratio of their areas. This ratio can be calculated
as (Pacyniski 1996)

Ry

m_'RidRi w42 o1 18)
* " 'RdR,' T v rd 2

where distance between projected lens and source, expressed in ERR in source plane
is .
15|
U= =,
Rg
In the case of microlensing, it is not possible to see images of the source, but

microlensing effect cause amplification of the source brightness. In this case the
source amplification will be
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u? +2
Quvu? +4

On the other side, the chance of seeing a MLE is usually expressed in terms of the
optical depth 7, which is probability that at any instant of time the source is covered
by a deflector. The optical depth can be estimated computing the number of lenses
within one ERR in line-of-sight. Let all lensing objects have identical mass M. We
will divide the space between observer and source in a thin slabs, where one slab
has thickness ADop. There is, on average one lens per surface area mR? = ;—Aﬂ%ﬁ;,

AR+ A™ = (19)

where p is the average mass density due to lenses in the volume 7é?ADps. The cross
section of each lens is mR%, where R is determined from Eq. (17).
The slab contribution to the optical depth is given as (Paczyriski 1996)

Ar = 71'R2E _ [47'er DpsDOD
- 7['R2 C2 DOS

Taking that AD — 0, the total optical depth due to all lenses located in the part
of spherical envelop can be calculated as

JADs 5. (20)

_ 4nG Ds

DpsD
= (DOD)MdDOD

Dos (21)

22 s
The solution of the integral in Eq. (21) depends on mass distribution of the
deflectors, and several solution were performed (see e.g. Paczyiiski 1991, Kiraga and
Paczyniski 1994, Zakharov 1996).
As one can see from Eq. (21) the optical depth depends on the total mass in all
lenses, but it is independent of the masses of individual lens. If the density of lenses
is constant, we obtain

- 27 Gpay
L 3 &

where pa, is the averaged mass density of deflectors.

2
DOS

2. 1. CAUSTIC CROSSING

In most of cases we can not simply consider that microlensing is caused by an isolated
compact object but we must take into account that the micro-deflector is located in
an extended object (typically, the lens galaxy). In this case, when the size of the
ERR of the microlens is larger than the size of the accretion disc, we can describe the
microlensing in terms of the crossing of the disc by a straight fold caustic (Schneider
et al. 1992). The amplification at a point close to the caustic is given by (Chang and
Refsdal 1984),

% -H(s(€ - &),

where AJ' is the amplification outside the caustic, K = A}'8,/mo is the caustic am-
plification factor, where § is constant of the order of unity (e.g. Witt et al. 1993). ¢
is the distance perpendicular to the caustic and & is the minimum distance from the

A™(X,Y) = AT + (22)
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source center to the caustic. The more complex function of caustic can be found in
Shalyapin et al. (2002).
Some other useful relations are given in the Appendix.

3. MICROLENSING INFLUENCE ON AGN RADIATION

3. 1. STANDARD MODEL OF AGN

The investigation of influence of microlensing on AGN radiation (in first order on QSO
radiation) is important for our knowledge about structure of AGN emission region.
To simplify the task, the papers devoted to this theme usually take in consideration
two cases: a) the source is a point and lens has complex structure (see e.g. Shalyapin
2002); b) the source is complex and lens is point-like (see e.g. Yonehara et al. 1999,
Agol and Krolik 1999). Very rarely consideration of complex structure of source and
complex structure of lens is given (Popovié et al. 2002a, 2003).

The geometry of emission line region in AGN is very complex. Narrow Line Region
(NLR) is too large that microlensing can affect the light from this region, but Broad
Line Region and continuum source is enough compact that this effect may play a role.
As a standard model of AGN we can adopt that in the central part of emission line
region a Black Hole exist. The innermost part radiate in the X-ray range (including
the X-ray continuum and lines, e.g. Fe Ka line). The continuum emitting source of
AGN is also compact (several light days), while the BLR lay between several light
days and several tens of light days (Wandel et al. 1999, Kaspi et al. 2000). Taking
into account the dimensions of the emitting region we will consider only microlensing
of radiation coming from X-ray and optical part in continuum and in lines.

The geometry of emission region of AGN can be very complex, usually three
geometries may be considered: spherical, biconical and cylindrical (Robinson 1995).
It is interesting that one part of radiation coming from accretion disc (especially in X-
ray, and also in some cases in UV and optical wavelength region, see e.g Eracleous and
Halpern 1994, Popovi¢ 2001b), or from the region which has more complex structure
(accretion disc + one more emission region, see e.g. Popovi¢ et al. 2001c)

3. 2. MICROLENSING OF AGN

Quasars are the first objects observed as gravitational lenses. The importance of
gravitational microlensing by individual stars in a lensing galaxy’ was first pointed
out by Chang and Refsdal (1979). Till now, the investigation of this type of the
microlensing has been performed by a number of authors (see e.g. Schneider et al.
1992, Zakharov 1996). When a QSO is lensed by a galaxy into multiple images, the
probability that one of the stars belonging to the lens transit just in front of one of
the microlensed QSO images is much higher. The microlensing can be used to analyze
the structure of the emitting region in AGN. It was the accepted opinion that the
microlensing preferentially amplifies the continuum emission region, coming from the
central part (~ 10™* = 1073 pc), while the broad emission line (BEL) flux remains
unchanged, because the dimension of BEL assumed to be around 1pc (e.g. Rees 1984,
Claeskens and Surdej 2002).

The change in the continuum flux of quasars by stars or compact objects in inter-
vening galaxies is now a well-established observational phenomenon. Several studies
have attempted to resolve the structure of the region generating the optical and UV
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continuum by using the microlensing effect as a gravitational telescope (see Yonehara
1999).

Only extended objects of sizes comparable to or smaller than the Einstein radius
associated with the gravitational lens will experience appreciable amplifications (e.g.,
Schneider et al. 1992). Thus, in the framework of the AGN standard model, in which
the BLR is supposed to have a radius in the 0.1 — 1 pc range, only massive deflectors
could give rise to significant amplifications. However, recent results from the MACHO
project indicate that the most likely microdeflector masses in the Galactic halo are
within the range 0.15 — 0.9 Mg (Alcock et al. 2000a). In the Galactic bulge the
microdeflector masses are in good agreement with normal-mass stars (Alcock et al.
2000b). Estimates from the light curve of Q223740305 (Wyithe et al. 2000) are also
in reasonable agreement with these values. Consequently, significant amplifications
of the BEL would not be expected according to the standard model. This result has
been pointed out by other authors (Nemiroff 1988, Schneider and Wambsganss 1990),
even if they were somewhat optimistic concerning the distribution of the microlens
mass adopted. However, recent studies indicate that the BLR size is smaller (from
several light days to several tens of light days) than supposed in the standard model
(Wandel et al. 1999, Kaspi et al. 2000). On the other side, analyzing the spectral line
shape of Akn 120 and NGC 3516 Popovié et al. (2001c, 2002b) found that the broad
line shape can be fitted with two-component model, where significant contribution
has emission of disc or disc-like region. They found that the radius of disc region is
of the order of 1000 R,. Taking into account that the mass of black hole in AGNs is
somewhere about 108 M, the dimension of this region is ~ 1073 — 102 pc. These
investigations showed that the influence of microlensing on the broad emission lines
should be revised, and consequently, recently in several papers this influence have
been presented (Popovi¢ et al. 2001ab, Abajas et al. 2002, Popovi¢ et al. 2002a).

Moreover, the X-Rays of AGNs are generated in the innermost region of an ac-
cretion disc around a central super-massive Black Hole (BH). An emission line from
iron Ko (Fe Ka) has been observed at 6-7 KeV in the vast majority of AGNs (see e.g.
Nandra et al. 1997, Fabian et al. 2000). This line is probably produced in the very
compact region near the BH of an AGN (Iwashawa et al. 1999, Nandra et'al. 1999,
Fabian et al. 2000) and can bring essential information about the plasma conditions
and the space geometry around the BH. Thus it seems clear that the Fe Ko line can
be strongly affected by microlensing and recent observations of two lens systems seem
to support this idea (Oshima et al. 2002, Chartas et al. 2002). In following part
of this paper we will present the investigation devoted to microlensing of broad line
region and X-ray emitting region.

3. 3. THE MICROLENSING INFLUENCE ON THE BLR OF QSOS

In order to calculate the influence of microlensing to the broad emission lines of
AGN, we started from the relation

B = [ ele.)(@y A0 (23)
v
where F is the line flux, £(z,y) is the emissivity, I(z,y, A, Ao) is the function of

line intensity which also depends on geometry of line emitting region and velocity of
emission gas. A™(z,y) is the amplification defined by Eq. (19) for point-like deflector
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and Eq. (22) for straight fold caustic. In this case the integration is in the plane of
source, where u = ]b_,;(a:, y)|/Rg. The function of emissivity for BLR can be taken as

e(r) =¢p - 1Y,

where ¢ is the index of emissivity (e.g. in the case of disc emission qg = —3, see
e.g. Eracleous and Halpern 1994). The geometry and kinematics of emission gas
determine the line intensity distribution through emission region. Very often the
velocity of emission gas is assumed to be only function of distance from the central
source (Robinson 1995)

o) = vgr?
where p is the velocity index.

3. 4. MICROLENSING INFLUENCE ON X-RAY EMISSION

The influence of microlensing on X-ray radiation in continuum were considered in the
papers of Yonehara et al. (1999). The influence on spectral line shape of Fe Ka line
has been discussed in Chartas et al. (2002) and Popovi¢ et al. (2001b, 2002a).

In the standard configuration, microlensing affects one of the images of a lensed
QSO and is produced by a star-sized object in the lens galaxy. An event of this type
affecting the Fe Ka line has been reported in the quadruple imaged QSO J0414+0534
by Chartas et al. (2002). These authors observed a sudden increase in the iron
line equivalent width from ~ 190 eV to 900 eV only on image B of J0414+0534
proposing that it has been caused by a microlensing event. We can try to reproduce
this enhancement with our models under the assumption of amplification by a straight
fold caustic crossing. However the problem is highly unconstrained because both sets
of variables, the one related to the microlensing (relative amplification, 3, orientation
of the caustic with respect to the rotation axis, direction of the caustic crossing,
microlens mass) and the other related to the relativistic disc model (outer radius,
emissivity, metric) should be considered to fit a unique number. Thus, we can do
only an exploration of scenarios compatible with the result. In the first place we can
fix the disc parameters adopted until now to study which values of the parameter 3 can
reproduce the observed amplification in both metrics, Schwarzschild and Kerr. We
have computed the maximum amplification for a caustic crossing along the accretion
disc. The resulting amplifications indicate that there is a range of 8 values and
microlens masses that can give rise to the observed amplification (see Table 1 and 2
in Popovi¢ et al. 2002a). For instance, for the value 8 = 0.2 (Chartas et al. 2002), a
microlens of a solar mass can produce the observed enhancement. For =1, alow
mass lens (~ 0.001 Mg) can also produce the required amplification.

Oshima et al. (2001) have also reported the presence of a strong (EW~ 960eV)
emission Fe Ka line in the integrated spectra of the lensed QSO H 1413+117. Oshima
et al. (2001) interpreted this results as produced by iron K, emission arising from
X-Ray re-processing in the broad absorption line region flow. Alternatively, we can
assume that the individual spectra of the components (not available) are different,
and that the excess emission in the iron line arises only from one of the components,
like in the case of J0414+0534.
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Fig. 2: Left: The point-like deflector crossing an accretion X-ray disc in Kerr metrics
(illustration). Right: Corresponding amplification of Fe Ka line, bottom is unper-
turbed line (Popovié et al. 2003)

Regardless of the true nature of the two events reported in J0414+0534 and H
14134117, our analysis show that objects in a foreground galaxy with even relatively
small masses can bring strong changes in the line flux.  This fact indicates that
changes in the Fe Ko line flux will be higher than in the UV and optical lines. Thus,
the observation of the iron line in multi-imaged AGNs opens new possibilities to study
the unresolved structure in QSOs and also the nature and distribution of compact
objects in lens galaxies.

From this investigation one can conclude (see Popovié et al. 2002a, 2003)

- Microlenses of very small projected Einstein radii (~ 10 Ry) can give rise to
significant changes in the iron line profiles. The effects are two or three order of
magnitude larger than the ones inferred for the UV and optical lines (Popovi¢ et al.
2001a). Off-centered microlenses would induce strong asymmetries in the observed
line profiles.

— The effects of microlensing show differences in the Kerr and Schwarzschild met-
rics, the amplitude of the magnification being larger in the Kerr metric. The transit
of a microlens along the rotation axis of the accretion disc would induce a strong
amplification of the blue peak in the Schwarzschild metric when the microlens was
centered in the approaching part. In the Kerr metric the amplification will be larger
but will not affect so preferentially the blue part of the line. This difference could be
interesting to probe the rotation of an accretion disc.

- Even objects of very small masses could produce observable microlensing in the
iron Ko line of multiple imaged QSOs. We obtain that microlenses of 1 solar mass
can explain the measured Fe Ko line excess in the J0414+0534 and H 14134117 lens
systems.
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Fig. 3: Left: Grid of relative displacements between the microlens and the BLR.
The large disc represents the BLR. The small discs correspond to the Einstein circle
associated with the microlens, represented by a point. For each point (corresponding
to a displacement of the microlens in the positive quadrant we compute an emission-
line profile. Right: Spherical model with p=0.5, g=-1.5, and ERR is equivalent to
dimension of BLR. On the x-axis we represent T = Upmaq(A—Xo)/(c- Ao), which varies
between -1 and 1. On the y-axis we represent the flux. The heavy solid line is the
amplified line profile, and the lighter solid line is the unamplified line profile (Abajas
et al. 2002).

3. 5. MICROLENS OF BLR; UV AND OPTICAL LINES

Here we will present some of the results concerning the microlensing influence
on broad spectral line shapes. First, for different geometries the influence is given
in Abajas et al. (2002), where the spherical, cylindric and biconical geometries of
BLR were considered. Also, the influence in the case of Keplerian accretion disc was
considered (Popovi¢ et al. 2001a)

From the investigation of the influence of microlensing on spectral line shapes of
broad line from Broad Line Region we can conclude (see Abajas et al. 2002):

— The global amplification of the BEL induced by microlensing events could be
relevant. It was identified a group of 10 gravitational lens systems (about 30% of
the total sample) for which the microlensing effect could be observable, especially
in high-ionization lines. In other gravitational lenses the microlensing amplifications
would be much more modest.

- Even for relatively small microlenses corresponding to high values of the BLR ra-
dius/Einstein radius quotient, (BLR dimension are around 4 times larger than ERR),
- the effects produced by the differential amplification of the line profile (relative en-
hancement of different parts of the line profile, line asymmetries, displacement of the
peak of the line, etc.) would be easily detectable except for highly symmetric veloc-
ity fields. The displacement of the peak of the line profile caused by microlensing is
especially interesting, since it could otherwise induce inexplicable redshift differences
between the different images in a gravitational lens system. :
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Fig. 4: Left: The same as in Fig. 3 (left), but for p=2, g=-1.5 Right: The same as
at left, but for biconical model with i= 0, p=0.5, ¢=-1.5, and ERR is 1/4 of BLR
dimension.

— The study of the changes between the BEL profiles corresponding to microlensed
and non-microlensed images, or among the BEL profiles of lines with different ion-
ization in a microlensed image, could be useful for probing current ideas about BLR
size and stratification.

The influence of gravitational microlensing on the spectral line profiles originating
from a relativistic accretion disc was considered in Popovi¢ et al. (2001a). Using
the Chen et al. (1989) model for the disc, we show the noticeable changes that
microlensing can induce in the line shape when the Einstein radius associated with
the microlens is of a size comparable to that of the accretion disc. Of special interest
is the relative enhancement between the blue and red peaks of the line when an
off-center microlens affects the approaching and receding parts of the accretion disc
asymmetrically (Popovié¢ et al. 2001a).

In an AGN formed by a super-massive binary in which the accretion disc is located
around one of the super-massive companions (the primary), we discuss the possibility
of microlensing by the secondary. In this case the ratio between the blue and red peaks
of the line profile would depend on the orbital phase. We have also considered the
more standard configuration of microlensing by a star-sized object in an intervening
galaxy and find that microlensing may also be detected in the broad emission lines
of multiply imaged QSOs. The changes observed in the line profile of Arp 102 B are
taken as a reference for exploring both scenarios.

From this investigation one can conclude (Popovi¢ et al. 2001a):

— Gravitational microlensing can induce significant changes in the spectral line
profiles generated by an accretion disc, even for relatively small values of the Einstein
ring radius associated with the microlens (ERR~ 40 R;). Off-centered microlenses
can induce relative enhancements of the blue and red peaks of the line profile, or
even give rise to a central peak. These effects could be very strong when ERR is
comparable to the disc dimension, Rou; — Rin.
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e ek A N A A A

Fig. 5: Left: The same as in Fig. 4(right), but for i=0, p=2, ¢=-1.5, and REE is
the same as BLR dimension. Right: The same as left, but for i=90, p=0.5, ¢=-1.5
(Abajas et al. 2002).
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Fig. 6: Left: The H, line profile calculated for a relativistic disc with parameters
i = 32° Ri, = 350 Ry, Roy = 1000 Rg and 0/Xg = 850 km s™!. The profile deformed
by gravitational microlensing is represented by the dashed line. The parameters of the
gravitational microlens are: § = 0 Rg, ERR= 500 R; and ¢9 = 90°. The unperturbed
profile is represented by the solid line. Right: The line profiles for different Einstein
ring radii of the lenses ERR= 100 Ry, 200 Ry, 400 R, and 600 Ry, respectively. The
intensity of the central part is higher for higher ERR. The calculations were performed
for § = 500 R; and ¢ = 0° (Popovié et al. 2001a).

60



GRAVITATIONAL MICROLENSES

— We found that a compact object of ~ 1 Mg in an intervening galaxy could
give rise to effects easily detectable in the emission line profiles. That implies that,
contrary to what has been assumed, not only the continuum but also the emission
lines may be susceptible to microlensing in multiply imaged QSOs (in so far as the
accretion disc model for Arp 102 B applies to a typical BLR).

— The transit of a microlens along the accretion disc can qualitatively reproduce
the quasi-periodical variability of the ratio of red-to-blue peak intensities observed in
the case of Arp 102 B in the 1990-1995 period.

In Popovi¢ et al. (2001a) two different physical scenarios that could reproduce the
observed variability in Arp 102 B: i) microlensing by a super-massive companion (M ~
10" Mg) located at a distance of around 0.3 pc, and ii) microlensing by a compact
object of a mass ~ 1 Mg in an intervening galaxy. The sinusoidal-like variation
induced by microlensing does not extend beyond one period. It can be reproduced
again after a long lapse of time (in the case of the super-massive companion) or
randomly (in the case of the microdeflector in a intervening galaxy). This could be
useful in distinguishing between microlensing and other different options that are
strictly periodical, such as the model of an accretion disc with a hot spot.

4. Concluding remarks

The microlensing effect is widely investigated. Using this effect in the case of AGN we
can investigate the structure of continuum source, as well as structure of line emitting
region from X-ray to optical wavelength region. Recent investigation showed that this
effect can be useful for mapping of very compact and kinematically complex continuum
and line region in AGN.

5. Appendix

5. 1. SOME RELATION WHERE Dop ~ Dog

The size of the ERR projected on the source, Rg increases with the distance between
the source and the microlens. For this reason, appreciable amplifications of the optical
and UV Broad Emission Lines (i.e. Rg comparable or larger than the dimensions of
the accretion disc) induced by a star-sized object are only possible if the microlens is
far away from the source, in an intervening galaxy (typically the lens galaxy). In the
optical and UV case, appreciable amplifications of the BELs from an object in the
host galaxy of the AGN are possible only by a very massive object (Popovié et al.
2001a). However, due to the comparatively tiny dimensions of the X-Ray line emission
region, microlensing of a star-sized object in the host galaxy becomes a possibility.
In the case Dop ~ Dps the distance, D = Do = Dpg — Dor, between the
microlens and the accretion disc is negligible with respect to the distance between the
observer and the microlens, the expression for Rg (Eq. 17) can be approximated as

4G M,

=D, (A1).

Rp ~

From Eq. (A1) the mass of the microlens can be estimated as

2 2 2
M8~ﬁ.c_=5.23.1ol2.ﬁ
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where Rp and D, are given in parsecs.
It is sometimes convinient to express Eq. (A1) in gravitational radii:

4GMml
T_ 3

Ry ~ D, (A3)
where R = Rg - Ry, and from Eq. (A3) the mass of the microlens can be estimated
as

M [M]z%‘EMz =119-10~14-R—31\/12 (A4)
where R is given in gravitational radii, D is given in parsecs and Mpy is given in
solar masses.

5. 2. OPTICAL DEPTH FOR MICROLENSING OF HOST BULGE AND HALO STARS

The probability of seeing a MLE is usually expressed in terms of the optical depth
7. As far as the potential microdeflectors have an Einstein radius similar or larger
than the radius of the disc, 7 can be estimated as the fraction of the area in the
source plane covered by the projected Einstein radii of the microlenses. Taking also
into account that the distance between the accretion disc and the microlenses are
negligible as compared with the distance between the observer and the microlenses

R
T~ 4:—26’/; p(r)rdr (A5),

where R is the radius of the bulge or halo.
To estimate the order of magnitude of 7 we assume a constant mass density, thus

2
TR -c—2-poRz. (AG)

Czerny et al. (2001) estimated that the total mass of the AGN bulges can reach
values of 10'?M,,, and Schade et al. (2000) found typical values for the radius of
the AGN bulges within the range 1-10 Kpc. Both results yield to a maximum optical
depth from the bulge 7, ~ 10~%. Using also favorable numbers for the galactic halo
(p ~ 0.01Msun pc™3, R ~ 150 Kpc) the optical depth could reach values of Th ~ 1074,
Adding both contributions a maximum optical depth of T ~ 0.001 would be expected
in a favorable situation. A detailed computation of 7, in addition to include accurate
density profiles, should include a cut in the lower limit of integration (r,,;,) to exclude
from the integral the microdeflectors with Einstein radii smaller than the radius of
the disc (although the approximation 7,,;, ~ 0 used does not change significantly the
order of magnitudes estimated for 7 especially in the case of the halo).

5. 3. RELATION MASS OF DEFLECTOR vs. CORRESPONDING REE

Very often it is needed to calculate the masses of deflectors able to produce the
visible amplification of the line. In this case it is convenient to express the REE in
gravitational radii. As a rule, if the REE is with size of the order of emitting region,
than we can expect that microlensing is present.

In a Friedmann universe for an observer at redshift z; and a source at redshift 25
the angular diameter distance is given by (Grogin and Narayan 1996)
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2c (1= — GiG;)(Gi - G))

DZ', ) = 3
(21 2) Hy Q2(1+z)(+2)°

(A7)

where Hp is the Hubble constant, and we suppose that Hy = 50 km s~! Mpc~!,
Qo = 1. The factors G;; are

Gi]' = \/1+Q0'Z1j. (AS)

As an example we will calculate this relation for MG J0414+0534, taking into
account that Zgso = 2.64 and Zj,,s = 0.96, we obtain Dy g.96 = 1749, Dp 2,64 = 1574,
and Dgop264 = 630. Using the Eq. (17) for ERR we can calculate the ERR in
deflector plane

o JOE
E DOD ]
or

4G M .
c2

TE = D’

where
= DosDps

Dop
In our case D' = 567 Mpc and if we put the constants, we obtain

L10-2

BH
MS

DI

where mass of black hole is given in 10® solar masses, M,,; is given in solar mass, D
in parsecs and rg in gravitational radii. For the case MG J0414+0534 the relation
between ERR and mass of lens is

rg = 2.19- 103/ M,

and as we can see the object of mass of only 0.0001 A{;, has an ERR of about 50
R,, and can produce significant amplification of Fe Ka line if we assume that the
dimension of the region of formation of Fe Ke line is around 100 R, (Nandra et al.
1997).
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Abstract. The necessary conditions which have to be realized for structures formation
are presented. We have given the description of Turing formations and their corresponding
equations, related to the reaction-diffusion processes. As a result, we have shown that in
accretion discs the solutions for appearing of these structures exist.

1. Introduction

We present the following statements and results on the base of the theory of regular
spatial structures and new tendency in nonlinear sciences in some hydrodynamical
flows.

Below are shown the principles and necessary conditions for arizing of such struc-
tures (Stratonovich 1985, Ebeling 1979):

e Dissipative structures can be formed in open systems only, where the energy
exchange is possible, which provide the existence of order states.

e Dissipative structures may arize in macroscopic systems. Necessary are states
far from equilibrium.

e The evolution laws must operate in these systems.

e Dissipative structures can be formed in systems, described only by nonlinear
equations for macroscopic functions.

When given conditions for thermodynamical equilibrium exist, then this corre-
sponds to the largest rate of disorder. Due to this, higher organized states must be
in nonequilibrium.

The states, obtained from equilibrium by continuous disturbance, Prigozin (Glens-
dorf & Prigozin 1973) terms thermodynamical branching. If the deviation from equi-
librium exceeds the critical value, these states would become unstable. After that the
system turns into new regime and establishes as a dissipative structure.

This qualitative reconstruction of the system, when the parameter crosses the
critical value, is known as bifurcation.
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To make this clear, we show one process (Nicolis & Prigozin 1979), which causes
systematical deviations from equilibrium by increasing some parameters, describing
states or outer influence - \ .

According to the minimum entropy theorem - the closest equilibrium stationary
states are asymptotically stable /Fig. 1/ (a).

When the parameter of the system reaches the critical value )z, it is very possible
that the thermodynamical branching becomes unstable (b).

In this case the smallest perturbation is sufficient to change the system. The new
stability regime in the system probably corresponds to the orderly state (c). So, with
A = A; the bifurcation acts and as a result the new branching of solution has occurred.

Pa

A A
Fig. 1:

In our discussion of accretion disc, there is a similar transition. The arising of
some hydrodynamical instability transfers the system from one state to another and
therefore the structures are formed in disc. We have shown in the previous work, that
the accretion discs are typical dissipative structures. Our aim here is to consider in
particular their mode.

2. Reaction - diffusion equations and Turing instability

The reaction - diffusion systems are the exibition of spatial or temporal patterns
if they are far from equilibrium (Engelhardt 1994), which is one important condition
for formation of the dissipative structures.

First we apply one standard equation of reaction - diffusion (Engelhardt 1994):

% = F(C) + DV?C (1)
where the first term on the right side is the reaction and the second is the diffusion.
D is the diffusion coefficient (or matrix of the transport coefficient), C- concentration
of matter.

In some systems the coupling between two transport procceses provides the engine
of instability. Then the growth of this instability is defined by the difference of the
diffusion coefficients in the different direction of the transport acting there (Borckmans
et all. 2001).
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Then the reaction - difusion equation could be written as:

aC 9*C »’c
= F(C) + Do o2 T Dvgs a5 (2)

That difference between two components of diffusion coefficients is the necessary
restriction for the Turing instability to appear (Engelhardt 1994).

3. The accretion disc equations and
the appearing of Turing structures

The accretion disc is considered as a hydrodynamical systems and it is described
by the hydrodynamical equations (Frank et all. 1991).

In the first place this is the continuity equation, which expresses the mass conser-
vation:

dp
b—t +V.(pr)=0 (3)
The conservation of momentum for each gas element gives with Euler equation:
8
rn +pw.Vv=-VP+F (4)

where for both equations the quantities p, v, P, F are respectively: the density, the
velocity, the pressure and the selected force.

We present the equation of motion for viscous fluid (Navier Stokes eq.) in cylin-
drical coordinates. Due to averaging in z-direction we express all derivatives in terms
of the coordinates (r, ¢):

v, v, V,ov, V2

ot aw+TW_T=

Here v is the kinematic viscousity, V;. and V,, are the two component of the velocity.
The equation of energy transfer could be presented as follows:

;)t (lp’l" o+ p;) [(%pv2 +pe + P) -v] =fv—-V.Fra (7)

where % pv? - the kinetic energy per unit volume, pc - internal or thermal energy per
unit volume. The last term in the square brackets represents the so-called pressure
work. On the righ hand side:

F,u.q¢ — the radiative flux vector;
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~V.Frqa — gives the rate at which radiant energy is being lost by emission, or
increased by absorbtion.

In accretion disc we consider the transport of "vortical” function or vorticity, which
we may imply with ¥. This term we take from the vortical equation (Nauta 7000)

"> S Vxi
(0—+L.v> Pl (8)

which is obtained, combining the rotation of momentum equation and the continuity
equation. So, ¥ = V x @ and for eq. (8) velds:

ov
ot

We express that equation in cylindrical coordinates in terms of 7. @ again:

LV (q/u] o (9)

oy, v oy, » \va av. o

[ ot "o T B _T]:f (10)
0¥, 0V, WOV, WU,
byl e ity ke L (i)

Here with f we express the transport engine of the vortex or the diffusion from
Eq. (1) and for our consideration the f is in the form: DV2U.

Taking into account the vortical equation (9) and the expressions (10) and (11),
the reaction - diffusion equation (1) becomes:

%ﬂ = /1(7', 99) + D,wvz\I’,‘ (12)
0‘1’ .

h and g are the source functions and they take the form: (T.V)e

Thereby we obtained two equations with different diffusion coefficients, which is
expanded in two components.

The evidence that in accretion discs the necessary condition is that the ratio be-
tween D, and D,, is not equal to unity and zero exists. This gives us the confirmation
of possibility for the appearance of Turing instability in this reaction - diffusion sys-
tem.

4. Conclusion

These instabilities being the expression of spatial pattern of the biffurcation area.
the structures may arise in the disc, particularly: vortical structures and so called the
Rossby solitons.

The essence in the accretion discs investigations is the finding out of connection
between the kind of instability and the arising of the engine of structure formation.
when all required above conditions are present.

The theory of Turing structures is one of the many of such modeling pattern
formations and here we showed that it works in the reaction - diffusion system of the
accretion disc, too.
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Abstract. We present observations of Comet Ikeya-Zhang, obtained on May 4, 2002 with
the Focal Reducer Rozhen (FoReRo), attached to the 2-m telescope of the National As-
tronomical Observatory, Rozhen, Bulgaria. A narrow-band interference filter was used to
isolate the emission line of HoOm at 6158.86 A. Several structures have been identified in
the plasma tail of this comet. The gradual tailward displacement of these structures has
been used to determine the velocity of the ions in the plasma tail of comet Tkeya-Zhang. The
derived velocity has been used to estimate the water production rate of comet Ikeya-Zhang
by using the similarity laws of magnetohydrodynamics.

1. INTRODUCTION

The most abundant molecule in comets is water. When a comet approaches the Sun
the frozen water ice sublimates and the neutral gas molecules flow radially outward
with a thermal speed of about 1 km s~!. Different neutral coma gases have different
lifetimes in the radiation field of the Sun. Typical photoionization rates are 10~
s~1. The photoionization rate is inversely proportional to the lifetime of the neutrals,
i.e. the neutral coma extends to about 10% km. But photoionization is not the only
mechanism which destroys the neutral gases. Water has a photodissociation rate
greater than 1073 s™1, and therefore the neutral water coma extends to distances less
than 10° km. Thus, the water ions are born closer to the nucleus in comparison to
the most of the other ions in a cometary plasma tail. Because H2O is faster destroyed
by photodissociation a relatively small amount of the neutral water is converted into
H,O*F.

In order to obtain this amount from observations we have to derive the ion flux into
the tail and to compare it with measurements of the water production rate acquired
at the same time. To calculate the flux of ions we need a sequence of well calibrated
images and the tailward velocity of the ions. The ion velocities can be measured by
two methods. First, by the Doppler shift, measured in a spectrum of the comet, and
second, by tracing stable structures in the plasma tail.

In this paper we present observations of water ions in the plasma tail of comet
Ikeya-Zhang. We have found several structures in the tail of this comet and traced
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one of them to determine the plasma velocity. We first describe the image processing
applied to the data for enhancement of the observed structures. Then we measure the
locations of these structures in our sequence of images. Finally, we derive the velocity
and use it to estimate the water production rate of comet Ikeya-Zhang by applying
the similarity laws of magnetohydrodynamics.

2. THE OBSERVATIONS AND THEIR REDUCTION

The images analyzed in this paper are presented in Fig. 1. Here they are shown after
bias subtraction, flat-fielding, -and conversion to one-second-exposures. The numbers
above the images are the Start-times of the exposures (UT). The plasma tail consists
of several streamers, well distinguished at greater cometocentric distances. Close to
the nucleus the plasma structures are hidden in the strong continuum contribution
coming from solar radiation scattered by the cometary dust particles, and from the
denser cloud of ions at smaller cometocentric distances. We applied several image

20:14:28 20:23:55 20:30:26

-50

-100

-100 -50 0 50 -100 -50 (o} 50 -100 -50 0] 50
20:45:51

20:36:35

-100 -50 Q0 50 -150 -100 -50 O 50 -150 -100 -50 0O 50

20:59:21 21:18:57

-150 =100 =50 O -150 =100 -50 O -150 -100 -30 O

Fig. 1: The images of HoO" ions in comet Ikeya-Zhang, obtained on May 4, 2002.
The UT-start times of the exposures are given on top of each particular image. The
spatial scale is in 10® km.

processing steps in order to reveal the plasma structures close to the nucleus. The
most important of these steps are described below:

2. 1. TRANSFORMATION TO POLAR COORDINATES

We have measured the extent of the plasma tail in azimuthal direction and have
transformed to polar coordinates only that sector of the image which contains the

74



H,O" IONS IN THE PLASMA TAIL OF COMET IKEYA-ZHANG

tail. The result of this procedure is shown in Fig. 2.

=:B8:21

160
150

140

130
120

Azimuth, degree

0 200 400 600 800
Radius, px

Fig. 2: Example of an image transformed to polar coordinates.

2. 2.  ENHANCING THE STRUCTURES

In this subsection we show the result of a procedure which was conceived to enhance
the structures in a cometary tail. The structures should extend predominantly in
radial direction.

The described procedure is similar to the rotational shift-differencing method used
by Larson and Sekanina (1984), and later by Hoban et al. (1989). The difference
consists in the usage of an image which is averaged in azimuthal direction instead of
taking simply an image rotated by a given angle. The azimuthal averaging has been
done by taking a mean vector of the image in polar coordinates along the second
dimension, and by expanding this mean vector back to a 2-dimensional array with the
dimensions of the original image in polar coordinates. In the next step the difference
between the original and the averaged image is calculated. As the plasma structures
are extended in radial direction, this step enhances their contrast.

2. 3. BACK TO CARTESIAN COORDINATES

Here, the result of the previous subsection is transformed back to Cartesian coordi-
nates. One example of an image from our sequence after this step is shown in Fig. 3.
It is well seen that the bright smooth contribution close to the nucleus has disappeared
and only the discrete structures have remained.

2. 4. TRACING OF THE STRUCTURES

The images have been rotated at the position angle of the extended radius- vector.
The aim of this transformation is to bring the Sun-Comet radius-vector in direction
of the positive X-axis. We have extracted only that portion from the rotc =d image
which contains the tail. The result is shown in Figs. 4, 5, and 6.

The axes are transformed to the projected linear scale calculated at the comet’s
geocentric distance. Several structures in the plasma tail can be distinguished but
only one is particularly stable. It can be identified in all 9 images and its tail-ward
motion can be traced. We have marked this structure with an arrow.
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Fig. 3: This image is transformed back to Cartesian coordinates after the image
processing described in the previous sections

3. DISCUSSION

In Fig. 7 the cometocentric distance of the marked structure is plotted against the
time elapsed from UT 0.0 on May 4, 2002. The full line represents a linear fit to the
data. The slope of the fitted line gives a mean velocity of the ions in the plasma tail
of comet Ikeya-Zhang of 17.6 km s~!. During the observations the phase angle was
64°. After correcting with this angle for the aspect of the observations we obtain a
velocity of 19.4 km s™?. for the tailward plasma flow. Wegmann et al. (1987) modeled
the plasma tail of comet Halley for the time of the Giotto encounter. According to
their model comet Halley should have a velocity of 20 km s~! at a distance of about
5 10? km tailward of the nucleus. A comparison between our measured velocity and
the models by Wegmann et al. (1987) can be used to estimate the water production
rate of comet Ikeya-Zhang. This comparison can be made by utilizing the similarity
law of the magnetohydrodynamic description of the solar wind — comet interaction
(Wegmann (1995), Jockers et al., (1999) ). If all other conditions have been equal, the
water production rate of comet Ikeya-Zhang during our observations has been about
2 times smaller in comparison to comet Halley during the Giotto encounter.

4. CONCLUSION

We have presented narrow-band images of H,O% ions in the plasma tail of comet
Ikeya-Zhang The images reveal structures in the tail and close to the nucleus. We
have enhanced the structures by subtracting an azimuthal average from the original
image. By tracing one of these structures we derived a mean velocity of 17.6 km s~
at a cometocentric distance 10° km in tailward direction. The derived velocity of the
plasma structures suggests that at the time of our observations the H,O production
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rate of comet Ikeya-Zhang has been about 2 times lower in comparison to that of
comet Halley during the Giotto encounter.

7



T. BONEYV et al.

10° km

Distance,

. 10% km

Distance

10° km

Distance,

N
o

Do
fe=]

|
Do
o

|
B
o

40

-40

40

20

!
[4S]
(=]

|
S
o

20:36:35

50/ 100 150 200
Distance, 10° km

20:41:19

-50

50 / 100 150 200
Distance, 10° km

L

50 / 100 150 200
Distance, 10° km

Fig. 5:

78



H,O" IONS IN THE PLASMA TAIL OF COMET IKEYA-ZHANG

20:59:21
40 . d T T i
£
<20
o
v 0
g
o]
fg -20
a
-40L ; i ; , ;
-50 0 50 /100 150 201
Distance, 10° km
21:18:57
40 T T T T T L
£
< 20
©
5 0
Y
¢
_‘@ -20
-40 . 1 . ’ . !
-50 0 50 100 T 150 200
Distance, 10° km
21:59:26
40 y . : : : =
£
~ 20
fs)

Distance,
|
V)
S

§
S
S

L

-50 0 50 100 / 150 200
Distance, 10° km

Fig. 6:

79



T. BONEV et al.

2.O><lO5 S =t s e ——— ]
1.5x10°F AP o
I VAN ]
g | !
- i A |
§ 1.0x10° F 4 .
© - F |
-
[an) F J
5.OXIO4; Mean velocity: ;
: 17.6 km s ! j
0 i N I = [ o ol el . ]
7.2x10% 7.4x10%* 7.6x10% 7.8x10% 8.0x10%
Time, seconds
Fig. 7:
Acknowledgments:

This research was supported by contract F-1009/00 with the National Science Fund,
Ministry of Education and Science, Bulgaria. The narrow-band filter used in the
observations was available in the framework of the collaboration between the Max-
Planck Institut fiir Aeronomie, Germany and the Institute of Astronomy, Bulgarian
Academy of Sciences.

References

Hoban, S., A’Hearn, M., Birch, P., Martin, R. : 1989, Icarus, 79, 145.

Jockers, K., Bonev, T., Credner, T. : 1999, Astrophys. and Space Science, 264, 227.

Larson, S. M., Sekanina, Z. : 1984, Astron. J., 89, 571.

Wegmann, R. : 1995, Astron. Astrophys., 294, 601.

Wegmann, R., Schmidt, H. U., Huebner, W. F., Boice, D. C. : 1987, Astron. Astrophys.,
187, 339.

80



Publ. Astron. Obs. Belgrade No. 73 (2002), 81 - 90 Poster

SEARCH FOR LONG-TERM PERIODICITY IN THE PLEIADES
ACTIVE DWARF STARS FROM PHOTOGRAPHIC SKY SURVEYS

A. P. BORISOVA ! | M. K. TSVETKOV ! | K. P. TSVETKOVA !, N. HAMBLY 2,
and D. G. KALAGLARSKY 3
Lnstitute of Astronomy, Bulgarian Academy of Sciencies,
72 Tsarigradsko Shosse Blud., 1784 Sofia, Bulgaria
E-mail ana@skyarchive.org
E-mail tsvetkov@skyarchive.org
E-muail katya@skyarchive.org

2 Institute for Astronomy, The University of Edinburgh,
Royal Observatory, Blackford Hill, Edinburgh EH9 3H, U.K.
E-mail nch@roe.ac.uk

3Sofia University "St. Kliment Ohridsky, Faculty of Mathematics and
Informatics, 5 James Bourchier Blvd., 1164 Sofia, Bulgaria
E-mail damyan@skyarchive.org

Abstract. A program for searching for long-termn periodicity of the Pleiades active dwarf
stars is presented. As a basis the Pleiades flare stars (or UV Cet type stars) from the Flare
Stars Database, which are identified in the USNO A2.0 catalogue are used. The investigation
for long-term variability will be made by the usage of European astronomical plate archives,
included in the Wide-Field Plate Database (http://www.skyarchive.org), whose time dis-
tribution covers more than 100 years. Among these plate archives are those of Rozhen
Observatory (Bulgaria), Konkoly Observatory (Hungary), Byurakan (Armenia), Potsdam
(Germany), Royal Observatory of Edinburgh (UK), Bamberg (Germnany), etc. Limited num-
ber of the existing plates in the Pleiades region are already digitized with different scaning
machines as PDS 1010 (Sofia), PDS 2020 (Muenster), SUPER COSMOS (Edinburgh) and
some flatbed scanners.

1. INTRODUCTION

The long-term brightness variations in the active dwarf stars are subject of special
interest in the contemporary stellar astrophysics because of the detection of the long-
term solar like activity cycles in these stars. Because there is no theoretical under-
standing of the solar activity cycle, it is very important to detect such cycles in other
dwarf stars in order to constrain the theoretical models. Mirzoyan (1977) first indi-
cated to a cyclic recurrence of the flare activity from two groups of the Pleiades flare
stars with duration about two decades. The analysis of the behaviour of several red
dwarfs in the solar vicinity shows that their changes in photographic magnitudes range
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Fig. 1: Distribution of the Pleiades plates for the archives included into the Wide-Field
Plate Database (http://www.skyarchive.org)

from 0.2 to 1.0 with typical time scale of variability from 10-60 years (see Pettersen et
al. 1992, Mavridis and Avgolupis 1993, Bondar 1995). Cutispoto (1990) executed an-
other dedicated program for long-term photoelectric monitoring of selected southern
active dwarf stars in the European Southern Observatory. Recently Gershberg (1998)
also appealed to the owners of the plate archives to study the flare stars long term
behaviour on the basis of photographic monitoring since the 60’s of the last century.

There is no systematic monitoring before 1963. Therefore the plate archives are very
important.

2. RESEARCH PROGRAMME

The Pleiades open cluster (M45) in Taurus is one of the most studied stellar clusters in
the Galaxy according to the existing data in CDS (http://simbad.u-strasbg.fr/Simbad)
and WEBDA (http://obswww.unige.ch/webda/). This young open cluster ( 7x107
years) is a constant target for study of the stellar evolution stages in comparison with
the comparatively old stellar cluster Praesepe (M44) and very young aggregate in
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Table 1: List of known astronomical archives containing the Pleiades plates.

WFPDB Telescope Location of Telescope | Years of
Identifier the Archive Type Operation
ALGO033 Floirac, France Ast 1891-1975
ASI040 Asiago, Italy Sch 1958-1992
ASI067 Asiago, Italy Sch 1965-1992

BAMO14A Bamberg, Germany Cam 1928-1938
BUCO038 Bucharest, Romania Rir 1930-
COP045 Brorfelde, Denmark Sch 1966-
CRIOI7TA Crimea, Ukraine Cam 1948-1965
CRIO40A Crimea, Ukraine Ast 1947-1950
CRI040B Crimea, Ukraine Ast 1951-1984
HARO041 Cambridge, USA MA Rir 1909-1932
HAROG1A Cambridge, USA MA Rfr 1893-1895
HEI040A Heidelberg, Germany Ast 1900-1981
HEI040B Heidelberg, Germany Ast 1900-1981
KIEO40A Kiev, Ukraine Ast 1950-1996
KIS105 Kiso, Japan Sch 1977-
KONO060 Budapest, Hungary Sch 1962-
POTO025 Potsdam, Germany Sch 1948-1956
POTO030 Potsdam, Germany Rir 1879-1930
PQOT050 Potsdam, Germany Sch 1952-1970
ROE040 Edinburgh, UK Sch 1962-1974
ROE040P Edinburgh, UK Sch 1962-1974
ROMO060 Edinburgh, UK Sch 1967-
ROZ050 Sofia, Bulgaria Sch 1979-
ROZ200 Rozhen, Bulgaria RCr 1979-
SID124 Edinburgh, UK Sch 1973-
SONOQO06A Sonneberg, Germany Cam 1941-1953
SONO006B Sonneberg, Germany Cam 1953-1962
SON006C Sonneberg, Germany Cam 1956-1962
SONOOGE Sonneberg, Germany Cam 1956-
SONOOGF Sonneberg, Germany Cam 1956-
SON006G Sonneberg, Germany Cam 1957-
SONO006K Sonneberg, Germany Cam 1958-
SON0060 Sonneberg, Germany Cam 1958-
SON007C Sonneberg, Germany Cam 1963-1965
SON0O7D Sonneberg, Germany Cam 1963-1965
SONO00SA Sonneberg, Germany Cam 1925-1939
SONO017 Sonneberg, Germany Cam 1923-1971
SONO030 Sonneberg, Germany Sch 1960-1976
SONO040A Sonneberg, Germany Ast 1938-1945
SON040B Sonneberg, Germany Ast 1960-
SONO040C Sonneberg, Germany Ast 1961-
SON050 Sonneberg, Germany Sch 1952-
TAU134 Tautenburg, Germany Sch 1960-
TORO060 Torun, Poland Sch 1962-
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Table 2: List of already scanned plates.

WEFPDB Plate Identifier | Date of Observation Scanning Machine
CLU020 000003 19 02 1952 UMAX 3000
CLU020 000007 26 10 1953 UMAX 3000
CLU020 000008 27 10 1953 UMAX 3000
CLU020 000078 25 09 1955 UMAX 3000
CLU020 000448 missing date UMAX 3000
CLU020 000473 27 07 1956 UMAX 3000
CLU020 000474 18 07 1956 UMAX 3000
CLU020 000475 27 07 1956 UMAX 3000
CLU020 000476 28 07 1956 UMAX 3000
KONO060 000833 25 11 1965 UMAX 3000
KONO060 002767 29 10 1968 UMAX 3000
KONO060 002878 12 01 1969 UMAZX 3000
KONO060 002877 11 01 1969 UMAX 3000
KONO060 003868 26 12 1970 UMAX 3000
KONO060 003898 01 02 1971 UMAX 3000
KONO060 003928 27 02 1971 UMAX 3000
KONO060 003929 24 05 1971 UMAX 3000
KONO060 004180 22 09 1971 UMAX 3000
POT030 000153 04 12 1885 PDS 2020, EPSON
POT030 000154 18 03 1886 PDS 2020, EPSON
POTO030 000155 23 03 1886 PDS 2020, EPSON
POTO030 000206 04 12 1888 PDS 2020, EPSON
POTO030 000209 05 12 1888 PDS 2020, EPSON
POTO050 000041 05 09 1953 PDS 2020, UMAX 3000
POTO050 000039 05 09 1953 PDS 2020, UMAX 3000
POTO050 000040 05 09 1953 PDS 2020, UMAX 3000
POTO050 000045 05 09 1953 PDS 2020, UMAX 3000
POTO050 000048 22 02 1954 PDS 2020, UMAX 3000
POTO050 000077 04 02 1954 PDS 2020, UMAX 3000
POT050 000121 15 11 1955 PDS 2020, UMAX 3000
POTO050 000447 07 11 1964 PDS 2020, UMAX 3000
POTO050 000465 18 02 1966 PDS 2020, UMAX 3000
ROE040 000134 26 11 1962 UMAX 3000
ROE040 000537 28 12 1965 UMAX 3000
ROE040 000538 28 12 1965 UMAX 3000
ROE040 000540 17 01 1966 UMAX 3000
ROE040 000541 17 01 1966 UMAX 3000
ROE040 000547 14 02 1966 UMAX 3000
ROE040 001012 17 10 1969 UMAX 3000
ROE040 001013 17 10 1969 UMAX 3000
ROE040 001026 04 11 1969 UMAX 3000,
ROE040 001182 19 01 1969 UMAX 3000
ROE040 001262 26 10 1971 UMAX 3000
ROE040 001279 16 11 1971 UMAX 3000
ROE040 001363 07 12 1972 UMAX 3000
ROE040 001587 14 12 1973 UMAX 3000
ROEO040 001588 14 12 1973 UMAX 3000
ROE040 001869 29 03 1972 UMAX 3000
SID124 008935 08 12 1983 SUPER COSMOS
SID124 008960 23 12 1983 SUPER COSMOS
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Fig. 2: Differences in the star location between Kazarovets (1993) and our estimations.

Orion (M42/43). The major population of the Pleiades consists of red dwarfs, which
have important role in the identification of faint cluster members for deriving of the
complete luminosity function. The total number of the known Pleiades flare stars
according to the Flare Stars Database (Tsvetkova et al. 1995) is 547, having in view
that for some stars published as flare stars better observations are needed to con-
firm their membership to the flare star class of variables according to Tsvetkova and
Tsvetkov (1989). The statistical evaluation of the total number of all flare stars in the
Pleiades (registered and not registered up to now) is about 1000 (Hambaryan et al.
1990). Taking this in consideration we think that the Pleiades is a good and accessible
sample for studying of long-term brightness variations in the red dwarf stars.

Having access to different Pleiades wide-field photographic plates (from the archives
in Bamberg, Sonneberg, Potsdam, Rozhen, Edinburgh, Byurakan, Konkoly) we are
going to investigate G-K-M dwarf type stars for long term variability over unprece-
dently large time-scale since 1885. A detailed information on the Pleiades plate selec-
tion can be provided by the Wide-Field Plate Database (WFPDB), created in Bulgaria
(http://vizier.u-strasbg.fr/viz-bin/VizieR ?-source=V1/90) or (http://www.skyarchive.
org) which compiles the information for more than 2 000 000 astronomical plates,
stored in 337 archives. Using the search resources (http://www.skyarchive.org/) (Ta-
ble 1) we found 3 890 Pleiades plates, made in the period 1885-1998 (their distribution
is presented in Fig. 1) and it gives the opportunity to obtain almost continuous pho-
tometric data set for the red dwarf stars in the cluster.

In the frames of our cooperation with Konkoly and Potsdam obscrvatories we
scanned 49 plates, given in Table 2 with PDS 2020 (Muenster), SUPER COSMOS
(Edinburgh), PDS 1010 (Sofia), UMAX 3000 (Konkoly) and Epson scanners. We
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Table 3: Precise coordinates of the Pleiades HCG flare stars

HCG R.A. Dec.| HCG R.A. Dec| HCG R.A. Dec.
No. JD. 2000 JD. 2000| No. JD. 2000 JD. 2000| No. JD. 2000 JD. 2000

001 | 33625.30| +245339.8| 054 | 34150.75] +250519.4] 107 | 343 18.48| +23 34 10.0
002 | 33627.30| +244119.8| 055 | 3415413 +254349.7| 108 | 34326.55| +24 59418
003 | 33630.99| +2246594| 056 | 34158.78| +261223.8| 109 | 3432813| +2453332
004 | 33637.60| +2327555| 057 | 34147.00| +225127.4| 110 | 34318.93| +2247129
005 | 3363850 +230844.5| 058 | 34158.86| +251946.7| 111 | 34322.50| +23 07 488
006 | 3370342| +244437.9| 059 | 34153.94| +233241.1| 112 | 34334.07| +2535285
007 | 3374557| +220030.7| 060 | 3415066 +225517.2| 113 | 34336.35| +252137.7
008 | 3375226 +224226.2| 061 | 34204.63| +255311.5 114 | 34326.39| +2242447
009 | 3382393 +231155.1| 062 | 34208.77| +2545254| 115 | 34337.23| +2524 348
010 | 3383345 +2323438| 063 | 34202.79| +241238.6] 116 | 34327.37| +223744.0
011 | 3384324 +252229.8| 064 | 3420284 +235556.2| 117 | 34332.11| +2252493
012 | 3384862 +251121.9| 065 | 34203.77| +244247.3| 118 | 34336.85| +24 23405
013 | 3385283 +251413.6| 066 | 3415859 +225704.2| 119 | 34336.58| +24 13 58.6
014 | 3384951 +235151.7 067 | 3420160 +222329.0| 120 | 34344.73| +2559 43.3
015 | 3385384 +2425005| 068 | 34210.85| +240511.1| 121 | 34336.53| +2327 16.3
016 | 33908.06| +244617.1) 069 | 34209.73| +223138.8| 122 | 34336.48| +23 12 36.7
017 | 33906.74| +235958.3| 070 | 34210.63| +221538.5] 123 | 34342.07| +24 34 25.7
018 | 3391212 +2514509| 071 | 34221.46| +243954.9| 124 | 34338.99| +2344 08.0
019 | 33929.60| +245800.3| 072 | 34228.00{ +251133.0| 125 | 3434837| +25 02 39.3
020 | 33929.14) +233000.0{ 073 | 34226.22| +2414101| 126 | 34353.80| +2528 32.6
021 | 3393225\ +241604.0| 074 | 3423117| +244923.9| 127 | 34352.08] +24 50 32.0
022 | 3394266| +235430.2| 075 | 34226.22| +225343.0| 128 | 34351.69] +24 14 18.3
023 | 33946.95| +252543.7| 076 | 34227.25 +223427.0| 129 | 34356.63| +24 59 39.0
024 | 3400181 +244628.5| 077 | 34229.36| +224728.3| 130 | 3435562| +24 2537.3
025 | 33956.68| +222824.9| 078 | 34238.03| +244120.7| 131 | 34402.76| +25 39 25.1
026 | 34000.13| +232608.4| 079 | 34236.20| +232207.1| 132 | 34404.42| +25 51251
027 | 3400362 +243004.2| 080 | 34240.16| +235924.0| 133 | 34357.20| +24 13229
028 | 34010.85| +260643.3| 081 | 34248.08| +255459.5| 134 | 3440221 +25 03 56.0
029 | 34006.71| +242508.6| 082 | 34241.11| +240145.0| 135 | 34356.93| +23 57 08.4
030 | 34006.74| +232157.5| 083 | 34247.56| +251751.9| 136 | 34354.43 +232116.5
031 | 34009.61| +231035.0| 084 | 3423556| +215032.4| 137 | 34357.39 +2334 428
032 | 3401268 +230937.9| 085 | 3424232| +233012.8| 138 | 344 13.89 +25 32 17.7
033 | 34022.98| +252950.2| 086 | 3424233 +232024.2| 139 | 3435922 +22 34216
034 | 34024.12| +243506.4| 087 | 34246.20{ +232712.0| 140 | 3440985 +24 16 06.2
035 | 34026.80| +235017.7| 088 | 34256.60| +255852.8| 141 | 344 08.74 +23 04 49.9
036 | 34031.10| +250855.5| 089 | 34300.28| +255026.6| 142 | 34426.31] +26 02:33.2
037 | 34031.06| +242143.2| 090 | 3425324| +233109.4| 143 | 3442332 ¥2521325
038 | 3403163 +243236.3| 091 | 3425310 +232652.2| 144 | 344 16.38 +233706.4
039 | 34042.50| +254222.0| 092 | 3425667 +2413459| 145 | 34417.69 +24 26 49.0
040 | 34039.91| +244411.6| 093 | 34256.49| +240500.5| 146 34419.01| +2435208
041 | 34043.57| +221507.2] 094 | 34305.05| +254438.5| 147 | 3442183 +24 46 08.7
042 | 34057.36| +2550586| 095 | 34303.92| +252018.9| 148 | 344 24.62 +24 51 55.9
043 | 3405175 +231352.8| 096 | 34307.50| +253431.5| 149 | 3442476| +24 46 08.5
044 | 34054.97| +222101.1| 097 | 3430546| +244930.9| 150 | 3442552| +24 40 55.3
045 | 3410293 +234323.9| 098 | 34310.99| +252503.5| 151 34428.22| +251538.9
046 | 34106.05| +225321.0| 099 | 34305.84| +235251.7| 152 | 34430.07| +25 35 48.1
047 | 34108.05| +231256.7| 100 | 34309.67| +2441353| 153 | 34422.99| +24 04 083
048 | 3411928 +235144.1| 101 | 34304.12| +224805.7| 154 | 34427.24| +24 50 40.6
049 | 3412282 +235550.6| 102 | 34312.06] +244447.5| 155 | 3442081| +2333 424
050 | 34133.65| +250651.0/ 103 | 34313.00| +243921.7| 156 | 34426.81| +24 24 34.0
051 | 3412525 +2232584) 104 | 34313.49| +242311.0| 157 | 34433.01| +2545 121
052 | 3413749 +221641.4| 105 | 3432613 +260233.3| 158 | 34427.95| +24 10 19.8
053 | 34139.37| +222057.3| 106 | 34320.64] +242634.6| 159 | 3443671] +24 36 03.5
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Table 3: continued

HCG R.A. Dec.| HCG R.A. Dec| HCG R.A Dec.
No. JD. 2000 JD. 2000} No. JD. 2000 JD. 2000 No. JD. 2000 JD. 2000

160 | 34439.54| +243146.8] 213 | 3455939 +2226154| 266 | 347 22.63| +234409.0
161 | 34436.21| +233013.2| 214 | 34605.17| +225856.3| 267 | 347 15.64| +22211938
162 | 34447.49| +255458.1| 215 | 34608.33] +232053.1} 268 | 347 37.29| +252004.8
163 | 34448.28] +254737.1| 216 | 346 10.84| +2337 18.5| 269 | 34726.68| +233804.8
164 | 34437.84] +225519.1| 217 | 34609.51| +224239.8| 270 | 34723.77| +230859.4
165 | 34444.44| +241030.5| 218 | 34623.56| +24 0149.5| 271 | 347 17.33| +221258.4
166 | 34447.69| +241254.5| 219 | 34625.32| +240939.3| 272 | 3472158| +2222123
167 | 34447.26| +24 0040.5| 220 | 346 18.03] +224236.2| 273 | 347 30.55| +242216.4
168 | 344 50.11| +245442.3| 221 | 34624.09] +230219.2| 274 | 3472315| +2214426
169 | 3445508| +252141.8| 222 | 3462856| +244534.8] 275 | 3472561 +222102.2
170 | 3445855| +2423282| 223 | 34627.72| +233536.0] 276 | 34728.72| +222238.2
171 3445593| +235555.7| 224 | 34631.13| +240704.8| 277 | 347 33.40| +234135.2
172 | 34501.05| +244643.7| 225 | 34632.24| +235858.3| 278 | 34733.60| +24 41053
173 | 34457.22| +235931.5| 226 | 34649.39 +26 1847.7| 279 | 347 35.80| +245228.9
174 | 34514.48| +250519.6] 227 | 34636.02| +235802.4| 280 | 34738.01| +2453327
175 | 34519.97| +260331.3| 228 | 34637.22| +242038.8] 281 | 347 38.36| +244404.3
176 | 34506.73| +233653.4| 229 | 3463527| +232444.3] 282 | 34739.28| +24 27 34.1
177 | 34512.23| +243019.7| 230 | 34653.00f +262136.6| 283 | 34740.30| +24 18 09.3
178 | 34516.92| +251550.1| 231 | 34640.18| +245554.0| 284 | 347 3469| +224807.0
179 | 34518.07| +250600.6| 232 | 34639.96| +235917.5| 285 | 347 41.37| +235821.2
180 | 3451221| +2415245| 233 | 3464571| +252732.7| 286 | 34741.11| +234427.2
181 | 34516.59| +243434.7| 234 | 3463995 +234700.2| 287 | 3474583| +243803.9
182 | 34506.18| +2238354| 235 | 34634.77| +225610.4| 288 | 34744.99| +24 48102
183 | 34516.11| +2407 17.3]| 236 | 34648.36| +241806.6( 289 | 347 50.06| +24 47 09.3
184 | 34513.35| +233103.3| 237 | 34649.15| +243602.3| 290 | 34740.91| +225550.5
185 | 34512.07| +2321555| 238 | 3465459 +245910.6] 291 | 34745.02| +235220.0
186 | 34510.76f +230300.6| 239 | 34647.16| +231735.6] 292 | 34749.71| +242545.2
187 | 34511.89| +230655.3| 240 | 34650.02| +233158.5| 293 | 34751.18| +255958.9
188 | 34523.42| +245105.0( 241 | 34653.96| +251447.1| 294 | 347 49.71| +242816.0
189 | 34524.50| +250242.1| 242 | 3465566| +251237.0{ 285 | 34750.80| +243021.0
190 | 34529.52| +234540.0| 243 | 34657.07| +2504 155| 296 | 347 51.86| +24 0547.7
191 | 34528.46| +225906.5| 244 | 346 53.55| +241717.4| 297 | 34759.21| +243024.2
192 | 34532.88| +241814.2| 245 | 34648.70| +230409.8| 298 | 34747.84| +2233226
193 | 34533.34| +233534.6| 246 | 34658.47| +242742.5| 299 | 347 44.60| +2223558
194 | 34536.64| +243909.0| 247 | 34657.02| +231504.6| 300 | 34759.67| +24 4355.0
195 | 3454161 +254114.7| 248 | 347 04.66| +252252.7| 301 | 347 52.06| +225248.8
196 | 34538.96| +251330.4| 249 | 347 03.52] +240937.0| 302 | 3475520 +2319081
197 | 34540.28| +245039.2| 250 | 347 10.37| +2457 19.0y 303 | 34758.92] +232905.9
198 | 34541.59| +240432.5| 251 | 34703.71| +233701.1| 304 | 34812.37| +263504.0
199 | 3455258| +2551445| 252 | 3470622 +241813.2| 305 | 348 16.29| +262007.5
200 | 34544.01| +240429.0| 253 | 34708.09| +241827.0| 306 | 34808.89| +2429396
201 | 34548.87| +235112.7| 254 | 347 10.98| +241351.6f 307 | 34807.90| +234426.0
202 | 3455267 +232756.4| 255 | 34707.27| +231337.2| 308 | 34821.60| +2543434
203 | ‘'34546.40| +220647.7| 256 | 347 08.48| +234241.1 309 | 34805.76| +2302054
204 | 34606.62| +251446.9| 257 | 34709.38| +234433.9| 310 | 34811.17| +2339453
205 | 34556.89| +230131.5( 258 | 347 13.60] +2349555| 311 | 34813.27| +235849.3
206 | 34603.48| +242058.3| 259 | 347 17.07| +255639.4| 312 | 34817.23| +243018.3
207 | 34601.59| +234317.6| 260 | 34730.51| +261647.3] 313 | 3482024 +245457.2
208 | 34606.83| +243348.4| 261 | 3472290 +245058.6| 314 | 34805.63| +223811.9
209 | 3460865 +2440357| 262 | 347 18.28| +240211.7| 315 | 34813.70| +233801.8
210 | 34607.45| +242230.0{ 263 | 3472571 +250835.8| 316 | 34826.04| +251307.9
211 | 34609.83| +244027.5| 264 | 34709.00{ +221732.8| 317 | 34825.97| +251443.3
212 | 34558.56| +221956.5| 265 | 347 32.96] +253820.2| 318 | 348 16.35| +2232426
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Table 3: continued

HCG R.A. Dec.| HCG R.A. Dec| HCG R.A. Dec.
No. JD. 2000 JD. 2000| No. JD. 2000 JD. 2000 No. JD. 2000 JD. 2000

319 | 3482271 +2356823.3| 372 | 3493295| +2432052| 425 | 351 14.00| +2523 115
320 | 34826.70| +250330.7| 373 | 34936.04| +235625.7| 426 | 35117.76| +250228.5
321 | 34820.48| +233100.9| 374 | 34934.85| +232719.3| 427 | 35124.08| +2603 14.0
322 | 34825.20| +241428.3| 375 | 34936.44| +241816.7| 428 | 3512580| +2447 414
323 | 3482256 +225224.1| 376 | 3493584| +220907.6| 429 | 35124.36| +240516.9
324 | 34830.99| +2416556| 377 | 3494258 +241907.3| 430 | 3512530| +235324.2
325 | 34824.73| +2224285| 378 | 34951.72| +211828.4| 431 | 35129.89| +235359.7
326 | 34831.82| +240446.6| 379 | 34949.40| +250642.4| 432 | 3513907| +243531.3
327 | 34831.80f +240201.3| 380 | 34955.72| +244433.9| 433 | 3513551 +2529592
328 | 3482968| +235808.3| 381 | 34957.03| +250514.8| 434 | 35136.52| +262602.3
329 | 3482542| +221243.9| 382 | 35002.09| +235147.0| 435 | 35137.98] +231102.2
330 | 34829.64| +230003.3| 383 | 35001.55| +243649.1| 436 | 35147.18| +24 1320.8
331 | 34827.96| +231805.1) 384 | 35000.58| +252357.8| 437 | 35150.54| +225346.7
332 | 34826.48| +231132.1| 385 | 35001.77| +251243.6| 438 | 35150.88| +231741.1
333 | 3484037 +243636.4| 386 | 35008.32| +253258.2| 439 | 35154.45| +233334.0
334 | 3483217 +232643.1| 387 | 3501236 +243201.1| 440 | 35154.99| +2357 44.8
335 | 3483557| +241202.2| 388 | 35011.89| +241746.9| 441 | 35153.87| +240254.0
336 | 3483548| +234605.9| 389 | 35011.10| +235542.6| 442 | 35157.15| +235948.7
337 | 3483988 +241245.3| 390 | 35012.84| +242109.2| 443 | 35156.71| +24 14 41.6
338 | 3484185 +250121.5| 391 | 35012.20| +235947.6| 444 | 35153.34| +24 23153
339 | 34842.08| +250030.7| 392 | 35013.38| +232539.4| 445 | 3515925| +244001.4
340 | 3483522 +225343.2| 393 | 35015.03| +224024.8| 446 | 35157.44| +254833.9
341 | 34837.57| +224611.8| 394 | 35015.18| +241338.6| 447 | 35201.57| +250131.6
342 | 3484577 +255650.1| 395 | 35020.92| +2319258| 448 | 35202.19] +24 39 49.7
343 | 34840.90| +231420.2| 396 | 35025.08| +235544.0| 449 | 35207.91| +252757.3
344 | 3484535| +2320225| 397 | 35023.89| +242843.4| 450 | 35207.29| +253901.1
345 | 34837.57| +221524.8| 398 | 35022.86 +221120.6| 451 | 35213.27| +2608 39.4
346 | 3484532| +243727.8| 399 | 35021.97| +223734.9| 452 | 35212.14| +2622 11.6
347 | 34846.10{ +250744.6| 400 | 35024.32| +222710.9| 453 | 35218.98( +253528.0
348 | 34849.26| +235840.0| 401 | 35031.90] +220849.7| 454 | 3522062 +24 3358.1
349 | 34857.30| +241946.0| 402 | 35028.11| +242300.6| 455 | 35221.85| +243951.0
350 | 34851.83| +225339.2| 403 | 35029.89| +250309.2| 456 | 35230.86| +24 3242.1
351 | 34900.91| +245412.4| 404 | 35037.34| +222810.6( 457 | 35237.47| +244457.3
352 | 34900.60| +235730.3| 405 | 35039.77| +230104.6| 458 | 35234.42| +223009.9
353 | 34900.94| +225852.2| 406 | 35043.58| +221738.7| 459 | 35231.13] +2529402
354 | 34905.81| +2344253| 407 | 35034.01| +245231.6( 460 | 3524864| +214230.7
355 | 34910.94) +242054.1| 408 | 35046.04| +215238.3| 461 | 35238.83| +255027.7
356 | 3490354| +225112.2| 409 | 35048.91| +224014.5| 462 | 35251.67| +2231353
357 | 34905.89] +230624.7| 410 | 35043.11| +251941.8| 463 | 35256.91| +222603.7
358 | 34911.23| +233321.2| 411 | 35053.97| +244555.1| 464 | 35254.21| +2517 455
359 | 34915.32] +243405.0| 412 | 35056.55| +253508.8| 465 | 353 05.35| +24 46 04.3
360 | 34911.15| +221038.7| 413 | 35053.74 +234301.3| 466 | 35309.55| +26 00 06.8
361 | 3491141| +221623.2| 414 | 35058.09| +235545.1| 467 | 353 15.64| +2252 16.8
362 | 34916.29| +240348.3| 415 | 35057.35| +240633.3| 468 | 35318.34| +255517.7
363 | 34921.46| +233908.5| 416 | 35057.02| +242449.8| 469 | 35325.50| +233759.7
364 | 3491717 +242050.2| 417 | 35102.26] +250321.5|{ 470 | 35321.82| +253835.1
365 | 3491255 +254200.8| 418 | 35105.52] +244414.7| 471 | 35324.43| +250209.4
366 | 34920.19| +252544.9| 419 | 35107.24| +242853.9| 472 | 35326.57| +253122.0
367 | 34920.48| +254907.2| 420 | 35123.83| +220650.8| 473 | 35340.91| +242511.9
368 | 3491950 +244828.1| 421 | 3511028| +242408.4] 474 | 35347.52| +2344 335
369 | 34920.54| +244638.6| 422 | 3511147 +242315.8| 475 | 3534528| +255534.0
370 | 34927.56] +243156.7| 423 | 35115.76| +231658.5| 476 | 35348.93| +2521 14.4
371 | 3493245| +235544.9| 424 | 35118.99| +241015.8| 477 | 35357.22| +2320455
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Table 3: continued

HCG R.A. Dec.| HCG R.A. Dec| HCG R.A. Dec.
No. JD. 2000 JD. 2000| No. JD. 2000 JD. 2000| No. JD. 2000 JD. 2000

478 | 35400.59| +2246 11.5| 492 | 3543956| +223636.5| 506 | 356 15.57| +252923.7
479 | 3540215 +241910.7| 493 | 35450.02| +24 45359} 507 | 356 19.05| +235552.5
480 | 35407.06| +225349.1] 494 | 3545453 +230249.4| 508 | 35623.44| +24 49587
481 | 35410.35| +230536.5| 495 | 3545252 +243436.6| 509 | 3563032| +241720.9
482 | 35412.95| +232053.1| 496 | 35500.99| +242730.3| 510 | 35625.07| +260811.2
483 | 35420.70| +220644.6] 497 | 35502.46] +251932.5| 511 | 35657.02| +24 4836.6
484 | 35411.42) +251845.2) 498 | 35528.90| +234624.4| 512 | 35709.10| +220154.0
485 | 35413.30| +252828.9| 499 | 35533.80| +224834.3| 513 | 357 18.95| +220524.3
486 | 3542317 +255934.8| 500 | 3554526 +261556.9| 514 | 35737.00| +252420.3
487 | 3542522| +244243.5) 501 | 35550.92| +241203.2| 515 | 357 40.62| +2516 06.4
488 | 35434.74| +215304.3| 502 | 3554868 +235538.2| 516 | 35742.90| +2523094
489 | 3542791 +235009.9| 503 | 35551.74| +230430.3| 517 | 357 50.80| +245205.3
490 | 35430.48| +242905.0| 504 | 35566.37| +251801.9| 518 | 357 59.56| +24 29 16.0
491 | 35433.56| +254046.0| 505 | 356 08.55| +214549.6| 519 | 35856.98| +2342 336

intend to collect as much as possible plates in the Pleiades obtained in different
observatories in order to cover the period of more than 100 years on the way of long
term brightness variations investigation of selected UV Cet type stars.

3. COORDINATES OF THE PLEIADES FLARE STARS

The results of the joint flare stars optical monitoring programme since 1963 in which
8 observatories (Tonantzintla, Asiago, Byurakan, Konkoly, Sonneberg, Abastumani,
Rozhen, Palomar) took part up to 1981 have been presented in the Catalog and
Identification Charts of the Pleiades Flare Stars of Haro et al. (1982, HCG stars) for
519 flare stars with very rough coordinates and magnitudes. More precise coordinates
of the Pleiades flare stars have been provided in the Catalogue of Kazarovets (1993).
available via VizieR (http://vizier.u-strashg.fr/cgi-bin/VizieR?-source=J /other/PZ/
23.141), but because of the problems in the star identification in such crowded field
as the Pleiades the coordinates are not enough correct for automated photometric
measurements. This is one of the reasons for recalculating the coordinates for all UV
Cet type stars found in the Pleiades for which the finding charts have been published.
As a result of cooperation with the Royal Observatory of Edinburgh we obtained
a Super COSMOS scan of the UKST plate No. R 8935. We estimated the exact
coordinates of the UV Cet stars from the Catalog of Haro et al. (1982) and of 13 stars
included in the Flare Stars Database (Tsvetkova at al. 1995), using the USNO A2.0
Catalogue of Astrometric Standards (Monet at al. 1998, http://www.nofs.navy.mil).
The results are presented in Tables 3 and 4. The differences between the estimated co-
ordinates and those from the Catalogue of Kazarovetz (http://vizier.u-strasbg.fr /cgi-
bin/VizieR?-source=J /other/PZ/23.141) are presented in Fig.2.
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Table 4: Coordinates of the additional Pleiades flare stars with published finding
charts from the Flare Stars Database, not included in the Catalog of Haro et al.
(1982). The Hertzsprung (1947) HII numbers are given.

GCVS HIIT R.A. DEC
No. No. JD 2000 JD 2000
V1041TAU 738 03 45 39.33 | +23 45 17.5
1332 | 03 47 13.47 | +23 42 53.7
V1048TAU | 2381 | 03 49 36.64 | +23 29 08.4
2870 | 03 50 51.40 | 423 19 47.0
VI1051TAU | 2984 | 03 51 16.81 | +23 49 38.1
V1054TAU | 3096 | 03 51 39.24 | +24 32 58.6
VO877TAU 03 49 48.38 | +22 10 50.9
V0851TAU 03 45 10.25 | +24 23 31.0
V0854TAU 03 45 27.45 | +23 37 59.5
VO0859TAU 03 45 12.36 | +22 41 53.5
V0853TAU 03 46 31.25 | +22 18 22.4
378 03 44 33.65 | +23 41 24.4
1451 | 03 47 32.55 | +24 36 17.4
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Abstract. Galactic cosmic rays (GCRs) are the highest energy particle radiation to reach
Earth. When GCRs enter our Solar System, they must overcome the outward - flowing solar
wind. This wind impedes and slows the incoming GCRs, reducing their energy and prevent-
ing the lowest energy ones from reaching Earth. This effect is known as solar modulation.
The Sun has an 11-year activity cycle which is reflected in the characteristics of the solar
wind to modulate GCRs. As a result, the GCR intensity at Earth is anti — correlated with
the level of solar activity, i. e., when solar activity is high - the GCR intensity at Earth is
low.

Expression for differential cosmic ray spectrum D(E) with smoothing function f con-
taining tanh (Tangens hyperbolicus) is determined in this paper. The seven unknown
coefficients in spectrum D(E) are determined by means of Newton method. Results for
different levels of solar activity are obtained.

Our analyses show that: 1. The ionization effect of the GCRs is inverse to the level of
the solar activity (expressed by sunspot number, or Wolf number W) because of the solar
wind modulation of the high energetic particles. 2. The GCRs have important influence on
the solar-terrestrial relations during the solar minimum.

1. Introduction

Our atmosphere is continuously bombarded by a flux of high-energy primary Cos-
mic Rays (CRs). The cosmic rays radiation arriving at the orbit the Earth is com-
posed of ~98% nucleons stripped of all their orbital electrons, and ~2 % electrons
and positrons. The nuclear component consists ~87% hydrogen, ~12% helium and
~1% of all the heavier nuclei from lithium to the actinides (Simpson, 1992).

The CRs spectrum spans a large range, from some MeV to 10%! eV. Toward
low energies CR intensity is modulated by Solar Activity (Simpson, 1983). In the
present paper will be modeled the differential spectrum ( 1.8 MeV - 100 GeV ) of
galactic cosmic ray with smoothing function tanh (Tangens hyperbolicus) (Velinov
2002, Buchvarova 2001, Velinov et al. 2001). In spectrum D(E) are introduced
cight coefficients. Using these coefficients we receive better correspondence between
observed and experimental data (Hillas, 1972).
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2. Cosmic ray spectrum

Here we use the following expression for the differential spectrum (energy range
E from about 30 MeV to 100 GeV) of the galactic cosmic rays with account of the
anomalous cosmic rays (energy range F from 1 MeV to about 30 MeV )(Velinov 2002,
Buchvarova 2001):

D(E) =K (1+ )77 (14 E)™ (temblefB=ell 4 0.5) 4 .
{1+ &) (—M[%E;E’Ho.@ )

This formula can be presented by exponential function also, using the relations be-
tween functions tanh and exponential function:

- a\=B(1+E)" A n
D(E) = K (HE) i (1+§) )
The new variable
X = (tanh[s (F - ¢)]) (3)

is involved here. The coefficient s has value s = 40 (Velinov et al. 2001). The
coefficients A, «, B, v, A, y, v and ¢ are solutions of the interpolation problem
of this function through the points with the seven energy values 0.0018 GeV, 0.01
GeV, 0.023 GeV, 0.1 GeV, 0.39 GeV, 10 GeV and 100 GeV. These points are related
also with the normalization conditions of spectrum (Velinov 1991). The value for y
was taken as constant, equal to 2.6 (Hillas 1972, Ginzburg and Syrovatskiy 1963).
The calculation of the other parameters is treated by algorithm that combines the
rapid local convergence of Newton's method with a globally convergent method for
nonlinear systems of equations (Press et al. 1991). By inserting seven experimental
measured points(E;, D;),one will get seven unknowns K, a, 3, A, i, v and ¢

fi[Di(Ei),Ei,[{, a, B, A 1, V,E] = 0=, conrniln

Such nonlinear systems are treated by Newton - Raphson method in combination
with line searches and backtracking. This algorithm is closely related to the quasi
— Newton method of minimization. The strategy is quite simple: we always first
try the full Newton step. However, we check at each iteration that the proposed step
reduces f. If not, we backtrack along the Newton direction until we have an acceptable
step. Because the Newton step is a descent direction for f, we are guaranteed to find
an acceptable step by backtracking. The backtracking algorithm is discussed in more
detail in (Press et al. 1991). The described program is realized in algorithmic language

C.

3. Results

Table 1 contains a summary of the experimental data (E;, D;) for seven different
levels of the energy E (Hillas 1972). For the energies E < 390 MeV a strong solar
wind modulation of the cosmic rays intensity is observed. For each energy F;in the
interval between the energies 1.8 MeV < 100 GeV eleven values of the solar activity
level are given. Computation values of the coefficients K, o, 8, X u, vand ¢ for eleven
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Table 1: Data for protons/(m2.sec.str.MeV /nucleon) on seven energy (GeV) levels

18E-4 10E-3 23E-2 10E-2 39E-2 10E+0 10E1
1 | 1.2645E+0| 5.5217E-2 | 3.8924E-2 | 2.1553E-1 | 8.7000E-1 | 1.2300E-2 | 8E-5
2 | 1.4050E+0| 6.0267E-2 | 4.1700E-2 | 2.2343E-1 | 9.0000E-1 | 1.2700E-2 | 8E-5
3 | 2.8100E+0| 1.0100E-1 | 5.5600E-2 | 2.6294E-1 | 1.0000E+0| 1.3900E-2 | 8E-5
4 | 4.2150E+0| 1.5150E-1 | 8.3400E-2 | 3.4196E-1 | 1.1000E+0| 1.5100E-2 | 8E-5
5 | 5.6200E+0| 2.0200E-1 | 1.1120E-1 | 4.2098E-1 | 1.2000E4+0| 1.6300E-2 | 8E-5
6 | 7.0250E+0| 2:5250E-1 | 1.3900E-1 | 5.0000E-1 | 1.3000E+4-0| 1.7500E-2 | 8E-5
7 | 8.4300E+0| 3.0300E-1 | 1.6680E-1 | 6.0000E-1 | 1.4000E+40| 1.8700E-2 | 8E-5
8 | 9.8350E+0| 3.5350E-1 | 1.9460E-1 | 7.0000E-1 | 1.5000E40| 1.9900E-2 | 8E-5
9 | 1.1240E+1| 4.0400E-1 | 2.2240E-1 | 8.0000E-1 | 1.6000E+0| 2.1100E-2 | 8E-5
10| 1.2645E+1| 4.5450E-1 | 2.5020E-1 | 9.0000E-1 | 1.7000E+0| 2.2300E-2 | 8E-5
11| 1.4040E+1| 5.0500E-1 | 2.7800E-1 | 1.000E+0 | 1.8000E+0| 2.3500E-2 | 8E-5

Table 2: Table 2. Coefficients K, «, 3, A, i, v and ¢ for curves

1 - 11 in the Figures

1and 2
K @ B A 7 v g
1 | 22.553150 | 386.46588 | 0.347691 0.036069 0.000007 2.429358 0.118382
2 | 20.044742 | 245.44085 | 0.348596 0.038453 0.000008 2.4152250 | 0.118404
3 | 16.835422 | 109.29264 | 0.348861 0.047304 0.000029 2.2991270 | 0.117610
4 | 15.416599 | 62.021542 | 0.351491 0.071056 0.000028 2.2996740 | 0.115203
5 | 14.619727 | 38.608494 | 0.356963 0.094805 0.000028 2.2999020 | 0.113239
6 | 14.118236 | 24.972239 | 0.366218 0.118554 0.000028 2.3000380 | 0.111523
7 | 18.780476 | 16.264205 | 0.374302 0.142232 0.000028 2.2999110 | 0.109040
8 | 13.542305 | 10.374169 | 0.405133 0.165912 0.000028 2.2997980 | 0.106623
9 | 13.368533 | 6.2441400 | 0.446995 0.189606 0.000028 2.2997020 | 0.103899
10| 13.238158 | 3.2969230 | 0.532534 0.213349 0.000028 2.2996190 | 0.099913
11| 13.137741 | 1.2151520 | 0.799753 0.237266 0.000028 2.2992360 | 0.088612

values of the experimental data are shown in Table 2. They are obtained by means of
the above mentioned Newton - Raphson method with line searches and backtracking
(Press et al. 1991).

In the Figs. 1 and 2 are presented the results from the computation for the
differential energy spectrum D(F) of primary protons — the predominant component
in the composition of the galactic cosmic rays and anomalous cosmic rays. Actually
these curves are constituted on the basis of the results in Table 2.

The first four years of 11 - year solar cycle are characterized by increase of solar
activity (SA) and the next seven years by its slow decrease (Velinov et al. 1974). In
Fig. 1 are shown D(FE) during high and comparative medium SA levels, while Fig. 2
represents D(E) during low and comparatively medium SA levels; curve 11 is for solar
minimum. The other curves from the Figures give the spectrums D(E) by different
SA levels: curve 5 ( Fig. 1) and curve 6 ( Fig. 2) show a comparatively medium levels
of the solar activity and curve 1 — the solar maximum.

4. Analysis of the results

The coefficients K and 4 form the spectrum of the galactic cosmic rays. The
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Fig. 1: The modeled differential spectrum D(E) of galactic CR protons and ACR for
high and comparatively medium SA levels
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parameters a and 3 show the influence of solar wind modulation on the primary
cosmic ray spectrum. The coefficients A, p and v relate to the anomalous cosmic
rays.

The values of K. a and 3 remain constant in solar maximum (curve 1) and by
average solar activity (curve 6). At the same time the coefficients A and p increase 3
— 4 times, while v and = are almost constant.

From the medium (curve 7) to minimum (curve 11) solar activity the values of
I{and « begin to decrease, while 3 remains almost constant. 3 increases twice only
for solar minimum — curve 11. The coefficients A, x, v and ¢ change very slowly in
the transition from the medium to minimum solar activity.

(1+ E)”7 In the interval E > 1GeV the main contribution gives the term:

In the interval between the energies 30 MeV + 1GeV the first addend of the
spectrum D(E) gives the main contribution.

H_e/\—ﬂ’ (14 £=) The energy range 1.8 MeV + 30 MeV is determined predomi-
nantly by the second addend

The term with tanh is smoothing function f, which is introduced in (Velinov 2002).

5. Conclusion

In this way, the modeled improved spectrum D(E) presents well the 11-year varia-
tions of galactic cosmic rays which are one of the most important sources for ionization
and dissociation in the Near Earth environment. We can determine the cosmic ray
spectrum in the interval between the energies 1.8 MeV + 100 GeV for any level of
the solar activity. The differential spectrum D(E) can by used for computation of the
electron production rate profiles and chemical balance in the ionospheric CR. - layer
(in the lower ionosphere 50 — 90 km ) both for middle and high latitudes (Velinov
et al. 1974). The present investigations are important also for the modeling of the
ozone distribution in the middle atmosphere during different phases of solar activity
(Tassev 1992ab).
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Abstract. This is an introduction to the basic notions, some methods and open problems
of dense matter physics and their applications in astrophysics. Experimental topics cover
the range from the work of P. W. Bridgman to the discovery and basic results of use of
the diamond anvil cell. On the theoretical side, the semiclassical method of P. Savi¢ and
R. Ka3anin is described. The choice of these topics is conditioned by their applicability in
astrophysics and the author’s research experience. At the end of the paper is presented a list
of some unsolved problems in dense matter physics and astrophysics, some (or all) of which
could form a basis of future collaborations.

1. Introduction

The aim of this paper is to review some of the basic methods and results of
classical dense matter physics. The term "classical” here has a loose meaning of ” not
so dense to require taking into account general relativistic effects”. In practical terms,
this corresponds to densities in the range 10® — 105kg/m?. The text is divided into
several sections. The first one is devoted to the main instrument, of modern static
high pressure experiments-the diamond anvil cell (DAC). In the follow-up, a short
review is given of the theoretical method developed by P. Savi¢ and R. KagSanin in
Belgrade, and the paper ends with a list of selected open problems in dense matter
physics and astrophysics.

This paper has been written with the astronomically oriented readers in mind.
That is, people who are ”at ease” in physics, but whose main interest is the application
of dense matter physics to different kinds of celestial objects and not various technical
details of pure physics.

In mentioning astronomy as a science, one is inclined to think about vast regions
of nearly empty interstellar or interplanctary space, scarcely populated by stars and
other celestial objects. Apart from this aspect of astronomy, there exists another "side
of the story”. Namely, in the interiors of stars, planets, and various other kinds of
astronomical objects, materials are subdued to extremely high values of temperature
and pressure. Although this nas been known "in principle” for centuries, experimental
studies of materials under high pressure have became possible only in the last 5-6
decades.
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Fig. 1: the DAC of the NBS type

2. Static experiments

First attempts at studies of the behaviour of materials under high pressure have
been made in the XV III century (Block et. al., 1980). It has been noted at the
time that a wealthy English "gentleman” named Mr. Canton, compressed water at
room temperature to a pressure of about 0.1GPa. To his astonishment, as a result
of this compression, water was transformed into ice. This was an isolated attempt of
experiments under high pressure. The start of systematic work had to wait for more
than a century. For comparison, note a recent example of a modern study of ice in
Putrino and Parinello (2002).

Systematic high pressure experiments were initiated by P. W. Bridgman at Har-
vard (Bridgman, 1964). For his monumental achievements Bridgman was awarded
the Nobel prize for physics in 1946.

Bridgman used large volume presses which had the advantage that the they con-
tained large samples, and that the P — T gradients in them were small. At the same
time, they had the drawback that the accessible region of P — T space was limited,
and (which was perhaps worse) were expensive to build and maintain in operational
conditions.

A real breakthrough in high pressure experimental work occurred around the mid-
dle of the X X century, with the invention of the DAC. Details about this instrument
are already available in the literature, and some have been discussed by the present
author (Celebonovi¢, 1993 and references given there).

A cross section of a DAC (of the so-called NBS type) is shown in the following
figure, taken from (Jayaraman, 1983).

The term DAC comes from the fact that the most important part of this instru-
ment is a couple of diamonds and a thin metal plate (called the gasket) between
them.Diamonds are important because they are hard and transparent;this implies
that a specimen can be compressed to high pressure and remain visible. The optical
accessibility of a specimen is a big advantage compared to Bridgman’s experimental
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cells.A hole is drilled in the gasket, and in this way one gets a "working volume” in
which the experiment is performed. Experiments in DACs are complicated by the
miniaturized scale of the xpecimen and the working volume. The gasket is thin (usu-
ally, around 250 pm), and the diameter of the hole in it is about 200 gm. The typical
size of the specimen is around 40pum. Note, as an additional difficulty, that the ”work-
ing” volume contains the pressure sensor and the pressure transmitting medium. In
the working volume pressure is transmitted hydrostatically. The chemical composi-
tion of the hydrostatic fluid depends on the pressure and temperature at which the
experiment is preformed. For example, for P < 11G'Pa a mixture of methyl and ethyl
alcohol in the ratio 4 : 1 is universally used (Jayaraman, 1983).

The pressure is measured in the so-called "‘ruby scale”. It has been shown sev-
eral decades ago (for example Jayaraman, 1983 and references given there) that the
spectrum of ruby (Al>O3 : Cr37T) excited with a laser beam or spectral lamp consists
of two spectral lines with pressure dependent wavelengths. The physical process in
which these two lines are created is the transition *4, —2 E in the ion Cr3t (Eg-
gert et al., 1989). The pressure dependence is linear up to at least 30GPa, while in
its no-linear form the ruby scale can be applied up to 250G Pa.The intensity of the
ruby lines diminishes with increasing pressure, and this scale becomes inapplicable for
pressure higher than 250G Pa. Above that treshold, measurements can be performed
only by using X-ray techniques.The final expression for the pressure dependence of
the RI line (the stronger of the two) is (Mao et al., 1978):

AN ,
P[GPa) = 380.8(1 + m) 1) (1)

The measurement of pressure is in fact indirect:the measured quantity is the
change of wavelength of the RI line, and the pressure is calculated from Eq. (1).

The region of phase space accessible to experiments in DACs is limited by 4 <
T[K] < 7000 and P < 450G Pa (Celebonovi¢). Note that the upper limit is of the
order of magnitude of the pressure in the center of the Earth.

The applicability of DACs in space science is virtually unlimited. It is well known
that the interiors of planets and satellites are inaccessible to direct observation. Some
of their observable parameters (for example the magnetic moment or the content of
water(Mallin and Edgett, 2000)) critically depend on the conditions in their inte-
riors. The only reliable experimental method for investigating materials under such
conditions is the DAC.

In every high pressure experiment one encounters the existence of two ”interfer-
ing” complex characteristics of this branch of physics. One is the often complicated
physical nature of phenomena occurring under high pressure, and the other is the
complicated nature of the preparation and actual performing of the experiments. A
perfect illustration of this statement, spanning more than 50 years of research and
still unsolved, is offered by the behaviour of hydrogen under high pressure.

It has been predicted many times since the mid-thirties of the last century that
hydrogen undergoes a phase transition and becomes metallic at a pressure of the
order of 250-300 GPa. These predictions have been made so many times, by various
authors using different methods of calculation, that the result of all these calculations
was taken almost as an experimental value. For a long time so high values of pressure
were experimentally unfeasible, but everybody in the researchers community was
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certain that once they become measurable, they were just going to confirm theoretical
predictions.

Results of real experiments came as a complete surprise to the high pressure
researchers. It was first shown (Narayana et. al., 1998) that metallization of hydrogen
does not occur for P < 342G Pa. As a further set-back, came a result from the
Lawrence Livermore National Laboratory, that the transition semiconductor — metal
in fluid hydrogen occurs at the point P = 140GPa; T = 3000K (Weir et. al., 1996;
Nellis et. al., 1997). One possible explanation in "circulating” at the time of writing
this paper (summer 2002) invokes effects of disorder (Nellis, 2002).

What can be concluded from this example? Hydrogen is a well known chemical
element. It would be logical to expect that everything is known about it, and that the
position of a point on its phase diagram can be predicted with arbitrary certainity.
It appears that this is not the case, in spite of nearly 60 years of research on the
problem.

No definite explanation has been found, but in the oppinion of the present author
it should be sought in one of the following directions:

e Some of our theoretical methods and ideas are probably wrong and/or not
applicable to hydrogen.

e Perhaps everything is all right with the methodology, but we are making errors
in predicting the experimentally measurable consequences of the metallisation
transition.

The settling of this ”dispute” would have useful consequences for pure astronomy.
For example, hydrogen is a constituent of the giant planets of our planetary system.
Improvement of its phase diagram under high pressure would enable expanding our
knowledge of their interiors.

Experiments in DACs are capable of giving information about the behaviour of
various materials in a large region of the P — T plane. A much wider region is
accessible theoretically. The remainder of this paper is devoted to a brief review of
the main ideas of a semiclassical theory of dense matter, proposed years ago by P.
Savi¢ and R. Kaganin. It has been previously discussed (for example Celebonovié,
2000 and references given there), so we shall not go into detailed considerations.

3. Semiclassical studies of dense matter:a particular theory

A specimen of a solid, although it may appear macroscopically small, is actually a
typical example of a many-body system. It is a standard practice in statistical physics
to describe the state of such a system by a Hamiltonian, which has the following
general form:

i=1 i=1 i,j=1

The first term in this expression denotes the kinetic energy, the second is the
interaction of the system with a possible external field, and the third denotes the
pair-wise interaction of the particles. According to the rules of statistical mechanics,
proceeding from a Hamiltonian of the general form given by Fq. (2), one should
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calculate the free energy and all the other thermodynamic potentials. Singularities
in these potentials would be identified with the phase transition points of the system
under consideration.

This algorithm may seem clear and straightforward, but scientific reality is exactly
the opposite. Sums in Eq. (2) go over all the particles of the system, and this number
is usually of the order of Avogadro’s number N4 = 10?3, It follows that these sums
can not be performed for systems containing realistic numbers of particles, and that
various approximate methods have to be found. One of such approximate methods
is the semi-classical approach proposed by Pavle Savi¢ and Radivoje Ka3anin (Savié
and Kaganin 1962/65).

At the beginning of the sixties they have started developing a semiclassical theory
of dense matter. The starting point was astronomical one: they have shown that the
mean volumetric planetary densities can be related to the mean solar density by a
simple relationship:

p = po2? (3)

where p = % is the mean solar density, and ¢ an integer. By choosing suitable values
of this integer, it becomes possible to reproduce the measured values of the densities.
Using this result, and a fact known from geophysics and high pressure experiments
that at certain values of pressure abrupt changes of the mass density occur, they
came to the conclusion that the atomic structure changes under the influence of high
external pressure.

Proceeding from these ideas, they proposed a set of 6 postulates which govern the
behaviour of materials under high pressure. Each of them is based on known exper-
imental results. Developing further these postulates, they have set up a computing
scheme, which gives the possibility of theoretical studies of dense matter physics. Full
details about their postulates and the ensuing algorithm for calculation were recently
discussed by Celebonovié¢ (2000). In the remainder of this section we shall describe
the applicability of their theory in astronomy.

Input data needed for modelling the internal structure of a planet, satellite or
asteroid are the mass and the radius of the object. Starting from this pair of values,
it is possible to determine the following characteristics of the body:

e the number of zones in the interior and their thickness ;

the distribution of P, p, T within each of the zones ;

the magnetic moment of the object ;

the mean atomic mass of the chemical mixture which the object is made of ;

the allowed interval in which the speed of axial rotation of the object must be.

Numerous examples of astronomical applications of this theory exist in the liter-
ature ( [11] and references given there) and the reader interested in details is advised
to consult these publications.

All the planets except Saturn and Pluto, as well as the satellites of the Earth,
Jupiter and Uranus, and the asteroids 1 Ceres and 10 Hygiea have been modelled
so far. Assembling the values of the mean atomic masses of all these objects one
gets the following tables - which in fact show the spatial distribution of the chemical
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Table 1: The chemical composition of the Solar System

object A
Sun 1.4
Mercury | 113
Venus 28.12
Earth 26.56
Mars 69
1 Ceres 96
Jupiter | 1.55
Saturn /
Uranus 6.5
Neptune | 7.26
Pluto /

elements in the planetary system and within the Jovian and Uranian satellite systems
(Celebonovié, 2000).

Although Table 1. is incomplete, several physically interesting conclusions can
be drawn from it. It shows, for example, that the planetary system is chemically
inhomogeneous. The well known qualitative difference between the terrestrial and
Jovian planets is reflected in their mean atomic masses. Striking similarities are
visible in Table 1; they can be interpreted as consequences of violent events in the
early history of the Solar system. It turns out that Ceres and Mercury and Triton and
Mars have similar values of the mean atomic mass. As they are at present in widely
different regions of the solar system, it is almost certain that they have moved out of
regions in which they have been formed. The physical causes of such migrations are
at present an open subject of research (for example Kuchner and Lecar, 2002).

Values of gradients of A found in the Jovian and Uranian satellite systems (see
Table 2) have been interpreted as a consequence of various transport processes in
the respective circumplanetary accretion disks. The values of A found for the Earth
and Mars suggest that the Moon is a result of a "deep impact” into the Earth of
a body which originated somewhere near the present orbit of Mars. A completely
open question is the physical mechanism which provoked this impact. Judging by
pure physical ”‘intuition”’ it must have been some sort of a close encounter or direct
collision of two bodies in the asteroid belt.

4. What now?

The aim of this lecture was to describe some results in two field of dense matter
which have direct applications in astronomy. The choice of the material included was
of course subjective - it was conditioned by the author’s research experience and by
work being performed in the author’s laboratory in the Institute of Physics (IoP) in
Belgrade.

On of the topics covered is the ruby scale for measurements of pressure in DACs.
Although it is widely used, research work is going on with the aim of finding new
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Table 2: The chemical composition of some satellites

satellite | A
Moon 71
J1 70
J2 71
J3 18
J4 19
U1 38
U2 43
U3 44
U4 32
Ub 32
Triton | 67

materials which could be used as pressure sensors. Some work along these lines is
going on in IoP ((Jovanié et. al, 1996 and later work). Experiments along these lines
could be performed jointly with colleagues from Bulgaria.

At the time of writing of this text (April 2002 in draft form) new results have
emerged concerning the behaviour of hydrogen under high pressure (Amer. Inst.
of Physics, 2002). They were obtained in the United States, in two big national
laboratories:Sandia and Livermore, and concern the compressibility of hydrogen under
high pressure. As it could have been expected ( by experience with previous research
on this topic), the preliminary results are contradictory. These results show once
more that the problem of the behaviour of hydrogen under high pressure is far from
being solved, in spite of some 60 years of research on the subject. As such, it could
be a possible subject for collaboration of physicist and astronomers from Serbia and
Bulgaria. Taking into account the experimental facilities needed, it would have to be
theoretically oriented.

Another interesting line of research, actively pursued in Belgrade, concerns high
pressure metrology. Basically, the problem is to find a replacement for the ruby scale.
In view of the experimental equipment which exists both in Serbia (IoP) and Bulgaria
(Institute of Solid State Physics), it secms that a fruitful experimental collaboration
could be initiated.

Concerning astronomy as such, it would be very interesting to measure optical
reflection spectra and the behaviour under high pressure of various materials which
enter in the composition of asteroids and planets.

The theory proposed four decades ago by Savié¢ and IKaSanin needs a major ”mod-
ernization”. Ongoing work shows that according to modern data Eq. (3) can be
replaced by

—

p= ;) exp(0] : (4)

where the exponent 6 is non-integer. Details are currently being elaborated, and will
be discussed elsewhere.
The list of problems presented here is certainly not exhaustive, which anyhow was
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not the aim of this contribution. Much simpler, the aim of this lecture was to describe
to some extent two basic notions and indicate some open problems, which could form
the basis for further collaboration.
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Abstract. Within the framework of establishing the European longitude network in 1988,
the longitude differences Munich-Vienna-Graz were determined by zenith distance observa-
tions with Danjon astrolabe. Two reference frames were used in the reduction of observa-
tions: one dynamical, specified by the FK5 catalogue and the other kinematical, specified
by HIPPARCOS catalogue, the mathematical model serving for smoothing the measure-
ments in both cases being the same. By comparing the longitudes obtained for Munich,
Vienna and Graz from two reference frames a systematic difference was revealed of 3 msec,
which is cancelled in the longitude difference determination.

1. INTRODUCTION

The establishing of the new European Longitude Network (ELN), involved several
campaigns of precise determination of longitude differences between the national ref-
erence stations. One of the more recent campaigns was carried out in 1988 between
Munich, Vienna and Graz stations. The observations were made by W. Wende accord-
ing to equal zenith distances method with Danjon astrolabe ( Wende 1992). Observed
were FK5 stars with magnitudes between m, = 2 and m, = 6. This observational
material was kindly ceded to these authors by Prof. Dr Rudolf Zigl and Dipl. Ing.
Werner Wende.

In the course of 23 nights in 1988 at all three stations were observed 52 series.
There were altogether 1604 star transits, comprising 19248 measurements. Some of
the results of treatment and analysis of these measurements were published earlier
Perovié & Cuetkovié 1998, Cuvetkovié & Perovié 1999, Cvetkovié¢ & Perovié 2000).

The first author made comprehensive researches (Cvetkovié 2002) of the math-
ematical models of smoothing, alike of functional and stochasting ones, aimed at
reducing the effects of the random and systematic errors. Out of 12 studied math-
ematical models the third functional one (FM3) was adopted, with the stochastic
model (weight model Pk p3) since it manifested the best accordance with the obser-
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vations. Besides, with this mathematical model the star positions from two reference
frames were used in the reduction of observations, the dynamical one as given by
FKS5 catalogue, and the kinematical one - given by HIPPARCOS catalogie. The aim
was to put under scrutiny the accordance of the obtained longitudes and longitude
differences.

2. LONGITUDES AND LONGITUDE DIFFERENCES
OBTAINED BY USING THE HIPPARCOS CATALOGUE.

After smoothing the measurements using the best adopted mathematical model
(i.e. FM3+ Py ps) the longitudes were determined of three stations participators in
the campaign: Munich, Vienna and Graz and, subsequently, their longitude differ-
ences.

The results of longitude determinations are given in Table 1 and those of the
longitude differences in Table 2.

Table 1: Longitudes A of three stations; o'y are the errors of their determination

Stations | A [h m s o [s]

Munich | 0 46 16.8747 | 0.00064
Vienna | 105 20.9012 | 0.00076
Graz 1 01 58.5779 | 0.00080

Table 2: Longitude differences AX; oA — errors of their determination

From - To AN [hm g oax g
Munich - Graz —0 15 41.7032 | 0.00090
Graz — Vienna —0 03 22.3233 | 0.00104

Vienna — Munich | 0 19 04.0265 | 0.00096

3. LONGITUDES AND LONGITUDE DIFFERENCES
OBTAINED BY USING FK5 CATALOGUE

Research was made as to how much the star positions affect the longitudes and lon-
gitude differences determination. For this reason the measurements of the entire
campaign were smoothed, including the star positions taken from FK5. The same
mathematical smoothing model was used (FM3 + Pk p3).

The results of longitude determination, obtained by using the FK5 star positions
are listed in Table 3, and those pertaining to longitude differences in Table 4. Given
in these Tables are also the differences with respect to the values obtained using the
HIPPARCOS catalogue.
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Table 3: Longitudes A of three stations; o) are the errors of longitudes; Ap g5 — /\H.,jm, are the

longitude differences resulting from using the star positions from FK5 and HIPPARCOS catalogues

Stations Ahm s ox 8| | Arks — Aurpp (8] | Oapxs—anspp 18]
Munich | 046 16.8778 | 0.00065 0.0031 0.00091
Vienna 1 05 20.9041 | 0.00077 0.0029 0.00108
Graz 1 01 58.5809 | 0.00079 0.0030 0.00112

Table 4: Longitude differences AX; oa) are errors of the longitude differences; Alprs —
AMNyrpp are the differences between longitude differences obtained by using star positions from
FK5 and HIPPARCOS catalogues.

From — To AX [h m ] oax 8] | AArpks — Adgrpp [s]
Munich — Graz —0 15 41.7031 | 0.00091 0.0001
Graz — Vienna -0 03 22.3232 | 0.00104 0.0001
Vienna — Munich | 0 19 04.0263 0.00096 0.0002

4. DISCUSSION OF THE RESULTS

From Table 3 it is seen that the longitude differences Apgs — Apipp for all three
stations are equal — 0.0030 seconds of time, originating from the difference of the
two celestial reference frames.

The existence of the systematic difference between the FK5 reference frame and
that of the HIPPARCOS has been investigated applying the F-test. The test statistics
reads:

_ 2
Fe (AFks — Aurpp)

Carrorarer? .
By comparing the test of the quantity F with the quantil F-distribution:
¥ = (%)2 = 11.868 > 3.85 = Fp.95,1;1280 (2)
2* Fp= (%2—6%?0%)2 = 7.344 > 3.85 =~ Fy 95:1;1280 (3)
3° c = ((-)O—O%QI%)?;)Q = 7.354 > 3.85 = Fy.95.1,1280 (4)

we conclude that there exists a systematic difference between the two refer-
ence frames.

The FKb5 catalogue frame is obtained by optical observations of the fundamen-
tal stars, being linked to the mean equator and dynamic equinox for J2000.0. The
HIPPARCOS frame is kinematic one, linked to the direction toward the observed
extragalactic radio sources through VLBIL The two frames involve a slight residual
rotation that can be investigated by way of a comparison of positions and proper
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motions of fundamental stars in both catalogues. From the position differences one
is able to determine the vector representing the difference of the orientation between
the two reference frames. From the difference of the proper motions one might derive
the vector representing the difference of rotation of the two frames. The preliminary
results obtained from catalogue differences for all 15635 FK5 stars, referred to the
epoch J1991.25 are given in the Preface to the HIPPARCOS catalogue.

The rigidly rotation (non-coincidence of the celestial coordinate directions) i.e.
the difference of the star positions in FK5 and HIPPARCOS catalogues affect the
longitude determination, but not the determination of longitude differences, as seen
in Table 4. The differences AApxs — Adgrpp practically equal zero.

5. CONCLUSION

One ought to state that in this campaign only one segment of the reference frame
has been used. The observation programme contains only 121 FK5 stars (out of
1535), which is below 10% of the total number. Moreover, these stars are located
in one part of the celestial sphere. Their declinations range from +20° to +70° and
their right ascensions for the western transits are between 14" and 20%5 and for the
eastern transits between 20" and 25"5. Nevertheless, a constant longitude difference
ArKs — AHipp has been obtained for all the three stations. This, on one hand, is «
proof of the firm rotation between the two reference frames and, on another, a proof
of the adequacy of the functional smoothing model and of the model of determining
the observation weights.
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Abstract. Stark shifts measurements and semiclassical calculations of six Si IV spectral
lines belonging to four transitions have been presented for elctron temperature 10* K and
1023 m~3 electron density.

1. INTRODUCTION

Atomic data such as Stark widths (W) and shifts (d) play an important role in the
diagnostics and modelling of various cosmic and laboratory plasmas (Griem 1974;
Lesage& Fuhr 1999; NIST 2002). The basic plasma parameters such as electron
temperature (T) and density (N) may be obtained on the basis of the known d and
W values. However, various optical depths of the emitting plasma may result in
self-absorption influencing the line width value (screening the Stark contribution).
Thus, Stark shifts independent of self-absorption are more reliable and consequently
more interesting for diagnostic purposes. Silicon ions are among the most abundant
emitters or absorbers in many kinds of the cosmic plasmas. As impurities they are
present also in many, high current, laboratory plasma sources. The knowledge of
the triply (Si IV) ionized silicon spectral lines Stark shifts is necessary in various
astrophysical calculations. According to available bibliographies (Lesage & Fuhr 1999)
no experimental Stark shift data exist for Si IV and only one work (Dimitrijevi¢ et al
1991) is devoted to the Si IV Stark shift calculation.

In this work we wish to present the first Stark shifts measurements of six Si IV
spectral lines belonging to four transitions. Our measured shift values have been
compared to the existing data taken from recent available data sources.

2. EXPERIMENT

The linear pulsed arc (Djenize & Bukvi¢ 2001; DjeniZe et al 2002a,b; Srec¢kovié et
al 2001a) has been used as a plasma source. A pulsed discharge was driven in a
Pyrex discharge tube of 5 mm inner diameter and effective plasma length of 7.7 cm.
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Fig. 1: Temporal evolution of the 314.9 nm Si IV spectral line profiles in oxygen
plasma.

Spectroscopic observations of isolated spectral lines were made along the axis of the
discharge tube. Atoms of silicon were obtained as impurities by sputtering from
a Pyrex discharge tube. As a driving gas oxygen and SFg have been used at filling
pressures of 130 Pa and 70 Pa, respectively. Highly ionized oxygen, sulfur and fluorine
ions facilitate erosion of the glass walls of linear part of discharge tube. Furthermore,
O: and SFg, as working gases, left the observed lines of Si IV isolated. Discharge of
the condenser of 8 uF capacity charged to 4 kV was selected for maximum efficiency
in releasing silicon atoms. The reproducibility of the investigated silicon spectral
line radiation intensities was 90%, which can be taken as acceptable considering the
method by which the impurity atoms were introduced.

The line profiles were recorded using a step-by-step technique described in Refs.
[5-7]. The averaged photomultiplier signal (five shots at the same spectral range) was
digitized using an oscilloscope, interfaced to a computer. A sample output, is shown
in Fig. 1.

Plasma reproducibility was monitored by the O IIT and S III lines radiation and
by the discharge current (it was found to be within £5%). The discharge character-
istics were determined by analyzing the Rogowski coil signal. The values found were:
discharge current = 6.7 kA, discharge period = 28 ps, thermal resistance = 0.29 (,
and decrement = 2.4,

The plasma parameters were determined using standard diagnostic methods (Griem
1974; Rompe& Steenbeck 1967). Thus, in the case of the oxygen plasma the electron
temperature was determined from the Boltzmann plot of the relative intensities of
nine O III spectral lines, with an estimated error of £13%, assuming the existence of
local thermodynamic equilibrium (LTE). All necessary atomic data were taken from
NIST (2002). In the case of the SFg plasma, electron temperature was determined
from the ratio of the relative intensities (Saha equation) of the 334.6 nm S III to the
481.6 nm S II spectral lines supposing the existence of LTE with an estimated error
of £11%.
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Electron density, in the case of the oxygen plasma, was measured using the well-
known single laser interferometry technique for the 632.8 nm He-Ne laser wavelength
with an estimated error of +6%. In the case of the SFg plasma the electron density
decay was observed by monitoring the Stark width values of the convenient 375.9 nm
O III spectral line within an estimated error of +£8%. Namely, oxygen ions produced
as impurities in SFg discharge, due to their small concentration give convenient Stark
width values due to the absence of the self-absorption. Corresponding N values,
predicted by semiclassical theory (Griem 1974), were taken from Sreékovié et al.
(2001D). '

The Stark shifts were measured relative to the unshifted spectral lines emitted by
the same plasma (Djenize et al 2002a,b and references therein). Stark shift data are
determined with 0.8 pm error at a given N and T. Our measured (d.,,) Stark shifts
are presented in Table. I. and in Djenize et al (2002b).

3. METHOD OF CALCULATION

The semiclassical perturbation formalism (SCPF), as well as the corresponding com-
puter code have been updated and optimized several times. The calculation proce-
dure, with the discussion of updatings and validity criteria, has been briefly reviewed
(Dimitrijevi¢ et al 1991). The calculated S IV d values are presented in Dimitrijevié
et al. (1991) and in Table 1. at our plasma parameters.

4. RESULTS AND CONCLUSION

The results of the measured Stark shift (de,,) values are shown in Table.1. Our
calculated Stark shift values (dry,) are presented also in Table.1.

Table 1. Our measured (desp in pm ) and calculated (dry in pm) electron Stark
shift values at a given electron temperature (T in 10* K) and at 10%* m~2 electron
density. Atomic data are taken from NIST (2002). Positive shifts is toward the red.

Transition A (am)| E, [T déwn dry,

Silv

4s 2.5'1/2— 4p ? 5/2 408.886(27.08(3.3|—1.2 + 0.8 |—0.86*
4p ZP;’/Z— 4d 2Dj/, |314.956/30.99(5.2| 2.0 £0.8 | 1.15*
4p 2P3"/2~ 4d 2Ds 5 |316.569/30.993.1) 1.7+0.8 | 1.08*
4d 2Dg )5~ 5p 2P§’/2 376.245(34.29|3.2| 1.5+0.8 | —0.18*
4d >D35— 5p 2P1"/2 377.315/34.28(3.2| 0.3 0.8 |-0.18*
5p 2P£/2— 5d 2Ds /5 1670.12136.14/5.2| 7.5+0.8 | 22.3

Our measured Stark shifts and calculated ones presented in Dimitrijevi¢ et al
(1991) are very small and agree very well mutually within the experimental accuracy
and uncertainties of the calculations. The only exception is the d value of the higher
lying 5p® P° — 5d*D (670.121 nm) transition where the drj, overvalues measured ones
about 3 times.
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Generally, we have found satisfying agreement between measured and theoretical
Stark shift values calculated on the basis of the semiclassical perturbation formalism
(SCPPF).
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Abstract. Experimental Stark slufts f(n 38 Ne II spectral lines at electron temperature 35
300 K and electron density of 1.83 10 ‘ =3 as well as calculated Stark shift values for 22
multiplets for electron density of 10%% m™3 and for electron temperatures from 5 000 K up
to 100 000 K, are presented.

1. INTRODUCTION

After earlier investigations of Ne II Stark shifts (d) the first measurements of d at
convenient plasma parameters, T and IV, have been carried out in only one experiment
(Purié et al. 1987) where d-values of 18 Ne II spectral lines from 13 multiplets have
been measured at T=35 000 K and N=1.42 10%* m~3,

Theoretical semiclassical calculations have been made up to T' = 40 000 K for only
seven Ne II multiplets (Griem 1974).

We have measured Stark shift values of 38 Ne 11 spectral lines that belong to 22
multiplets and we have calculated Stark shift values for 22 multiplets, 30 from them
are new determinations. OQur plasma parameters were T=35 300 K and N=1.83 1023
m~3, Our value of N is about 30% higher than those in the experiment of Purié et
al. (1987) providing higher accuracy. For the calculations of the d-values we used the
updated version of the semiclassical perturbation formalism (SCPF).

2. EXPERIMENT

The modified version of the linear low pressure pulsed arc (Djenize et al. 1992, 2002,
Milosavljevi¢ 2001) has been used as an optically thin plasma source. The working
gas was pure neon at 133 Pa filling pressure in the flowing regime, Spectroscopic
observations of isolated spectral lines were made along the axis of the discharge tube.
The line profiles were recorded using a step-by-step technique with a photomultiplier
(EMI 9789 QB) and a grating spectrograph (Zeiss PGS-2, reciprocal linear dispersion
0.73 nm/mm in the first order) system.

The measured profiles were of the Voigt type due to the convolutions of the Loren-
tzian, Stark and the Gaussian profiles from Doppler and instrumental broadening. For
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the electron density and temperature of our experiments the Lorentzian fraction in
the Voigt profile was dominant (over 88%). Van der Waals and resonance broadening
were estimated to be smaller by more than one order of magnitude in comparison to
Stark, Doppler and instrumental broadening. The standard deconvolution procedure
(Davies & Vaughan 1963, Milosavljevié¢ & Poparié¢ 2001) was applied using the least
squares algorithm.

The plasma parameters were determined using standard diagnostic methods (Rompe
& Steenbeck 1967). Thus, the electron temperature (T) was determined from the
Boltzinann plot of the relative intensities of Ne II spectral lines.

The electron temperature decay is presented in Fig. 3 in Djenize et al. (2002),
together with the clectron density (N) decay. The latter was measured using a well-
known single laser interferometry technique (Ashby et al. 1965) for the 632.8 nmn
He-Ne laser wavelength with an estimated ervor of £4%.

3. STARK SHIFT MEASUREMENTS

The Stark shifts were measured relatively to the unshifted spectral lines emitted by
the same plasma (Milosavljevié et al. 2000) and references therein. The Stark shift of
spectral line can be measured experimentally by evaluating the position of the spectral
line center recorded at two different electron density values during the plasma decay.
In principle, the method requires recording of the spectral line profile at the high
electron density that causes an appreciable shift and then later when the electron
concentration has dropped to the value lower by at least an order of magnitude. The
Stark shift data were corrected for the electron temperature decay (Popovié et al.
1992). Stark shift data are determined with £ 0.8 pm error at a given N and T.

4. METHOD OF CALCULATION

The semiclassical perturbation formalism, as well as the corresponding computer code
(Dimitrijevi¢ & Sahal-Bréchot 1996ab), have been updated and optimized several
times (see Djenize et al. (2002) and references therein). The calculation procedure,
with the discussion of updating and validity criteria, has been briefly reviewed (e.g.
in Dimitrijevi¢ & Sahal-Bréchot (1996ab)).

Atomic energy levels not existing (or revised) from Moore (1971; Bashkin & Stoner
1978) have been taken in Quinet (1994). One should mention that the Ne II spectrum
is not well determined experimentally so that the set of experimental perturbing
atomic energy levels needed for a semiclassical perturbation method calculation with
the usual average accuracy of £30%, is not complete.

5. RESULTS

The results of the measured Stark shift (d,,) values at T=35 300 K electron
temperature and 1.83 1023 m~3 electron density are shown in Table 1.
Our calculated Stark shift values are presented in Table 2.
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Table 1: Our measured Stark shift (d,,) values for the Ne II spectral lines at 35 300
K electron temperature and 1.83 1023 m~3 electron density. Positive shift is toward
the red.

Transition | Multiplet  A(nm) | dewp(pm)

3s-3p IPAPY 369.419 -0.7
(1) 366.411 -0.2

ipAD0  333.487 -0.6

(2) 336.063 0.0

332.716 -0.8
4p-4g0 300.166 -0.8

(4) 302.886 0.0
2p-2pY  372.708 2.5
(5)
2p2p0  332.375 0.0
(7) 337.828 0.0
3s'-3p’ 2D-2F0  356.853 -0.6
(9)
2D-2p0  331.975 -1.0
(10)
3p-3d ip4D  303.448 0.0
(8) 302.704 0.4
303.773 0.2

ipo4Dp 332920 | 0.8
(12) 335.790 1.4

337.410 3.1
336.289 0.9
337.939 2.5

2pO2F 341.771 2.4
(20) 341.482 3.1
2pP2D 341.682 4.2
(21)
2pOAp 337.187 0.7
(22)
2802p  350.361 0.0
(28)
2p02p  362.806 3.5
(41)
180.2Dp  365.993 4.0
(33) 363.275 6.9
1904 357.126 2.9
(31)
460.4p  356.584 2.2
(34)
3p-3d’ 2p02p  333.612 1.3
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Table 1: (continued)

Transition | Multiplet  Anm) | de.,(pm)

3p-4ds 2PO2p 337.728 5.4
4DOAP 303.965 6.4

303.598 2.0

3d-4f AF-AF0 439.194 7.2

(56) 440.930 5.0
i R S 429.040 -3.3
(57) 441.320 -14.9

6. CONCLUSION AND DISCUSSION

In order to make easier the comparison between measured and calculated Stark shift
values, the theoretical Stark shift dependence on the electron temperature together
with the values of other authors and our experimental results at electron density 102
m~* are presented graphically in Fig. 1.

Generally, we have obtained very small shift values. Both experimental and mea-
sured d values are below one pm, within our experimental accuracy (£0.8 pm). Our
measured and calculated d values have the same sign (see Fig. 1, Tables 1 and 2)

Stark shifts, corresponding to the 3p-3d and 3p-4s transition arrays have finite
and positive values. Measured shift values, corresponding to the 3d-4f transition are
negative and confirm the earlier obtained sign in Purié¢ et al. (1987). Our calculated
(SCPF) d values are smaller than those from Griem (1974), by up to a factor 6.

Satisfactory agreement exists between our measured and calculated d values in
the case of the lines that belong to the 3p-3d transition. Earlier measured 3p-3d shift
values (Purié et al. 1987) agree also with our calculated values.

It should be pointed out that we have not performed calculations of d values
belonging to lines in 3d-4f transition because of the incompleteness of the set of the
experimentally determined perturbing energy levels.

The large theoretical d values for 3p 2P%4s 2P, 3p ‘D% 4s P and 3p P0-4s 1P
multiplets are due to close 4p 2P? and 4p 1P? perturbing levels contributing positively
to the shift. The reason for strong disagreement with our measurements might indicate
that 4p ?P° and 4p 1P levels are in fact a combination of different contributions which
results in decrease of their influence.

We have presented in this work experimental Stark shifts for 38 Ne II spectral
lines at electron temperature 35 300 K and electron density 1.83 1023 m=3. as well
as calculated Stark shift values for 22 multiplets for electron density 10> m~% and
for electron temperatures from 5 000 K up to 100 000 K. The shift values found are,
generally, small. In the case of the 3s-3p and 3s'-3p’ transitions they are practically
equal to zero. The common characteristics of these d values is the weak dependence
on the electron temperature up to 100 000 K. Thus, these can be used for diagnostics
purposes as data independent of self-absorption in the optically thick astrophysical
plasmas.
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Fig. 1: Stark shift (d in pm) dependence on the electron temperature for various
transitions at 1023 m~? electron density. « our experimental data and U, from Purié
et al. (1987). G, theoretical calculations taken form Griem (1974) and our calculated
(SCPF) Stark shift values taken from Table 2. The error bars of £0.8 pm represent
the uncertainties of the shift measurements. Positive shift is toward the red.
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Table 2: Electron Stark shift (d in pm) calculated by using the semiclassical per-
turbation formalism (SCPF) at 102* m~2 electron density for electron temperatures
from 5 000 K up to 100 000 K. X is the mean wavelength in the multiplet. Positive
shift is toward the red.

Transition | Mnm) | T(10°K): 0.5 1 2 3 5 10
3s 1P-3p IP" | 372.51 0.003 -0.365 -0.480 -0.432 -0.543 -0.45%
3s 1P-3p 1D | 334.33 -0.035 -0.136 -0.187 -0.178 -0.216 -0.189
3s 1P-3p 1S° | 298.83 -0.039  0.021 0.052 0.049 0.065 0.037
3s 2P-3p 2DY | 371.41 -0.113  -0.287 -0.394 -0.379 -0.455 -0.381
3s 2P-3p 2P | 334.27 -0.107  -0.058 -0.047 -0.032 -0.036 -0.060
3s’ 2D-3p’ 2F" | 357.21 -0.128 -0.246 -0.332 -0.308 -0.377 -0.321
3s' 2D-3p’ 2P° | 333.78 -0.056 -0.113 -0.141 -0.131 -0.158 -0.150
3p P%-3d ‘D | 304.01 1.66 0987 0.937 0.968 1.04 (.869
3p 4D"-3d 1D | 335.26 0.820 0.879 0.860 0.964 1.01  0.864
3p 2D%-3d *F | 342.15 2.51 1.45 1.34 1.43 1.49 1.27
3p 2DY-3d 2F | 337.56 245 142 130 138 145  1.24
3p 2DY-3d D | 343.23 0.760 0.797 0.782 0.892 0.975 0.828
3p 2D%-3d ‘P | 335.26 281 170 153 157 1.63  1.40
3p 289-3d 2P | 347.31 1.47 136 1.22 1.36  1.42 1.26
3p 2P"-3d %P | 365.18 .30  1.24 1.12 130 1.35 1.23
3p 48°-3d 2D | 365.00 0.526  0.573 0.507 0.674 0.709 0.644
3p 48Y-3d ‘F | 363.78 112 113 105 123 125  1.13
3p 18Y-3d *P | 356.00 6.79 440 246 2,61  2.17  1.58

3p’ 2P%-3d’ 2P | 342.27 0.871 0.883 0.826 0.966 1.01  0.850
3p 2P%-4s 2P | 341.23 273 210 157 144 119  9.32
3p 4D%4s 1P | 304.53 22 171 129  11.7 968  7.61
3p 4PY-4s 1P | 278.52 19.0 147 113 101 846  6.58
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Abstract. We study the influence of Stark broadening effect on Si I lines in the ro Ap
10 Aql star, where the lines are asymmetrical and shifted. First we have calculated Stark
broadening parameters using hy the semi-clasical method for two Si T lines: 6142.48 A and
6155.13 A. We have adopted SYNTH code to include into account hoth Stark width and
shift for these lines. From comparison of our calculation data with observations we found
that Stark broadening plus stratification effect can explain the width and the asymmetry of
the Si I lines in the atmosphere of ro Ap 10 Aql star.

1. Introduction

The Stark broadening mechanism is very important for A and B type of stellar at-
mospheres, and one has to take into account this effect for investigations, analysis
and modeling of such stellar atmospheres. In one of our previous work (Popovié et al.
2001) we obtained that by neglecting this mechanism, we introduced an error between
10% and 45% in the equivalent width determination, and corresponding errors in the
abundance determination. On the other hand, in A and B stars some of the lines
have blue or red asymmetry. Especially this is the case for Cp stars, where e.g. Si I
6155.134 A line has red asymmetry, which is not the case in the Solar as well as in
other non-Cp star spectra. Moreover, in spectra of Ap 10 Aql star the lines of Si I
6142.483 A and 6155.134 A are shifted to the blue side with respect to the other Si
I lines.

The aims of the paper are: a) to calculate the Stark broadening for Si I lines
(6142.483 A and 6155.134 A); b) to test the contribution of Stark and stratification
effect to asymmetry and shift of Si I 6142.483A and 6155.134 A.

2. The Stark broadening parameters calculation

Calculations have been performed within the semi-classical perturbation formalism,
developed and discussed in detail in Sahal-Bréchot (1969ab). This formalism, as
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Fig. 1: The observed profile (dots) compared with the modeled one whereby we in-
cluded calculated Stark parameters (dashed line). The solid line is the profile whereby
Stark parameters are approximatively given in the code.

well as the corresponding computer code, have been optimized and updated (Sahal-
Bréchot, 1974; Dimitrijevi¢ and Sahal- Bréchot, 1984a, Dimitrijevié, 1996).

The atomic energy levels needed for calculations were taken from Martin and
Zalubas (1983), but LS determination of 6s'P° and 7s'P® terms has been adopted
according to Moore (1971). Oscillator strengths have been calculated by using the
method of Bates and Damgaard (1949) and tables of Oertel and Shomo (1968). For
higher levels, the method described in van Regemorter, Binh Dy and Prud’homme
(1979) has heen used. Our results for electron-, proton-, and ionized helium-impact
line widths and shifts for three Si I spectral lines, for perturber density of 1014 ¢m—3
and temperatures T = 2,500 — 50,000 K, are shown in Table I. For perturber densi-
ties lower than those tabulated here, Stark broadening parameters vary linearly with
perturber density. Nonlinear behavior of Stark broadening parameters at higher den-
sities is the consequence of the influence of Debye shielding and has been analyzed in
detail in Dimitrijevi¢ and Sahal- Bréchot (1984b).

3. Results

The results of our Stark broadening calculation are given in Table I. The calculated
Stark broadening data were used to explain the asymmetry of Si I 6142.483 A and
6155.134 A. We have modeled the Si I 6142.48 A and 6155.13 A lines including
calculated Stark broadening parameters. The corresponding parameters were included
in each layers of stellar atmosphere. In Fig. 1 oue can see the line profile without
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Fig. 2: The observed profile (dots) compared with the modeled one, whereby we have
included Stark broadening and stratification.

Table 1: Stark Broadening Parameters for Si I Spectral Lines. This Table shows electron-,
proton-, and ionized helium-impact broadening parameters for Si I for perturber density of
10 em™ and temperatures from 2,500 to 50,000 K. The quantity C (given in A cm ™),
when divided by the corresponding full width at half maximum, gives an estimate for the
maximum perturber density for which tabulated data may be used. For higher densities,
the isolated line approximation used in calculations breaks down. WIDTH(A) denotes Full
line width at half maximum in A, while SHIFT denotes Line Shift in A. A positive shift is
toward red.

ELECTRONS PROTONS HELTUNM TONS
TRANSITION T(K) FWHM(A) SHIFT(A) FWHM(A) SHIFT(A) FWHM(A) SHIF'T'(A)
Sil 48 - 5P 2500. 0.509E-02 0.333E-02 0.160E-02 0.7TO01E-03
2.0 1.0 5000. 0.581E-02 0.409E-02 0.172E-02 0.893E-03

5950.2 A 10000. 0.652E-02 0.381E-02 0.183E-02 0.109E-02 0.167E-02 0.851E-03

C= 0.36E+419 20000, 0.740E-02 0.328B-02 N.194F-02 0.127E-02 0.175E-02 0.101FE-02

30000, 0.811E-02 0.271E-02 0.202E-02 0.139E-02 0.181E-02 0.111E-02

50000. 0.903E-02 0.212E-02 0.213E-02 0.153E-02 0.188E-02 0.123E-02

Sil 3p3-50 2500, 0.97T1E-01 -0.585E-01 0.176E-01 -0.145E-01 *0.145E-01 -0.113E-01

3D3-3D3 5000, 0.109 -0.624E-01 0.196E-01 -0.168E-01 0.1G1E-01 134E-01

G142.48A 10000, 0.120 -0.597E-01 0.220E-01 -0.193E-01 0.178E-01 0

20000. 0.132 -0.447E-01 0.248E-01 0.198E-01

30000, 0.140 -0.368E-01 0.267E-01 0.211E-01 -0.190E-01

50000. 0.146 -0.286E-01 0.295E-01 0.229E-01 -0.208E-01
Sil 3p3-51 2500. 0.831E-01 -0.591E-01 0.176E-01 -0.146E-01 0.146E-01
3D3-3G4 5000. 0.9161-01 -0.644E-01 0.196E-01 -0.169E-01 0.161E-01
G155.13A 10000. 0.102 -0.616E-01 0.219E-01 -0.194E-01 0.179E-01
20000. 0.110 -0.446E-01 0.245E-01 -0 E-01 0.199E-01

30000, 0118 -0.360E-01 0.261E-01 -0 E-01 0.212K-01 -0 191E-01

50000. 0.125 -0.281E-01 0.235E-01 -0.260E-01 0.230E-01 -0.200E-01

Stark broadening (solid line) and with S¢::k Lroadening (dashed) line in comparison
with observations (dots)

As one can see from Fig. 1, Stark broadening effect alone cannot explain the line
shape. Next step was to take into account the stratification effect which is character-
istic for atmospheres of Ap stars. As one can see in Fig. 2, the modeled line whereby
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Stark broadening effect plus stratification have been taken into account very well fits
the observed line from the Ap 10 Aql star. The detailed discussion will be given
elsewhere (Dimitrijevié et al. 2002)
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Abstract. Using a modified semiempirical approachj we have calculated Stark line widths
for 10 Cd III transitions for an electron density of 10°*m™3 and temperatures from 10 000
K to 300 000 K.

1. INTRODUCTION

Investigation of Stark broadening parameters of Cd III spectral lines is of interest
for a number of problems as e.g. for the laboratory plasmas, fusion plasmas and
laser produced plasmas research as well as for testing and developping of the Stark
broadening theory for multicharged ion lines. Moreover, such data are of interest
also for the consideration of stellar plasma, since with the development of space born
spectroscopic techniques, even trace elements become more and more of interest. The
electron-impact broadening mechanism is the main pressure broadening mechanism
in hot star atmospheres (having effective temperature T.;;210000 K), and it is of
interest especially for A type stars and white dwarfs. Cd III Stark broadening data
are also of importance for the investigations of regularities and systematic trends
particularly along isoelectronic sequences.

The sophisticated strong coupling quantum mechanical (see e.g. Griem, 1974) or
semiclassical-perturbation (Sahal-Bréchot, 1969ab) formalism for Stark broadening
parameter calculations are not applicable in an adequate way, for a large number
of interesting spectral lines of various emitters. In such a case one can apply the
modified semiempirical method (Dimitrijevié¢ and Konjevi¢, 1980, Dimirijevi¢ and
Krsljanin, 1986) which needs a considerably smaller number of atomic data. The
spectrum of Cd III is poorly known, so the modified semiepirical approach is the only
applicable for Stark broadening parameter calculations.

This contribution is the continuation of our efforts to provide needed data for the
analysis of laboratory and astrophysical = ':siuas (see for example Dimitrijevié 1996,
Dimitrijevi¢ and Popovi¢, 2001 and references therein).

125



M. S. DIMITRIJEVIC, Z. SIMIC, N. MILOVANOVIC, L. C. POPOVIC

2. THEORETICAL REMARKS

According to the modified semiempirical (MSE) approach (Dimitrijevi¢ and Konjevié,
1980; Dimitrijevi¢ and Krslajnin, 1986) the electron impact full width (FHWM) of
an isolated ion line is given as (Popovié¢ and Dimitrijevi¢, 1996)

8t h?  2m 1/2 T A2 B
‘/I/ . ]V__— §R EAAJ’,-]h : [;L:tl 441'/-]2'/ Ty, ¢,
MSE 3 m? (Trk'T \/—27r(* {Izil 421 [ni i ) 19(xe, 0,41)+

+ Y > Wl ApTy (€ £1)ApJpa(ne, 1) (D2 RE) o209 @i mir)+
byl 44‘;/ 71/ i
(1)

H( 1) st g 1)}
f/

and the corresponding Stark shift as

4w B, 2m 1/z7r)\ 2 g —
dyse = N— 5 n1~(7rkT /3 20 {121 0.3:0, R Mili Ai Ty i (Li+1) A T JGon (e, 4,41) —

= " 050, Rl Aidi (€ — 1) Air Ty |Gan (w0, 4,-1)
{'\,il :]“/
b Z oapap R ”fffAfvanf(ff + 1) Ap JplGen(@e; o, 41)+

fl I,-/

+ D 0, Rns b Ardy g (b =) Ap JplGan(e, 0, -1)+ Z?R P SO, T
Agrdyp

-2 Z Z 71,1f Ay, nily Ap Jy ).(]sh,(i'c,«,k:i,)—(z g—é?’_f')An#ngsh(:L'nf.n',--}—l)+
’i'(AE /<0)AI]/ i
(2)

+2 Z Z YnplpApdp,nplp Apdp)gan(ze,, £y +Z(5k}
FAL; 1<O) Aprd s
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where the initial level is denoted as ¢ and the final one as f and the square of the
matrix element {R?[nsy ApJp, (¢ £ VDA Jp], k=1, f}is

>

577 Qs A, (= DAQUI, J[ROEL=P

?ﬁQ[n,kkaL-Jk, n;,;(fk + I)Al.]}i] =

Also, {5 = max({y, £, £ 1) and

3n; ; )
Z i) Ans0 T ( k)Q (nk® + 362 + 36, +11) (4)
In Egs. (1) and (2)
E .
Tl = A—E[—L—[: k=1if

and E = 3&T is the electron kinetic energy and AEy, ¢, = |E¢, — Ey,,| is the energy
difference between levels ¢, and €, £1 (k =1, f),

E
Tnp,np+1 =
kT AEuk,'n,k-{-l '

where for An s 0, the energy difference between enelg:y levels with ny and ng+1,
AE,, n,+1 1s estimated as AE,,, n, +1 = 2Z?Ey [n}?, n} = [EgZ®/(Eipn — Ey, )]1/2 is
the effective principal quantum number, Z is the 1ESIdUdl ionic charge (for example
Z=1 for neutrals) and Ej,, is the appropriate spectral series limit.

If we have an oscillator strength, e.g. from literature, the corresponding matrix
clement may be calculated as

Ey
S D ) ’ - ) k= :‘
\RL]\. BEA/—Ek fkk‘ (Ek >E}\) 1 f

or

Ey 2K +1
L, —Ly 2k+1

where fi. (for Ew > Ey) and fiur (for Ey < E),) are oscillator strengths and Ey is
the hydrogen ionization energy.

In Egs. (1 - 4) N and T are electron density and temperature, respectively,
while Q(£A,¢'A") and Q(.J, J') are multiplet and line factors. The value of A depends
on the coupling approximation (see e.g. Sobel'man, 1979). In the case of the LS
coupling approximation, applied here, A = L, for the jK approximation 4 = K

and for the jj approximation A = j. The [R::iﬁ‘il] is the radial integral, and with

g(z) (Griem, 1974), g(x) (Dimitrijevié and I\onjovu 1980) and gy, () (Griem, 1974),
gs,,( ') (Dimitrijevié and Kr Sljanin, 1986) are denoted the corresponding Gaunt factors
for width and shift, respectively. The fa: ke = (B — Eg)/|Ej — Ey|, where B,
and Eps are the energy of the considered and its perturbing level. The sum o5 O
is different {rom zero only if perturbing levels with An #0 strongly violating the
assumed approximations exist, so that they should be taken into account separately,
and may be evaluated as

R 4o~ 3 iy (Bw < Eg), k=i,f (5)
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L E
& = ﬂ:?Rfi, [gﬂh(m) F Gsn (‘rl:"ri,'"i'“])]’ (7)
for the upper level, and
7 = TR 0 Gm) F e (T 1) ®)
F=F 'i il [gsh, m F gsn npng+1)]s

for the lower level. In egs. (7) and (8) the lower signs correspond to AEj < 0,
k=i, f.

3. RESULTS AND DISCUSSION

Energy levels for Cd III lines have been taken from Bashkin and Stoner (1975). Os-
cillator strengths have been calculated by using the method of Bates and Damgaard
(1949) and the tables of Oertel and Shomo (1968). Our results for ten Cd IIT transi-
tions, for perturber density of 1023m~3 and temperatures T = 10 000 - 300 000K will
be published in Milovanovié et al (2002).

Table 1
This Table shows Stark broadening full half-widths (FWHM) for Cd III for the elec-
tron density of 102* m~* and temperatures from 10 000 up to 300 000 K.

TRANSITION T(K) WIDTH(A)

10000 0.6119E-01

CdIIt 20000 0.4327E-01
50000 0.2736E-01

55 3D3-5p 3PP 100000 0.1939E-01

A =1874.095A 150000 0.1661E-01

300000 0.1419E-01

10000 0.4184E-01

CdIll 20000 0.2959E-01

50000 0.1871E-01

5s 3Dy-5p 3 DY 100000 0.1323E-01

A =1601.579A 150000 0.1118E-01

300000 0.9388E-02

For the first time we have provided the Stark broadening parameters for ten Cd
I transitions. We hope that the present results will be of interest in the the stellar,
laboratory, fusion and laser produced plasma investigation and modeling.
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Abstract. The presence of accretion disks around active galactic nuclei and quasars as
well as in close binaries and protoplanetary objects made of the investigation of the accre-
tion flows a question not only for astrophysics but also for theoretical hydrodynamics and
magnetohydrodynamics. In close binaries a possibility exists for one of the stars to be a
compact object and the second at the same time to be a giant, losing mass and originating
in this way accretion flow toward the compact one, but this gas has a big angular momentum
which must vanish before reaching compact object surface. Physical mechanisms for angular
momentum transfer in accretion flows in close binaries are the theme of this work. One of
the possibilities is the presence of some structures and shock fronts in the flow, where energy
exchange is very effective. Here we present the results of two kinds of numerical simulations,
showing the spiral structure formation and the vortices production separately.

1. INTRODUCTION

The accretion onto a compact stellar object is one of the most effective energy
transfer mechanisms in the Universe. Because of that the physical behavior of accre-
tion flows is of great interest for the astrophysicists. The availability of accretion disks
around active galactic nuclei and quasars as well as in close binaries and protoplan-
etary objects made the investigation of the accretion mechanisms a more common
question not only for astrophysics but also for theoretical hydrodynamics and magne-
tohydrodynamics. In close binaries with different stellar masses the evolution of both
stars runs in different time scales. This gives the possibility for one of the stars to be
in a compact object state and the second at the same time to be a giant, losing mass
and thus originating accretion flow toward the compact one. The flow can take place
through a wind or through the inner Lagrangian point. The presence of gas around
the compact object is not the unique condition for accretion. In close binaries this gas
has a big angular momentum which must  sisi before reaching compact object sur-
face (Papaloizou et. al. 1995). Physical mechanisms for angular momentum transfer
in accretion flows in close binaries are the theme of this work. There is not yet com-
mon point of view about the most important operator in that. Some of the authors
regard the flow as an axis-symmetric one and angular momentum transfer as a result
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of viscous forces. They try to include all physical processes in the alpha parameter.
Others assume that these processes are not sufficiently effective and they search for
possibilities for turbulisation of the flow. Some regard as good possibility to remove
the angular momentum with the help of hydrodynamical instabilities (Dubrule et.
al. 1992). Moreover, for some of them magnetohydrodynamical instabilities are the
unique possibility for that (Balbus et. al. 1991, Caroline et. al. 2001). An alternative
possibility is the availability of some structures and shock fronts in the flow, where en-
ergy exchange is very likely to occur. Our point of view is that spiral shock fronts are
present in the flow and there are areas with outflow, which carried away the angular
momentum. Spiral shock fronts are formed as a result of tidal forces. During the last
years there are observational evidences for that (Marales-Rueda et.al., 2002, Streeght
et.al. 1997, 1998). The vortices are other structures but more probable in the active
galactic nucleus and quasars. The origin of Rossby solitons are small perturbations
in axis-symmetric flows. But because of the large gradient of density and different
speed directions along the shocks the conditions for these vortices to occur are present
(Filipov 2000, 2001, Dimitrova et. Al. 2002). In this work we present the results of
two kinds of numerical simulations, showing the spiral structure formation and the
vortices production scparately.

2. NUMERICAL MODELS

The models are built under the assumption that the flow may be considered as
two-dimensional. For investigation of the structure and dynamics of the flow we use
our own large particle method (Dimitrova et.al 1991, Dimitrova 1997b). In thermo-
dynamical equation of the flow we include gravitational forces from both stars as
well as both gaseous and radiative pressures. We also include the viscous forces and
use full energy exchange equation. This gives the possibility to exchange the binary
system parameters, inflow gas parameters, viscous and energy exchange coefficients.
The reason for that is to be able to investigate the influence of each of them over total
dynamics and structure of the flow. The model is built for the flow through the inner
Lagrangian point, but there are no principal restrictions to adapt them for wind flow
or protoplanetary system. To find the verticals we use axis-symmetric steady state
flow and follow the cvolution of small perturbations placed in.

3. SIMULATIONS AND RESULTS

The typical view of steady state accretion flow in close binary through the inner
Lagrangian point is presented in Figs. 1 and 2.

In the first we are showing the density distribution and in the second - the velocity
is placed at point (-1, 0) in the Figures. The calculations begin with no gas in the
area and the field in steady state reached in a system. The calculations are made for a
close binary, including a neutron star and a red giant. We have shown the area around
the compact star, placed in the point (0, 0) in the Figures. The first Lagrangian point
stopped when the stream reached a steady state (no change in par ameters). Using
different binary parameters we obtained steady states with different maximal density,
but the full picture has the same general pattern.

As it is seen from the above pictures, in the accretion flow there are two spirals
with high deusity, whereby the velocity changes its direction. In arcas around the

132



PATTERN FORMATION AND ANGULAR MOMENTUM TRANSPORT IN ACCRETION FLOWS

Fig. 1: Density distribution around the compact steady state object.

Fig. 2: Velocity field around the compact steady state object.
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Fig. 3: Density distribution for perturbed flow.

points (-1, 0) and (1, 0) some amount of the gas leaves the system. This outflow takes
away some angular momentum. This is in our view the true mechanism for angular
momentum transporting away. In our previous investigations we show that the spiral
structure does not strongly depend on viscous mechanisms and inner energy trans-
fer processes (Dimitrova 1998), but the boundary conditions act on it very strongly
(Dimitrova 1999). In all cases, wherever the spirals exist, they ensure the angular
momentum transporting away. In the cases with nonstationar inflow streamn (Dim-
itrova, 1997a) the spiral structure is stable. Only the second front becomes larger. In
the places beyond each spiral we observe big density gradient and an exchange of the
velocity direction. It is an evidence for occurring of some kinds of hydrodynamical
instabilities. In our calculations we have not seen some vertical or other patterns,
typical of nonstable flow. But it can be a result of our not sufficiently small cells.
To investigate the stability of the flow we made other numerical model, using FEM-
LAB. We started from steady state axially symmnetric distribution and searched for
a solution with small perturbations (Filipov 2000, 2001, Lavelace, et. Al 1999)) In
the following Figures we show some results with different perturbation number and
initial distributions.

4. DISCUSSIONS

There is not a good enough common point of view about mechanisms, ensur-
ing angular momentum transport away and energy transfer mechanisms in accretion
flows as a whole. Most of the authors are looking for some turbulisation processes
(Papaloisou et. Al. 1995). But, if we accept the spiral shock structure of the flow,
we have no need of any kind of additional turbulisation actions. The shocks them-
selves are the place for all energy exchanges and at the same time - the condition for
occurring of instabilities. Many scientists assume that if the gravitational force from
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Fig. 4: Density and velocity distribution for m=3.
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the second star is not strong, the spiral does not exist. The latest observational data
(Streeght 1998, 1999) show the presence of such spiral flows in close binaries. There
are evidences for presence of such structures in many cataclysmic variables (Murales-
Rueda et. al. 2002). In our investigations of systems with second star of smaller
mass, the second spiral is not so clearly seen, but still exists and the velocity fields
have the same distribution (Dimitrova 1998). More than this, in some protoplanetary
disk models we see the same kind of spiral structure (Burkert et. al. 1997). Planets
or secondary stars are formed along these formats. The structure is stable in non-
stationar flows. All this means in our opinion, that the spiral structure is something
deeply intrinsic for rotating in gravitational field gas flows. It allows energy transfer
as well as conditions for instability occurrence.
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Abstract. The phase dependent spectral variability of three WR + O binary system is
discussed (WRT9, WR155 and WRA48). Three main effects are suggested to cause UV line
profile variations. The line variability is found to be due mainly to the wind eclipse effect
while the effects of the presence of wind — wind interaction region are less prominent but the
absorbing O star wind is clearly detectable. It is suggested that in WR79 and WR155 the
stagnation point is located so close to the O star surface that the front part of the O star
wind does not reach its V. In WR48 there are no wind interaction effects detectable.

1. INTRODUCTION

The determination of the properties of binary systems containing Wolf-Rayet (WR)
star and a young massive companion is complicated by the presence of WR stars
massive, radiation driven stellar winds. We can observe only the broad emission lines
with violet shifted absorption components, originating in the wind. It’s difficult to
obtain a rcliable radial velocity (RV) curve because of the asymmetries in the WR
emission lines caused by the presence of the companion. So that the determination of
the orbital parameters and the physical characteristics of the stars is uncertain. There
is also a problem with the determination of the wind structure of WR stars. The
observations show that the WR winds have more momentum than can be introduced
by a single photon scattering. If we could observationally constrain the wind structure
this could help our understanding of the WR. wind acceleration mechanism. There
is interaction between the winds of the two stars and a structure of two shock waves
and a contact discontinuity (CD) is formed (Luo et al. 1990). The resulting cone-
shaped structure can be regarded as a "hole” in the WR, wind, filled with the O-star
wind. The line profiles in the WR spectra are affected by the presence of the wind —
wind infteraction region (WWIR). The purpose of this paper is to find out if WWIR
presence has the predicted effects on the spectrinm of three WR+O binary systems
(WR79, WR152 and WR48). The model predicted line profile variations are discussed
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Fig. 1: Left: Line profile variations due to the wind eclipse effect for i = 40°. Bottom
- phase 0.0 next 4 0.12 to top 0.48. Right: The expected behavior of the blue wing
of the absorption component at level 0.8 of the continuum.

in section 2. The results and discussion are given in section 3.
2. PREDICTED LINE PROFILE VARIATIONS

2. 1. ABOUT THE MODEL

The calculation of the source functions is made under the assumption that the two
winds are spherically symmetric and independent. The formal solution accounts for
the deformation of the winds by the presence of the WWIR and the radiative interac-
tion. The velocity fields of both winds are assumed to obey the standard 3-law. The
continuum opacity is grey and proportional to the electron density. The radiation
ficld is calculated using local approximated A operator (Olson et al. 1986). The line
source function is calculated in Sobolev approximation. The CD surface is calenlated
following Stevens at al. (1992). T'he flux is obtained using Monte Carlo integration of
the emergent intensity along the system in direction to the observer. There are three
main effects that cause line profile variations in WR + O binary systems.

2. 2. MAIN EFFECTS
1. Wind eclipse: This effect is due to the presence of the WR stars wind only! Let
us assume for a moment that the O star has no wind. During its orbital motion the
disk of the O star is eclipsed by different parts of the WR star wind. The WR wind
absorbs the O star continuum much more intensively in its line frequencies than in its
continuum. So a in a line originating in the WR wind appears additional absorption
that widens with the O star motion to the hack side of the WR star because of the
larger velocity range of the WR wind projected on its disk. (See I'ig. 1 left pannel)
2. "Hole” in the WR wind: Let the O star wind he transparent in the line
frequencies. Then there is a hole in the WR wind surrounding the O star and changing
its position towards the observer in the orbital motion. Hence at phase 0 (O star in
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Table 1: Orbital elements

Star SpClass P(days) i(°) Refl.

WRT79 WC7+405-8V 8.8908 44 Seggewiss (1974)
WRI155 WN6+09II-Ib 1.6412 65 Walker et al. (1983)
WRA48 | WC6+09.5/B0la)  18.341 ~  Moffat & Seggewiss (1977)

front) the hole "cuts off” the maximal negative velocities of the PCyg absorption.
Passing at back it cuts parts of the WR wind with greater velocities but there the
effect is hardly detected.

3. Absorbing O star wind: This effect is due to the O star wind opaque in the
considered line. The cone shaped volume around the O star absorbs at the line
frequencies and if its terminal velocity is greater than that of the WR wind, an
additional violet absorption should occur at velocities equal to the O star V. If the
O star wind is evacuated from the front part of the WWIR the additional high velocity
absorption occurs at phase 0, and then the blue wing of the absorption decreases its
velocity. (Fig.1 right)

3. RESULTS AND DISCUSSION

The orbital parameters of the regarded systems are given in Table 1.

The phases are calculated so that ph = 0.0 is the passage of the O star in front
of the WR star. Our study of the systems is based on the 21 (WRT9), 13 (WR155),
17 (WR48) IUE high dispersion spectra in the wavelength region 1200, 1990 A. The
spectra where processed usiug IDL package. The spectra were rebiuned to have
uniform dispersion, and the normalization to the continuum was made in the regarded
spectral lines. Our measurements of the WR radial velocity confirm the 8.8908d period
obtained by the other authors for WR79, but the semi-amplitude of our RV curve is
significantly lower. This could be a result of the different method of determination of
RV. Seggewiss at al. and Lurs at all. (1997 ) make measurements of the radial velocity
using the center of broad emission lines in the optical wavelengths. Our measurements
are of the center of the blue shifted PCyg absorption of the C'I11 ] M1909A line. The
effect of wind eclipse introduces great asymmetries in the line profiles of optically thick
lines, which could make emission line center deviations from the laboratory wavelength
inappropriate for measuring the radial velocities of the star. The CIII] A1909A line
used for our measurements is optically thin so the wind eclipse should not affect its
form. For WR155 we obtain an RV curve in good agreement with the published
period. For WR48 there has not been obtained a reliable RV curve.

We use the 3 emission lines of the WR star spectrumn to compare the predicted
line profile variations with the ohservations. . .

1. The resonance doublets SiIV AA1393,1402A and CIV AA1548,1550A should
show the wind eclipse. Also the absorbing O star wind effect should be seen if present,
because the doublets originate in both winds. The wind eclipse effect is clearly oh-
servable in our data for WR79 and WR155. In Fig. 2 (left) there are shown the
blue wing velocities of the considered emission lines for WR79. The behavior of SiIV
doublet in WR155 is similar. The line shows phase dependent variations predicted to
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Fig. 2: WRT79 blue wing of the SiIV AX1393,1402A (left), and CTV AN1548, 1550A
(right) emission line

occur if the wind eclipse effect is present. The maximally affected by the wind eclipse
velocities in WRT79 are about 1600 km/s which if we assume V,, = 2270km/s gives
45° for the inclination angle. This is in good agreement with the value obtained by
St. Louis in pollarimetric study. In the spectra of WR48 there is 1o phase dependent
variability of the blue wing of the emission lines, so there is no wind eclipse effect
observable in this system. The lack of this effect is supporting the suggestion of St.
Louis et al. (1987), that the O star companion of WR48 does not participate in the
orbit.

In Fig. 3 is shown the behavior of the blue wing of the absorption component of
SiIV A1393A measured at level 0.8 of the continuum.

The phase dependent variability is clearly visible for both WR79 and WR155.
Such a behavior could be expected if the absorption line in the O star wind is formed
in a region deformed by the CD surface so that the absorption in the O wind occurs
only at phases close to 0.0 when the unperturbated O wind is directed towards the
observer. In the front part of the WWIR the line does not originate so the high
velocity blue wing gradually disappears towards phase 0.5. In the WR48 spectra stuch
effect is not detectable.

2. The line CIII] A1909A is chosen because it is assumed not to occur in the 0
star wind, so we can test if the presence of non absorbing "hole” in the WR wind
could be seen in this system. (For WC stars only). The line is collisionally existing so
the wind eclipse effect should not be present. The emission line profile does not, show
significant variations. Thus it is not affected by the wind cclipse effect and could be
used for radial velocity determination. The other effect expected to contribute to the
CIII] variability ~ hole” in the WR wind ~ is not present or not detectable in WRTY.
The blue wing of the absorption component remains at constant velocities with 40
km/s dispersion which is within the error limits.

If the "hole” effect is absent, it means that at phase 0 (O star in front) the cone
shaped WWIR does not disturb the minimal radial velocities. Hence, knowing the
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Fig. 3: WRT9 blue wing of the SiIV A1393A absorption line at level 0.8. Left: WRT9.
Right: WR155

inclination of the system to be i = 45°, we can conclude that the half opening angle
of the cone should be less than 45°.

We can conclude that the main effect which causes phase dependent line profile
variations of WR79 and WR155 spectral lines is the wind eclipse. The contribution
of the presence of a “hole” in the case of transparent O star wind is not detectable in
this binary systems. In both systems the absorption from the O star wind is clearly
detected, which allows us to use this effect for determination of O star wind properties.
In the WRA4S spectra there are not any of discussed effects detectable. It confirms the
suggestion that the WR and the O star do not orbit around each other.
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Abstract. Differential color functions are established for revealing the apparent color in-
dexes of the sequences of OB stars, blue He burning stars and red He burning stars as raw
extinction estimators. The standard error of the extinction estimation seems to be 0.2 mag
and this method may be useful for galaxies observed through the Milky Way. Examples of
the estimation of the total extinction of the resolved stellar populations of the galaxies NGC
3109, NGC 2366, NGC 4449 and Ho IX are shown.

1. INTRODUCTION

The color-magnitude diagram (CMD) of the resolved stars in a late type galaxy
contains a mix of stellar populations. Usually the top part of the CMD consists of blue
and red plume stars (BPS, RPS), containing the brightest blue and red supergiants
(BBS, BRS). These stars, with absolute magnitudes from -7 to -9 and -6 to -8,
respectively, are used as distance indicators so far. However, usually the apparent
BBS are not single stars and the apparent BRS may be Milky Way dwarfs, which
could cause misleading results in the distance estimations. Moreover, the number of
the used BBS and BRS is usually only 3 and the mean color indexes of these stars
are poorly defined.

More information about extinction, metallicity and star formation may be ob-
tained from statistical study of the bright blue and red stars, e.g. by means of the
color and luminosity functions of the blue and red plume of the CMD, blue-to-red
supergiant ratio, etc. This approach seems to be efficient in the case of dwarf starform-
ing galaxies rather than of giant ones. The reason for this is that the dwarf irregular
galaxies usually have young stellar population with uniform metallicity, which is a
result of one episode of global star formation.

In principle, the majority of the BPS and RPS belong to the nearby part of the
studied galaxy and therefore they are weakly influenced by the internal extinction.
The mean color indexes of BPS are practically metallicity independent and they may
be used as raw extinction indicator. The color indexes of the RPS are metallicity
dependent - when the metallicity grows the color indexes become more red. So. if
the extinction is already estimated, the RPS may be used as metallicity indicator. In
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principle, if the metallicity is known, the RPS may be used as extinction indicator,
too. However, the mean color indexes of the BPS and RPS are poorly defined.

There are three interesting sequences of stars with absolute magnitudes from —4
to -6 on the CMD: (i) the main sequence OB stars (OBS), (ii) the blue He burning
stars (BHS, blue loop stars) and (iii) the red He burning stars (RHS, red loop stars).
The brightest parts of the first two of these sequences have blue colors. Such colors
are rare for the foreground Milky Way stars and the contamination from the Milky
Way may be considered negligible.

The OBS and BIIS have almost vertical displacement on the CMDs, with narrow
intervals of color indexes (~ 0.2) and they may be used for extinction estimation. The
color indexes of the RHS are intermediate, worse defined and metallicity dependent.
These color indexes correspond to the most typical Milky Way stars - red dwarts.
In principle, when the Milky Way contamination may be concidered negligible, RHS
may be used, too. Moreover, when the Milky Way extinction is high (e.g. > 1 mag),
the color indexes of the RHS become more red. Then the apparent RHS occur in the
zone of the very red dwarfs, which are more rare objects and the bump of the RHS
seems to be detectable.

The spike of the red giant stars (RGS, red giant branch stars) is another important
formation on the CMD, which is used more efficiently as distance and metallicity
indicator in the last ten years. However, the absolute magnitudes of the RGS are <
- 2.5 mag (<-4 mag in I band) and their use needs significantly deeper observations.

In the present paper we discuss the mean colors and the revealing of the reddening
of the OBS, BHS and RHS on the CMDs for their use as extinction indicators.

2. THE MEAN COLOR INDEXES OF
THE CHOSEN STELLAR SEQUENCES

The main sequence of the OBS forms a well pronounced vertical strip with higher
concentrations of stars on the blue part of the CMD. Comparing data from many
sources (Schmidt-Kaler 1965; Flower 1977; Humphryes 1978; Straizys 1977, 1987;
Drilling and Landolt 2000) we adopt the mean true color index for these stars to be
(B=V)y = (V =1I)y = —0.3, within estimated uncertainty of 0.05.

Detailed CMDs from HST and model investigations show that in the case when
continuous star formation process had taken place from 10-15 Gyr ago, the stellar
content is prominent also by well-pronounced blue loop, containing BHS. We analyzed
the CMDs given in numerous papers, mainly based on HST observations, e.g. Dohm-
Palmer et al. (1997) for Sextans A, Gallagher et al. (1998) for Pegasus, Dohin-Palmer
et al. (1998) for GR 8, Lynds et al. (1998) for UGC 6456, Tolstoy et al. (1998) for
Leo A, etc., as well as the simulated CMDs of Aparicio et al. (1997) and Tolstoy
et al. (1998). For the brightest of the BHS we adopt all mean color indexes to be
(B=V)o=(V —=1TI)p = 0.0 with estimated uncertainty of 0.05.

In the mentioned papers we see also prominent branches of the RHS, consisting of
G5-K5 supergiants, with absolute magnitudes up to about -6 mag. The RHS form
on the CMDs a vertical column, like the columns of the BHS. The color indexes of
these stars are metallicity dependent and thay may be used for exiinction estimation
if the metallicity is known. Here we adopt raw mean color iudexes for the RHS, in
the case of low metallicity, to be (B —V)y =1 and (V — I)y = 1.2, within estimated
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Table 1: Adopted mean color indexes for the discussed supergiant stars

Stars (B=V)o | (V=R)y | (B=R)o | (V—=1I) | uncert-
ainty
Main sequence OB stars -0.3 -0.1 -0.4 -0.3 0.05
Blue He burning stars 0 0 0 0 0.05
Red He burning stars 1.0 0.5 1.5 1.2 0.1
Plume of BSS -0.1 -0.05 -0.15 -0.1 0.1
Plume of RSS 1.5 0.7 2.2 1.7 0.2

uncertainty about 0.1. After respective callibration, the RHS may be raw metallicity
indicators.

The color indexes of OBS stars and BHS are similar and they could hardly be dis-
tinguished from ground observations, when they merge together. The same problem
appears in the HST observations of more distant galaxies. For such cases we must
adopt also mean color indexes for the BPS for very raw extinction estimations. This
is a more complicated task. Let us compare the luminosities of the components of
the BPP. In galaxies with continuous long star forming process the BHS stars may
be more than the OBS. We must account also for the possible presence of rare BBS.
These stars are observed more frequently in cases of star formation of massive stars.
The concentrations of the different components in the BSP are previously not known
and we can not recognize them. So, we may adopt an arbitrary mean value for the
color index. Here we adopt mean values for OBS and BHS stars, giving to the BHS
twice greater weight. Then the mean color indexes for the brightest part of the BPS,
containing the BSB, are (B — V) = (V — I)p = —0.1, within estimated uncertainty
of about 0.1.

In rare cases, if the population of the BRSs is sufficiently rich, the CMD shows
prominant RPS. The mean color indexes of these stars are the most poorly defined
among the considered types of stars and they are metallicity dependent. Looking at
the CMDs in the mentioned papers, we can see some BRS, but they do not form
significant concentration. These rare stars are situated arbitrarily above and to the
right from the spike of the RGS. For the cases of well-pronounced RPS, in conditions
of low metallicity, we adopt the main color indexes (B—V)p = 1.5 and (V —1I)o = 1.7,
within possible uncertainty of about 0.2. Probably, the brightest RPS may be used
also as very raw metallicity indicator.

The adopted mean color indexes for the discussed bright stars, useful for reddening
estimations, are given in Table 1.

For calculating the extinctions and the color excesses in different bands of the
BV RI system we use relations, adopted from the paper of Fitzpatrick (1999):

Ay = 0.76Ap, A; =0.3843,
Ep_yv = 0.24Ap,

Ep_p= 0.43Ap,

AR . 0571‘1]3,
Eyv_p=019A3;,
By ;= 03845

Using the estimated uncertainities of the mean color indexes in Table 1, we may
ostimate the errors of the extinction derivations. In the case of excess error of 0.05
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Table 2: Data on the galaxies and extinction estimations

Galaxy |Ap(PGC) V-intervals R- or I-intervals | Ap(T) |04, m)
NGC 3109 0.41 17.7-20.0-21.5 | 19.6 - 21.0-22.0 | 0.83 0.11
NGC 2366 0.41 18.2-21.0-23.0 | 19.6 - 21.0-22.0 | 0.95 0.25
NGC 4449 0.26 17.0-204-23.0 | 17.0-20.6-225| 048 0.10
Ho IX 0.32 19.0-21.8-234 | 196-21.4-228| 0.55 0.32

S A e

and 0.1 mag the extinction errors belong to the intervals from 0.12 mag (for B — R)
up to 0.26 mag (for V — R) as well as from 0.23 (for B — R) up to 0.52 mag (for
V — R). We consider the mean estimated error of the method as 0.2.

3. RESULTS

The OBS, HBS and RBS sequences appear as vertical strips of higher concentrations
stars on the CMDs. Therefore, they may be recognized as local maximums in the
differential distributions of the stars along the color index range. We call such kind of
stellar distributions color functions (CFs). Our experience shows that two magnitude
intervals. including the brightest resolved objects and the interemediate ones, are
enough for revealing the local maximums of the CFs, which may be used as detectors
of the mean colors of OB, HBC and RBC stars.

We set up smoothed CFs using published CMDs from ground based observations
for four star forming dwarf galaxies: NGC 3109 (Greggio et al. 1993), NGC 2366
(Aparicio et al. 1995), NGC 449 (Karachentsev & Drozdovski 1998) and Ho IX
(Georgiev & Bomans 2002). The data for three of these galaxies are obtained in
the BV R system and in the case of NGC 4449 the system is BVI. The CFs are
presented in Fig.1. Interpreting the local maximums of the CFs as regions of higher
concentration of OBS, BHS or RHS, we derive the extinction estimations and their
errors from 3-5 individual estimations of the color excesses, using the color data for
OB, BH and (sometimes) RHS.

The data are listed in Table 2, where Ag(PGC) is the estimation of the Milky Way
extinction in the B band, adopted from the catalog PGC. The magnitude intervals
of two CFs (plotted in Fig.1) arc given in V and R (or I) bands by mecans of three
magnitudes: the top limit of the first interval, the intermediate magnitude (that
is bottom limit of the first interval and the top limit of the second interval) and the
bottom limit of the second interval. Further Az(T), 0.4 »(T) and N are the estimations
of the mean total extinctions (foreground and internal) toward the resolved stellar
population, its standard error and the number of the individual estimations.

Table 2 shows that owr total extinction estimations are significantly higher than
the foreground extinction. given in the PGC. The reason for this is that the galaxies
in our sample have high amount of gass and dust. Ho IX is the smallest galaxy in
the sample with a shortage of bright stars. For this reason its color functions are too
complicated and the total extinction to Ho IX appears worse siofined.
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Fig. 1: Differential distributions of the stellar colors (color functions, CFs) on the
CMDs, established with color index step 0.05 in two magnitude intervals for each
color system. The intervals are given in Table 2. The solid curves correspond to the
V band and the dashed - to the R band (for NGC 4449 ~ to the I band). The vertical
lines (solid and dashed, respectively) show the adopted true mean color indexes of
the unreddened sequences of OB stars, blue He burning and red He burning stars in
V and R (or I) bands, given in Table 1. The well pronounced local maximums of the
CFs are interpreted as counterparts to the corresponding sequences of bright stars
and their shifts to the right are used for extinction estimations.

4. CONCLUSIONS

In this paper we check the possibility to estimate the total extinction to the resolved
stellar population of dwarf galaxies using the sequences of OBS, BHS and (uncer-
tainly) RHS. This approach may be useful in the cases of large foreground extinction,
as in the case of the galaxies belonging to 1C 342/Maffei complex. The accuracy of
the presented method for extinction estimation is ~ 0.2 mag. For small galaxies, like
Ho IX, the accnaracy of the method is lower.
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Abstract. HyperLeda (Hyper-Linked Extragalactic Databases and Archives) is aimed
to study the evolution of galaxics, their kinematics and stellar populations and the structure
of Local Universe. HyperLeda is involved in catalogue and software production, data-mining
and massive data processing. The products are serviced to the community through web
mirrors. The development of HyperLeda is distributed between different sites and is based
on the background experience of the LEDA and Hypercat databases. The HyperLeda project
is focused both on the European 14 stro colaboration and as a unique database for studies
of the physics of the extragalactic objects.

1. INTRODUCTION

Most of the data from ground-based observatories, and virtually all data from obser-
vatories in space, are now carefully collected and preserved for posterity. The volume
of data available in the archives is exploding exponentially. Modern ground-based
telescopes like the VLT are able to produce around 10 Tb/year whereas the space
missions typically produce 10-100 Th. Besides the quantity, the quality of the data
description also improves drastically. Most of these archives are at least partly acces-
sible on-line, but the great diversity of user-interfaces and data management systems
limit their use, and attempting to use information from two or more archives together
can be exceedingly difficult.

Many people have realized that some form of integrated access is desirable, and
that, if powertul data mining facilities were also provided, the scientific gains could
be enormous. The name given to this vision is "The Virtual Observatory” (VO). It
is worth emphasizing just a couple of positive factors for VO:
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* Moore’s Law is on our side: computer power, memory size, and disc capacity
still seem to be doubling every 18 months.

* Astronomical institutions throughout the world seem extremely willing to col-
laborate with each other, and to make their services freely available.

Thus a number of collaborations have been formed in support of this aim, and
among these is COST 283 or 1A stro (http://www.iAstro.org, see Murtagh et al.,
2002) which was reported earlier at this meeting (Golev et al., 2002). The HyperLeda
project is supposed to play both an important role in 1A stro collaboration and as a
unique database for studies of the physics of the extragalactic objects.

2. Objectives of HyperLeda

The HyperLeda project is driven by two astronomical objectives (Prugniel et al.,
2002): the study of

e the distribution of galaxies in the Local Universe (distance scale, luminosity
function, environment), and

e the evolution of the stellar populations in nearby galaxies.

The principal need for these projects is an access to multi-parametric whole sky
samples with extended documentation of the biases.

HyperLeda is based on the background experience of two databases, available
through the web: LEDA (see http://leda.univ-1yoni. fr), containing homogenized
information for nearly three million galaxies, and HYPERCAT (http://wwu-obs.
univ-lyonl.fr/hypercat). :

The scientific goals are the study of the evolution of galaxies and their environ-
ments, their kinematics, stellar population, and nuclear activity, determination of
distances and the structure of the Local Universe. The project is focused on the
nearby universe. considering it as the reference to investigate the cosmic evolution.
Evolutionary studies will be based both on the use of archived data and on the new ob-
servations that can be achieved within reasonable amount of telescope time (Prugniel
et al., 2001).

IyperLeda develops and maintains a set of tools related to data-mining, massive
data processing, data gathering (mainly from published literature and catalogues)
homogenization of information and its distribution through web. HyperLeda will
allow the external nser an access to high quality catalogues, and specialized pipeline to
customize the paramcterization. Web interfaces from several different sites (mirrors)
provide the fastest access to anywhere. Besides the reference data, taken from the
astronomical literature and data centers, HyperLeda will make it possible to extract
the astronomical information from archives such as DENIS for example.
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Fig. 1: Information flows in HyperLeda

3. HyperLeda features

HyperLeda implies a collaboration between CRAL Observatoire Astronomique de
Lyon, Observatoire de Paris (GEPI), Astronomical Observatory of St. Kliment Okhrid-
ski University of Sofia and Sternberg Astronomical Institute at Moscow State Uni-
versity. Solutions proposed by HyperLeda consist in:

1) Producing 'raw’ parameters catalogues compiled from the literature.

(

(2) Homogenizing these parameters.

(3) Offering on-the-fly functionality to process the data.
(

4) Distributing the data through the WEB.

Information flows in the HyperLeda project are shown in Fig. 1. For the different
parameters of interest in the frame of our scientific objective we are collecting data
from the literature. Each parameter, or group of parameters, is maintained indepen-
dently by the astronomers contributing to the project. The literature is systematically
searched and relevant measurements are converted into an uniform format (eg. by
converting the units). These catalogues are automatically asynchronously gathered in
the data-flow control center and are checked for consistency. In particular, designation
of the galaxies is controlled and eross-identified.

The raw parameters, together with a parameterized description of the measure-
ments in each dataset (series of measurements), are publicly distributed. The raw
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catalogues are used to produce the LEDA catalogue containing homogenized paran-
eters. Homogenization consists first in applying astronomical recipes to set all the
measurements in a common system. For example, original photometry is converted
into Johnson-Cousins, central velocity dispersions are corrected to a standard aper-
ture, and so on. Then, a statistical analysis allows to rescale and combine the different
datasets in order to produce an homogeneous description of each galaxy.

The LEDA catalogue contains 3 million of objects, 1 million of them are of con-
firmed nature (mostly galaxies). 250 000 measurements of ¢z, 3 million fluxes, di-
ameters and position angles, 225 000 morphological types and several less frequent.
parameters, as for example 7200 central velocity dispersion measurements or 2000
kinematical profiles.

HyperLeda provides also access to the pixels of the DENIS survey and remote
access to other surveys, offers online tools to compute evolutive synthetic spectra
of stellar populations (PEGASE) and contains an archive of reference data in FITS
format. These resources can be injected in the on-the fly analysis pipcline.

The possibility to process the data on the fly is an important feature of HyperLeda.
One of the purposes may be for example to re-normalize a central velocity dispersion in
a fiducial or metric aperture. HyperLeda also offers a FITS archive (vet in Hypercat)
fed with reference data (images and spectra) intended for calibration, modelling and
simulation. The processing pipeline attached to the FITS archive allows to customize
the extraction of the data (e.g. shift in wavelength, resample or measure line strength
indices).

For example, the pipeline editor command

hitp://astro.uni-sofia.hg/hypercat/fG.cgi?n=1 1&z=p&c=i&o=fa:LH ELODIE/00081

will get as a result the science observation of HD019445 - extracted scan spectrum of
exposure 3600 s. Archived data were flat-field corrected | wavelength resampled and
flux calibrated above atmosphere.

In the future we will develop the possibility to customize the recipes of data
homogenization (ie. give the user the possibility to define his own parameterization)
and weighting of individual datasets. The main goal is to make HyperLeda services
widely available and easily accessible (possibly) in the framework of some of the
ongoing big VO projects.
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Abstract. Radial velocities have been determined for a sample of 22 stars of B2-B9 type
situated towards the Galactic anti-center. The observations were carried out with the Coudé
spectrograph of the 2m RCC telescope at Rozhen NAO in 2000-2001. This research is a part
of an initial program aimed at studying the spiral structure of the Milky Way galaxy.

1. BACKGROUND

The spiral structure of distant galaxies can be traced by the distribution of young
bright stars and emission line nebulae, the distribution of atomic and molecular gas,
the spatial location of dust matter, as well as via pulsar radio emission. Unfortunately,
the spiral pattern of our own Galaxy is much less obvious due to our obscured view
from within the Galactic dusty disk.

The observed large-scale spiral features can in many cases be explained in frames
of the density wave theory (Lin & Shu 1964) by regarding the arms as density per-
turbations in the galaxy disk. One of the main parameters in this theory is the arm
gravitational potential, as far as it determines the strength and location of the density
wave. In galactocentric polar coordinates (R, 6) the potential V; of the main two-fold
spiral at time ¢ can be presented with

Vi(R,0,t) = Acos[?lggt—(i—fz—/(g(a—) —2(0 — 6 — tS2p)], (1)

where €, is the pattern angular speed, and 6, defines the phase at the solar radius R,
at t = 0. The spiral is assumed to be logarithmic with pitch angle ¢, and amplitude A
(Grosbol 1997).

Spatial distribution of young Galactic OB-stars show clear evidence that they are
in spiral arms (Drimmel et al. 1999), therefore their exact location can in principle
be used to determine the parameters of the density wave. However the direct obser-
vations of density perturbations associated with the spiral arms are difficult due to
a correlation hetween extinction and population effects in these regions (Groshol &
Patsis 1998).
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B-stars are relatively bright and that makes them ones of the most suitable op-
tical tracers of the Milky Way spiral pattern. Late B5-B9 stars have well calibrated
photometric properties hence their photometric distances can be derived accurately
even in a field with a significant interstellar extinction. By means of spectroscopic
observations their radial velocities can be derived and the velocity field can be con-
structed. Stars in the directions towards the Galactic center and anti-center are a
special case. If their effective temperatures are determined from the photometry one
can study the relation between radial velocity and age of stars as a function of the
distance.

This paper is based on observations collected at the National Astronomical Ob-
servatory of Bulgaria. We present 24 CCD spectra of 22 B-stars located in an area of
10x10 square degrees around the direction to the Galactic anti-center. Radial veloc-
ities have been derived. The results are listed in Table 1, and the spectra obtained
are plotted in Fig. 1.

2. OBSERVATIONS AND DATA REDUCTION

The observational program was carried out with the 2-m RRC telescope of Rozhen
NAO during 13 nights from November 2000 to February 2001. The observations were
obtained using a Coudé spectrograph equipped with a SITe 1024x1024 CCD. The
dispersion was 8.3 Amm™!. The characteristics of the spectrograph are described in
details in Kolev & Tomov (1996). The CCD-spectra were obtained in the spectral
region A 4810-5030 A. A Th-Ar lamp was used for the wavelength calibration. A-
total of 24 spectra with exposures of 15 min each were obtained. The mean S/N ratio
was about 100. Two reference stars were observed for the radial velocity zero-point
determination.

All data reductions (bias subtraction, flat-field correction, wavelength calibration,
continuum normalization, Earth motion corrections), as well as the line position de-
termination were done with the ESO-MIDAS system.

As a reference for the line identification synthetic spectra were used. The syn-
thetic spectrum for each of the studied stars was generated under the SYNTH-code
(Piskunov 1992). The adopted atmospheric parameters were derived from the pub-
lished Stromgren uvby@ photometry (Hauck & Mermilliod 1998). The laboratory
wavelengths were taken from the VALD-database (Piskunov et al. 1995).

In order to measure the line position each identified spectral feature was fitted
with a Gaussian profile.

3. DISCUSSION OF THE RESULTS

Radial velocities have been determined for a sample of 22 B2-B9 stars by using the
classical method of individual measurements of spectral lines. The heliocentric cor-
rections were applied. The mean redial velocities were derived for Fe 11, S II, Cr II
lines. The zero-point was determined from IAU standards for each night, when the
reference stars were observed.

The main characteristics and results for the program stars are summarized in
Table 1. The stars are presented with their HD-identifiers. #:iparent magnitudes
my, spectral types, as well as the remarks about multiplicity and peculiarity are
taken from the SIMBAD database. The effective temperature 7.4 and the surface
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Table 1: Characteristics and results for the program stars.

Star my Sp. type Ter logg | Comments V. o n
[mag] [°K] [km/s]

HD 34761 8.5 B8 9600 4.0 | - -18.8 36 | 4
HD 34762 6.3 BIIV 16000 | 3.3 | SB 25.7 30 | 3
HD 35132 8.3 B9 - - EB, 3 Lyr-type 30.5 2.4 | ¢
HD 35239 5.9 BOIIT 11000 | 3.2 | - -9.3 - 1
HD 35600 5.7 B9Ib 11000 | 1.9 | - 0.2 1.0 | 5
HD 37098 5.6 BIIV-V 11000 | 4.5 | double/mmltiple | 37.7 78 | 5

39.3 13319
HD 37367 5.9 B2IV-V 9000 4.3 | variable 23.1 45 | 5
HD 37519 5.9 B9.5ITI-IV | 9000 36 | p -6.6 13.7 | 3

-8.8 58 | 3
HD 38009 8.1 B9 10000 4.0 - -28.5 20 | 4
HD 38062 8.5 B9 - - - -6.1 115 | 4
HD 38306 T.T B9 - - double star 16.7 - il
HD 38450 8.0 B9 10000 | 3.8 | - 74 64 | 4
HD 38909 8.3 B3II-111 11000 | 4.3 | - 28.1 24 | 4
HD 39939 8.1 B9 - - - -23.1 | 135 | 4
HD 40163 | 8.2 | B9 - - double/multiple | -57.8 | 9.8 | 3
HD 40589 6.0 BIlab 12000 | 1.8 | double system 14.1 1.1 | 6
HD 40996 7.3 B9 9000 35 | - 21.1 35 | 4
HD 41251 8.5 B9 - - variable -6.3 12 | 6
HD 41269 6.1 B9 11000 | 3.5 | - 8.8 52 | 8
HD 41600 | 7.0 | B9 - - double/multiple | -31.5 29 |5
HD 41638 7.8 B9 - - - 4.2 37 | 5
HD 41639 8.4 B9 - - - 27.2 - 1

gravity log g, used for the synthetic spectra generation, are given in the fourth and
fifth columns. The last three columns present the determined radial velocities V. with
their rms ¢ and the nuinber n of the lines used for the radial velocities measurement.
Obtained spectra are plotted in Fig. 1.

Main difficulties in determining the B-stars radial velocities come from the small
number of the prominent lines. The obtained precision depends on the projected
rotational velocity vsini and the number of the lines measured. Inaccuracies came
generally from the binaries/multiples and the possible peculiarities of the star.

Except for HD 37098 and HD 37519 the observations were performed only once.
The results for these two stars show an accuracy sufficient for our purposes. An
improvement of the precision can be obtained by using a cross-correlation method
with synthetic spectra (see eg. Grenier et al. 1999).

Here we report the preliminary results for radial velocities of 22 B-stars situated in
the direction to the Galactic anti-center. A total of 24 stellar spectra were examined.
The observations were collected in a spectral region around Hg. In order to improve
the statistics of the mean radial velocity obtained, we intend to extend our studies
in other spectral regions. The present work is a part of an initial program aimed at
studying the spiral structure of our Galaxy.
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Fig. 1: Plot of the normalized spectra of the studied 22 B2-B9 stars. The identified
spectral features of the Hg-line, as well as of the lines of Fe 1T, S II and Cr II ions are
shown. The spectra are ordered with respect to the increasing of their HD-identifiers.
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ESTIMATED NUMBER OF FIELD STARS TOWARDS THE
LOCAL GROUP GALAXY IC10: MODELS AND OBSERVATIONS

R. G. KURTEV
Department of Astronomy, Sofia University, James
Bourchier Ave. 5, BG-1164 Sofia. Bulgaria
E-mail kurtev@phys.uni-sofia.bg

Abstract. lt is very important to know the distribution in magnitude and color of the field
stars from the Galaxy towards the different extragalactic objects. In this work are compared
real photometrical data with the model predictions. The observational B — V, V' color-
magnitude diagram for the area of 5.6 X 5.6 arcmin situated 30 arcmin north of the center of
the galaxy IC 10 is compared with synthetic color-magnitude diagrams based on the model of
the Milky Way galaxy (Robin & Creze 1986). Model with appropriated reddening Ay = 1.2
mag/kpc describes in the best way the observations. Despite the relatively good result there
is about 20% more model stars. This is a significant difference when we talk about the
luminosity function or IMF for instance. In these cases we have to get “a comparison field”
near to the object of research.

1. INTRODUCTION

It is very important to know the distribution in magnitude and color of the field stars
from our Galaxy towards the star clusters or the resolved Local Group Galaxies with
low galactic latitudes. It is obviously necessary to check the level of field star contam-
ination before discussing the detailed structure of the color-magnitude diagrams and
the stellar content of the stellar systems. The purpose of this work is to compare real
data (“CCD comparison field”) on the distribution in color and in apparent magni-
tude with the model predictions (Robin & Creze 1986). The chosen area is near to
the Local Group Galaxy IC10 (30 arcmin north of the galaxy center) and situated
very close to the galactic plane (b = —3.34°, [ = 118.97°) and the foreground contam-
ination is significant. This model can be used for simulations of the galactic stellar
populations in any directions in photometric bands from U to K as well as radial
velocity and proper motion distributions. It may help for preparing observations, for
evaluating the galactic stellar contamination in extragalactic studies or in star cluster
fields.

2. OBSERVATIONS AND DATA REDUCTION

A set of BV frames of the area around the Local Group Galaxy IC 10 was obtained
with CCD Photometrics camera attached to the 2-m Ritchey-Chretien telescope of the
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Fig. 1: a) Synthetic (B — V, V) color-magnitude diagram obtained for the Model 1
(Av = L.lmag/kpc; b) for the Model 2 (Ay = 1.2mag/kpc.; ¢) Observed (B-V,V)
color-magnitude diagram obtained for the area around the galaxy IC10. Only stars
with photometric errors larger than 0.15 mag in both filters are plotted.

Bulgarian National Astronomical Observatory "Rozhen” on 15/16 September 1999.
The exposure time of the images was 900 sec. The observing area was 5.6' x 5.6'.
The seeing during these observations was excellent for Rozhen: 1.2” with stable and
very good photometric conditions. The IRAF data reduction package was used to
carry out the basic image reductions and the flat field correction. The Landolt (1992)
standards PG0231 and PG2213 were taken before and after the observations. The
transformation equations to the standard Johnson BV system are:

1% 1.013v 4 0.139(B — V) — 0.345X — 1.866
B-V = 1.028(b—v)—0.203X — 0.308

where b, v are instrumental magnitudes, B,V are the standard ones and X is the
airmass.

The stellar photometry of the frames was performed with the point-spread func-
tion fitting routine ALLSTAR available in DAOPHOT (Stetson 1993). The final
photometry list contains 429 stars. The zero-point errors of the transformations to
the standard BV system are 0.04 mag.

3. RESULTS

In the model predictions a mean diffuse extinction of 0.7 mag/kpc in V band is
recommended for intermediate and high latitude fields. It may be modified. Because
of the very low galactic latitude of the observed field this default value does not
lead to a reliable result. Five different values of Ay have been used as model input
parameters — 0.8,0.9,1.0,1.1 and 1.2 mag/kpe. The best coincidence of the model
and the observations is at Ay = 1.1 mag/kpc and Ay = 1.2 mag/kpc. We will
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Fig. 2: Comparison between Model 1 (thick line) and observations (dashed line) within
intervals by V: a) 16.5 — 17.5; b) 17.5 — 18.5; ¢) 18.5 — 19.5; d) 19.5 — 20.5

call the models with these extinctions Model 1 and Model 2 respectively. The output
star list of Model 1 contains 480 stars within the intervals 14.0 < V < 21.5 and
03 < B-=V < 20. In Model2 the stars are 396 within 15.0 < V < 21.0 and
05<B-V <20.

Color-magnitude diagram (CMD) of Model 1 is given in Fig. 1la, CMD of Model 2
in Fig. 1b and observed CMD in Fig. lc.
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Fig. 3: Comparison between Model 2 (thick line) and observations (dashed line) within
intervals by V: a) 16.5 — 17.5; b) 17.5 — 18.5; ¢) 18.5 — 19.5; d) 19.5 — 20.5

Star counts are made in the intervals 16.5 < V < 205 and 06 < B-V < 1.8

because most of the stars are there. The sample is to be complete to, at least,
V = 21.0. Within these new boundaries there are 423 stars in Model 1, 353 stars in

161



R. G. KURTEV

Model2 and 276 stars in the observed area. The data are bined by magnitude and
color. Magnitude bin is 1 mag and color bin is 0.2 mag. Fig. 2 and Fig. 3 represent
the comparison between Model 1, Model 2 and observations. N is the number of stars
within interval V' = lmag and area of 0.0087 square degrees (equal to the area covered
by the CCD chip). Model2 describes in a better way the observations. Despite the
relatively good result there is about 20% more model stars. This is a significant
difference when we want to get the luminosity function or IMF for instance. In these
cases we have to get “a comparison field” near to the object of research.

‘ References

Landolt, A. : 1992, Astron. J., 104, 340.
Robin, A., Crézé, M. : 1986, Astron. Astrophys. 157, 71.
Stetson, P. : 1993, “DAOPHOT II: The Next Generation”, MIDAS Users’ Manual, ESO,

Garching.

162



Publ. Astron. Obs. Belgrade No. 73 (2002), 163 - 166 Poster

UB STELLAR PHOTOMETRY AROUND THE
ASSOCIATION OB 81 IN M 31: NEW OB ASSOCIATIONS
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Abstract. We present U B stellar photometry in a field centered on the stellar complex
OBS81 in the Southern part of the Andromeda galaxy. We investigate the stellar content of
this area. The automatized search for OB associations was carried out using the friend-of-
friends algorithm of Battinelli (1991). The van den Bergh's “association” OB 81 practically
covers the substantial part of the spiral arm. The “new” associations have smaller sizes and
look like bright cores within this “association”. The mean size of 89 4 11 pc is comparable
with the mean size of the OB associations in LMC — 60pc, SMC - 70 pc and M33 - 60 pc,
confirming the idea that the size of the associations does not depend on the morphological
type of the galaxy.

1. Introduction

The stellar content investigations of the Local Group galaxies allow us to study in fine
details the star formation history of these systems. They also provide important ver-
ification information for the stellar evolution theory. The Andromeda galaxy (M 31)
is the closest spiral galaxy similar in size and structure to our galaxy - the Milky
Way. It is therefore very important to study and compare the stellar populations
in both galaxies. There are some large-scale CCD surveys of M31 (Magnier et al.
1993; Haiman et al. 1994 and others) investigating separate small areas of this galaxy
(Massey, Armandroff & Conti 198G: Hunter et al. 1996; Magnier et al. 1997; Veltchev
et al. 1999). All of them are in U BV passbands. Large-scale U and B plates obtained
with the 2-m Ritchey-Chretien telescope of the Rozhen Observatory (Bulgaria) were
searched by Efremov et al. (1987) for new resolved star groups and for independent
delineation of the boundaries of the known groups in M31. Two hundred and ten
groups were detected as real O-associations with the mean diameter of 80 pc. The
main goal of this study is to outline the new OB associations in an approximately
small area covering the association OB8L in spiral arm S4 using the objective method
of Battinelli (1991).
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2. Observations and data reduction

A set of UB frames of the area in the spiral arm S4 of Andromeda galaxy was obtained
with CCD Photometrics camera attached to the 2-m Ritchey-Chretien telescope of
the Bulgarian National Astronomical Observatory "Rozhen” on 6/7 August 2000.
The exposure time of the images was 900 sec. The observing area was 5.6' x 5.6/
and covered the area centered on the association OB81. The seeing during these
observations was rather good than excellent: 1.5—1.8”, but with stable and very good
photometric conditions. The IRAT data reduction package was used to carry out the
basic image reductions and the flat field correction. The Landolt (1992) standards
were taken before and after the observations. The transformation equations to the
standard Johnson UB system are: :

B = 1.012b+ 0.032(U — B) +0.023(U — B)? — 0.056X — 2.556
U-B = 1156(u—b) - 0.021(u — b)? — 0.054X — 3.126

where b, u are instrumental magnitudes, UB are standard ones and X is the airmass.

lllll'llll|l|||llll[||l!|llll]llll
°

14 :

16

18+

20

05 ° o

R NTREH PR ST RO U T R TS RTTe |

45 1.0 05 00 05 1.0 15 20
(U-B)

Fig. 1: (U — B, U) color-magnitude diagram obtained for the area around the associ-
ation OB 81 in M 31. Only stars with photometric errors larger than 0.15 in all filters
are plotted.
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The stellar photometry of the frames was performed with the point-spread function
fitting routine ALLSTAR available in DAOPHOT (Stetson 1993). Complete details
of the data reduction and analysis may be found in Georgiev et al. (1999). The stars
with values of DAOPHOT CHI > 2 and those with formal errors from the PSF fitting
greater than 0.15 mag are rejected so the final photometry list contains 687 stars. The
zero-point errors of the transformations to the standard UB system are 0.04 mag.

3. Results

Figure 1 represents the (U — B). U color-magnitude diagram (CMD). To construct
this CMD only the stars with photometric errors not larger than 0.15 in both filters
have been selected. The mean feature is distinctive plume of luminous blue stars in
the Andromeda galaxy (black crosses) mixed with the foreground stars of the Milky
way mostly with U — B > 0.

1000

800

600

400

200

200 400 600 800 1000
X

Fig. 2: Map of the associations in observational area outlined by Battinelli (1991)
algorithm.

The automatized search for OB associations was carried out using the method of
Battinelli (1991) (so called friend-of-friends algorithm). The bright blue stars from the
main sequence 1 M 31 were selected by strong photometric criterion by magnitude
(18 < U < 22) and color {((U — B) < —0.5). In the most cases friend-of-friends
algorithm selects the minimum number of 4 OB stars in some clump in order to have
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Table 1: Mean sizes and bright OB members in the new associations
Name X Y  size(pc) bright OB members
Al 740 530 87 6

A2 580 192 83 8
A3 256 854 91 9
A4 224 292 76 5
A5 153 937 134 15
A6 610 604 65 5

a "real” association. We put in our case the same minimum number of stars..

The map of the association boundaries resulting from the automatized search is
shown in Fig. 2. The X, Y coordinates in pixels, the mean size of the associations in
pc and number of bright OB members in each of them are given in Table 1.

The friend-of-friends algorithm selects 6 associations with sizes between 65 and
137 pc (with accepted true distance modulus of 24.2). The mean size is 89 + 11
pc. The association OB 81 practically covers the substantial part of the spiral arm.
The “new” associations have smaller sizes and look like bright cores within van den
Bergh's associations.

Comparing M 31 with the Magellanic Clouds, M 33 and NGC 6822 (Bresolin et al.
1998, Ivanov 1996. Vetchev et al. 1999) we can see that the distribution of the OB
associations is similar with peak between 40 and 80 pc. Those in M 31 are slightly
larger — 90pc. The mean size is comparable with LMC - 60pc, SMC — 70 pc and M33
— 60 pc (Bresolin et al. 1998), confirming the idea that the size of the associations
does not depend on the morphological type of the galaxy.
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Abstract. Ion characteristics of the 667.82 nm HeI spectral line profiles have been investi-
gated at electron densities between 4.4%10%2 and 8.2x10% m™? and electron temperatures
between 18000 and 33000 K in plasmas created in five various discharge conditions using
a linear, low-pressure, pulsed arc as an optically thin plasma source operated in a helium-
nitrogen-oxygen gas mixture. On the basis of the observed asymmetry of the line profiles we
have obtained their ion broadening parameters (A) caused by influence of the ion microfield
on the line broadening mechanism and also the influence of the ion dynamic effect (D) on
the line shape. Our A and D parameters represent the first data obtained experimentally
by the use of the line profile deconvolution procedure. We have found stronger influence of
the ion contribution to this Hei line profile than the semiclassical theoretical approximation
provides.

1. Introduction

Helium atoms and ions are present in many kinds of cosmic light sources and their radi-
ation is very useful for astrophysical plasma diagnostical purposes (Griem 1974, 1997).
In plasmas with electron densities (V) higher than 102! m~3, where the Stark effect
begins to play an important role for the Hel spectral lines broadening, knowledge of
the Stark broadening characteristics is necessary. A significant number of theoretical
and experimental studies are devoted to the Hel Stark FWHM (full-width at half
intensity maximum, W) investigations (Lesage & Fuhr 1999, and references therein).
The aim of this work is to present measured Stark broadening parameters of the
667.82nm (2p 'PY - 3d 1D, transition) neutral helium (Hel) spectral line at (13000 -
33000) K electron temperatures (T') and at electron densities of (4.4 - 8.2)x10?2m 3.
Using a deconvolution procedure described by Milosavljevi¢ & Poparié (2001) we have
obtained, for the first time, on the basis of the observed line profile asymmetry, the
ion contribution to the line shape from the quasistatic ion (parameter A) and ion
dynamic effect (coefficient D) (Griem 1974, Barnard et al. 1974, Bassalo et al. 1982)
and, also, the separate electron (W.) and ion (W) contributions to the total Stark
width (W). As a plasma source we have used a linear, low-pressure, pulsed arc op-
erated in fAve various discharge conditious. Our measured Wy, We, W; and A values
have been compared to all available theoretical and experimental data.
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2. Experiment

The modified version of the linear low pressure pulsed arc (Djenize et al. 1998, 2002)
has been used as a plasma source. The working gas was helium - nitrogen - oxygen
mixture (90% He 4+ 8% N3 + 2% O3). The tube geometry used and the correspond-
ing discharge conditions are presented in Table 1 in Milosavljevié¢ and Djenize (this
proceedings).

Spectroscopic observation of spectral lines was made end-on along the axis of the
discharge tube described in details in Djenize (2002).

The line profiles were recorded by a step-by-step technique using a photomultiplier
(EMI 9789 QB and EMI 9659B) and a grating spectrograph (Zeiss PGS-2, reciprocal
linear dispersion 0.73 nm/mm in the first order) system. The instrumental FWHM
of 8 pm was obtained by using narrow spectral lines emitted by the hollow cathode
discharge.

The plasma reproducibility was monitored by Hel lines radiation and, also, by
the discharge current using the Rogowski coil signal (it was found to be within +5%).
Using the double plasma length method, described in Milosavljevié (2001), an absence
of self-absorption was found in the case of the investigated line profiles.

The plasma parameters were determined using standard diagnostic methods. Thus,
the electron temperature was determined from the ratios of the relative line inten-
sities of four NIII spectral lines (409.74nm, 410.34nm, 463.42um and 464.06 nm)
to the 463.05nm NI spectral line with an estimated error of +10%, assuming the
existence of LTE (Griem 1974). All the necessary atomic data were taken from NIST
(2002) and Glenzer ct al. (1994). The electron density decay was measured using a
well-known single wavelength He-Ne laser interferometer technique (with 1.5 mm laser
beam diameter) for the 632.8 nm transition with an estimated error of +9%. The elec-
tron densities and temperatures, obtained at the moment when the line profiles were
analyzed, are presented in Table 1 in Milosavljevi¢ and Djenize (this proceedings).

3. Numerical procedure for deconvolution

The proposed function for various line shapes, Eq. (1) is of the integral form and
includes several parameters. Some of these parameters can be determined in separate
experiments, but not all of them. Furthermore, it is impossible to find an analytical
solution for the integrals and methods of numerical integration should be applied.
This procedure, combined with the simultaneous fitting of several free parameters,
requires a number of computer-supported mathematical techniques.

5 > Hg(5)
= K, + Kpax xp(—t?) - Ad -dg]-dt. (1
K(A) + /New( ) [/0 1+(2A_A0-4—2m;2.-t. L ) (1)

Here K, is the baseline (offset) and K,,ax is the maximum of intensity (intensity
for A=X,) (Milosavljevi¢ and Popari¢ 2001). Hg(8) is an electric microfield strength
distribution function of normalized field strength 3=F /F,,, where F,, is the Holtsmark
field strength. A (a=A%/3) is the static ion broadening parameter as a measure of
the relative importance of ion and electron broadenings. R is the ratio of the mean
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Table 1: Line Broadening characteristics of the Hel 667.82nm spectral line. Mea-
sured: total Stark FWHM (W™ in pm within +12% accuracy), electron Stark width
(WP in pm within £12% accuracy), ion Stark width (W;™ in pm within £12% ac-
curacy), static ion broadening parameter (A**P, dimensionless within £15% accuracy)
and ion dynamic coefficient (D®P, dimensionless within +20% accuracy) at a given
electron temperature (T in 10° K) and electron density (N in 1022m~3). Ref presents
the values given in this work (Tw) and those used from other authors: K, (Kelle-
her 1981); P, (Pérez et al. 1991); M, (Mijatovi¢ et al. 1995); Ga, (Gauthier et al.
1981); VK, (Vujicié and Kobilarov 1988). The index G, BCW and DSB denote the-
oretical data taken from Griem (1974), Bassalo et al. (1982) and Dimitrijevié and
Sahal-Bréchot (1990), respectively at a given T and N.
T N WP Wexe WP AP Dexb R, WS WECW  WDSB L wPSE pG pBOw

33.0 6.1 481 298 183 0.459 1.18 Tw 397 345 3568 170 0.282  0.309
315 8.2 628 370 258  0.498 1.12 Tw 533 467 502 226 0.300 0.328
30.0 6.7 512 315 197 0.474 117 Tw 439 389 402 181 0.282  0.306
28.0 4.4 337 216 121 0.420 1.27 Tw 290 257 266 117 0.252  0.265
18.0 5.0 361 240 121 0.413 1.26 Tw 358 323 323 124 0.249  0.271
20.9 1.03 98 0.171  1.74 K
30.1 3.2 231 P
19.3 0.25 22 M
20.0 10.0 960 Ga
26.0 7.1 620 VK

distance between the ions to the Debye radius, i.e. the Debye shielding parameter
and W, is the width (FWHM) of the ja g profile (Griem 1974).

For the purpose of the deconvolution iteration process we need to know the value
of K function (1) as a function of A for every group of parameters (Kax, Ao, We, W,
R, A). The function K(}) is in integral form and we have to solve a triple integral
in each step of the iteration process of varying the above group of parameters. The
first integral in the K function is the microfield strength distribution function, Hr(83),
the second one is the ja r(A) function and the third is the convolution integral of a
Gaussian with a plasma broadened spectral line profile ja r(A) (denoted by K(X) in
Eq. (1)). None of these integrals has an analytic solution and they must be solved
using numerical integration (Milosavljevié and Poparié 2001, Milosavljevié¢ 2001).

After numerical integration the fitting procedure itself can be started. For Lq.
(1), the fitting procedure will give the values for W¢, We, Ao, R, A and K,,,x.

This sophisticated deconvolution method, which allows the direct determining of
all six parameters by fitting theoretical K-profile (1), to experimental data, requires
a sufficient number of cxperimental points per line, and small statistical errors.

4. Results and discussion

The plasma-broadening parameters (W, W, W;, A, D) of the recorded line profiles
at measured N and T values obtained by our deconvolution procedure are presented
in Table 1 together with the results of other authors. Various theoretical (G, BCW,
DSB) predictions of the W,, W, and A are also given. For the normalization of the
A% and APW values to our electron density the N/4 numerical factor (Griem 1974)
was used.

In order to make the comparison between measured (W) and calculated (W)
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Fig. 1: Ratios of the experimental total Stark FWHM (W) to the various theoreti-
cal (W) predictions vs. electron temperature for A= 667.82 nm. O, <.V, A, Oand
X represent our experimental data and those from Gauthier et al. (1981), Mijatovi¢
et al. (1995), Pérez et al. (1991), Kelleher (1981), and Vuji¢ié and Kobilarov (1988),
respectively. Filled, empty and half divided symbols represent the ratios related to
the theories taken from Griem (1974), Bassalo et al. (1982) and Dimitrijevi¢ and
Sahal-Bréchot (1990), respectively.

total (electron + ion) width values easier, the dependence of the ratio WP /Wi on
the electron temperature is presented graphically in Fig. 1 for the researched line.

The WE (Griem 1974) and WBCW (Bassalo et al. 1982) values are calculated using
Eq. (226) from Griem (1974) with the W, and A values predicted by the G (Griem
1974) and BCW (Bassalo et al. 1982) theoretical approaches, respectively. The
WP /W ratios related to the Dimitrijevié and Sahal-Bréchot (1990) data have been
calculated only for our experimental values. Namely, for the VViD SB calculations it is
uecessary to know the helium ion concentration connected to the plasma composition.
We have performed this for our discharge conditions only.

It turns out that our WP and WP are the first separate experimental electron
and ion Stark width results obtained by using our deconvolution procedure (Milosavl-
Jevi¢ and Popari¢ 2001). Our W*P results are smaller than the G approximation for
all the investigated lines. The two approximations (BCW and DSB), in the case of
the 667.82nm line, provide smaller W, values than the G approximation, but they
are also higher than ours. It pointed out that the W, values calculated by Freuden-
stein and Cooper (1978) and Dimitrijevié¢ and Konjevié (1986), for the 667.82 nm line,
exceed all other W, data presented in Table 1.
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Inspecting Fig. 1 one can conclude that the Griem (1974) W, values lie above
all experimental and theoretical data except the results from experiments reported
by Mijatovié et al. (1995) and Kelleher (1981). This is clear at higher electron
temperatures (see Fig. 1). Theoretical W; values presented by Bassalo et al. (1982)
lie about 10% - 30% below Griem’s values. The W, values (W, + ;) presented by
Dimitrijevié and Sahal-Bréchot (1990) agree with ours (W) to within 3% - 18%.

We have found a clear contribution of the ion influence to the line broadening
due to the quasistatic ion effect expressed with the ion broadening parameter (A).
Our AP values are the first data obtained directly by the use of the line deconvo-
lution procedure. They are higher than what the G and BCW approaches yield by
about 40% and 34%, respectively. Furthermore, we have found that the ion dynamic
effect, expressed as the D coefficient, multiplies the quasistatic ion contribution by
about 1.2 for the 667.82nm line. It should be pointed out that we have found good
agreement between our WP /W™ and theoretical W;PSB/WPSE (Dimitrijevi¢ and
Sahal-Bréchot 1990) ratio values. These are 37.5% (30.5%). As can be seen, this
agreement is within the estimated experimental accuracies (+ 12%) of the W™ and
WP values. One can conclude that the ion contribution to the total line width in-
creases with the upper-level energy of the transition and plays a more important role
than what the G and BCW approximations provide.

5. Conclusion

Using a line deconvolution procedure (Milosavljevi¢ and Popari¢ 2001, Milosavljevi¢
2001) we obtained, on the basis of precisely recorded Hel spectral line profile, their
Stark broadening parameters: Wy, We, Wi, A and D. We found that the ion contri-
bution to the line profile plays a more important role than the semiclassical approx-
imation provides, which must be taken into account in the use of this Hel line for
plasma diagnostical purposes according to the estimations made by the semiclassical
perturbation formalism (Dimitrijevi¢ and Sahal-Bréchot 1990).
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CONTRIBUTION OF ION TO THE ASTROPHYSICAL
IMPORTANT 471.32 nm Hel SPECTRAL LINE BROADENING
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Abstract. Ion contribution of the astrophysical important Stark broadened 471.32 nm
Hel s%Jectra'l line profiles have been measured at electron densities between 4.4 10%2 and
8.210%2 m~? and electron temperatures between 18 000 and 33000 K in plasmas created in
five various discharge conditions using a linear, low-pressure, pulsed arc as an optically thin
and reproductive plasma source operated in a helium-nitrogen-oxygen gas mixture. On the
basis of the observed asymmetry of the line profiles we have obtained their ion broadening
parameters (A) caused by influence of the ion microfield and also the influence of the ion
dynamic effect (D) to the line shape. Our A and D parameters represent the first data
obtained experimentally by the use of the line profile deconvolution procedure. We have
found stronger influence of the ion contribution to this HeI line profiles than the semiclassical
theoretical approximation provides. This can be important for some astrophysical plasma
modelling or diagnostics.

1. Introduction

After hydrogen, helium is the most abundant element in the universe. The 471.32 nm
(2p 3PJ | - 4s ®S; transition) neutral helium (Hel) spectral line are the most investi-
gated in the helium spectrum. This line has been used by various investigations of the
radiation emitted by cosmic light sources like: white dwarfs, variables, supergiants
and galaxies (Rupke et al. 2002, Bergeron et al. 2002, Peimbert et al. 2002, Thuan et
al. 2002, Bresolin et al. 2002, Benjamin et al. 2002, Drissen et al. 2001, Cuesta and
Phillips 2000). Therefore, the use of this HeI spectral line for diagnostical purposes
in astrophysics understands the knowledge of its line profile characteristics. A signif-
icant number of theoretical and experimental works has been dedicated to the Hel
Stark FWHM (full-width at half intensity maximum, W ) investigations (Lesage and
Fuhr 1999, and references therein). The aim of this work is to present the measured
Stark broadening parameters of the HeI 471.32 nm spectral line at (18000 - 33000) K
electron temperatures (T) and at (4.4 - 8.2)10*2m™? electron densities (V). The
used T values are typical for many cosmic light sources. Using a deconvolution pro-
cedure described by Milosavljevié and Poparié (2001) we have obtained, for the first
time, on the basis of the observed line profile asymmetry, the ion contribution to the
line shape expressed due to the quasistatic ion (parameter A) and ion dynamic effect
(coefficient D) (Griem 1974, Barnard et al. 1974, Bassalo et al. 1982) and, also, the
separate electron (W, ) and ion (W;) contributions to the total Stark width (W}). Asa
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plasma source we have used a linear, low-pressure, pulsed arc operated in five various
discharge conditions. Our measured 7, We, W; and A values have been compared
to all available theoretical and experimental data.

2. Experiment

The modified version of the linear low pressure pulsed arc (Djenize et al. 1998, 2002)
has been used as a plasma source. The working gas was helium - nitrogen - oxygen
mixture (90% He + 8% Na + 2% O3). The used tube geometry and corresponding
discharge conditions are presented in Table. 1.

Table 1: Various discharge conditions. C-bank capacity, U-bank voltage, H-plasma
length, ®-tube diameter, P-filling pressure. N and T denote electron density and
temperature, respectively obtained at a 25" us after the beginning of the discharge
when the line profiles were analyzed.

CF) U(kV) H(em) @ (mm) P(Pa) N ((10*2m—*) T (K)

8 4.5 6.2 5 267 6.1 33000
14 4.2 14.0 25 267 8.2 31500
14 3.4 14.0 25 267 6.7 30000
14 2.6 14.0 25 267 4.4 28000
14 1.5 7.2 5 133 5.0 18000

Spectroscopic observation of spectral lines was made end-on along the axis of the
discharge tube described in details in Djenize (2002).

The line profiles were recorded by a step-by-step technique using a photomultiplier
(EMI 9789 QB and EMI 9659B) and a grating spectrograph (Zeiss PGS-2, reciprocal
linear dispersion 0.73 nm/mm in the first order) system. The instrumental FWHM
of 8 pm was obtained by using narrow spectral lines emitted by the hollow cathode
discharge.

The plasma reproducibility was monitored by the He T (501.56 nm, 388.86 nm and
587.56 nm) lines radiation and, also, by the discharge current using the Rogowski coil
signal (it was found to be within +5%). Using the double plasma length method,
described by Milosavljevié¢ (2001), the correction of the line profiles was performed in
order to eliminate the influence of self-absorption on the line shapes.

The plasma parameters were determined using standard diagnostics methods.
Thus, the electron temperature was determined from the ratios of the relative line in-
tensities of four N III spectral lines (409.74 nm, 410.34 nm, 463.42 nm and 464.06 nim)
to the 463.05 nm NII spectral line with an estimated error of £10%, assuming the
existence of the LTE (Griem 1974). All the necessary atomic data were taken from
NIST (2002) and Glenzer et al. (1994). The electron density decay was measured
using a well known single wavelength He-Ne laser interferometer technique for the
632.8 nm transition with an estimated error of +£9%. The electron densities and tem-
peratures, obtained at the moment when the line profiles were analyzed, are presented
in Table 1.
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3. Numerical procedure for deconvolution

The proposed functions for various line shapes, eq. (1) is of the integral form and
include several parameters. Some of these parameters can be determined in separate
experiments, but not all of them. Furthermore, it is impossible to find an analytical
solution for the integrals and methods of numerical integration to be applied. This
procedure, combined with the simultancous fitting of several frce parameters, causes
the deconvolution to be an extremely difficult task and requires a number of com-
puter supported mathematical techniques. Particular problems are the questions of
convergence and reliability of deconvolution procedure, which are tightly connected
with the quality of experimental data.

K() = Ko + Kmas / ™ cap(—2) | A u Hi-(f)t a1

. NeKg—

1+ (=0 —a-52)2

Here K, is the baseline (offset) and K,nq, is the maximum of intensity (intensity
for A=),) (Milosavljevi¢ and Popari¢ 2001). Hg(83) is an electric microfield strength
distribution function of normalized field strength 3=F/F,,, where F, is the Holtsmark
field strength. A (a=A4/ ) is the static ion broadening parameter as a measure of
the relative importance of ion and electron broadenings. R is the ratio of the mean
distance between the ions to the Debye radius, i.e. the Debye shielding parameter
and W, is the electron width (FWHM) in the ju.g profile (2).

For the purpose of deconvolution iteration process we need to know the value of
K function (1) as a function of A for every group of parameters (Kinazs Aoy We, We,
R, A). The function K()) is in integral form and we have to solve a triple integral
in each step of iteration process of varying the above group of parameters. The first
integral in the "K” function is the micro field strength distribution function, Hr ()
the second one is the j4 z()) function eq. (2) and the third is the convolution integral
of a Gaussian and a plasma broadened spectral line profile j4 r(\), denoted by K())
equation (1). All these integrals have no analytic solution and must be solved using
the numerical integration.

Hr(8)

o)
] A) = '.( +J ar " / N
./A,R( ) Jo T Jm ! 1+(2>\V_;,:\:) —(1",132)2

.df (2)

The most difficult integral to deal with is the micro field strength distribution
function, because this is a multidimensional integral. Straightforward manner would
be the estimates of multidimensional integral by Monte Carlo method of integration.
The numbers of random samples of points must be large in order to achieve sat-
isfactory accuracy. That would lead to the increased processor time (Milosavljevié
2001).

In general, the base line K, in functions (1) is a function of wavelength. In many
cases it is nearly constant, or linear function.We have included in our procedure the
fitting of background by cubic polynomial, as independent step, in order to prepare
experimental data for the main deconvolution procedure.

The upper limits of numerical conditionality of this method are minimum twenty
experimental points per line (the border of line is (-3/2-We+, < A <+3/5We+A,),
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where W, is electron FWHM), and maximal statistical indeterminacy in intensity is
5% at every experimental point. Poor experimental measurements weaken the con-
ditionality of the system of equations, and lead to non-applicability of this method.
This has been concluded by testing the sensitivity of the algorithm by generating ran-
dom statistical noise with Gaussian distribution in every point involved in theoretical
profiles.

4. Results and discussion

The plasma broadening parameters (W;, W,, W;, A, D) obtained by our deconvolu-
tion procedure of the recorded line profile at a measured N and 7" values are presented
in Table 2 together with other author’s results. Various theoretical (G, BCW, DSB)
predictions of the W,, W;, and A are also given. By the normalization of the A® and
ABCW values to our electron density the well known N'/4 numerical factor (Griem
1974) was used.

Table 2: Measured line broadening characteristics of the 471.32 nm spectral line. Total
Stark FWHM (W™ in pm within £12% accuracy), electron Stark width (W& in
pm within £12% accuracy), ion Stark width (W™ in pm within £12% accuracy),
static ion broadening parameter (A, dimensionless within +£15% accuracy) and ion
dynamic coefficient (D®*?, dimensionless within £20% accuracy) at a given electron
temperature (7" in 10* K) and electron density (N in 1022m~3). Here Tw present the
values given in this work and those used from other authors: RS, Roder and Stampa
(1964); K, Kelleher (1981); B, Berg et al. (1962); W, Wulff (1958); Gr, Griem et al.
(1962); L, Lincke (1964); P, Pérez et al. (1991); M, Mijatovi¢ et al. (1995).The index
G, BCW and DSB denote theoretical data taken from Griem (1974), Bassalo et al.
(1982) and Dimitrijevi¢ and Sahal — Bréchot (1990), respectively at a given 7" and N.
T N Wi W WP AP D®P Ref. WS WECW WwDSE wbDSB  2G  pBOW

33.0 6.1 542 371 171 0.343 1.0 Tw 554 483 398 95 0.146  0.162
31.5 8.2 713 481 232 0368 1.0 Tw 740 648 533 125 0.157  0.175
30.0 6.7 595 407 188 0352 1.0 Tw 603 528 430 99 0.150  0.166
28.0 4.4 372 261 111 0.317 1.0 Tw 394 341 281 65 0.136  0.151
18.0 5.0 403 286 117 0.335 1.0 Tw 4238 370 319 69 0.142  0.161
16.5 1.7 0.20" RS
20.9 1.03 96 0.095 1.36 K
20.0 13.0 1400 B
30.0 3.2 290 w
30.0 2.6 300 Gr
22.7 9.3 91 L
30.2 3.23 295 P
19.3 0.25 23 M

In order to make the comparison among measured (W;*?) and calculated (W)
total (electron + ion) width values easier, the W, /W}* dependence on the electron
temperature is presented graphically in Figure 1 for the investigated lines.

The G (Griem 1974) and BCW (Bassalo et al. 1982) W, values are calculated
using the Eq.(226) from Griem (1974) with the W, and A values predicted by the
G and BCW theoretical approaches, respectively. The WP /W' ratios related to
the Dimitrijevi¢ and Sahal-Bréchot (1990) (DSB) data have been calculated only for
our experimental values. Namely, for the calculations of the W”55 it is necessary to
know the helium ion concentration connected to the plasma composition. We have
performed this for our discharge conditions only.
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Fig. 1: Ratios of the experimental total Stark FWHM (W ZP) to the various theorct-
ical (W}") predictions vs. electron temperature for the HeI 471.32 nm line. o, +, o,
A, V4, Yand- represent our experimental data and those from Griem et al. (1962)
Kelleher (1981), Berg et al. (1962), Wulff (1958), Lincke (1964), Pérez et al. (1991)
and Mijatovié¢ et al. (1995), respectively. G, BCW and DSB represent the ratios re-
lated to the theories taken from Griem (1974), Bassalo et al. (1982) and Dimitrijevi¢
and Sahal — Bréchot (1990), respectively.

It turns out that our W& and W;™" are the first separated experimental elec-
tron and ion Stark width data obtained by using our deconvolution procedure. Our
WeeP data are smaller than the G, BCW and DSB approximations provide for the
mvestlgated lines. Approximations BCW and DSB provide smaller W, values than
the G approximation.

By the inspection of the Figure 1 one can conclude that Griem’s (1974) W, values
lie above most of the experimental values and also above BCW and DSB theoretical
data. Theoretical W, values presented by Bassalo et al. (1982) lie about 10% -
15% below Griem’s values. The W, values (W, + W;) presented by Dimitrijevi¢ and
Sahal-Bréchot (1990) agree with ours (W) within 3% - 10% (on average).

We have found evident contribution of the ion influence to the line broadening due
to the quasistatic ion effect expressed with the ion broadening parameter (A). Our
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A®TP values are the first data obtained directly by the use of the line deconvolution
procedure. They are higher than the G and BCW approaches provide at about 135%
and 110%, respectively. We have found that the ion dynamic effect, expressed due to
the D coefficient is negligible (D ~1) by our plasma parameters and plasma compo-
sition for the 471.32 spectral line. For the 471.32 nm line we have found W™ /W *?
values that overvalue WPSB /WPSB data at about 65%. One can conclude that the
ion contribution to the total line width play a more important role than the G, BCW
and DSB approximations provide, for the 471.32 nm line.

It turns out that the A*? values, obtained by Rodel and Stampa (1964), presented
with asterisk in Table 2, represent the line asymmetry factors obtained at the line
half intensity maximum. These are smaller than our A%? values.

5. Conclusion

Using line deconvolution procedure (Milosavljevié and Poparié 2001, Milosavljevié
2001) we obtained, on the basis of the precisely recorded Hel spectral line profiles,
their Stark broadening parameters: W;, W,, W;, A and D. We found that the ion
coutribution to the line profiles plays much more important role than the semiclassical
approximation provides what must be taken into account by the use of this He line to
plasma diagnostical purposes according to the estimations made by the semiclassical
perturbation formalism (Dimitrijevié and Sahal-Bréchot 1990).
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of Science, Technologies and Development of the Republic of Serbia. S. Djenize is
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Abstract. We derived individual extinction values for selected red supergiant (RSGs)
candidates in M31 with broadband photometry. Taking into account their position on the
colour-magnitude diagram and using a probability method, the metallicity of each star was
estimated. In the range 2-15 kpc the ratio [O/H] is nearly constant. The derived individual
extinetions and pencil beams values from three different gas maps (Westerbork HI, VLA HI
and IRAM CO(1—0)-line survey) were used to obtain gas-to-dust ratio in M31. For the
9 most luminous stars both the ratios N(HI)/2 Ez_y and N(HI + H,)/2 Eg_ vy are not
very different from those in the Milky Way. Significant fractions outside the expected range
of Galactic atomic gas-to-dust ratio are obtained for ~ 1/3 of the sample using Westerbork
and for ~ 1/2 of the sample - using VLA maps. The ratios are overestimated for objects
located high above the midplane of M 31 and underestimated - due to resolution effects, -
for several RSGs coinciding with small HI clouds.

1. INTRODUCTION

The available broadband photometry for RSGs in nearby galaxies offers a good oppor-
tunity for the derivation of their extinction through the Q-method. On a colour-colour
diagram containing (V — I) colour, these objects are distinctly separated from the
foreground dwarfs and the position of the zero-absorption line allows unambiguous
determination of their true colour. The aim of our work is to obtain individual ex-
tinctions and metallicities for RGSs in M 31 that can be used to study the gas-to-dust
ratio.

2. THE SAMPLES AND THE DEREDDENING PROCEDURE

The main source of objects for the present study is the large catalog with BVRI
photometry of Magnier et al. (1992). The diagrams (B-V)vs. (V-1I)(Fig. 1)
and (V — R) vs. (V = I) (Fig. 2) clearly show the red end of the foreground dwarfs
sequence whose scatter increases with the V magnitude. The zero-absorption line for
supergiants was composed as a strip encompassing the Geneva evolutionary tracks
(Lejeune & Schaerer 2001) for masses in the typical range of 9-25 Mg . In both
Figures, the thiu lines designate the borders of the strip and the thick one - its center.
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We adopted the Galactic value of the total-to-selective-extinction ratio Ry = 3.1
leading to a slope of the reddening vector as plotted in the lower left corners. Then
the true colour of each star is calculated through the Q-method for 9 different sets of
colour values corresponding to the central point, the corners and the size-centers of its
photometric error box, and for the two borders and central line of the zero-absorption
line strip: 27 values in total. The error of the true colour is obtained as arithmetic
mean of its minimum and maximum value. However, the position and photometric
errors of some objects below the strip do not allow derivation of plausible values in
all 27 cases. We chose RSG candidates that allow at least 9 dereddenings with the
adopted slope: 64 on diagram (B—V) vs. (V —I) (Fig. 1) and 35 on diagram (V — R)
vs. (V —1I) (Fig. 2). To the common objects was ascribed a colour excess that is
the average value obtained from both diagrams. Finally we have 69 RSG candidates
of the catalog of Magnier et al. (1992) with reliably determined true colours and
extinction. Five of them turn out to be very luminous and were excluded from the
study of the metallicity gradient and gas-to-dust ratio in the galaxy (see next section).

The second source for RSG candidates is a list of red stars in M 31 of Massey
(1998). His BVR photometry is of higher precision and we supplemented it - after
a cross-identification, - only with an I magnitude from the catalog of Magnier et
al. (1992). Thus further 37 objects were selected (not included in the first sample)
appropriate for dereddening through our procedure both on the diagram (B=V) vs.
(V—=1I)and/or (V-R)vs. (V-1I).

3. EXTINCTION AND METALLICITY
OF THE RSG-CANDIDATES IM M 31

The derived individual extinctions Ay for the RSGs are not high and vary from
0.2 to 2.2. Their lower limit is close to the foreground extinction toward M 31 of
Ep_y = 0.062 (Schlegel et al. 1998). The assumed distance modulus is 24.47 (Stanek
& Garnavich 1998). As shown in Fig. 3, the absolute magnitudes of most RSG
candidates fall into the range —5 > My > —7 (initial masscs 12-21 M ) which
supports the claim that there is a lack of luminous RSGs in the Andromeda galaxy
(Berkhuijsen & Humphreys 1989, Massey 1998). There are five exceptions with true
colours (V — I)g ~ 2.0, located in an area where the evolutionary tracks for more
massive stars reach their turning point to the blue. These very luminous objects from
the catalog of Magnier et al. (1992) are most likely affected by blending which is
pointed out as a problem of this photometry. The evolutionary tracks of the RSGs
on the colour-magnitude diagram and their lifetimes turn out to depend essentially
on the star’s metallicity Z (see e.g. Salasnich, Bressan & Chiosi 1999). Thus the
probabilities to "meet” in a fixed area a RSG with given Z vary significantly which
enables us to estimate the individual metallicity via a simple ‘bullets-method’ (Fig.
4). The location of a star on the diagram My vs. (V —I) is determined by its error
box which is crossed through by tracks for different sets of initial masses M and
Z. We calculated approximate tracks in the mentioned range of 9-25 Mg with step
AM =1 as functions of M and Z using the analytic formulae of Hurley, Pols &
Tout (2000). The initial stellar mass is out of scope of this work and we consider Z
as the sole parameter. If each track is divided by points of one and the same, fixed
timestep, the number of points Nz, for metallicity Z; (‘bullets of type Z;’) in the
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error box would be a measure for the probability that the stellar metallicity is Z;:
pi =Nz, /N

where N is the total number of points in the error box. Then the estimates of the
individual metallicity and its crror are given by:

Z=3,p%

> Nz z2-22
oz =\ ="—F "

The total metallicity Z was transformed to [O/H] assuming relative element abun-
dances as derived by Anders & Grevesse (1989) for the solar photosphere. The ob-
tained values are plotted vs. the galactocentric distance of the RSGs in Fig. 5. There
is no evidence for a steep metallicity gradient in M 31 in the range 10’ —70" (2-15 kpc).
For comparison are drawn the gradients of Smartt et al.(2001) (-0.018 dexkpe™!) and
Galarza, Walterbos & Braun (1999) (-0.06 dexkpc™!) used two different abundance
calibrations for the H IT regions. Our result becomes clearer if we require stronger
criteria concerning the dereddening procedure: at least 18 plausible dereddenings of
27 possible and at least 4 plausible dereddenings to each border and to the central
line of the zero-absorption strip (see Fig. 1 and 2). We then obtain a subsample
with highly reduced scatter of abundance estimates vs. galactocentric distance (filled
symbols, Fig. 5). Up to angular distances of ~ 30', there may be a slight positive
gradient [O/H]. In the region between 30" and 65’ (7-15 kpc) the stellar metallicity
varies in a wide range above the predicted values with the same scatter like in the
abundance studies mentioned above. This may indicate that objects with different
metallicities are present even at a fixed galactocentric distance. One possible explana-
tion is the enrichment of the protostellar matter due to ongoing active star formation
and consequent supernova explosions. Recently this ring of active star formation has
been a subject of intensive research (e.g. Pagani et al. 1999).

4. GAS-TO-DUST RATIO IN M 31

The new CO(1—0) map (Guelin ct al. 2000) with a spatial resolution of 23 " at
A 2.6 mn combined with the available H I maps of M 31 yields excellent opportu-
nities for detailed study of the total gas-to-dust ratio. Here we mean by ‘dust’ the
derived individual extinction values for the RSGs. Because of the poor statistics
(106 extinction estimates) it is not possible to construct an extinction map. For the
atomic hydrogen we took pencil beam column densities at A 21cm from 2 different
maps: Westerbork with an angular resolution of 24 x 36" (Brinks & Shane, 1984) and
VLA with a resolution of 10 ” (Walterbos & Braun, 1992). As the VLA map does not
cover a large part of the SW half of M 31 and further only the extinctions of 55 objects
falling in both maps are considered. We converted CO-intensity to molecular hydro-
gen column density N(Hs) using a constarit X conversion factor (Strong & Maltox
1996) since the metallicity is nearly constant with radius. The total column density
N(HI+2 Hy;) is obtained as the sum of both components, multiplied by a factor 1/2
assuming that the stars on the average are located at the midplane of the galaxy. The
relationships ‘atomic gas-dust’ and ‘total gas-dust’ are illustrated in Fig. 6 and Fig.
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7, respectively. A constant gas-to-dust ratio in M 31 would yield a good correlation
like in the Milky Way (cf. Fig. 2 in Bohlin et al. 1978) which is not the case here.
One of the explanations could be a gas-to-dust ratio depending on the galactocentric
distance. But the observed large spread is most probably due to another reason:
the varying fraction of the gas density (not exactly 1/2) associated with the dust —
stars located in the front part or in the back of the disk yield deviations from the
corresponding line. To diminish the latter effect we divide our sample in 3 different
groups on the diagram H I vs. Fp_y (Fig. 6): objects within (filled triangles), above
(open squares) and below (open circles) the expected range of the Galactic ratio. The
most luminous objects (large open squares) with a single exception due to resolution
problems (see below) turn out to be members of the first group. The single criterion
My < —6. immediately improves the correlations for limited samples in magnitude
used here since such stars can be seen even under larger column densities of the gas.
On the other hand. the presence of objects with overestimated gas-to-dust ratio (open
squares; the typical deviating case) is explained with their high location above the
galactic midplane. The objects within the expected range of Galactic atomic gas-to-
dust ratio are most appropriate for a study of total gas-to-dust ratio (Fig. 7). This
group is obviously larger in number using the Westerbork data (left hand panel, 60%
of the sample). Following Bohlin et al. (1978), one should expect that adding of the
molecular gas fraction will tighten the ‘total gas-dust’ correlation. This effect is not
seen in Fig. 7, however. One notes that the VLA data (right hand panel) have less
scatter around the line corresponding to the Galactic total gas-to-dust ratio. That
leads us to a third reason for decreasing the expected correlation: the angular reso-
lution of the H I maps. Direct comparison in Fig. 6 between Westerbork (left hand
panel) and VLA (right hand panel) column densities shows a scale difference of ~ 2.
A natural explanation may be that the ISM in M 31 consists predominantly of small
clouds not well resolved on the Westerbork map. Indeed. the RGSs lying below the
expected strip (open circles in the left hand panels) are located in such small clouds
with underestimated column density on 24 x 36" resolution map.

The calculated estimates of the gas-to-dust ratios based on the data for 9 most
luminous RSGs (8 on the right hand panels) are summarized in Table 1. It is intrigu-
ing that the values of Lequeux (2000) for the outermost part of M 31 are significantly
higher while the canonical Galactic values (Bohlin et al. 1978) are confirmed by our
results. For further details, comments and discussion see our forthcoming paper.
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valuable comments on the manuscript. This research was partially supported by con-
tract Nr. F-825/1998 with the National Science Foundation, Ministry of Education
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Table 1: Gas-to-Dust Ratios in M 31 and in the Milky Way

< N(HI)/QEB_V 5
[102! atoms cm ™2 mag™!]

< NHEIT21)/2E v >
[102! atoms cm ™2 mag™}]

Westerbork 14+04 34+1.1
VLA b 19 5.9+2.0
M 31 (Lequeux 2000) 11.0 +14.5 —
Milky Way (Bollin et al. 1978) 4.8 (1.5 +14.5) 5.8 (3.3 = 10)
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Fig. 1: The colour-colour diagram of the sample with BVI photometry from Magnier

et al. (1992).

The pointsizes correspond to different V magnitude intervals. In

the lower left is shown the direction of the reddening vector ( Ry =3.1). The strip
delineated with solid lines gives the location of the zero-absorption line (see text).
The stars appropriate for our dereddening procedure are plotted with open circles.
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Fig. 2: The colour-colour diagram of the sample with VRI photometry from Magnier
et al. (1992). The objects with measured magnitude in B are plotted on the (B-
V)/(V-I) diagram as well. The symbols are the same as in Fig. 1.
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Fig. 3: The dereddened RSG-candidates from Magnier et al. (1992) (circles) and
Massey (1998) (squares) on the colour-magnitude diagram. The evolutionary tracks
for 12, 15, 18 and 21 solar masses and Z = 0.02 (solid lines) are plotted. The filled
symbols are the subsample selected for study of the metallicity gradient and the gas-

to-dust ratio.
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Initial mass (in  Me)

Fig. 4: The ‘bullets-method’ for estimation of star’s metallicity. A set of evolutionary
tracks for metallicities Z = 0.012 (filled symbols) and Z = 0.02 (open symbols) and
three different initial masses (squares, circles and triangles) are given. The error bars
in colour and absolute magnitude determine the area for counting the points of equal
timesteps for given Z (see text).

1g [O/H]+12.

8-0 4 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

Tge [arcmin]

Fig. 5: Metallicity of individual stars in M31 (in units of oxygen abundance) versus
their galactocentric distance. The symbols are the same as in Fig. 3. The mean
abundance gradients derived by Galarza, Walterbos & Braun (1999) (solid line) and
Smartt et al. (2001) (dashed) are plotted for comparison.
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Fig. 6: The correlation between the atomic hydrogen column density N(HI)(left -
24 x 36" resolution, Westerbork and right - 10” resolution, VLA) and extinction
Ep_v. Dashed lines represent the expected range of and the thick one - the mean
Galactic gas-to-dust ratio (Bohlin et al., 1978). With two thin lines the results of
Lequeux (2000) for M 31 are plotted. Note the crucial influence of the resolution
and the luminosity of the RSG (large squares are stars brighter than ~6™) on the
correlation and the mean value.
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Fig. 7: The same as in Fig. 6, but for the half of the hydrogen total column den-
sity. The molecular fraction was added, assuming constant X(CO) conversion factor
(Strong & Mattox, 1996). Note the absence on both the right hand panels of open
circles corresponding to stars, embedded in unresolved small clouds.
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Abstract. A general consideration of mass distribution in stellar systems is presented.

1. General

It is rather well known that in the modern approach, the starting point in the study
of the mass distribution within a stellar system is the observed profile. The alternative
consisting of ascribing a given theoretically based profile to the stellar system under
study belongs to the past. As an example one can mention Plummer’s (e. g. 1915)
papers where a particular theoretically based density law (Schuster’s polytrope) was
attributed to the observed globular clusters. However, a number of papers originating
mainly from the middle of the twentieth century clearly indicated the importance of
introducing empirical density laws (e. g. de Vaucouleurs, 1948; King, 1962). The
modern equipment, doubtlessly, enables a sophisticated treatment of observational
data, in particular to obtain a satisfactory trend between the observational points. In
this way one has nowadays many empirical profiles (surface density is ment) which
rather well reflect the real mass distribution within a class of stellar systems, i. e.
concrete stellar systems (e. g. Dehnen, 1993 and references therein). However, one
must take into account that the region of a stellar system available to the observations
is limited, in other words there are always points evading a direct evidence. In such a
situation the only way of obtaining the surface density is to calculate it by using the
fitting formulae (model). Then one can have unusual outcomes: a model used for the
purpose of fitting the obscrvational results can result in an infinite space density at
the system centre, or likewise this can be the case with both the surface density and
the space one. For instance, Dehnen’s model (mentioned above), except one special
case, yields infinite values at the centre for both densities. On the other hand de
Vaucouleurs’ model (also mentioned above), though yielding a finite central surface
density, results in an infinite central space density! No matter what kind of physical
meaning is ascribed to such results, it is clear that they cannot be realistic. For
example, one may consider the possibility of a massive central black hole. Then the
main result would be its mass. However, as very well known, the mass value for a
black hole clearly determines its radius and, as a consequence, it follows that the

191



SLOBODAN NINKOVIC

black-hole density is finite! There are also other disadvantages of models yielding
central singularities, for instance, though the total mass is finite, the total potential
cenergy can be infinite (e. g. Tremaine et al., 1994).

Problems can also arise when the outer boundary is studied. Usually for the
purpose of avoiding the well-known difficulties it is assumed that the stellar system
under study is isolated, i. e. that the density in the surrounding space is zero. In order
to make this presentation clear enough the present author will take into consideration
the example of a spherically symmetric stellar system. In such a situation there is
the very clear notion of the maximal apocentric distance. Obviously, its amount must
be finite, but it need not be specified. The latter case corresponds to a model with
an infinite limiting radius of the (stellar) system. In the reverse case, i. e. if the
limiting radius is finite, it must be equal to the maximal apocentric distance. Then,
as a consecquellce, the density on the inner side of the outer sphere (that of the radius
equal to the limiting one) must be non-zero, i. e. there will be a discontinuity. Some
authors (e. g. Casertano, 1983; even the present author was once among them - e.
g. Ninkovié, 1992) reject such a possibility. However, there is no reason to be afraid
of this discontinuity, it is practically the consequence of the artificial assumption that
the swrrounding space is empty.

Therefore. the present author’s position is that the outer boundary of a stellar
system in a model of it can be both finite and infinite, but that in the former case
the discontinuity at the outer boundary is unavoidable, whereas in the latter one a
model is meaningful only if it yields finite values for both the total mass and the total
potential energy. Thus in this, latter, case the boundary discontinuity vanishes since
the system density reaches zero in the infinity. Perhaps it may seem that the same line
of reasoning is valid for the central density, i. e. that an infinite central density merely
means that the central-density value in a given model is not specified (in other words
it can always exceed a given limit), but in addition to the difficulties indicated above,
there are also ones concerning the computer programming in the presence of a central
singularity (say the orbits), not to speak about the velocity distribution, for instance
how to understand an isotropic velocity distribution extending to the centre when
due to the central density singularity the orbits of individual stars cannot include the
centre itself. The existence of a central density singularity can be justified to some
extent for the case of a central black hole since then the gravitational potential in
the immediate surroundings of the centre is that of point mass. However, as already
remarked, the black-hole mass determines its radius, in other words since the mass
must be finite, as a consequence the black-hole density (central density) will be finite.
In addition, clearly, for the case of point-mass potential highly eccentric orbits of zero
angular momentum are excluded. Consequently, in the immediate surroundings of
the centre the velocity distribution can be hardly isotropic.

2. Some concrete proposals

In an earlier paper (Ninkovié¢, 1998) the present author considered a special case of
the generalised Schuster density law. In particular, for the space density the following
formula is borne in mind

p(0)
o) = e/ ¥
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where 7 is the distance to the centre of the stellar system under study (assumed to be
spherically symmetric), p is its space density, r. is a constant parameter (system scale
length or core radius), ¢ being a non-negative integer. As easily seen, the case i = 5
corresponds to the classical Schuster density law. However, from the empirical point
of view the special cases i = 2, i = 3 and i = 4 are of more interest. As indicated
in the mentioned paper (Ninkovié, 1998), the first of them corresponds to the quasi-
isothermal-sphere case applied most frequently for the purpose of describing the mass
distribution anticipated in the dark-matter subsystems of galaxies, the second one
(i = 3) is sufficiently close to the King (1962) mass distribution usually anticipated in
globular clusters, whereas the last one, in view of the recent results (more precisely,
density dependence of p(r) o r~* in outer parts - e. g. Dehnen, 1993), might be
applicable to the ellipsoids of elliptical galaxies, i. e. to the bulges of spiral ones.

It should be emphasized that formula (1) has an advantage that the corresponding
surface density is very easily obtainable analytically. The concrete expressions can
be found in the mentioned paper (Ninkovié, 1998). More clearly, the expressions of
both kinds - those concerning the space density and those concerning the surface one
- contain algebraic functions only. This, however, need not be the case with other
quantities of interest: the potential, the mean velocity squares, etc. The exception
is the classical Schuster case (i = 5) where, if one remains in the framework of the
isotropic velocity distribution, all these functions are algebraic and easily obtainable.
Therefore, of interest might be alternative formulae where one has, for instance, for
the potential an expression consisting of algebraic functions and which can be easily
related with family (1). Such a case is with a family of potential formulae considered
by Kuzmin and his disciples. Here the corresponding potential formula is given in its
most general case, i. e.

GrM

() = a+ [b2 + (kr)2)1/2 @)

where 7 is, as earlier, the distance to the centre of the stellar system under study, IT
is its potential, G is the gravitation constant, M is the total mass of the system, a, b
and x are the system parameters, the former two are the scale lengths, and the latter
one is dimensionless. The Schuster classical model is a special case of (2) when a =0,
k = 1. If a is different from zero, the density dependence in the outer parts is also
p(r) o r~* (for details Ninkovi¢, 2001 and the references therein).

In the same paper (Ninkovi¢, 2001) one finds the common case of (1) and (2) for
i=4 (in (1)) and £ = 1 (in (2)). The use of two additional dimensionless parameters
in (2) (ratio a/b and k) offers new possibilities. For instance, the interesting special
case of (1) - ¢ = 4 - yields a nearly constant density within the central part, without
a cusp (about this term e. g. Dehnen, 1993). However, if the observations indicate a
cuspy mass distribution for a stellar system, then the special case i = 4 of (1) requires
amendments in order to improve the fit. One way is to introduce an additional
subsystem (say, a nucleus) or a formula containing more parameters, but realistic,
i. e. interpreting the cusp not by means of a central singularity, but through a
prominent maximum at the centre. This is possible by using (2) allowing x to be
arbitrarily large, but, nevertheless, finite. Then, as some preliminary studies of the
present author show, the maximum on the circular-velocity curve will be realistic,
i. e. it will occur for some value of the ratio r/b greater than zero. On the other
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hand, for some models having central singularity this maximuin can reach the centre,
itself, or even cease to exist for steeper density slopes. A typical example is the family
considered, for instance, by Delhnen (1993).

A few words may be said concerning the special case of (1) ¢ = 3. It has been
already compared to the King (1962) case. It should be said that, if the space density
is treated corvectly, one also obtains a critical value where the surface one vanishes
regardless of the existence of the discontinuity at the boundary mentioned above. As
indicated by the present author (Ninkovié¢, 1998), this case has already been applied
to star clusters, the field of very frequent application of King’s (1962) density formula.
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Abstract. A simple and robust method, based on stellar surface density was proposed
in order to search for undetected star clusters in our Galaxy on the base of the 2 MASS
catalogue. The zone of the sky of galactic latitude between -80 and -40 degree was choosen
to test the method. As a result we identify approx. 30% of suspected cluster candidates.
Careful check of the remaining objects show that most of them are asterisms.

1. Introduction and Motivation

The known Galactic globular clusters (GC) are less than 150 (Harris 1996). The
majority of them were discovered through optical searches, biased against highly
obscured objects. Since the Galaxy is estimated to have 160£20 GCs (Harris 1991),
a certain number of them may still be hidden behind the Galactic disk. On the other
hand, according to the latest numerical predictions approximately 50 star clusters are
expected to be found towards the galactic center (Portegies et al, 2001).

The Two Micron All Sky Survey (2MASS) offers an opportunity to carry out a
search for missed GCs because it covers the Galactic Plane in near-infrared wave-
lengths where the extinction is almost ten times smaller in comparison with the op-
tical part of the spectrum (e.g. Rieke & Lebofski 1985). The abundant dust found
throughout this region obscures both Galactic and extragalactic sources. The 2 MASS
provides the first views in three near-infrared bands (J, H and Kg) of the entire popu-
lations of sources-ranging from galaxies in the Zone of Avoidance to stars and clusters
in the Milky Way—across a significant fraction of the sky.

The purpose of this paper is to present the searching criterion for undetected star
clusters and the first results for the zone of the sky of galactic latitude between -80

and -40 degrees.
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2. Search Algorithm

A simple and robust method, based on stellar surface density was chosen for this
project. It was implemented as a set of C codes in order to carry out the process
automatically — a necessity dictated by the vast amount of data that have to be
processed.

The first step was to divide 2 MASS point source catalog into spatial bins. We
chose square bins, to minimize the computational demands. The bin size is a free
parameter, to allow searches of structures of different angular sizes on the sky. For
each bin we store the total number of stars, the Kg-band luminosity function, and
the distribution of stars along J — Kg color.

We also select and store the “red” objects in each bin, for further analysis. We
use an adaptive definition for them: (i) a polinomial separating the stellar locus from
non-stellar point sources on the [Kg,(J — Kg)] CMD was determined based on a
inspection of star-dominated fields; (ii) for each bin the polinomial is given an offset
relative to the median Kg-band magnitude, and the median J — K5 color of the bin.

The result from the first step is a 2-dimensional distribution of stars on the sky.
Next, we search for peaks in this 2-D histogram. For each bin we calculate the
background level and its standard deviation o from the average number of stars in
the neighbouring bins. Finally, we store for future inspection and identification the
“peaks” of the 2-D distribution that deviate by more than 3¢ from the background
value.

3. Results and Discussion

To verify our search algorithm and to explore the parametric space of the search
parameters — namely the bin size and overdensity — we selected a region of the sky
with low concentration of globular clusters: 0 < R.A. < 24 hr and Dec < —40 degr,
far from the Galactic center.

A map of the region is given in Fig. 1. The known CGs are indicated by open
circles.

The field yielded 149 cluster candidates. A search in SIMBAD databases allowed
us to identify only 42 of them. In Fig. 2 are shown histograms of standard deviation o
and number of stars in the selected bins. Solid lines are for cluster candidates, dotted
lines indicate the "known” objects.

Analysis of Fig. 2 shows that 28% of cluster candidates are identified. Only 2% of
them have o < 4 and Ny, (number of stars in the bin) more than 150. The careful
check of these cluster candidates shows, that they are usually situated in very reach
fields in Magelanic Clouds and Galaxy. We exclude them from future analysis and
prepare list of so-called "most probable candidates”. They are given in Table 1. The
coordinates given in Columns 2 and 3 represent the center of the bins.

The above selected star cluster candidates were checked in Simbad on R plates.
Ten of them which are situated in dense and crowded fields are examined on J,H,K
Quick View images. Another 7 clusters are identified as LMC clusters. The remaining
cluster candidates are probably asterisms, except 5 candidates which could be star
clusters. The coordinates of their centers are given in Table 2.

Further analysis of the color-magnitude diagrams and follow-up observations are
necessary to confirm the status of star cluster candidates given in Table 2.
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Fig. 1: Map of the test field. The known Galactic GCs are indicated as open circles.

80

60}

10

Fig. 2: Histograms of standard deviation o and number of stars in the bins. Solid
lines are for cluster candidates, dotted lines indicate the "known” objects.
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Table 1: The coordinates of the selected objects

Name | Ra(deg) | Ra(ha) | Dec(deg) | Nyur | o
objl 84.54 5.64 -71.54 78 | 3
obj2 85.38 5.69 -70.38 123 | 3
obj3 77.71 5.18 -70.21 113 | 3
obj4 85.79 5.72 -69.63 120 | 4
objb 126.87 8.45 -59.87 58 | 6
obj6 129.62 8.64 -59.87 7115
obj7 131.45 8.76 -59.29 95 | 6
obj8 128.95 8.59 -55.37 114 | 9
obj9 | 13229 | 881 | -4812| 2455
objl10 342.12 22.80 -46.87 46 | 6
objl1 98.70 6.58 -41.70 48 | 5
objl2 289.62 19.30 -41.62 88 | 5
ohj13 277.79 18.51 -41.37 158 | 5
objl4 102.45 6.83 -41.29 59 | 6
obj15 115.20 7.68 -41.29 109 | 6
obj16 104.79 6.98 -41.04 65| 6
objl17 297.87 19.85 -41.04 46 | 5
obj18 119.29 7.95 -40.87 149 | 7
obj19 112.95 7.53 -40.79 99 | 7
obj20 105.62 7.04 -40.70 591 6
obj21 296.79 19.78 -40.70 54 1 5
obj22 299.37 19.95 -40.54 55 | 5
obj23 268.16 17.87 -40.29 358 | 6
obj24 103.54 6.90 -40.12 481 5
obj25 112.04 7.46 -40.12 89 | 7
Table 2: The star cluster candidates
Name | Ra(ha min sec) | Dec(deg min sec)
cel 05 42 39 -70 14 18
ce2 10 42 41 -62 32 02
cc3 05 41 06 -70 23 33
ccd 08 35 30 -5512 13
cch 08 10 49 -41 20 12
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1. INTRODUCTION

The spiral arms of M 31 have been a subject of extensive studies over the last
two decades in the Department of Astronomy at the University of Sofia (Ivanov &
Golev 1984, Ivanov 1984, Georgiev & Ivanov 1985, Kurtev & Ivanov 1986, Nikolov
& Tasheva 1989, Nedialkov & Ivanov 1999, Veltchev et al. 1999, Kurtev 2002). The
fragment of the spiral arm S4 along the major axis is extremely interesting region
because the existing wealth of data on the stellar content as well on the hydrogen
(atomic and molecular) and PAH dust emission (Lequeux 2000) offers an excellent
opportunity to discover the fine details of star formation history (Chernin et al. 1995)
in this Local Group galaxy. We describe here a technique to obtain continuous maps
of the stellar populations, and present some preliminary results.

2. TECHNIQUE

The discrete distribution of the stars presents a significant difficulty while trying to
compare the spatially distributed parameters of stellar populations with continuous
radio or mid-infrared maps.
This problem prompted us to convolve the discrete stellar dlstxlbntxons with Gaus-
sian filters. Our approach has multiple advantages:
1. It takes into account both the number and the apparent magnitudes of the
observed stars.
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2. The convolution allows us to obtain a continuous picture of the surface bright-
ness from which the background and foreground contamination can be subtracted
casily.

3. It alleviates the blending problem which affects severely the individual extinc-
tion estimates.

4. The comparison with other 2-dimensional distributions is straightforward.

5. The investigation of the various hierarchical structures (clusters, OB associa-
tions, young star complexes and dust clouds), is simplified since they all are defined as
regions encompassed by isophotes of constant surface brightness or lines of constant

color.
The individual stars were treated as d-functions. We implemented Gaussian
filters with standard deviation ¢ = 20", cut-off levels of 3¢ and peak values of

10~0-4xmagnitude /(15ivel size)?, and the pixels size is 2”.

3. DATA

We used archival near-infrared and optical photometry for a 20" x 20’ field, centered
at a(2000) = 0" 40™ 40* and 6(2000) = 40° 39’ 30" (see Lequeux 2000).

The JK photometry of 277 stars was taken from the Two Micron All Sky Survey
(2MASS) and was selected as follows: K > 12.6™ and J —K > 1.2". The comparison
with a nearby field of equal area well outside the boundaries of M 31 and at the same
Galactic latitude indicates a contamination of less than 15% (Fig. 1). The optical
photometry (BV) was compiled from the catalog of Magnier et al. (1992), imposing
criteria: V > 16.5™ and B — V < 0.4™. It consists of 1473 stars. As seen in Fig. 3,
the foreground contamination is negligible.

The color and magnitude criteria described above were designed to select massive
stars. Indeed, Figs. 2 and 4 show that the majority of objects in our sample is
located inside the boundaries of the classical " OB associations” as delineated by van
den Bergh (1966).

4. RESULTS

1. Several subgroups of enhanced surface brightness within the stellar complexes
are detected and the brightest of themn have typical sizes of ~ 60" (~ 200 pc).

2. The spiral arm S4 is much more prominent and tighter in the K-band (Fig. 5)
than in the optical (Fig. 6), suggesting that the near infrared wavebands are more
reliable for tracing of the spiral arms.

3. There exists a well defined offset between the ridge of the gas armn and the
surface brightness in K, especially strong in the region of OB 78, and between the
inner side of OB 82 and OB 81.

4. The association OB 79 has no gas and relatively few RGS candidates, yet it is
extremely reach of OB stars, probably indicating a recent burst of star formation.
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Fig. 1: All stars with JHK photometry from 2MASS catalog within the selected area.
The number of predicted (foreground+background) contamination objects is shown

in several bins.
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Fig. 2: Red supergiants candidates within the same area with the outlined boundaries
of the OB associations (van den Bergh, 1964).
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Fig. 3: Blue stars from the catalog of Magnier et al. (1992) within the selected area.
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Fig. 4: The positions of the stars from Fig. 3 with the outlined boundaries of the OB
associations (van den Bergh, 1964).
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Fig. 5: A grey-scale surface brightness map in K-band, obtained after convolution of
the stars from Fig. 2 with 2D gaussians (st. dev. = 20”). The values of px vary
from 20.2™ (white) to 24.1™ per square arcsec (black). The contours indicate the
CO(1 — 0) line intensity from the map of Guelin et al. (2000). Levels are from 2 to
17 K km/s in steps of 5 K km/s.

Fig. 6: A grey-scale surface brightness map in B-band, obtained after convolution of
the stars from Fig. 4 with 2D gaussians (st. dev. = 20”). The values of ;15 vary from
23™ (white) to 30" per square arcsec (black). The contours indicate the 21 cm H I
line integrated intensity from data in Brinks & Shane (1984). Levels are from 1500
to 3000 K km/s in steps of 500 K km/s.
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Abstract. In order to make a template for fitting and subtracting the Fe IT emission lines
in the Hy wavelength range, we applied an approximate relation for the I'e II line relative
intensities as a function of temperature. Using the obtained relative intensities we fitted the
I3 wavelength range of several AGNs. We found a good fit of the redshelf of Hg with our
Fe II template. '

1. Introduction

The Fe II template offers a handly tool in studying the warm emitting gas in
Broad Line Regions (BLRs) of active galactic nuclei. Several papers were published
to study the Fe II template in UV and optical regions (see e.g. Vestergaard and
Wilkes 2001, and references therein). One of the frequently investigated problem is
the Fe II template in the Hg wavelength range, since the template contributes to the
red wing of Hz and before an analysis of the Hg line profile is made, the template has
to be subtracted (see e.g. Popovi¢ et al. 2001).

The aims of this paper arc: 1) to estimate the contribution of Fe II template to
the red part of Hg wavelenght range; 2) to find a suitable intensity ratio of Fe II
template which can be used for subtraction of redshelf from Hy line.

2. Observations

We use HST observations obtained with the Space Telescope Imaging Spectro-
graph (STIS), covering the wavelength range 2900-5700 A for three AGNs 3C120,
Mrk 493 and I Zwl. The grating G430L, was used to cover the observed spectral
range as a whole. The dispersion of the spectra was 2.747 A /pixel. The spectra were
reduced by the HST team. We transform the wavelength scale to zero redshift tak-
ing into account the cosmological red-shifts of the observed AGNs (e.g. Véron-Cetty
and Véron 2000). After that we estimate and subtract the continuum, taking as the
reference wavelengths: 3750 A, 3900 A, 4050 A, 4200 A, 4450 A, 5100 A, and 5600 A.
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H beta and O Il lines
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Fig. 1: The wavelength range of 3C 120 Hy line fitted with Fe II template and
Gaussian functions for Hg and [OIII] lines. The dots represent observations, and the
solid line the best fit. The Gaussian components and Fe II template decomposition
are presented at the bottom (dashed line).
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Fig. 2: The same as in Fig. 1, but for Mrk 493.
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Fig. 3: The same as in Fig. 1, but for I Zwl

3. The intensity ratio of Fe II template

First we have indentified the Fe II lines which are present in the spectra of I Zw
1 and we found that the three types of transitions are present, where the lower levels
are 3d°4s® 65, 3d°(*F2)4s *F and d°(3G)4s 4G.

We selected the lines from these three types, assuming that the intensity ratio
within the transitions which have the same lower level is

L_ hph o @-mpr
L "M% f2 g ;

where I and I, are intensities of the lines, Ay and A\ are transition wavelengths, f;
and f, are oscillator strengths, ¢g; and go are the corresponding statistical weights, E,
and Ey are energies of upper levels, k is the Boltzman constant and 7 is the electron
temperature.

We have assumed that each of lines can be represented by a Gaussian with the
width and shift (w and d) and for all Fe II lines w/\ and d/A are the same. It:
means that all Fe II lines from template originate from the same region with the same
kinematical properties. The results of our fit are shown in Figs. 1-3.

4. Conclusion

As one can see from Figs. 1-3, our approximation for Fe II template in the Hy
wavelength range can satisfactorily fit the template and can be used for subtracting
the template from the red wing of Sy 1 and QSO Hp lines. The detailed discussion
will be given elsewhere (Popovié et al. 2002).

209



L. C. POPOVIC, M. S. DIMITRIJEVIC, M. DACIC, A. KUBICELA

References

Popovié, L. (:3., Stanié, N., Kubicela, A., Bon, E.: 2001, Astron. Astrophys., 367, 780.

Popovié¢, L. C., Dimitrijevi¢, M.S. and Daé&i¢, M.: 2002, in preparation.

Véron-Cetty, M.-P. and Véron, P.: 2000, A Catalogue of Quasars and Active Galactic
Nuclei, Sci. Report 19.

Vestergaard, M., Wilkes, B.J.: 2001, Astrophys. J. Suppl. Series, 134, 1.

210



Publ. Astron. Obs. Belgrade No. 73 (2002), 211 - 214 Poster

THE SPECTRAL LINE SHAPES OF MRK 1040
AND SMALL NEIGHBOURING GALAXY

L. C. POPOVIC!, E. BON!, D. ILIC!

L Astronomical Observatory, Volgina 7, 11000 Belgrade, Yugoslavia
E-mail lpopovic@aob.bg.ac.yu
E-mail ebon@aob.bg.ac.yu
E-mail dilic@aob.bg.ac.yu

Abstract. The spectra of Mrk 1040 and UGC 01935 were observed with Isaac Newton
Telescope (INT) on January 24 and 25 at the same time (both object were in the slit). We
have analyzed the Hz and H, emission line shapes and shifts of these two Active Galactic
Nuclei (AGNs).

1. Introduction

Mrk 1040 is a Seyfert 1 galaxy (z=0.016) (Reynolds et al. 1995), with a companion
galaxy UGC 01935 distant about 20” to the north along the minor axis (Colbert et
al. 1996). The compact object is clasified as SO01 type G.

In this paper we present our observations of H, and Hg emission line spectral
regions of these galaxies.

2. Observation and data reduction

Mrk1040 and UGC 01935 were observed with 2.5 m Isaac Newton Telescope at La
Palma, in the period between 21th and 25th of January. The observation contained
Balimer series of emission lines. We observed the spectra around H,,

and Hj line of both objects within the same slit. The slit was 17. The Intermediate
Dispersion Spectrograf (IDS) and the 235 camera in combination with the R1200y
greating were used.

Each set of observations contained 3 spectra with exposure time of 1400 sec.
CuNe and CuAr lamps were used for wavelength calibration. Reduction of data was
performed using IRAF and DIPSO software packages.
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Fig. 1: Mrk 1040 and UGC 01935 photo from Palomar 48-inch Schmidt telescope
(Ref. NED)
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Fig. 2: Comparison of He line of MRK 1040 and UGC 01935
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Fig. 3: Spectra around He line of Mrk1040 and UGC 01935 within the same slit
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Fig. 4: Decomposition of the H, line. The dots present observation and solid line
is the best fit obtained by Gaussian decomposition. The Gaussian components are
shown at the bottom of the figure

Mrk1040: The H, can be decomposed into four Gaussian components; three
broad ones and one narrow. Narrow component has the same width (w) and shift (z)
as N II lines § = 0.0005 (w = 1501‘%), and z = 0.01697. The three broad Gaussian
components have parameters: a) blueshifted with respect to cosmological redshift
w= 1350"%, z = 0.014; b) central w = 430%, z = 0.016; c¢) redshifted with respect
to cosmological redshift w = 1620‘"'?’", z = 0.0198.
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Fig. 5: The same as in Fig. 4. but for the UGC 01935 H, line

UGC 01935: The Ha and N 1II lines have the same redshift and width and can
be represented by one Gaussian component with parameters: w = 50%’1, 2=0.0175.
Weak apsorbtion lines at the z = 0.0169 from Mrk 1040 are present.
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Fig. 6: The same as in Fig. 4. but for the Hg profile of Mrk 1040. The dashed
complex line at the bottom represents combination of Fe IT complex

3. Results

As one can see in Fig 2. the redshift of the UGC 01935 is higher (z = 0.01 75) than
that of Mrk 1040. Using their redshift and assuming that H, = 502 2 /Mpe, Qo = 1,
we obtained that the distance between these galaxies is about 3. 4 Mpe. The line
shape of MRK 1040 H,, is typical for Sy 1 galaxy, while line width of UGC 01935 H,,
is characteristic for LINERs.

As one can see from Figs 4-6 the H, g and H, lines of Mrk 1040 are very complex
and can be decomposed into three broad components, while the lines of UGC 01935
can be represented by one narrow Gausian component.

Detailed discussion of spectral line shapes of these two objects will be given else-
where (Popovi¢ et al. 2002)
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Abstract. We discuss the unusual shape of Mrk 205 Fe Ka line in the light of microlensing
influence of a caustic from the galaxy NGC 4319. The shape of the Fe Ko line may be
described as disc emitted line deformed by microlensing effect of a star with mass less than
0.2 My, from the NGC 4319 star disc. In the paper we discuss the two scenarious of line
variation, if the microlensing effect is present.

1. Introduction

The objects Mrk 205 and NGC 4319 are interesting, because their nuclei are close
each other. Mrk 205 is a low redshifted (z=0.071), low luminosity quasar (My = —23)
located only about 0.7" away from the center of the nearby spiral galaxy NGC 4319
(z=0.00468). In many papers the possibility of their physical connection was discussed
(Burbridge 1996, Bubridge and Hoyle 1996, Arp 1998). On the other side, Baryshev
& Ezova (1998) and Bukhmastova (2001) explained the appearance of quasar-galaxy
pairs (as Mrk 205 - NGC 4319) by theorizing that distant AGNs experienced mesolens-
ing by globular clusters in the halos of more nearby galaxies.

The quasar is viewed through the outer disc of the galaxy (Bahcall et al. 1992,
Bowen & Blades 1993). The shape of UV and optical lines are typical for quasars and
Sy 1 galaxies (Bahcall et al. 1992, Corbin & Boroson 1995), while it has an unusual
weak UV bump (McDowell et al. 1989), indicating that the thermal disc emission
is hidden in extreme UV. Recent observations with XMM-Newton have revealed a
remarkable Fe K, line profile (Reeves et al. 2001). The profile can be resolved
into a narrow component located at 6.4 KeV and a broad component at 6.7 KeV
which is inconsistent with the relativistic profile expected from the inner accretion
disc (Fabian et al. 1989) assumed to be present in majority of Active Galactic Nuclei
(AGNs) (Nandra et al. 1997). In the paper Reeves et al. (2001) it was suggested that
the broad component at 6.7 KeV is 'most likely’ originating from X-ray reflection off
the surface of a highly ionised accretion disc.

Concerning the fact that the Mrk 205 is viewed through the outer disc of the
NGC 4319, the microlensing effect of stars from the outer disc can influence on the
emission line shape. Recently (Popovié et al 2001ab, 2002ab) considered the influence
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of microlensing on the spectral line profile generated by a relativistic accretion disc in
the Schwarzschild geometry, finding that significant changes in the line profile can be
induced by microlensing. The scope of these studies has been the region where the
broad X, UV and optical lines are generated. However, microlensing detection should
be much more favourable in the tiny region generating the X-Ray radiation (Popovié
et al. 2001b, 2002ab). Thus it seems clear that the Fe Ka line can be strongly affected
by microlensing and recent observations of two lens systems seem to support this idea
(Oshima et al. 2001, Chartas et al. 2002).

In this paper we are going to discuss the unusual Mrk 205 Fe I, line profile (Reeves
et al. 2001) considering the possibility that such line profile is due to microlensing
effects caused by a star from the foreground galaxy NGC 4319.

2. Results

Influence of the microlensing effect on a line generated by a relativistic accretion
disc rotating around a Black Hole (BH) is analyzed in paper Popovié¢ et al. (2002a)

where the ray tracing method (Bao et al. 1994, Bromley et al.1997, Fanton et al.
1997, Cadez et al. 1998) for line profile calculation were used.

2. 1. ESTIMATION OF THE CAUSTIC PARAMETERS

To model the unusual Mrk 205 Fe K, line shape first we calculated the Einstein Ring
Radius (ERR) expressed in gravitational radii (GM/c?) for different masses of the
lens which belongs to the NGC 4319 using the relation

. \/4GA~[.,,1, DDy, 1)
= c? Dd .

where G is the gravitational constant, M,,; is the mass of the lens, and D,, Dy
and Dy, are the angular distances between observer — source, observer — deflector
and deflector source, respectively. The distances can be calculated using the relation
(Grogin & Narayan 1996)

2¢ (1= 0 — GiG)(Gi — Gy)
H, Q%(l—i—zi)(l-i—:j)?

where Hy is the Hubble constant and z;, = j are the redshifts, here we suppose that
Hy=50, and Qy=1. The factors G, ; are

Gij =1+ Qozij (3)

Finally, for the case of Mrk 205 and NGC 4319 we obtained the relation between
the ERR (in gravitational radii) and mass of deflector (in Solar masses) as

Mo = 6476~/ M. (4)

D(f:i,Zj) =

(2)

The ERRs for three masses of deflector are given in Table 1. As one can see from
the Table 1, very small objects (about 0.001 M) have enough ERR to cover a big
part of X-ray accretion disc (order of hundred gravitational radii).
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Table 1: The mass of lenses and corresponding ERR in gravitational radii for the case
of Mrk 205 and NGC 4319

Marr, (Me) 0.001 0.01 1

ERR (R,) 204 647 6476

For further calculation we accepted the parameters of caustic (Popovié¢ et al.
2002a): 3 = 1, Ap = 1 and we tested the line profile shape changing the position
of the caustic as well as the ERR.

2. 2. MODELING OF MRK 205 FE K, LINE

In order to compare the modeled profile with the observed one. we took observa-
tions from Reeves et al. (2001). First we subtracted the continuum as was proposed
in Reeves et al. (see their Fig. 2). after that we compared our calculated profile with
the observed one. We accepted that narrow line located at 6.4 KeV (rest frame) is
arising from a neutral matter distant from the black hole (Reeves et al. 2001), and
we modeled only the broad component with the peak at 6.7 keV.

First we started from the parameters of the emitting disc proposed by Reeves et

al. (2001): i = 45°, R = 1000 R, and emissivity of p = —2.5, but we found the
best fit with following paramcters: @ = 40°, Ry, = 10 Ry, Ry = 500 Ry, p=-2.5.
The location of caustic is at Xo = =90, Y. = 0 and that ERR is about 2800 12,

that corresponds to a star with mass less than 0.2 Solar masses. In Figure 1. the
comparison of the observed line profile with the calculated one is presented. As we
can see from that figure, the model of an accretion disc plus microlensing effects of a
star from NGC 4319. can describe the broad component of Mrk 205 Fe K, line.

Fig. 1: The fit (solid line) of ohbserved data (x-x-x) with the XMM-Newton (EPIC
MOS and PN detectors) in comparison with the undisturbed disc line (dashed).

Moreover, we calculated the line profile in future if the MLE influence is present.
The line profile would change in two ways. depending on the caustic motion direction.
It caustic would cross from the approaching to the receding part of the disc the line
would arise in intensity and peak of the line would move to the approaching side.
After the caustic crosses the central part, the peak would move to the receding part
and line would again become weaker. On the other side. if the moveient of the caustic

o
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is from the receding to the approaching side, the line would change very slowly, and
peak would move to the red part of the line, but not as dramatically as in the previous
case.

3. Discussion and Conclusion

We considered the possibility that the unusual line profile of Mrk 205 Fe K, line is
caused by microlensing effect of a star from the NGC 4319 stellar ring, and we found:

1) That small objects (of the order of 0.001 Mg) from the NGC 4319 stellar ring
can produce significant changes in Mrk 205 Fe K, line profile.

2) That the unusual shape of Mrk 205 Fe K, line can be modeled by emission
of an accretion disc with parameters i = 40°, R;,, = 10 Ry, Rour = 500 Ry p=-2.5
which emission is deformed by a caustic from the NGC 4319 stellar disc. We found
that the location of the caustic is at X, = —90, Y, = 0 and that ERR is 2800 R,
corresponding to a star with the mass less than 0.2 Solar masses.

3) That if the unusual Fe I\, profile is due to MLE influence we can expect the two
scenarios of the line variation depending on caustic motion direction. An extended
discussion about this will be published elsewhere (Popovié et al. 2002b)
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Abstract. We use the Catalogue of M31 Globular Clusters and Globular Clusters Can-
didates, compiled by Barmby (2000), containing 400 M31 globular clusters and candidates.
We reduce this list to a sample of 41 globular clusters that have: (i) UBVRIK photometry,
(ii) HI data, (iii) reliable [Fe/H] and (iv) reliable extinction as determined by us. For deter-
mining the intrinsic colours we used the evolutionary synthesis models for globular clusters
by Kurth et al. (1999). The mean total-to-selective ratio in M31 in terms of the analytical
formula by Cardelli et al. (1989) is found to be Ry 2.7 + 0.2. Using data from 21 cm
observations of M31 we got the HI column densities and obtained N(HI)/Av ~ 9 x 1020
atoms cm ™2 mag“l but varying with the radius, indicating possible supersolar metallicity
toward the centre of M 31 galaxy.

1. Introduction

The understanding of true opacities in galactic disks is extremely important be-
cause of its impact on various extragalactic problems. An accurate knowledge of the
reddening in the galactic disks is very helpful in building gas-and-dust distributions
and stellar statistics.

M31 is one of the most studied galaxies because of its proximity. Its distance of
only 0.7 Mpc allows precise spectroscopy and photometry of M31 globular clusters.
Several hundred globulars is a very promising number not only for comprehensive
statistical studies but also for a search for objects lying behind the greatest curtain
on the sky.

The globulars in M31 have been used to test the quality of the models, assuming
Galactic extinction law (Ivanov & Nedialkov, 1997). Here we assume that the models
are correct and check the variance of the extinction law in M31. Recently, Nedialkov
& Veltchev (1999) derived a mean gas-to-dust ratio in M 31 in star-formation regions
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somewhat larger (3.8) than the canonical Galactic value (3.1). In this paper we present
a study of M31 globular cluster system, which helps us to derive the M31 extinction
law as well as accurate gas-to-dust ratios. We combine reliable spectroscopically deter-
mined metallicities with UBVRIK photometry to obtain the absorption distributions
and to test the reddening law in M31. We also obtain N(HI)/Ay using HI column
densities from Brinks & Shane (1984).

2. Data

In this work all observational parameters of the globular clusters are obtained from
the Catalogue of M31 Globular Clusters and Globular Cluster Candidates, compiled
by P. Barmby (version from February, 2000). Originally, the catalogue contained
about 400 globulars, having photometry data, determined [Fe/H] and coordinates.
The first step was to select the objects with spectroscopically determined [Fe/H] and
reliable photometry in at least UBVRIK bands.

In order to use model colours from Kurth el al. (1999) we had to couvert the
catalogue data for [Fe/H] into Z. We did this assuming that solar abundance ratios
can be applied to M31 responsibly. This assumption, based on the Padova Group
(1999) exact values, leads to

[Fe/H] =1g(Z/X) + 1.596548 (1)

Taking into consideration the following two simple relations
X=1-Y~-Z=077-3252Z (2)
Y =0.23+4225Z7 (3)

The final conversion formula for Z comes to be

0.77.10[Fe/H]-1.596548
- 3.25.10[Fc/H]—1.596548 § |

3. M31 Extinction Law

3. 1. MODEL COLOURS AND EXTINCTIONS

After we determine Z we can obtain the intrinsic colours of the globular clusters
using the evolutionary model colours from Kurth (1999). Unfortunately, we had
model colours for only six values of Z for which the authors calculated the temporal
evolution of the UBVRIK colours. We performed interpolation in Z to determine how
the colours of our clusters evolve with age. In Fig. 1 B-V is given as a function of Z
and log ¢
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Using the photometry data from the catalogue and the model colours we obtain
the following extinctions: Ex_y = (X =Y) — (X —Y)g, where (X - Y) is (U — B),
(B-V), (V=R), (V-1I), (V-K). Since for a given Z the model colours are calculated
for 34 different ages, we actually get 34 different extinctions in each colour. This
result accounts for the fact that different ages means different spectral distributions
amounting to age-dependent reddening.

3. 2. ABSORPTION AND Ay/Ay

In the previous section we determined Ex_y which allows us to determine Ay
(where A is the centre of the pass band) since Ex_y = Ax — Ay. These expressions
give us 34 values for A, depending on the age of the cluster. At the same time we
obtain Ay using the relation

Ay =FEp_v.Ry (5)
Here Ry is a free parameter that gives one of the forms of the extinction law. Firstly,
we do not assume any particular value for Ry. Instead, we vary it from 2.0 to 6.5
with a step of 0.1. When entered into equation (5) and the 34 possible different values
for Eg_v have been taken into account we get a set of 1564 values for Ay

The above derived Ay /Ay we compare with the average Ry-dependent extinction
law from Cardelli al. (1989) which is in the form

(Ax/Av) = a(x) + b(z)/Rv (6)

Here a(z) and b(z) are functions of A™!, where X is the centre of the pass band in the
Cousins photometric system. It is important to consider the spectral dependence of
the parameters which the authors deal with by giving two expressions for a(z) and
b(zx) for the infrared and optical.

1)For the Infrared 0.3um™! <z < 1L.lum™!
a(z) = 0.5742*"  and  b(z) = —0.527z" )

2)In the Optical 1.1pm™! <2 < 3.3um™! and y = 2 — 1.82

a(z) = 1 + 0.17699y — 0.50447y% — 0.02427y* + 0.72085y* + (8)
+0.01979y® — 0.77530y° + 0.32999y”

b(z) = 1.41438y + 2.28305y> + 1.07233y” — 5.3843y" — (9)
—0.62251y" + 5.30260y° — 2.09002y"

We vary Ry in the same limits as before. We obtain the extinction law in two
independent ways and get two sets of points depending on the age of the clusters
and varying with the free parameter Ry. By comparing the two extinction laws we
determine the error distribution as a function of age and Ry. In Fig. 2 is shown
the plot of Ay/Ay versus A~! for two globulars, corresponding to three different
ages (including the one with smallest residual) and extinction law parametrized for
total-to-selective ratio Ry equal to 2.7 and 5.4 respectively.
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Using the smallest residuals along the A, /Ay axis (see Fig. 2) as a criterion for
determining Ry and the ages of the clusters, we obtain a mean Ry of 2.72 (Fig. 5),
which well corresponds to the polarimetry results (Martin & Shawl, 1979) of previous
studies. Notably, there are several clusters in our selection with a few extrema in the
error corresponding to different ages and Ry (Fig. 3 and Fig. 4), which might be
reasonably interpreted either as young and bright objects behind the disk or as old
ones in front with small extinction.

It is particularly interesting to look at the Ay histogram (Fig. 5), where one can
notice a slightly bimodal nature of the distribution. Our selection is based on the
presence of HI data in these lines of sight (Fig. 6). The sample of objects we use is
selected by this criterion and hence the Ay distribution shows mostly clusters behind
the disk. The large measured values for Ay suggest that most clusters lie behind the
M31 disk. Considering this, we can say that this Ay distribution probably reflects
the presence of clusters in front of the disk as well as some behind.

Although we do not have many clusters between us and the M31 plane (observa-
tionally), the sample that we have is statistically significant to build Ry distribution
depending on the distance between the cluster and the centre of the galaxy R, as well
as to study the gas-to-dust ratio in M31 (Section 4).

3.3, AGES

Minimal error between the two extinction laws ( as discussed in the previous
section), gives also the ages of the clusters. The histograms of the obtained ages and
corresponding Ry and Ay are shown on Fig. 6. Using this method we found several
candidates for young clusters which are visible to us because they lie along lines of
sight with smaller absorption. The more unlikely option is that these clusters are
located in average absorption region but are intrinsically brighter. However, we think
that the used technique might not be that sensitive with respect to the age. In fact
in the error bar we can virtually have clusters with any age (Fig. 3).

4. Ay and the Gas-to-Dust Ratio

Using the values for Ay we obtained above and the HI column densities, determined
by Brinks & Shine (1984) from 21lcm radio observations, we derived the gas-to-dust
ratio in M31. We give the positions of the sample clusters on the map of atomic
hydrogen, provided also by Brinks & Shane (1984) in Fig. 6. The corresponding Ry
and Ay are shown in Fig. 7, and a histogram of the obtained gas—to—dust ratios -
in Table 1. and their distribution in Fig. 8. The two dashed lines on the plot in
Fig. 7 bound the region of the plot where the Galactic gas-to-dust ratios vary. On
the plot the triangles represent globulars typical for M31 and the circles are objects
with smaller N(HI)/Av ~ 9 x 10% atoms cm~2 mag™' than the average for the
Milky Way N(HI)/Av ~ 15 x 10%° atoms cm™2 mag™! . From the column densities
and calculated Ay we obtain N(HI) vs. Ay. It is convenient to use this data to plot
N(HI)/Ay versus distance to the centre (Fig. 9). Our plot is a confirmation of the
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Fig. 2: Example of extinction law (CCM) optimization for two with fixed metallicity
- 063-124 (right) and 109-170 (left).
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Fig. 3: R.M.S. of the residuals from the extinction curves as a function of the total-
to-seelective extinction ratio (X-axis) and age (Y-axis). Typical example (cluster
109-170 from Fig. 2) of residuals with a few minima. Note the weak dependence of
r.m.s. on the age.

Fig. 4: Same as Fig. 3. Typical example (cluster 063-124 from Fig. 2) of residuals
with well defined minimum.
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Fig. 5: Distribution by age (left), extinction (middle) and total-to-selective ratio
(right) for 43 globulars, candidates to lie behind the disk of M31.

Fig. 6: Rectangular coordinates of the 43 globulars (relative to the galaxy centre),
candidates to lie behind the disk of M31 galaxy. 33 globulars indicating * Galactic”
gas-to-dust ratios are represented with filled white triangles and the rest - with white
open circles. The positions are superimposed over the HI map (Brinks & Shane,
1984).
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Fig. 7: HI column densities (Brinks & Shane, 1984) versus derived extinction values.
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Fig. 9: Radial distribution of the atomic gas-to-dust ratio as derived for 33 (triangles)
and 10 (open circles) globulars. The dashed line represents the gradient as determined
by Braun & Walterbos (1999) for 6 HII regions in M31. The solid line represents a
power law fit, indicating possible central hypermetallicity.
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Table 1: Gas-to-dust ratios in M31

ID N(HI) Ay N(HI)/Avy Ry | log(t) | R [kpc],
number | (10%° at cm~2) | mag | at cm™2 mag™! t, yr | 0.2kpe/’
063-124 16.86 2.55 6.61 2.5 | 8.48 13.21
206-257 5.21 0.64 8.15 3.1 | 9.60 4.52
039-101 13.97 2.27 6.16 2.3 | 9.90 11.65
094-156 14.91 1.48 10.08 2.9 | 9.00 8.85
017-070 14.49 1.59 9.11 291 930 13.88
185-235 26.32 1.66 15.86 24| 878 8.45
116-178 28.07 3.00 9.36 23| 778 10.86
068-130 10.17 1.79 5.69 4.1 | 9.60 5.70
204-254 9.70 1.58 6.14 2.8 | 9.00 7.09
073-134 5.77 1.67 3.46 2.3 | 8.48 5.80
135-192 9.74 1.07 9.11 3.2 | 9.70 7.71
153-000 5.65 1.65 3.43 2.9 | 885 4.51
096-158 10.00 2.37 4.22 2.9 | 8.70 4.08
061-122 15.69 1.22 12.86 3.7 | 9.85 13.54
180-231 31.88 1.60 19.92 2.8 | 9.00 11.43
235-297 36.14 1.03 35.09 29| 830 12.50
044-107 17.59 2.34 7.52 2.0 | 7.84 10.54
161-215 13.36 0.83 16.10 3.1 9.30 .12
038-098 15.59 2.39 6.52 24| 748 11.03
093-155 13.34 2.44 5.47 26 | 7.85 5.91
217-269 19.72 0.86 22.93 3.4 9.30 8.22
228-281 5.77 0.99 5.83 3.3 | 9.30 6.48
117-176 36.04 1.61 22.39 3.1 | 8.60 10.09
213-264 4.03 1.02 3.95 2.2 | 9.30 4.91
165-218 23.03 2.06 11.18 2.6 | 7.48 7.79
209-261 12.38 1.25 9.91 2.6 | 9.00 6.47
211-262 28.06 1.81 15.50 26 | 7.78 9.04
229-282 5.98 0.27 22.16 2.7 | 8.30 6.46
239-000 28.15 2.60 10.83 22| 7.00 11.83
178-229 5.70 0.34 16.76 3.5 | 10.04 4.06
174-226 16.09 1.32 12.19 29| 9.60 7.96
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result obtained by Braun and Walterbros (1992) for galactocentric gas-to-dust ratio
gradient. Moreover, our result is consistent with Braun's - the 6 points they use for
compare well with ours. Comparing the lines in Fig. 9 (the dashed line is from Braun
and Walterbros 1992) one can see that the slope of our line is greater. This can be
explained considering the fact that in our sample we also have clusters close to the
centre, which may imply higher metallicity of the inner parts of the dust component
of the disk. Table 2 summarizes what we determined for the clusters of our sample
in terms of gas-to-dust ratios, ages, Ry.

Finally, we made a histogram of N(HI)/Ay and compared it with those of other
authors (Fig. 8). It is assuring that our N(HI)/Ay distribution contains reasonable
values for the Milky Way. The fact that we observe a peak at slightly lower values
N(HI)/Av ~ 9 x 10% atoms cm™2 mag™" was already discussed but the distribution
pattern we see suggests that our clusters are located in sampling varying with distance
N(HI)/Ay. We compare our results for M31 gas-to-dust with the values for the
Milky Way - data from Bohlin et al. (1978) and another estimate for M31, obtained
by Lequeux (2000). Our value for the gas-to-dust ratio is probably less from that
Lequeux gives because of the different technique used in determining N (HI)/Ay. He
uses primarily UV data and having in mind the probable dust properties in terms of
composition and size, it is completely understandable why Lequeux (2000) obtains
three times larger gas-to-dust ratio then we do.

5. Conclusions

This work addresses several different problems. First, we determined the absorp-
tion in M31 disk at different radii. This was achieved by obtaining extinctions and
appropriate values of the free parameter Ry for all 41 M31 clusters we study. Second,
by comparing our extinction law with the average extinction law given by Cardelli et
al. (1989), we estimated the ages of the clusters. At this point we found several can-
didates for young clusters but we don’t assert it since we think that our method might
not be very sensitive to the age. And finally, using column densities of HI (Brinks
& Shane, 1984) we obtained a gas-to-dust ratios for M31, close to that in the Milky
Way. We derive power law dependence of N(HI)/Av at the distance to the centre
much steeper than those previously found (Braun & Walterbos, 1992; Nedialkov et
al., 2000) which may reflect the supersolar metallicity near the M 31 centre. Recently,
Davidge (2001) suggested that the brightest stars in the bulges of M 31 and the Milky
Way belong to an old, metal-rich population and they are bright not because of small
age, but because of high metallicity. In the near future we intend to test a richer
sample of globulars in M 31 because the number of clusters with known metallicities
is already above 200 (Perrett et al., 2000).
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Abstract. The major and minor axis profiles of 120 late type edge-on galaxies. observed
with the 6-m telescope in the R band, are presented. Only 7 of them (~ 6%) show expo-
nential shapes, 99 (~ 83%) have well pronounced truncation below 24 mag/arcsec? and 13
(~ 11%) are intermediate, with weak truncation below 25 mag/arcsec?. A brief survey of
the possible explanation of the truncation effect is given. The major-axis sizes and axial
ratios at 25 1nag/arcsec2, as well as the respective Tully-Fisher relations are presented. The
"edge-on” TTI relations may be used as raw distance estimators, having relative standard
errors 25 — 33%.

1. INTRODUCTION

The investigation of the distribution of stars in galaxies is very important for elu-
cidation of their structure and evolution. Surface photometry provides information
about the space distribution of stars in the galactic bulges and disks, if galaxies under
various projection angles (inclinations, i) are compared. In this sense the edge-on
galaxies, having i ~ 90°, are very valuable. They show the galactic structures per-
pendicular to the galactic plane and give possibility to disentangle the components
that have different scale parameters. In addition, due to the line-of-sight integration,
one can follow the light distribution to large distances from the center. One very
interesting fact is that most of the edge-on galaxies show strong truncation of their
major axes profiles. Here we present and discuss a uniform system of profiles and
sizes of such galaxies.

2. THE PROFILES AND THEIR CLASSIFICATION

In this work we use the smoothed profiles of 120 northern edge-on galaxies, derived
from the isophote maps of Karachentsev et al. (1992). The sample is selected from
the reprints of the POSS by the criterion "axial ratio on blue photographs a/b > 7
and contains almost all such galaxies with major axis 2 < a < 8 arcmin. Observations
had been carried out with the 6-m telescope with CCD-camera attached to the focal
reducer in 1988-1990. The photometry has been performed in red bandpass, close
to the R-system of Cousins (Aeg ~ 6500 A). Using the table of Karachentsev et al.
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(1992), we list the basic data on the galaxies, as well as the parameters derived by us
in Table 1, as follows:

- UGS - galaxy number in the Uppsala General Catalogue;

- V - radial velocity in km/s, with respect to the Local Group (this work);

- W — 21 em FWHM line-width in kin/s;

- mY, — extinction corrected magnitude (R) within the isophote 24 mag/arcsec
(this work);

- (g5 — angular radius in arcsec along the major axis at 5 mag/arcsec? (this work);

— arg5/bys — apparent aspect ratio at 25 mag/arcsec? (this work);

— M ~ absolute magnitude of the galaxy, calculated with m3, (this work);

— A - galaxy linear diameter in kpc, corresponding to 2aas;

- PT — profile type: e — exponential, t — truncated, i — intermediate;

— WP — warp presence (w);

— HP - halo presence (h).

Most of the large late-type disk galaxies, which are visible edge-on, show strong
deviation from the expected exponential brightness shape, i.e. their photometric pro-
files seem to be truncated. A statistical study of this truncation may pose interesting
constraints on galaxy formation theory. For example, if the truncation were also
present in the mass distribution, it would have important dynamical consequences at
the dises outer edges. From this point of view we classified empirically the shapes of
the major axis profiles of the sample galaxies in three types - exponential, truncated
and intermediate:

~ Ezponential profiles with long quasi-linear parts up to 25-26 mag/arcsec? have
7 galaxies (~ 6%).

— Truncated profiles with strong decrease of the surface brightness below 24 mag/arc-
sec? have 99 galaxies (~ 83%).

— Intermediate profiles with linear part and weakly pronounced truncation after
25 mag/arcsec® have 13 galaxies (~ 11%).

One galaxy (UGC9556) has been classified as peculiar (see Sect. 3).

. Examples of the profiles are shown in Fig. 1. Figure 5 presents the smoothed
profiles of all 120 edge-on galaxies from the sample.

The truncations (cut-offs) are placed at low surface brightness levels, as it is seen
from the profiles in Fig. 1. These cut-offs are not infinitely sharp edges, but rather
regions where the radial exponential scale length suddenly decreases from several kpc
to less than ~ 1 kpe.

There are many suggestions as to the causes of such cut-off effects at the edges of
the disks of most edge-on galaxies. For example, Bottema (1995) suggests that tidal
interactions between neighboring galaxies may be the cause of sharp disk truncation
in individual galaxies. Another possible explanation of the truncations is that star
formation has ceased at that position due to the low HI density (Fall & Efstathiou
1980; van der Kruit & Searle 1981). But in scenario with slow disk formation (Larson
1976) the truncation radius might be the radius where the disk formation time equals
the present age of the galaxy formation mechanisms.

Generally, we must include both intrinsic physical processes and projection effects
due to the positions of spiral arms with respect to the line-of-sight. The importance of
the latter effects can be assessed observationally, since in this case one would expect
an asyminetry in either of the truncations themselves on either side of the galaxy.
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Table 1: Some basic data on the sample of 120 edge- on galaxies

UGC \%4 W m(2)1 Q25 ((Y/b)gr, M A PT WP HP
231 | 841 | 210 | 12.70 | 141.3 6.9 -17.96 | 18.59 e
290 | 758 | 100 | 15.99 49.6 4.6 -14.46 5.90 i w
418 | 4438 | 382 | 13.64 | 63.05 4.19 -20.27 | 36.91 t
485 | 5238 | 359 | 13.57 77.4 4.8 -20.74 | 54.76 t w
507 | 5277 | 455 | 13.17 73 3.5 -21.07 | 49.90 t w h
542 | 4508 | 368 | 13.04 61.7 2.9 -20.96 | 37.72 t h
711 | 1978 | 202 | 13.96 | 113.15 7.05 -18.12 | 28.58 e
1400 | 5536 | 963 | 11.73 87.8 2.8 -22.70 | 65.42 t h
1650 | 4585 | 235 | 15.41 36.4 3.2 -18.63 | 22.67 e
1839 | 1535 | 142 | 14.46 65.3 4.4 -16.98 | 12.28 t w h
1867 | 5195 | 281 | 13.97 62.6 5.4 -20.36 | 44.42 t
1970 | 1915 | 228 | 13.60 70.1 3.5 -18.59 | 18.56 t h
2092 | 6120 | 452 | 13.72 96.9 4.2 -20.83 | 76.50 t h
2101 | 5835 | 500 | 13.36 64.5 3.9 -21.20 | 50.91 t h
2370 | 2162 | 194 | 14.62 67.8 7.7 -17.94 | 21.34 t
2411 | 2h46 | 312 | 13.07 | 140.3 10.6 -19.85 | 52.11 i
3326 | 4085 | 528 | 12.91 | 111.2 6.2 -21.02 | 65.81 t
3365 | 5150 | 537 | 12.64 66 3.5 -21.73 | 47.74 t h
3425 | 4057 | 419 | 12.94 138 4.4 -20.96 | 80.38 i h
3474 | 3633 | 360 | 12.97 5.1 4.3 -20.72 | 39.86 t
3489 | 5455 | 475 | 13.65 65.9 5.3 -20.79 | 49.40 t w
3539 | 3305 | 312 | 13.98 67 4 -19.49 | 32.08 t h
3597 | 5958 - 13.45 61.3 3.5 -21.19 | 50.41 e w
3697 | 3136 | 262 | 12.99 | 107.6 9.95 -20.43 | 50.29 t w
3782 | 2269 | 336 | 12.56 | 1154 4.9 -20.19 | 39.71 t w
3879 | 4797 | 250 | 14.56 67 3.9 -19.64 | 45.05 i w
3959 | 3109 | 425 | 12.28 119 4.6 -21.08 | 54.19 i w h
4043 | 3401 | 419 | 13.46 73.5 3.9 -20.09 | 36.46 t
4148 | 736 | 135 | 15.67 54.9 5.2 -15.28 8.24 t w
4257 | 4164 | 243 | 14.66 69.4 5.2 -19.28 | 41.24 t w
4259 | 3832 | 397 | 13.09 64.7 34 -20.72 | 36.20 t h
4277 | 5459 | 575 | 13.13 122 44 -21.35 | 93.00 i h
4278 | 563 | 180 | 12.50 | 146.3 6.5 -18.11 | 18.82 t h
4550 | 2068 | 264 | 13.76 841.2 3.6 -18.89 | 27.70 t h
4704 | 596 | 129 | 14.32 | 120.8 5.25 -16.38 | 16.17 i w
4719 | 5116 | 542 | 13.13 80.9 4.9 -21.22 | 58.14 t w
4961 | 1578 | 324 | 12.67 | 111.3 4.8 -19.53 | 29.63 t
5173 | 6237 | 491 | 13.64 | 86.9 5.4 -21.14 | 75.91 t w h
5203 | 1551 | 190 | 14.22 79.9 5.4 -18.01 | 21.56 t w
5210 | 4441 | 304 | 14.19 66 4.2 -19.90 | 42.16 t w
5341 | 7568 | 607 | 13.85 97.3 7 -21.31 |1 101.28 | t
5389 | 6980 | 352 | 14.55 65.6 5.5 -20.42 | 62.86 t
5452 | 1342 | 200 | 13.59 | 79.65 4.5 -18.29 | 18.37 t w
5495 | 8249 | 569 | 13.55 81.9 3.3 -21.78 | 92.72 t w h
5537 | 3756 | 288 | 14.40 | 80.25 5 -19.40 | 44.85 i h
5662 | 1324 | 173 | 14.18 | 102.6 6.9 -17.69 | 23.53 e w
5687 | 3563 | 258 | 14.27 | 66.6 4.2 -19.45 | 35.72 t w
5741 | 1391 | 325 | 12.46 | 95.3 3.8 -19.61 | 24.01 t h
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Table 1: (continued)

UGC | V | W | m3s | o= | (a/b)as | M A | PT | WP | P
6080 | 2180 | 190 | 14.97 | 59 406 | -17.79 | 2042 | t

6116 | 1134 | 304 | 12.31 | 125.6 53 | -19.41 | 2683 | t

6483 | 3891 | 324 | 13.74 | 56.2 3.6 | -2012 | 3220 | t

6497 | 6324 | 384 | 14.74 | 63.8 49 | -2002 | 5545 | t

6594 | 1040 | 171 | 14.05 | 79.2 42 |-1760 | 1638 | t | w
6667 | 978 | 176 | 13.47 | 100.6 58 |-17.97| 1887 | t | w
6686 | 6546 | 402 | 13.77 | 89 54 |-2112| 8183 | t | w
6774 | 2417 | 228 | 14.05 | 57.8 46 | -1890 | 2175 | i | w
6802 | 1256 | 139 | 14.16 | 70.2 4.2 | -1766 | 1575 | t | w
7001 | 1507 | 196 | 13.55 | 84.15 53 |-a874] 2337 | v | w | B
7153 | 2606 | 264 | 14.28 | 67.7 48 | -18.83 | 2754 | t

7170 | 2444 | 210 | 14.11 | 87.6 57 |-1892 | 3434 | t | w
7222 | 931 | 232 | 12.02 | 138 41 | -19.31 | 2460 | t h
7279 | 1978 | 208 | 14.33 | 73 52 | -18.46 | 2556 | t h
7291 | 226 | 218 | 12.43 | 106.4 43 | -18.04 | 1278 | t h
7301 | 712 | 131 | 14.39 | 53.3 47 |-1660| 815 | t | w
7313 | 2131 | 214 | 13.86 | 68.3 46 | -19.04 | 2513 | t

7321 | 409 | 210 | 12.99 | 160.3 | 10.5 | -17.48 | 19.29 | t

7387 | 1733 | 256 | 13.91 | 72 53 | -1874 | 2357 | t h
7403 | 2541 | 363 | 12.70 | 112.6 41 | 2054 | 48.70 | ¢ h
7459 | 525 | 189 | 13.84 | 72.7 46 |-1650 | 826 | t | w
7513 | 995 | 280 | 12.21 | 124.2 49 | -19.68 | 28.76 | t

7522 | 1428 | 310 | 12.70 | 87.7 47 | -19.69 | 2550 | t h
7607 | 4226 | 278 | 14.67 | 104.25 | 6.3 | -19.47 | 68.05 | t h
7617 | 6972 | 436 | 14.06 | 80.1 52 |-2092| 7714 | t | w | h
7687 | 1733 | 144 | 14.02 | 81.4 44 | -1866 | 27.12 | t

7725 | 1759 | 151 | 13.55 | 80.4 38 |[-1916] 2713 | ¢ | w
7774 | 526 | 190 | 13.78 | 97.8 56 | -16.82 | 1251 | t

7808 | 7273 | 520 | 13.91 | 98.9 53 | -21.26 | 103.44 | i

7993 | 4789 | 366 | 14.27 | 65.7 49 |-1999 | 4538 | t | w
7999 | 4761 | 442 | 13.22 | 64.4 42 | -21.00 | 4339 | t

8025 | 6316 | 513 | 13.33 | 63.3 44 | -21.47 | 56.00 | t

8146 | 669 | 162 | 13.44 | 99.9 5 1768 | 16.19 | t

8286 | 407 | 179 | 12.01 | 159.9 53 | -18.62 | 2072 | t

8463 | 4647 | - | 12.65 | 825 43 | -21.65 | 58.04 | t h
8115 | 2049 | 256 | 13.08 | 67.5 43 | -1963 | 2271 | t

9127 | 2883 | 570 | 11.85 | 131.9 6.8 | -21.63 | 63.57 | t

9242 | 1440 | 187 | 13.63 | 1365 | 101 | -18.77 | 39.95 | i | w
9249 | 1365 | 147 | 14.46 | 69 47 | -18.08 | 2158 | t

9422 | 3310 | 314 | 13.93 | 62.2 53 | -19.76 | 33.05 | t

9431 | 2237 | 330 | 12.93 | 99.5 52 | -20.10 | 38.75 | t

9556 | 2292 | 230 | 14.88 | 45 41 | -1812 | 17.39 | i h
9568 | 2138 | 418 | 12.49 | 110.4 35 | -2041 | 4060 | t h
9760 | 2015 | 144 | 14.91 | 94.05 58 | -18.16 | 3751 | t

9780 | 5178 | 335 | 14.04 | 71.5 4 2048 | 5555 | t | w | h
9856 | 2491 | 218 | 14.62 | 90 48 | -1864 | 3011 | t h
9948 | 2612 | 536 | 12.37 | 94.2 4 2088 | 4078 | t | w
9977 | 1912 | 247 | 13.35 | 111.6 59 | -19.65 | 42.98 | t h
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Table 1: (continued)

UGC 1% w may Qaszs (a/b)2s M A PT | WP | HP
10227 | 9026 | 600 | 13.84 74 {5 -21.77 | 95.10 t w
10288 | 2045 | 352 | 12.69 | 146.9 5.3 -20.40 | 58.88 i h
10297 | 2306 | 224 | 13.98 67.5 4.4 -19.25 | 28.98 t

11132 | 2828 | 339 | 13.85 65.5 3.7 -19.60 | 31.19 t w
11230 | 7103 | 400 | 14.57 | 65.25 4.4 -20.52 | 65.84 t

11301 | 4500 | 491 | 12.69 88.1 6 -21.59 | 61.40 t w

11394 | 4236 | 365 | 13.47 | 71.25 5.1 -20.68 | 46.70 t w

11411 | 7438 | 396 | 14.19 69 4.3 -20.99 | 72.67 t w

11838 | 3478 | 250 | 14.08 66 5.2 -19.57 | 34.30 b h
11841 | 5989 | 535 | 12.90 98.4 6.9 -21.81 | 83.26 t

11859 | 3014 | 306 | 14.18 74.6 5 -19.18 | 33.96 e h
11893 | 5564 | 619 | 13.18 78.1 3.9 -21.37 | 61.55 t

11964 | 1399 | 170 | 14.75 64.4 5.8 -17.25 | 15.65 t w

11994 | 4872 | 404 | 13.03 64.9 4 -21.24 | 45.04 t

12001 | 4269 | 534 | 12.84 71.6 4 -21.18 | 44.16 t

12190 | 7263 | 577 | 13.54 71.6 4.7 -21.52 | 71.19 t w h
12281 | 2567 | 260 | 13.34 | 105.1 6.6 -19.62 | 39.81 t

12411 | 8656 | 571 | 13.25 54.4 5.4 -22.17 | 64.15 t

12423 | 4838 | 486 | 13.08 | 114.4 4.9 -21.10 | 76.13 i h
12430 | 3676 | 225 | 13.54 | 81.75 5.3 -20.13 | 42.90 v w
12452 | 4960 | 314 | 14.01 69 4.2 -20.22 | 46.90 t w h
12506 | 2385 | 345 | 13.47 88 4.4 -19.32 | 30.78 t

12693 | 4952 | 220 | 14.79 8.5 5 -19.46 | 40.15 t w

12900 | 6803 | 458 | 14.09 | 71.25 4.75 -20.77 | 64.91 t w

3. SOME PECULIARITIES

We find weak halos in 40 (~ 33%) of the examined galaxies. The most prominent of
them — UGC 5495 — is shown in Fig. 2 (left panel).

Many galaxies, including our own, show large-amplitude warps in the outer parts
of their disks. Departures from the ideal symmetry involve warps, tilts, corrugations,
differential ellipticity, vertical convection with the halo. etc. Flaring, even if it does
not break the ideal disk symmetry, may again be considered a perturbative effect.
These features are not large but are common. Their study may provide clues to
understanding the nature of galaxies and the intergalactic medium.

We noticed warping features in 47 of our 120 sample galaxies (~ 39%). Figure 2
(right panel) presents image of an S-shaped edge-on galaxy - UGC 3697.

We also have one galaxy ~ UGC 9556 — with profile, showing big bulge and long
exponential periphery as it appears in Fig. 3. It is possible, that these peculiarities
in the profile shape are due to bad photometric calibration.

4. TULLY-FISHER RELATIONS

The Tully-Fisher (TF) relations are important tools for distance estimation in the
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Fig. 1: Photometric profiles of UGC 231 (exponential, the left top panel), UGC 3782
(truncated, the right top panel) and UGC 2411 (intermediate, the bottom panel).

Universe. Due to the errors of the inclination estimation, the corrections of the
observed sizes or magnitudes of the galaxies to face-on view increases the scatter of
the relations. However, in the special case of edge-on galaxies these corrections may
be omitted. Then we must expect that the "edge-on” Tully-Fisher relations for the
later giant galaxies must be narrower than the usual ones.

Figure 4 (left panel) presents the TF relations between the absolute magnitude M
and the 21 cm FWHM linewidth W (km/s) for 107 galaxies. Because of the absence of
data on W, two galaxies (UGC 3597 and UGC 8463) are not included in this relation.
Moreover, we consider the galaxies UGC 290, UGC 4148, UGC 7301 and UGC 7459
with M > —16 mag, as probably nearby dwarfs. They are excluded, too. Besides,
the galaxies UGC 3425, UGC 7607, UGC 7774, UGC 9127, UGC 11301, and UGC
11411 are also excluded because of their bad frames. The galaxy UGC 1400 does not
participate in the relation because in PGC it is classified as a "multiple” galaxy.

The absolute magnitude M was calculated from the equation

M =mly —25-51gV + 51g Hy. (1)

Using the relations Ap = 0.57Ap and m3, = moy — Ap, mY, in Eq. (1) is
the extinction corrected red (R) magnitude within the isophote of 24 mag/arcsec?.
We use the data about Ap from the Revised Flat Galaxy Catalogue of Karachent-
sev et al. (1999) and the Lyon/Meudon Extragalactic Database (LEDA). Hy = 75
km s~! Mpc~! is the adopted Hubble constant. V is the radial velocity in (km/s)
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Fig. 2: The isophote maps of UGC 5495 (left panel) and the warped galaxy UGC 3697
(right panel)
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Fig. 3: Photometric profile of UGC 9556 (left panel) and its isophote map (right
panel)

corrected from heliocentric to Local Group, through a method recommended by the
NASA/IPAC Extragalactic Database, based on the work of Karachentsev & Makarov
(1996). Figure 4 (right panel) presents the TF relation between the linear diameter A
(kpc) and W (km/s) for the same 107 galaxies. Here the same galaxies as these in the
previous TF relation are excluded. We calculate the linear diameter of an observed
galaxy from the equation
Vv
i Dy e 5
Az;, 2(l2,J H() 1000, (..)

2

where aos is the galaxy angular radius along the major axis at 25 mag/arcsec con-

verted in radians.
In Tig. 4 (left panel) the data are fitted with the line

M= -313-6.701gW, onr = 0.4771,
+0.64 £+ 0.26

and for Fig. 4 (right panel) — with the line

lgA= —0.91+1.001gW, oiga = 0.1237.
+0.17 + 0.07
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Fig. 4: Two variants of the TF relations about 107 edge-on galaxies. The vertical
scales of the two panels are set in such a way that the scale of the dispersion in relative
distance error is visually the same in the two cases.

For the same TF relation as this in the left panel but without extinction correction,
we obtain o) = 0,4818. As it seems the extinction correction in our case is not
significant, but this is so because the galaxies have not very large extinction as seen
in Table 1. Besides that, if in this TF relation we use absolute magnitude A with
respect to the total blue visual magnitude B (taken from RFGC and LEDA, and
corrected for extinction) instead of with respect to the visual magnitude in R-light,
then we could obtain oy = 0.6593.

Let us compare the two TF relations as distance estimators. The distance modulus
standard errors are o, = op = 0.48 mag and o, = 50154 = 0.62 mag, respectively.
The corresponding relative distance errors are 107+/5 | i.e. 25 — 33%, respectively.

A previous investigation of 117 galaxies of the present sample, based on less ac-
curate data, shows badly defined TF relations. The scatters of the relations of type
(1) in the B-band and (2) in the R band are 0.75 — 0.85 mag (relative distance error
is 40 — 50%) (Georgiev 1992). In the present paper we use more accurate CCD data
and because of this the scatters of the TF relations grow down ~ 1.5 tirnes.

5. CONCLUSIONS

We show that 83% of the studied edge-on galaxies have strongly truncated major axis
profiles. Because of their large apparent sizes a few edge-on galaxies (NGC 891, NGC
4244, NGC 5907, etc.) with known truncated profiles are not included in the discussed
sample. Another homogenous sample of southern edge-on galaxies is investigated by
Pohlen et al. (2000). Applying our classification for the galaxies in this sample, we
found that 28 of them have truncated profiles and only 3 galaxies (ESO 319-026,
ESO 578-025 and ESO 583-008) may be considered as belonging to the intermediate
type. Therefore, the standard exponential disk model must be revised. Generally, we
conclude that ~ 90% of the disk edge-on galaxies have truncated profiles. Further we
show that the "edge-on” TF relations may be used as raw distance estimators, having
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Fig. 5: Smoothed photometric profiles for the sample of 120 edge-on galaxies.
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relative standard errors about 30%.

Generally, the scatter of the TF relations arises from four main sources — errors in
the measurements of the parameters, uncertainties associated with the corrections
applied to them, variance of the galactic properties and the Malmquist bias of the
sample. The mean apparent scatter of the I band TF relation, in the case of galaxies
in clusters, is typically about 0.4 mag (Bureau et al. 1996). It is known also, that in
the scatter for the small galaxies exceeds 0.5 mag (relative distance error is 30%) and
for giant ones it is less than 0.3 mag (relative distance error is 15%) (see Giovanelli
1997 and references therein). So, the way for better distance estimations may be the
use of multidimensional generalization of the TF relation, including parameters that
account more accurately the nature of the galaxies.
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ON THE LARGE-SCALE PERIODICITY IN THE SPATIAL
DISTRIBUTION OF RICH CLUSTERS OF GALAXIES
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Institute of Astronomy, Bulgarian Academy of Sciences, 72 Tsarigradsko Shosse Blud.,
BG-1784 Sofia. Bulgaria
E-mail kstavrev@skyarchive.org

Abstract. In a study of the large voids in the spatial distribution of Abell/ACO clusters of
galaxies in the Northern Galactic Hemisphere we have analysed the variations with redshift
of the number density of clusters in a large solid angle (galactic latitude b > +30°) and to a
limiting redshift z ~ 0.2, as well as the spatial distribution of large voids to 2 < 0.14. Two
samples of clusters (1) with measured redshifts and (2) with measured or photometrically
estimated redshifts have been used. While the first sample shows two maxima in the number
density distribution at z ~ 0.03 and z ~ 0.07-0.08, known from previous studies, the
second one shows also a well defined third maximum at z = 0.12-0.14 which coincides
roughly with the third of the peaks in the number of galaxies towards the North Galactic
Pole discovered by Broadhurst et al. (1990). The analysis of the spatial void distribution
suggests the presence at z ~ 0.07-0.08 of a giant 2-D structure, composed of several known
superclusters. We propose an explanation of the third density maximum at z = 0.12-0.14
as a combined effect of (1) the systematic overestimate of mg — the magnitude of the tenth
brightest cluster member — in Abell's catalogue which has affected our estimated redshifts.
and (2) the presence in the redshift range 0.12-0.14 of another giant 2-D structure. The
existence of the two large-scale structures is in agreement with a quasi-periodic distribution
of the rich clusters of galaxies with a period Az ~ 0.05.

1. INTRODUCTION

Using deep pencil-beam redshift surveys ol galaxies in direction to the North and
South Galactic Poles to z < 0.3 Broadhurst et al. (1990, hereafter BEKS) discov-
ered a surprising regularity in the redshift distribution with most galaxies lying
in discrete peaks with roughly equal separation of 128 h=' Mpc (hereafter Hy =
100 A km s~! Mpe~1). This unexpected result was later confirmed by the same au-
thors on the basis of new 1-D surveys directed away off the galactic poles (Koo et
al. 1993), as well as by other authors who used more or less deep samples of galaxies
at different locations on the celestial sphere (Ettori et al. 1997, Vettolani et al. 1997,
Drinkwater et al. 2000). Periodicity with a smaller characteristic scale has been also
found in the redshift distribution of galaxies in the Hubble Deep Field (Williams et
al. 1996) for the redshift range z = 0.3-1.1 (Cohen et al. 2000).

Strong evidence for the apparently periodic distribution of galaxies, as well as an
explanation of this phenomenon, came from the analysis of wide-angle cluster sam-
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ples. Bahcall (1991) was the first to show that the observed peaks in the redshift
distribution of galaxies originate from the intersections of the narrow-beam surveys
with the regions of known extended superclusters. Thus, the regularity in the distri-
bution of galaxies is consistent with a description of the large-scale structure of the
Universe as a network of superclusters and large voids with a typical mean separation
of ~ 100-150 h~! Mpec. The structural reality of the peaks in BEKS survey has been
confirmed also by Tully et al. (1992) and Guzzo et al. (1992) on the basis of deeper
samples of rich clusters of galaxies. The former authors show that the periodicity
maxima deliniated by BEKS coincide with giant structures composed of rich clusters
which span over several hundred h~! Mpc in directions orthogonal to the supergalac-
tic plane (i.e. parallel to the galactic plane). Let us note that similar huge structure
(stratum) with dimension ~ 500 h~! Mpc and roughly parallel to the galactic plane
has been detected earlier by Kopylov et al. (1988) in the distribution of rich Abell
clusters (richness class R > 2) towards the northern galactic cap at 2z = 0.16-0.18.

As some authors have shown, the existence of regularity in the distribution of
galaxies with a characteristic scale > 100 h~1 Mpc leads to the appearance of a local
peak in the power spectrum and to an oscillating correlation function. E.g. Einasto
et al. (1997a, 1997b) obtain a power spectrum for the Abell clusters of galaxies with
a well defined peak at a wavenumber k = 0.05 h Mpc™!, corresponding to a wave-
length of 120 A~ Mpc, and an oscillating correlation function with regularly spaced
secondary maxima and minima with a period of the oscillations 115 A~ Mpec. This
regularity is in contradiction with the standard theory of large-scale structure for-
mation which predicts random distribution of the galaxies and clusters of galaxies
on large scales. The origin of a large-scale periodicity can be explained by barionic
acoustic oscillations during the early stages of the evolution of the Universe. How-
ever, as Eisenstein et al. (1998) have shown such an explanation requires too large
baryon fraction in disagreement with the big bang nucleosynthesis constraints. To
overcome the difficulties encountered in the frames of the standard structure forma-
tion scenario Kirilova & Chizhov (2000) propose a completely different mechanism of
non-gravitational origin producing baryon density perturbations during the inflation-
ary stage of the Universe which evolve into baryonic shells devided by vast underdence
regions.

Up to now several of the nearest peaks in BEKS redshift distribution have been
identified with large structures (superclusters, walls). As shown by Bahcall (1991) the
first two northern and the first two southern peaks coincide with known superclusters
from the catalogue of Bahcall & Soneira (1984, hereafter BS). The first northern peak
(2 ~ 0.02) is due to the Coma and Hercules superclusters (BS10, BS15) which form an
extended flat structure in the distribution of galaxies, called "the Great Wall” (Geller
& Huchra 1989). The second northern peak (z ~ 0.08) corresponds to the Corona
Borealis supercluster (BS12). The first southern peak (z ~ 0.02) originates from the
Perseus-Pisces supercluster (BS19), and the second southern peak (z ~ 0.06) is due to
several superclusters (BS1-3, BS20). Tully et al. (1992) and Guzzo et al. (1992) have
identified the third southern maximum at z ~ 0.11 with the Sculptor supercluster
(Seitter et al. 1989).

In this paper we present some new evidence for the structural reality of the second
and third northern peaks in the redshift distribution observed by BEKS. We show
on the basis of the analysis of deeper and more complete samples of rich clusters of

248



LARGE-SCALE PERIODICITY IN THE GALAXY CLUSTER DISTRIBUTION

galaxies that these peaks indicate the existense of huge 2-D structures composed of
rich clusters extending roughly parallel to the galactic plane and separated by large
voids. This result is consistent with the existence of a large-scale regularity in the
spatial distribution of clusters of galaxies.

2. THE CLUSTER SAMPLES

We use two samples of rich clusters (richness class R > 1) from the catalogues of Abell
(Abell 1958) and ACO (Abell, Corwin & Olowin 1989; hereafter ACO). The samples
are limited in the Northern Galactic Hemisphere. The redshift data for the clusters
have been compiled from four sources (Lebedev & Lebedeva 1996; NASA /IPAC Ex-
tragalactic Database; Slinglend et al. 1998; Andernach & Tago 1998). Details on the
compilation of the redshift data and the preparation of the cluster samples are given
in Stavrev (2000).

The first sample (sample AR/L) contains only clusters with spectroscopically mea-
sured redshifts. The number of objects in this sample for a limiting redshift 2 < 0.2
and a limiting galactic latitude b > 430° is 486.

In order to increase the completeness of the first sample at larger distances we
form a second sample (sample ARE/L) in the same spatial volume (z < 0.2, b >
+30°) which in addition to the clusters with spectroscopically measured redshifts
contains also clusters with photometrically estimated redshifts for which there are no
spectroscopic measurements so far. For this purpose we use the calibration equation

logz = =—4.537240.2132mqg
+829 + 50

from Kalinkov, Stavrev & Kuneva (1985), where myq is the magnitude of the 10th
brightest cluster member estimated by Abell (1958). Let us note that the photomet-
rically estimated cluster redshifts may have large errors (20-30%). Sample ARE/L
contains 1040 clusters.

3. ANALYSIS OF THE NUMBER
DENSITY DISTRIBUTION OF CLUSTERS

Fig. 1 shows the variations of the spatial density of the number of clusters (in units
10~ A3 Mpc™) as a function of the redshift for both analysed samples. The vertical
lines in Fig. 1 correspond to the first four peaks in the number of galaxies discovered
towards the North Galactic Pole by BEKS. The first two peaks are shown separately
for the deep samples of galaxies (dotted line) and the bright samples (dashed-dotted
line) used by BEKS (see their Fig. 1a and b).

As it is seen in Fig. 1, the density distribution for the first sample AR/L (spec-
troscopically measured redshifts, solid line) fluctuates in the redshift range 0.01-0.09
around a mean level of about 6 1076 13 Mpc™?, i.c. in agreement with the estimate
by Bahcall & Cen (1993) for the mean spatial density of the R > 1 Abell/ACO clus-
ters. Therefore, we accept that sample AR/L is fairly complete for z < 0.09. In this
range the spatial number density of clusters shows two well defined maxima at z =
0.02-0.04 and z = 0.07-0.08 which coincide well with the first two northern peaks
in BEKS redshift distribution of galaxies, and correspond, as already pointed out in
Sect. 1, to the Great Wall and to the Corona Borealis supercluster, respectively. In
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Fig. 1: Spatial number density of clusters as a function of redshift for Abell/ACO
clusters of richness class R > 1 and galactic latitude b > +30° (1) with measured
redshifts (solid line), and (2) with measured or photometrically estimated redshifts
(dashed line). The vertical lines correspond to the first four peaks in the number
of galaxies discovered towards the North Galactic Pole by Broadhurst et al. (1990)
according to the deep (dotted line) and bright (dashed-dotted line) galaxy samples
used by them

the next redshift range, for z = 0.09-0.14, the number density of clusters with mea-
sured redshifts drops by about 50% because of the incompleteness of sample AR /L
at larger distances. However, what makes impression is that the density in this range
remains at the same mean level (although with some variations), showing no visible
trend with the distance. For z > 0.14 the spatial density of clusters becomes very low
due to the strong incompleteness of sample AR/L in this redshift range.

The number density distribution for the second sample ARE/L (measured or esti-
mated redshifts, dashed line in Fig. 1) shows that the distribution function is identical
with that for sample AR/L up to z = 0.09 and differs only slightly from it in the red-
shift range 0.09-0.12, while for z > 0.12 the difference is significant. As it is seen in
Fig. 1, after the addition of the clusters with photometrically estimated redshifts a
deep minimum in the number density of clusters is outlined at z = 0.10-0.11, followed
by a high maximum for z = 0.12-0.14. This maximum coincides well with the third
of the peaks in the number of galaxies in BEKS survey.

A similar strong density enhancement in the distance range 300-450 =1 Mpe is
known from the investigation of Scaramella et al. (1991) for a sample of rich (R > 1)
Abell clusters, about 45% of which with estimated redshifts, and has been explained by
these authors as an effect of the systematic overestimate of 1 for the distant clusters
in Abell’s catalogue. Such systematic errors do exist in this catalogue, as pointed out
by Abell et al. (1989). However, in spite of the large errors introduced by the clusters
with photometrically estimated redshifts the reality of the maximum at z = 0.12-0.14
cannot be definitely ruled out. An argument in support of this is the behaviour of
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the number density function for sample AR/L in the redshift range 0.09-0.14. As
already pointed: out, there is almost no decline in the density with redshift in this
range. This fact can be easily explained if a real density enhancement of clusters at z
— 0.12-0.14 is assumed. Another, independent argument is the peak in the number of
galaxies at these redshilts detected by BEKS. Therefore, we suggest that the density
maximum at z = 0.12-0.14 is a combined effect of (1) the systematic overestimate of
mqo in Abell’s catalogue, which has affected our photometrically estimated redshifts,
and (2) the presence at that redshift range of a real giant 2-D structure similar to the
Great Wall and the dominant planes and orthogonal structures suggested by Tully et
al. (1992) and Einasto M. et al. (1997).

Let us also note that the fourth northern peak of BEKS shown in Fig. 1 at 2 = 0.17-
0.18 probably indicates another giant structure more since it coincides by distance
with the huge stratum composed of R > 2 Abell clusters discovered by Kopylov et al.
(1988) in the redshift range 0.16-0.18.

If we accept that the Great Wall and the suggested three more distant giant
structures are located at redshifts 0.02-0.03, 0.07-0.08, 0.12-0.14, and 0.16-0.18, re-
spectively, then the quasi-regularity in the distribution of rich clusters is characterized
by a period Az ~ 0.05.

4. ANALYSIS OF THE SPATIAL VOID DISTRIBUTION

The samples AR/L and ARE/L (with somewhat modified limits: b > +20°, z <
0.16) have been used in Stavrev (2000) for identification of the large voids (diameter
D > 50 h=! Mpc) in the spatial distribution of galaxy clusters in a volume limited
by galactic latitude b > +30° and redshift z < 0.14 (distance r < 420 h~! Mpc).
(These limits concern the coordinates of the void centres.)

Fig. 2 shows cross-sections of the spatial distribution of the identified voids for both
samples. A 3-D coordinate system centred in the Galaxy with axes x and y lying in the
galactic plane and directed to points with galactic coordinates { = 0°, b= 0° and | =
90°, b = 0°, respectively, and axis z directed to the North Galactic Pole, is used. Fig.
2 (a and b) present the two central cross-sections perpendicular to the galactic plane,
along the x and y axes, respectively, for the voids in the distribution of the clusters
from sample AR/L, and Fig. 2 (c and d) show the same but for sample ARE/L. Voids
are marked with their serial numbers in the corresponding void catalogues described
in Stavrev (2000). The cross-sections contain also the corresponding distributions of
the clusters (filled circles) surrounding the voids (in slices 10 h~! Mpc thick).

All cross-sections in Fig. 2 show that a large zone of enhanced number density
of the clusters which is not intersected by large voids exists at a distance of 200-250
h—' Mpc from the galactic plane. This zone is best outlined in Fig. 2a and can be
traced also in the adjacent cross-sections for y # 0 and = # 0 (not shown here). It is
roughly parallel to the galactic plane (i.e. perpendicular to the supergalactic plane)
with dimensions ~ 300 x 150 h~! Mpc along the z and y axes, respectively. This
feature corresponds to the second maximum in the density distribution of Abell/ ACO
clusters at redshift z = 0.07-0.08 (see Fig. 1), as well as to the second northern peak in
the number of galaxies in BEKS survey, and most probably indicates the presence of
a giant 2-D structure similar to the Great Wall and to the giant structures suggested
by Tully et al. (1992) and Einasto M. etal. (1997).
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Fig. 2: Central cross-sections in the a — z plane (left panel) and y — z plane (right
panel) of the spatial distribution of voids: a and b) voids of R > 1 Abell/ACO clusters
with measured redshifts (sample AR/L), ¢ and d) same as a and b but for clusters with
measured or photometrically estimated redshifts (sample ARE/L). Voids are marked
with their serial numbers from the corresponding void catalogues. The coordinate
system is centred in the Galaxy with axes z and y directed to [ = 0° b = 0° and
[ =90°, b = 0° respectively, and axis z directed to the North Galactic Pole. The
distribution of clusters is shown by filled circles for slices 10 h—! Mpec thick. The
filled squares along the galactic axis correspond to the first three northern peaks in
the redshift distribution of galaxies discovered by Broadhurst et al. (1990)

As we pointed out in Sect. 1, the second northern peak in the number of galaxies
from BEKS survey was attributed by Bahcall (1991) most of all to the Corona Bore-
alis supercluster. However, the dense zone which separates the large voids in Fig. 2
contains several more superclusters. We have identified this zone also in the spatial
distribution of galaxies for a combined sample extracted from the Center for Astro-
physics Redshift Catalogue (ZCAT. Huchra et al. 1992) and the MX Northern Abell
Cluster Redshift Survey (Slinglend et al. 1998), shown in Fig. 3 for 19879 galaxies
in the Northern Galactic Hemisphere. A denser clumpy layer roughly parallel to the
galactic plane can be seen in Fig. 3a (shown by a horizontal arrow) at a distance
~ 200-250 I~ Mpe. It is composed of separate concentrations of galaxies elongated
along the line-of-sight due to the finger-of-God effect. (Many of the "fingers” repre-
sent Abell clusters from the MX redshift survey.) These concentrations correspond
(from left to right) to the Ursa Major, Draco, Bodtes, and Corona Borealis super-
clusters (shown by vertical arrows). The layer borders on its nearest side with a less
populated layer which contains the large void in Boétes.
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scl: UMaDra Boo CrB

480, T

Z (h'1Mpc) &

400

x (h""Mpc) 400 -400 y (b Mpc)

Galaxies (b>+20°, 2<0.16, n=19879)

Galaxies (b>+20°, ||, |y], z < 100 h™"Mpc)

Fig. 3: Spatial distribution of the galaxies from the CfA Redshift Catalogue and the
MX Northern Abell Cluster Redshift Survey, shown as perspective graphs with a
coordinate system as in Fig. 2 for: a) 19879 galaxies with galactic latitude b > +20°
and redshift z < 0.16, and a view point at [ ~ 320°, b = +18°; the horizontal arrow
and the vertical arrows show the positions of the superclusters in UMa, Dra, Boo, and
C1B; b) galaxies to |z, |y].z = 100 h~' Mpc and a view point at [ ~ 140°, b~ +18°

The distribution of galaxies in Fig. 3b presents in more detail the nearer part
of the distribution in Fig. 3a (to 100 A~ Mpc) seen from a view point opposite to
that in Fig. 3a. The Great Wall which corresponds to the first northern maximum
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in BEKS redshift distribution is well outlined as a giant flat structure at a distance
~ 80 h~! Mpc roughly perpendicular to the line-of-sight. -

If we go back to Fig. 2 and compare Fig. 2 (c and d) with Fig. 2 (a and b),
respectively, we see that after the addition of clusters with photometrically estimated
redshifts another dense zone appears in the distribution of voids in Fig. 2 (cand d) at
a distance along the z axis ~ 400 2~ Mpc. This zone is situated Jjust at the boundaries
of the investigated spatial volume limited to a depth of 420 h=! Mpc and therefore its
more distant side is not defined. It corresponds to the third maximum in the number
density distribution of clusters with measured or photometrically estimated redshifts
(sample ARE/L) at z = 0.12-0.14 (see Fig. 1) and is near to the third northern peak
in BEKS redshift distribution. In spite of the uncertainties due to possible large errors
in the estimated distances to the clusters, as well as to boundary effects, we suggest
that this zone indicates another, more distant, flat giant structure.

5. Conclusions

The results from the analysis of the redshift distributions of rich Abell /ACO clusters
in the Northern Galactic Hemisphere (Sect. 3), as well as of the spatial distribution of
large voids of rich Abell/ACO clusters (Sect. 4), suggest the existence at redshifts 0.7
0.8 and 0.12-0.14 of giant two-dimensional structures, similar to the Great Wall and
to the giant structures (dominant plane, orthogonal structures) suspected by Tully
et al. (1992) and Einasto M. et al. (1997). The two structures have dimensions of
the order of several hundred h=! Mpc and are roughly parallel to the galacti9 plane.
They are separated by large voids of rich clusters. This picture is in agreement, with
the existence of a large-scale regularity in the galaxy distribution, indicated by the
one-dimensional BEKS survey, and is consistent with a quasi-periodic distribution of
the rich clusters of galaxies with a period Az ~ 0.05.

We expect that the results from the new extensive redshift surveys (2dF, SDSS)
will confirm the reality of the two suggested extremely large structures and will throw
more light upon their origin.
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Abstract. In the present work the spatial distribution of the red supergians in M 33 galaxy
is discussed. The observational data exhibit stellar groups of high stellar density. The
smallest 60 groups with stellar density corresponding to signal-to-noise ratio S/N > 5 have
a mean size of 8.1” (= 30 pc). They are real stellar associations in M33. The size of the
largest stellar groups found in M33 is of about 200" (~ 0.8 kpc) and is typical for a stellar
complex.

1. OBSERVATIONAL DATA AND RED SUPERGIANTS SAMPLES

We applied an approach, proposed by Popov et al. (2002), to obtain a continuous
picture of the spatial distribution of the brightest stars in M 33 galaxy. Their JHK
photometry is published in the Two Micron All Sky Survey (2MASS). The initial
sample of stars was selected using a square field with a width of 1.5° and centered
on M33 nucleus (Table 1). TFigure 1 illustrates the differences between the stellar
populations, occupying areas of equal angular size outside the boundaries of the galaxy
(Fig. 1a) and within its effective diameter (Fig. 1b). Several hundreds of stars have
been detected (Table 2) at the red end of the evolutionary tracks (Lejeune et al.
1997); they are most probably red supergiants (RSGs) in the mass range of 12-20
My, Figure 2 clearly shows the location of the stellar disk cut off along the major
axis: a = 32 at (S/N < 3). It is natural to set a limit K > 13™ since brighter
stars should belong to the Milky Way (Fig. 1) - the total number of objects in the
sample with this single restriction (Sample 1) is denoted as Ni. Another sample is
a subsample of Sample 1 and contains stars selected by criterion J — I > 1.1 which
Jeads to even stronger S/N ratio and also testifies that the stellar disk ends at a =~ 30
along the major axis (see Fig.3). Further we take into consideration only a sample of
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Table 1: General information on M 33 galaxy
Center’s (nucleus) coordinates (de Vaucouleurs & Leach 1981):
«(2000) = 01"33™50.89°
§(2000) = +30°39/36.7"
Fundamental observables (RC3):
D25 = 35.4
(a/b) = 1.698
Qeff = 135'
Positional angle P. A. = 23°
Imclination angle i = 54.3°
Distance modulus (Lee et al. 2002):
m — M = 24,52™
Foreground extinction (Schlegel et al. 1998):
Eg.yv =0.135
E,]_K =0.072 5 AK = 0.050

N3 = 1650 stars populating the whole area 1.5° x 1.5° and constrained by conditions:
K >13™ and J — K > 1.1 (Sample 2).

2. SURFACE BRIGHTNESS AND COLOUR MAPS

The individual J and K magnitudes of the stars with rectangular coordinates X
and Y, relative to M 33 center, represented by d-functions, were convoluted with 2D
gaussians (0 = 50"), cut-off level at 3. Their contribution to the surface brightness
in each pixel is calculated by: p = —2.51og(107%4 ™ /(pixel size)?). The chosen scale
of 5”/pixel gives an image of 1020 x 1020 pixels after removal of 150" strips from
both sides in X and Y in order to avoid edge effects. The adopted foreground surface
brightnesses 1 (Sample 1) and p (Sample 2) are given in Table 3. For their calcula-
tion we used a hexagonal grid consisting of about 200 independent measurements of
the foreground surface brightness.

The choice of ¢ = 50" conditioned by our intent to recover the grand design
features of M 33. We expected to find structures not smaller than 150" (~ 0.6 kpc at
the distance of M 33), i.e. stellar complexes or spiral arms of 1/2 arm width.

3. THE MAIN RESULTS

1. The spiral pattern of M 33 is delineated as area with high density of RSGs (Fig.
3) and with surface brightness u, (in K passband) larger than 23 mag.arcsec™2 (Fig.
4).

: 2. The spiral structure is patchy - there were detected several regions of enhanced
surface brightness, especially in the central region (15” x 15”). Their size of about
200” (~0.8 kpe) is typical of a stellar complex (Fig. 4).

3. A pair of dusty arms is visible on (J—I) color map (Fig. 5). They surround the
central region of maximal I{-surface brightness. Assuming the mean < J—~ K >=1.2
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to be the true color for a red supergiant and < J— K >=1.8 at the ridges of the dusty
arms, a value of Ay = 3. could be derived which reflects 1/2 of the optical depth of
the disk: 1.086 v = 2 Ay. A rough estimate of the vertical optical depth in the
dusty arms is obtained: 75 = 4.5, with preliminary correction for inclination (factor
a cos(i)) and postulating Ag = 1.331 Ay. The disk of M 33 seems to be optically
thick at least at the rigdes of its spiral arms - like in the case of other nearby spiral
galaxy M 31 (Nedialkov & Ivanov 1999).

4. An impressive coincidence exists between the K-band surface brightness map
and the H-alpha emission map (Fig. 6). This indicates that the RSGs and their
progenitors OB stars (not visible in IR) are well mixed in the space and the star
formation in M 33 disk has been a continuous process over the last 10 Myr.

Table 2: Foreground contamination in the field of M 33 galaxy derived from counts
in elliptical rings of one and the same area of 200 arcmin®. The expected number of
MW stars is N; = (138 & 12) for Sample 1, and No = (15 £ 4) Sample 2.

o M cont. % Ny cont. %
12.6 819 16.8 431 35
16.4 451 30.6 214 7.0
19.4 367 37.6 180 8.3
22.0 309 44.7 118 12.7
24.4 239 STl 79 19.0
26.5 188 73.4 48 31.3
28.5 177 78.0 48 31.3
30.3 159 86.8 34 44.1
32.0 156 88.5 35 42.9
33.7 130 106.2 16 93.8
35.3 162 85.2 20 75.0
36.8 138 100.0 21 71.4
38.2 140 98.6 13 115.4

Table 3: Adopted foreground surface brightnesses in [mag.arcsec™?] in J and K pass-
bands: p; for Sample 1 and po for Sample 2.

Band 1 u1 (S/N =5) ) s (S/N =15)
J 24.7+ 0.6 24.0 28.7+1.0 27.5
K 24.0+0.4 23.1 27.3+£0.9 26.1
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Fig. 1: Colour-magnitude diagrams K vs. J — K for areas of equal angular size in:
(a) foreground field, and (b) within the effective diameter of M 33. Note the strong

crowding of RSGs at K = 13™ — 16™ and J — K = 1.2™. The evolutionary tracks
(solid lines) for stars with initial mass between 12-60 M are also shown.

[ =
100 F

solid line - K»>13"
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Fig. 2: The signal-to-noise ratio versus major axes of elliptical rings of one and the

260



RED SUPERGIANTS IN M 33 GALAXY

2000

T T T T T T T T T T T T TR T T TR T T T T LTI T T T T [T

[arcsec]

Y

-2000

T

RIS INRERD

e et s L

-2000 0 2000
X [arcsec]

Fig. 3: Program field and spatial distribution of the stars (filled circles) from Sample
2 (K >13™ and J — K > 1.1™). The size of the smallest ellipse corresponds to the
effective diameter along the major axis, that of the intermediate - to D25, and the
outermost ellipse encompasses an area, equal to the area outside of it.
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Fig. 4: Cray-scale representation of the surface brightness in K-band. The in-
ner isophote corresponds to ux = 22 magarcsec”2 and the outer - to px =
24 magarcsec™2 . The gray scale reaches ux = 24.5 mag arcsec™> (black). The
diameter of the white ellipse is D25'.
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Fig. 5: A false colour map in (J — K) with superimposed isophote ux =
23 mag arcsec™2. The bluest end is at (J — K) = 0.8™ in violet and the reddest end -
at (J — K) = 2.3™ in red. Note the prominent spiral pattern in green (J — K = 1.8)
indicating the dusty arms.
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Fig. 6: The surface brightness isophote ux = 23 magarcsec™2, superimposed on
grey-scale H-alpha map within the inner area 2400” x 2400” of the program field

(Fig. 3).
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4. DISCUSSION

In the near future we intend to:
1. Correlate the surface brightness in IR with its estimates in optical passbands and
H-alpha.
9 Resolve the stellar associations in M 33 via convolution with gaussians of different
widths.
3. Study the B/R and WR/R ratio as a function of the galactocentric distance and
metallicity and also their variation in the OB associations.
4. Derive precise extinction values from the individual colors of the RSGs.
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Fig. 2. Georgi Ivanov, Milan S. Dimitrijevié.

Fig. 3. Vladimir Shkodrov, Georgi Ivanov, Milan S. Dimitrijevic.



Fig. 5. Predrag Jovanovi¢, Rumen Bogdanovski, Edi Bon.



Fig. 6. Ljubomir Iliev, Predrag Jovanovic.

Fig. 7. Miltcho Tsvetkov, Georgi Ivanov, Milan S. Dimitrijevié.



Fig. 9. Slobodan Ninkovi¢, Todor Velchev, Endrik Kruegel.



Fig. 10. Valeri Golev, Miltcho Tsvetkov, Georgi Ivanov, Milan S. Dimitrijevi¢.

o

Fig.

1. Luka C. Popovi¢, Miltcho Tsvetkov, Georgi Ivanov, Milan S. Dimitrijevic.



Fig. 12. First row: Miltcho Tsvetkov, Luka C. Popovi¢, Radostin Kurtev, Ani Lukarska,
Hristo Lukarski, Anelia Staneva.

Fig. 13. Valeri Golev, Jordanka Borisova, Orlin Stanchev.



Fig. 14. Georgi Ivanov, Milan S. Dimitrijevi¢, Miltcho Tsvetkov.

Fig. 15. Rositsa Ivanova, Georgi Ivanov, Milan S. Dimitrijevié.



Fig. 18. Todor Velchev.

Fig. 17. Georgi Ivanov.



Fig. 21. Zoran Simié. Fig. 22. Zorica Cvetkovié.



Fie. 26. Jordanka Borisova.

Fig. 25. Daniela Andreeva.



Fig. 27. Krasimira Iankova. Fig. 28. Milan S. Dimitrijevi¢.

Fig. 29. Valeri Golev, Ani Lukarska, Hristo Lukarski.



Fig. 31. First row: Vladan Celebanovi¢, Renada Antova, Ana Borisova, Katja Tsvetkova.



Fig. 32. Institute of Space Research. 15. 05. 2002. Petar Getsov, Milan S. Dimitrijevi¢,
Miodrag Dacic.

Fig. 33. 13. 05. 2002. Urvich forteress. Fig. 34. Valeri Golev.
Milan S. Dimitrijevi¢, Georgi Ivanov,

Miltcho Tsvetkov, Katja Tevetkova.



Fig. 35. Sofia 13.05.2002. Basic astronomical point of the state triangulation of Bulgaria.
Zorica Cvetkovic.

Fig. 36. Sofia Astronomical Observatory.



Fig. 37. Sofia Astronomical Observatory. Fig. 38. Sofia Astronomical Observatory.
13. 05. 2002. Miodrag Dacic. 13.05. 2002. Edi Bon.

Fig. 39. Vladimir Shkodrov, Vojislava Proti¢-Benisek.
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