
A review of Am star studies reently made at the 2-mRCC telesope of the Rozhen NAO ⋆Ekaterina Atanasova, Ilian Iliev, Ivanka Stateva, Ina BarzovaInstitute of Astronomy, Bulgarian Aademy of Sienese_atanasova�astro.bas.bg(Conferene talk)Abstrat. A detetion of a seondary spetrum in �ve spetrosopi binary systems is reported here.High signal-to-noise high-resolution spetrosopi observations have been arried out at the RozhenNAO onerning mainly Am stars in binary systems. We reah the onlusion that photographi da-ta for early type binaries with long orbital periods (where the orbital Doppler shifts are less than oromparable to the rotational broadening of the spetral lines) and whih have only a few broad lines,should be revised or at least used with aution. We demonstrate that disovery of the binary natureor seondary spetra in many urrently unresolved SB1 systems is possible through CCD-observations,even with 2�m lass telesope. We were able to determine diretly the mass-ratios for the newly dis-overed SB2 systems and to show that old data ould lead to doubtful orbits. For two of the systemsradial-veloity urves were obtained also.Key words: spetrosopi binaries, Am starsÎáçîð íà èçñëåäâàíèÿ íà Àm çâåçäè, èçâúðøåíè íàïîñëåäúê ñ 2-ìòåëåñêîï íà ÍÀÎ-�îæåíÅêàòåðèíà Àòàíàñîâà, Èëèàí Èëèåâ, Èâàíêà Ñòàòåâà è Èíà ÁàðçîâàÑúîáùàâà ñå çà äåòåêòèðàíå íà âòîðè÷åí ñïåêòúð â ïåò ñïåêòðîñêîïè÷íî-äâîéíè çâåçäè. Â ÍÀÎ- �îæåí áÿõà ïðîâåäåíè ñïåêòðîñêîïè÷íè íàáëþäåíèÿ ñ âèñîêî ðàçðåøåíèå è ñ âèñîêî îòíîøåíèåñèãíàë/øóì, îáõâàùàùè ãëÿâíî Am çâåçäè â äíîéíè ñèñòåìè. Íèå ñòèãíàõìå äî çàêëþ÷åíèåòî, ÷å�îòîãðà�è÷åñêèòå äàííè çà äâîéíè çâåçäè îò ðàííè òèïîâå ñ äúëãè îðáèòàëíè ïåðèîäè (êúäåòîîðáèòàëíèòå äîïëåðîâè îòìåñòâàíèÿ ñà ïî-ìàëêè èëè ñðàâíèìè ñ ðîòàöèîííèòå ðàçøèðÿâàíèÿ íàñïåêòðàëíèòå ëèíèè), êîèòî èìàò ñàìî íÿêîëêî øèðîêè ëèíèè, áè òðÿáâàëî äà ñå ïðåðàçãëåäàòèëè ïîíå äà ñå èçïîëçâàò ïðåäïàçëèâî. Íèå ïîêàçâàìå, ÷å îòêðèâàíå íà äâîéñòâåíà ïðèðîäà èëèíà âòîðè÷íè ñïåêòðè â ìíîæåñòâî òåêóùî íåðàðåøèìè SB1 ñèñòåìè å âúçìîæíî ÷ðåç CCD-íàáëþäåíèÿ äàæå ñ òåëåñêîï îò 2-ì êëàñ. Íèå óñïÿõìå äà îïðåäåëèì ïðÿêî îòíîøåíèÿòà íàìàñèòå íà íîâîîòêðèòèòå SB2 ñèñòåìè è äà ïîêàæåì, ÷å ñòàðèòå äàííè áèõà ìîãëè äà äîâåäàòäî ñúìíèòåëíè îðáèòè. Çà äâå îò ñèñòåìèòå áÿõà ïîëó÷åíè è êðèâèòå íà ëú÷åâèòå ñêîðîñòè.IntrodutionDetailed study of Am binaries is neessary for �nding the physial reason for theirabundane anomalies and for larifying the role of tidal interations and di�usion instellar atmospheres. Am stars belong to a group of hemially-peuliar stars of the uppermain sequene (MS). They have A0 to F4 spetral types (temperature sale 10000K to7000K). Their typial features are (Preston [1974℄): presene of strong lines of metals,weak lines of Ca, S and other light elements, lak of spetrosopi and photometrivariability (although the instability strip rosses MS in the region of Am stars), abseneof magneti �elds, high frequeny in binary systems (up to 90%) and low rotationalveloities (v sin i < 100 km s−1). Am peuliarity seems to be more pronouned withinreasing eentriity and orbital period of the binary system (Budaj [1997℄, Iliev etal. [1998℄). A reent survey of 192 Am stars (Debernardi [2002℄) showed a high rate ofSB2 systems within 100 p. The role of dupliity in driving peuliarity in metalli linestars was indiated one more.
⋆ Based on observations olleted at the Rozhen National Astronomial ObservatoryAstrophys. Invest. 1, 2007, pp. ??�??



2 E. Atanasova et al.1 Observations, Data RedutionOur spetrosopi observations were arried out with the 2�m RCC telesope of theBulgarian NAO Rozhen during the period 2000�2004. A Photometris AT200 amerawith a SITe S1003AB hip (1024×1024, 24µm pixels) was used in the Coud�e spetro-graph in order to obtain spetra in 100 �A wide spetral regions entered at 6440 �A and6507 �A with a resolving power R = 32000. The typial S/N ratio reahed was about300. Standard IRAF proedures were used for bias subtration, �at-�eld division andwavelength alibration. Hot, fast rotating stars were used for removal of telluri lines.Radial veloities of the omponents were omputed with noao.rv.rvidlines IRAFproedure, after orretion for helioentri motion and ross-orrelation funtion usingKOREL ode (Hadrava [1995℄). Spetral lines were identi�ed using the SYNSPEC ode(Hubeny et al. [1994℄, Krti�ka [1998℄) for spetrum synthesis. The atmospheri param-eters were derived from Geneva photometry using alibrations of Kobi & North [1990℄.The line list for the spetrum synthesis was reated with the VALD atomi line database(Kupka et al. [1999℄).
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Ôèã. 1. HD434 � the two spetra were shifted by -0.15 in relative intensity; Â�aÂ� denotes the linesof the primary and Â�bÂ� � of the seondary star.
2 ResutsWe brie�y present the �ve newly disovered SB2 systems from the observed target listof 27 Am-stars.HD434 (HIP 728) was �rst found to be an SB1 system by Shajn [1951℄, who deter-mined its spetral type as A2s. A few years later Palmer et al. [1968℄ found its rotationalveloity v sin i to be 60 km s−1and lassi�ed it as an A4Vm star. In 1985 Hube & Gulliv-er [1985℄ sueeded in alulating its preliminary orbital elements using 38 photographi



A review of Am stars studies 315 �Amm−1 spetra. These elements were on�rmed by Margoni et al. [1992℄. SreedharRao & Abhyankar [1992℄ analysed 33 spetra with dispersion of 33 �Amm−1 and speu-lated the presene of a seond spetrum, at least 1.m5 fainter. The seondary spetrumof the system (see Fig.1) was observed by Iliev et al. [2001℄. CCD observations revealedthe strong peuliarity of the primary ([Ca/Fe℄ = 0.27) (Burkhart & Coupry [1989,1997℄)and it was notied its v sin i is about half of the published value of 60 km s−1. Diretmass-ratio M1/M2 = 1.19± 0.06 was derived, and systemi veloity was obtained to be12 km s−1 (Budaj et al. [2003℄).The radial-veloity urve (Fig. 2) was obtained by Atanasova et al. [2006℄ usingPHOEBE (Physis Of Elipsing BinariEs) software, developed on the Wilson-Devinneyode (Pr�sa & Zwitter [2005℄).
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PhaseÔèã. 2. Radial-veloity urve of HD434. The photographi veloity urve (open irles) was omputedwith data from Hube & Gulliver [1985℄, Sreedhar Rao & Abhyankar [1992℄ and Margoni et al. [1992℄.The CCD veloity urve shows higher semi-amplitudes of the primary (bullets) and seondary (blaktriangles) respetively (K1 = 37 km s−1, K2 = 47 km s−1). The mass-ratio is M1/M2 = 1.26 ± 0.03.HD861 (HIP 1063) is a well known SB1 binary but has been rarely studied althoughit is quite bright and lose: V = 6.m3. Du�ot & Fehrenbah [1956℄ mentioned that ithad variable radial veloities. It was �rst lassi�ed as a metalli-line A-type star bySlettebak & Nassau [1959℄. They lassi�ed it as A2 based on the CaIIK line and asF2 based on the metalli lines. The orbital elements were determined by Aker [1971℄:
Porb = 11.d2153, K = 43.8 km s−1, e = 0.22, V0 = −12.5 km s−1. The �rst detetionof the seondary in its spetrum was reported by Budaj et al. [2004℄ (see Fig. 3). Themost probable explanation of the newly found sharp lines was that they originate fromthe so far unseen seondary omponent of the binary system. A preliminary synthetispetrum of the primary was alulated and a preliminary abundane analysis wasperformed. The projeted rotational veloity was estimated to be v sin i = 37 km s−1.A preliminary mass-ratio of about 2 was indiated by obtaining radial veloities ofthe omponents. Budaj et al. also pointed out that their measurements of the radial



4 E. Atanasova et al.veloities do not �t well the predited radial-veloity urve. It was on�rmed later andnot published yet that Porb = 15.d97.
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Ôèã. 3. HD861 � the apparent strong lines of the primary are shifted to the blue, the �ne and sharpomponents are shifted to the red as the arrows indiate.HD108642 (HIP 60880, V = 6.m5) is an SB1 system with Porb = 11.d215, e = 0.0,
K = 41 km s−1, V0 = 0.7 km s−1. Its SB2 nature was only suspeted, indiret estimationsgive M1/M2 = 1.9. Slow rotation (v sin i < 5 km s−1) of both omponents failitateslear reognizing of the seondary (Budaj et al. [2003℄). Our �rst diret determinationof the mass-ratio shows that M1/M2 = 1.8. Due to orbital motion â�»aâ��ê andâ�»bâ��ê line systems exhange plaes what is exhibited in Fig. 4.HD178449 (17 Lyr, HIP 93917, V = 5.m2). It is the A omponent of ADS 12061and an SB1 system as well. The B omponent is a 9.m0 star 4′′away from A. We haveinluded HD178449 in our target list mainly for using it as a referene objet for thesyntheti spetrum proedures at high rotational veloities (≈ 130 km s−1). The staritself turned out to be very interesting and we spent a large amount of observing timeto investigate the origin of the sharp features seen in the bottom of most lines (Budaj& Iliev [2003℄). Their nature is neither interstellar, nor shell, they do not belong to theB omponent. A omprehensive analysis inluding syntheti spetrum alulations (thedashed line in Fig. 5) shows that the weak details originate from a G-dwarf ompanion,whih is apparently a newly disovered Ab omponent of the system. A small part ofthe spetrum of HD178449 with S/N ≈ 1700, arefully aggregated for more than 11hours of total exposure time is shown here.HD216608 (HIP 113048) is a visual binary system. Component B (F6V star) orbitsthe primary with Porb = 105 years. There is an optial ompanion C (11.m star) also.The brightest member HD216608A has Am harateristis and it is onsidered to bean SB1 system. This is the reason it was inluded in our target list. The publishedorbital elements are (Abt & Levy [1985℄): Porb = 24.d164, e = 0.2, K = 10 km s−1.Spetrosopi observations reveal the triple struture of the line pro�les. Preise analysis
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Ôèã. 4. HD108642 � Two spetra shifted by -0.25 in relative intensity are shown here; Â�aÂ� denotesthe lines of the primary and Â�bÂ� � of the seondary star.

Ôèã. 5. HD178449 � see the text for more details.(Iliev et al. [2001℄) shows that sharp moving details both belong to the ool B omponentwhih seems to be a newly disovered SB2 system. The two systems of lines are markedas â�»Baâ��ê and â�»Bbâ��ê, while â�»Aâ��ê stands for lines related obviouslywith the hot A omponent. Heavy blends resolved partially here ould a�et all previousmeasurements of radial veloities in lower spetral resolution leading to false orbits. Thevery SB1 nature of HD216608A should be revised as well (see Fig. 6).ConlusionObservations of a larger sample of binaries with Am-omponents and re�ning orbitalelements of the systems require high-quality spetrosopi data. More aurate valuesfor these elements, v sin i and hemial abundanes would give support to the tidal
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