
Saling relations and fundamental plane for spiral galaxiesin the J-bandOrlin I. Stanhev1, Boris Zh. Deshev2, Petko L. Nedialkov1, Tsvetan B. Georgiev2
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2 Institute of Astronomy and Rozhen NAO, Bulgarian Aademy of Sieneso_stanhev�phys.uni-sofia.bg(Conferene poster)Abstrat. The saling relations between the fundamental parameters for 31 nearby spiral galaxies withlarge angular sizes, based on published elliptially averaged 2MASS brightness pro�les, are built. Thedi�erenes between the slopes of the relations with two di�erent size parameters (disk sale length ordis diameter) or two kinds of magnitudes (orresponding to "disk only" or "dis + bulge" luminosity)are insigni�ant. The fundamental plane of the galaxies in oordinates "absolute magnitude of the disk� sale length of the disk � HI line width" is shown. The standard error of the fundamental plane �t is0.36 mag while the standard error of the most tight saling relation (the Tully-Fisher relation) is 0.47mag. The derived numerial results are lose to these of other authors in the I band.Key words: galaxies: spiral, galaxies: fundamental parametersÌàùàáíè çàâèñèìîñòè è �óíäàìåíòàëíà ðàâíèíà çà ñïèðàëíèãàëàêòèêè âúâ �îòîìåòðè÷íà ñèñòåìà JÎðëèí È. Ñòàí÷åâ, Áîðèñ Æ. Äåøåâ, Ïåòêî Ë. Íåäÿëêîâ, Öâåòàí Á. �åîðãèåâÏîñòîðåíè ñà ìàùàáíèòå çàâèñèìîñòè ìåæäó �óíäàìåíòàëíèòå ïàðàìåòðè íà 31 ñïèðàëíè ãàëàê-òèêè îò 2MASS ïî ïóáëèêóâàíè åëèïòè÷íî óñðåäíåíè ÿðêîñòíè ïðî�èëè. �àçëèêèòå ìåæäó íàê-ëîíèòå íà çàâèñèìîñòèòå ïðè äâà ðàçëè÷íè ïàðàìåòúðà íà ðàçìåðà (ìàùàáíà äúëæèíà íà äèñêàèëè äèàìåòúð íà äèñêà) èëè ïðè äâà âèäà àáñîëþòíè çâåçäíè âåëè÷èíè (ñúîòâåòñòâàùè íà "ñàìîäèñê" èëè "äèñê + áàëäæ") ñà íåçíà÷èòåëíè. Ïîñòðîåíà å è �óíäàìåíòàëíàòà ðàâíèíà çà ãàëàê-òèêèòå â êîîðäèíàòè "àáñîëþòíà çâàçäíà âåëè÷èíà íà äèñêà � ìàùàáíà äúëæèíà íà äèñêà �øèðèíà íà ëèíèÿòà ÍI". Ñòàíäàðòíàòà ãðåøêà íà ìîäåëà íà �óíäàìåíòàëíàòà ðàâíèíà å 0.36mag, äîêàòî ñòàíäàðòíàòà ãðåøêà íà íàé-òÿñíàòà îò ìàùàáíîòå çàâèñèìîñòè (çàâèñèìîñòòà íàÒóëè-Ôèøåð) å 0.47 mag. Ïîëó÷åíèòå ÷èñëåíè ðåçóëòàòè ñà áëèçêè äî òåçè íà äðóãè àâòîðè çà�îòîìåòðè÷íàòà ñèñòåìà I.IntrodutionThe observing parameters of galaxies an be divided into two groups. The �rst oneinludes the global parameters suh as luminosity (expressed usually by the absolutemagnitudes of bulge, disk or bulge+disk), mass (expressed by some kinemati parameteras the entral veloity dispersion σ0 for elliptials, the rotation veloity amplitude V forspirals or HI line width W for spirals), size (expressed by some harateristi radius likethe e�etive radius re for elliptials, disk sale length for spirals or disk diameter at agiven brightness level A for spirals) and mean mass density (expressed e.g. by the meanor e�etive surfae brightness 〈SB〉

e
). The seond group inludes the shape parameters,like disk-to-bulge ratio D/B, mean elliptiity ǫ, veloity dispersion anisotropy (v/σ)∗,isophote shape a4/a, et.Here we onentrate on the most prominent and important saling relations be-tween the fundamental parameters of spiral galaxies. Atually they are projetions of aFundamental Plane (FP), just like that for elliptial galaxies.The most important projetion is the Tully-Fisher (TF) relation whih is a tightorrelation between the amplitude of the rotational veloity V (or the HI line width

W ) and the absolute magnitude of the galaxy M (e.g. Tully & Fisher [1977℄). It an beexpressed as M = α log V + γ, where α is the slope oe�ient and γ is the zero-point.This empirial relation has been used for estimating the distanes to galaxies, and henefor determining the Hubble onstant (e.g. Sakai et al. [2000℄). The existene of the TFrelation ould be a result of the self-regulated star formation in disks of di�erent mass,Astrophys. Invest. 1, 2007, pp. ??�??



2 O. Stanhev et al.or a diret onsequene of the osmologial evolution of mass and rotational veloity(e.g. Mao [2000℄).Some e�orts have been made by many authors to searh for a tighter orrelationamong the luminosity, rotational veloity, and disk radius for spiral galaxies. It is in-triguing to know whether and how the third parameter, the galati size, really playssome role in galaxy evolution, and how the mass and luminosity are physially relatedto this parameter. Koda et al. [2000b℄ have already done a set of numerial simulations.When the galati size was involved as a key parameter the slope and the shape of theplane are well reprodued. The simulations show that the galati mass and angularmomentum play a prominent role during galaxy formation.In this paper we derive saling relations and a FP for nearby spiral galaxies with largeangular sizes in the J band using fundamental parameters obtained after deompositionof the elliptially averaged brightness pro�les of the galaxies published in Jarrett [2003℄.1 Physial origin of the saling relationsThe saling relations are in fat orrelations between a omprehensive set of parameters:the size of the galaxy, the mean surfae brightness within a given radius, the veloity ofrotation, the luminosity, and the mass of the visible matter. The following two equationsrelate these quantities:
SB =

L

2πR2
,

M

R
= cV 2.Here SB is the mean surfae brightness, L is the luminosity, M is the mass and

R represents some saling fator onerning the size of the galaxy. The strutural pa-rameter c ontains all unknown details about the galaxy struture. Using the equationsabove, the galaxy size an be expressed as:
R =

(

c

2π

) (

M

L

)

−1

V 2SB−1.If (M/L) and c do not vary very muh, the galaxies should de�ne a plane-like distribu-tion in the 3D spae of their global parameters (R,SB, V ). For example, for elliptialgalaxies the derived FP relation is (see Robertson et al. [2006℄):
R ∝ σ1.53

0 SB−0.79,where σ0 is the kinemati parameter for elliptial galaxies.This result is onsistent with the theoretial expetation within limitations aboutthe variations of the dynamial struture, of the mass-to-light ratio, of the amount ofthe dark matter within R, of the slope of the stellar initial mass funtion and of otherpossibly varying parameters.2 Data sample usedThis work is based on the published radial brightness pro�les of 31 spiral galaxies,seleted from the 100 largest 2MASS galaxies (Jarret et al. [2003℄). The galaxies overthe range of morphologial types between Sa and Sd with inlination angles in the range20◦-70◦ and J-band absolute magnitudes between -22 and -25 mag. The rotational urveamplitudes lie between 200 and 700 km/s. We use the aurate distanes, extintionestimations and HI line widths olleted in HYPERLEDA database.Figure 1 presents the absolute magnitude � morphologial type relation for thesample of 31 galaxies in the J-band. It reprodues the known orrelation between the



Saling relations for spiral galaxies 3morphologial harateristis of galaxies and their luminosities. As an be seen, themost luminous galaxies in the sample belong to morphologial type odes between 3and 4. That is, early type galaxies are more luminous.Figure 2 shows how the sample used obeys the TF relation. Here the photometrydata about MJ are taken from 2MASS, while the kinemati data (W20 - the HI linewidth measured at the 20% level in km/s) are taken from HYPERLEDA database.
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Fig. 1. Least-square �t to the luminosity � morphologial type relation with J-magnitudes taken from2MASS and type odes taken from HYPERLEDA.3 Fundamental Plane and projeted saling relationsNow it is well known that a FP exists for the physial properties of elliptial galaxies inthe 3D spae de�ned by the entral veloity dispersion, e�etive surfae brightness ande�etive radius (Dressler et al. [1987℄; Djorgovski & Davis [1987℄; Faber et al. [1987℄).Besides its remarkable distane indiator apabilities, the amazing simpliity of the FP(due to the virial theorem and the homology of struture and kinematis) allows usto investigate several physial issues: stellar population e�ets, rotational ontribution,and dark matter ontent.The generality of the onept of the FP of elliptials makes it suitable for applia-tion to spiral galaxies as well (Persi, Salui & Stel [1996℄; Shen, Mo & Shu [2002℄;Graham [2002℄ & Han et al. [2001℄). It is therefore important to searh for the FP fromobservational data with the galati size as a third parameter. In priniple, if M repre-sents the photometri parameter, V - the kinemati parameter and R - the radius, thenthe FP relation would be expressed as:
M = α log V + β log R + γHere α, β and γ are the oe�ients from the �t applied to the observational data sample.For example, Kodaira [1989℄ gave α = −2.5 and β = −5.0, while Koda et al. [2000a℄obtained α = β = −3.25. In Han et al. [2001℄ the FP relation for spiral galaxies in theI-band has the oe�ients α = −4.75, β = −2.85, γ = −6.21.
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log W20  [km/s]Fig. 2. Least-square �t to the Tully-Fisher relation with J-magnitudes taken from 2MASS and HI linewidths log W20 taken from HYPERLEDA.In this paper we onsider the known saling relations as 2D projetions of the 3D FPrelation, inluding luminosity � size (LS) relation, luminosity � veloity (LV) relationand size � veloity (SV) relation.
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Fig. 3. Least-square �ts of the luminosity � size relations with "bulge + dis" (dotted line) and "diskonly" (solid line) J-magnitudes as well as disk sale lengths taken form the results of the pro�le deom-positions (see the text).



Saling relations for spiral galaxies 5Figure 3 presents the LS projetion relation. Sometimes it is alled "diameter Tully-Fisher relation". In fat, we derived two relations. The �rst of them, represented inFig. 3, uses the absolute disk sale length of the galaxy and the seond one (not shownhere) uses the absolute disk diameter, orresponding to the 25 [mag/arse2℄ surfaebrightness level. Both size parameters are derived from a disk model, obtained afterdeomposition of the galaxy pro�le into bulge and disk omponents in the spirit ofKormendy (Yankulov [2005℄). The disk pro�le (as the bulge one) is �tted by Sersi'sformula IR = I0 exp(−(R/Rd)
N ), where the free parameter Rd is the disk sale length.The exponential-power number N is also a free parameter that desribes the urvatureof the disk pro�le (see Georgiev & Stanhev [2005℄ for details). The absolute values of thesize parameters are derived through the distane modulus taken from HYPERLEDA.The solid and dotted lines in Fig. 3 show the least-square �ts for "disk only" and"bulge+disk" (labeled as total in the �gures) magnitudes. Both magnitudes are derivedafter numerial integrations of the bulge and disk models, obtained after deompositionproedure. It an be seen that the dotted �ts are shifted upwards beause of the ontri-bution of the bulge luminosity. Figure 3 shows also that the obtained standard errors ofthe �t for the "dis only" and "dis + bulge" ase are omparable. Unfortunately, thedata sample used is large and it seems hard to make more detailed onlusions. But werather fous on the demonstration and on�rmation of well known saling relations asprojetions of the FP for spiral galaxies, here in the J-band.
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Fig. 4. Least-square �ts of the Tully-Fisher relations with "bulge + dis" (dotted line) and "disk only"(solid line) J-magnitudes taken form the results of the pro�le deompositions (see the text).Figure 4 shows the TF relation with the absolute J-band magnitudes obtainedthrough the iterative deomposition proedure and the logarithm of the kinemati pa-rameter W20. This �gure on�rms the basi idea behind the TF relation: the biggerthe galaxy is, the faster it is rotating. Just like in the previous �gures, there are twolines representing two least-square �ts � for the "disk+bulge" (dotted line) and the"disk only" (solid line) TF relations. The obtained zero-points and slopes are given inthe �gure. It an be seen that the least-square �t desribes slightly better the "bulge+ dis" TF relation ompared with the "disk only" TF relation. Maybe the reason is



6 O. Stanhev et al.unontrolled errors in the deomposition proedure for determination of the disk salelengths. "Bulge + dis" luminosity desribes better the rotational support of the galaxythan "dis only" luminosity and that an ontribute to a larger standard error of the�t for the "dis only" TF relation.
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log W20  [km/s]Fig. 5. Least-square �t of the size � rotational veloity relation with disk sale lengths taken from thedeompositions (see the text).Figure 5 shows the SV relation. We onstruted this relation for both, the absolutedisk sale lengths and absolute disk diameters, but only the relation with the disk salelength is shown. By omparing both relations we obtained that the least square �t forthe disk sale length SV relation (log Rd − log W20) has a larger error (σ = 0.18) thanthat of the absolute diameter SV relation (log Ad − log W20) (σ = 0.14). Probably thisdesription is due to the three outlying points in the (log Rd − log W20) relation. Figure5 expresses the known orrelation between the size and the rotational veloity of thegalaxies: larger galaxies are faster rotators.Figure 6 shows the FP in the spae of the global parameters luminosity, size androtational veloity for our sample of 31 2MASS spiral galaxies with large angular sizes.As it an be seen in the �gure, the distribution of the points in the 3D spae is wellprojeted into eah plane, showing quite good orrelation between eah pair of param-eters. These are the known saling relations for spiral galaxies - the LV (TF) relation,the LS relation, and the SV relation. Here the luminosity parameter is the "disk only"J-absolute magnitude. The size parameter is the absolute disk sale length (in kp) andthe kinemati parameter is the HI line width measured at the 20% level (in km/s). Theempty squares show the 3D distribution of the points and the �lled squares show theprojetions of the FP, orresponding to the saling relations for the spiral galaxies.Figure 7 represents the FP in the 3D spae as a result of a least-square plane �t. Basedon the sample of 31 2MASS spiral galaxies, we obtain the following Fundamental Planerelation:
MJ(disc) = −5.29 log W20 − 1.33 log Rd − 7.79.
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8 O. Stanhev et al.Table 1. Fundamental Plane relations for 6 di�erent sets of global parametersFP relation α β γ σ
(log W20 − log Ad − Mtotal) -5.679 -1.307 -5.833 0.362
(log W20 − log Rd − Mtotal) -5.723 -1.125 -6.698 0.351
(log W20 − log Ad − Md) -5.679 -1.166 -5.870 0.404
(log W20 − log Rd − Md) -5.289 -1.323 -7.796 0.361
(log W20 − log Ad − M2MASS) -5.160 -2.195 -6.158 0.369
(log W20 − log Rd − M2MASS) -6.703 -0.795 -4.945 0.458The standard error of the least square �t is 0.36 mag. The oe�ients of this FP arelose to the oe�ients for the I-band data derived by Han et al. [2001℄, given in Setion3.ResultsThe results of this work an be summarized as follows:� We derived saling relations between the global parameters of the spiral galaxies inthe J-band. We found lose values of the relation slopes in the ases of two di�erentsize parameters (the disk sale lengths Rd or dis diameters Ad) and two kinds ofmagnitudes (orresponding to "disk only" or "dis + bulge" luminosity). The oef-�ients of our relations in the J-band are omparable with the same oe�ients ofHan et al. [2001℄ in the I-band .� We derived the FP oe�ients α = −5.29, β = −1.33, γ = −7.79. The standarderror of the fundamental plane �t is 0.36 mag while the standard error of the mosttight saling relation (the Tully-Fisher relation) is 0.47 mag. Our results are loseto these of Koda et al. [2000a℄ and Han et al. [2001℄ in the I band.ReferenesDjorgovski S. & Davis M., 1987, ApJ 313, 59Dressler A., Lynden-Bell D., Burstein D., Davies R. L., Faber S. M., Terlevih R.J. & Wegner G., 1987,ApJ, 313, 42Faber S. M., Dressler A., Davies R. L., Burstein D., Lynden-Bell D., Terlevih R.J., & Wegner G., 1987,in Nearly Normal Galaxies, From the Plank Time to the Present, ed. S. M. Faber (NY: Springer),175Georgiev Ts. B. & Stanhev O. I., 2005, Bulg. J. Phys., 32, 65Graham A. W., 2002, MNRAS, 334, 721Han J., Deng Z., Zou Z., Wu Xue-Bing & Jing. Y., 2001, PASJ, 53, 853Jarret T.H., Chester T & Outri R., 2003, ApJ 125, 525Koda J., Sofue Y. & Wada K., 2000a, ApJ, 531, L17Koda J., Sofue Y. & Wada K., 2000b, ApJ, 532, 214Kodaira K., 1989, ApJ, 342, 122Mo H. J. & Mao S. 2000, MNRAS, 318, 163Persi M., Salui, P. & Stel F., 1996, MNRAS, 287, 27Robertson B., Cox Thomas J., Hernquist L. et al., 2006, ApJ, 641, 213Shen S., Mo H. J. & Shu C., 2002, MNRAS, 331, 259Tully R. B. & Fisher J. R., 1977, A&A, 54, 661Sakai S., Mould J. R., Hughes S. M. G., Huhra J. R., Mari L. M., Kenniutt R. C. et al. 2000, ApJ.,529, 698Yankulov I., 2005, Master Thesis, Department of Astronomy, University of So�a


