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Abstract. We present the near-IR(-band, i.e.A = 2.1 um) very different (McGaugh & Bothun 1994; De Blok & McGaugh
Tully-Fisher (TF) relation for a sample of 50 giant and dwarf997). Some of the previous seminal ideas have been restated
late-type galaxies, selected from the Virgo Cluster Catalogumy. Burstein et al. (1997), who claimed that the TF relation is a
We find thatL o V},. along a range of &’-mag for projection of the so-called<-space” three dimensional param-
galaxies with different Hubble types (from Sa to Im-BCD)eter system (mass, mass-to-light ratio and surface brightness)
phenomenologies, structures, star-formation histories, massddate-type galaxies. From a theoretical point of view, models
dark-to-luminous mass ratios, metallicities and, perhaps, agesplaining the TF law belong to two broad distinct categories:
The linearity of the near-IR TF relation is in contrast with recemine that derives the TF relation as a consequence of the self-
determinations of the optical TF relations for samples of extremegulating star-formation in disk galaxies (e.g., Silk 1997); the
late-type and dwarf galaxies. The near-IR TF lawis in agreemerther which sees the TF relation as a direct consequence of the
both with the expectation from the Fundamental Plane for diskjuivalence between mass and rotational velocity of disks (e.g.,
systems and with the scenario of self-regulating star-formatitMo et al. 1998).
indisks. The previous results suggest thatthe TF relation reflects As a matter of fact, none of the current available models
the connection between the structural/dynamical properties aridjalaxy formation, independent of whether or not related to
the star-formation process of both giant and dwarf late-tygeecific cosmological scenarios, is definitive in explaining the
galaxies, through a gas supply for star-formation regulated Bylly-Fisher relation (Eisenstein & Loeb 1996; Dalcanton et
the gravitational potential of the galaxy. al. 1997; Mo et al. 1998; Steinmetz & Navarro 1998; Elizondo
et al. 1998; but see Somerville & Primack 1998). This is also
Key words: galaxies: distances and redshifts — galaxies: fundaecause of the lack of observational constraints. In particular,
mental parameters — galaxies: irregular — galaxies: structurdwarf galaxies have been mostly ignored till nowadays, even in
infrared: galaxies one of the most complete studies of the TF relation for nearby
galaxies (Giovanelli et al. 1997). Recent results from optical
surveys of extreme late-type and dwarf galaxies (Matthews et
al. 1998; Stil & Israel 1998) have found an increasing deviation
1. Introduction from the TF relation with decreasing luminosity. There is no

The existence of a relation between the maximum rotational vé-Prior” expectation that dwarf late-type galaxies follow the
locity and the luminosity of giant high surface brightness (HS me TF relgtlon Of_ glant spl_ral and irregular gal_a?ues, since
late-type galaxies has long been known (Tully & Fisher 1977e mass-to-light ratio, dynamlcs,_structure, metallicity and age
Aaronson et al. (1979) gave an “a posteriori” justification ¢i'® found/supposed to be very different. However, van Zee et
the near-IR (NIR) Tully-Fisher lawl( x V.. ), based on the al. (1_998) have recently demonstrated that BCD galaxies are
virial theorem and on the three following assumptions: 1) “diPtationally supported systems.
galaxies have the same mass profiles and rotation curves as g he Virgo Clustgrprowdegasufﬂmentlngll knOV\(n ;ample
function of some dimensionless scale-length”; 2) “all galaxiég both dwarf and giant galaxies, because o_f its pr_OX|m|ty to us,
have the same central mass surface density”: 3) “all galax@l the Virgo Cluster Catalogue (VCC) of Binggeli etal. (1985,
have the same mean mass-to-light ratio (M/L)". 1993) gives reliable cluster memberships, limiting the effect of
Recent observational results have disclaimed the second3§.Maimauist bias. Previous works on the Tully-Fisher relation
sumption (de Jong 1996: Giovanelli et al. 1997). Moreovefased on the Virgo late-type galaxies and also on the near-IR
Zwaan et al. (1995) have shown that the low surface brigm@nds (where magnitudes are less affected by internal extinction
ness (LSB) late-type galaxies follow the same B-band TF ref{2d by gradients in the ages of the stellar populations). How-

tion as the HSB ones, even though their mass-to-light ratios £ they do not sample a wide range of luminosities (Peletier
& Willner 1991; Gavazzi et al. 1998) and/or Hubble types (also

Send offprint requests 1®. Pierini extended to dwarf galaxies) while at the same time using a large
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data set of camera magnitudes (Aaronson et al. 1979; PierceWe remark that no selection criterion has been adopted on
& Tully 1988; Kraan-Korteweg et al. 1988). For all these redhe basis of HI-deficiency (Haynes & Giovanelli 1984) of the
sons, the complete sample of VCC giant and dwarf galaxigmlaxies. However, for the HI-deficient galaxies of the present
imaged by Boselli et al. (1997) in tHe’-band, is a powerful sample mapped in HI by Cayatte et al. (1990) and with ex-
tool for a new study of the NIR Tully-Fisher relation, aimed aended optical rotation curves available in the literature (VCC
investigating the connection between scaling relations and s@36, 873, 1110, 1690, 1727), we did not find any systematic
formation properties of disk galaxies of different mass from thifference between the two sets of velocities. Moreover, for the
observational point of view (cf. Silk 1997; Elizondo et al. 1998)atter galaxies, Schoeniger & Sofue (1997) show that CO and
The outline of the paper is as follow: Sect. 2 presents th# linewidths are in agreement.
sample; Sect. 3 describes the procedure adopted for the determiThe optical, NIR and dynamical properties of the resultant
nation of the TF relation, while Sect. 4 discusses its robustnesample of 50 galaxies are given in Table 1, as follows:
We discuss the present results in terms of the connection bgy.1: VCC denomination:

tween dynamical equilibrium and self-regulating star-formatiano|.2,3: celestial coordinates (epoch=1950.0);

in Sect. 5. Sect. 6 reports on our conclusions. Col.4: morphological classification (VCC);
Hereafter we adofify = 100 kms~'Mpc~' and adistance Col.5.6: major axis €55, measured at the 25.5 B-
of 11 Mpc for Virgo. mag arcsec?isophote) and ratio between major and minor axes;
Col.7:Bt (VCC);
2. The sample Col.8: K’ apparent magnitude;

Col.9: Hl ob dli idth (W) and it .
The present sample is selected from the VCC (Binggeli et alf) observed linewidth (W) and its erran)

1985), which is complete tBt < 18 mag, according to the

following criteria: 3. The near-infrared TF relation

1) Bt < 16 mag; The high reliability of the cluster membership for the VCC
2) Hubble type later than SOa; galaxies (Binggeli et al. 1993) gives us the opportunity of us-
3) cluster membership according to Binggeli et al. (1993); ing the face-on apparent magnitudes, instead of the absolute
4) sky distribution according to Boselli et al. (1997); ones, in the present determination of the Tully-Fisher relation
5) 35° < i < 80°; (cf. Sandage et al. 1995). However, the cluster depth effect is
6) no interacting system (see Tutui & Sofue 1997); discussed in the validation of our results (Sect. 4).

7) ow/W < 1/3, where W is the HI linewidth (full width at The equation of the Tully-Fisher relation is obtained through
20% level of If,.x) in kms™! andoyy its error. two different algorithms, without data rejection. The first one

K’-band @ = 2.1 um) magnitudes were derived by syn-is based on the minimization of the quadratic sum of the per-

thetic aperture photometry, integrating counts along concdigndicular distances between the data points and the best-fit

tric circular annuli around tha galaxy center to provide growdi'e. following the method explained in Condon et al. (1991).
curves up to the isophotal diamet@s; (corresponding to the Therefore, both the “direct” and “inverse” relations are derived

25th B — mag arcsec—2 isophote), and were corrected for Galadh order to obtain the “true” TF relation. As a consequence, the
tic and internal extinction (as in the K-band, i.&.= 2.2 um), uncertainties in the observational and the adopted corrections,

according to Gavazzi & Boselli (1996). The overall photometrfe0th for the magnitudes and the velocities, are takeninto account
accuracy isv 0.1 mag. in the determination of the true TF relation, but separately! The

HI linewidths have been taken in a consistent way frofAclinations are derived assuming a constant intrinsic axial ratio
Bottinelli etal. (1990), Hoffman et al. (1987) and Huchtmeier &f 0-2, and a standard uncertainty-65° is adopted.

Richter (1989). Corrections for turbulent/z-motions come from Without applying corrections for turbulent/z-motions, the
Huchtmeier & Richter (1989), for both giant and dwarf galaxie§duation of the true TF relation is:
eventhough for the latter awell-founded correction recipe is Stif] = —10.08(%0.10) x log(Vasaz) + 30.66(40.20) (1a)
lacking. Velocities were deprojected adopting the constant val . . e
of 0.2 for the intrinsic flattening (see Yasuda et al. 1997). (lk% = 0.94); in the opposite case the fitis:

Among the 84 galaxies of the Virgo-1SO sample, later thali, = —10.72(£0.23) x log(Vasaz) + 31.40(£0.43) (1b)
S0a, observed by Boselli et al. (1997), only 69 have HI Iin?Rg
measurements in the literature. Eight of the 15 galaxies withchH a
linewidths are Sa, two Sm and five Im-BCD. Only 2/15 Objec‘i?elocity.
are rejected according to criteria 5 and 6. Thirteen of the 69 . L '
objects do not satisfy our inclination criteria. Moreover, there _The_ second algorithm executgs a blyarlate least-squares fit
are 4 interacting galaxies (VCC 1043, 1673, 1676, 1972) ajfifind into account the uncertainties in both the x- and y-
2 galaxies with low quality linewidths. The resultant sampl anab,l'es at the same time. !t is implemented in the tagk Fl-
consists of 50 objects (24 with < T < 8 and 26 with9 < EXY o_f the Numerical Rec_lpes. In correspondence with the
T < 11, where T is the RC3 type - de Vaucouleurs et al. 199%/0 previous cases, we obtain:
and its completeness is at least 79%. K| = —9.82(40.13) x log(Varaz) + 30.06(£0.25) (2a)

= 0.94), where K|, andV, .. are, respectively, the face-
pparent magnitude and the inclination corrected maximum
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Fig. 1aand b. TheK’-band Tully-Fisher relation for the galaxies of the present sample. Hereafter, different symbols denote galaxies of different
Hubble types (see parg)l. The straight line represents the fit obtained weiind withouta applying corrections for turbulent/z-motions (Egs. 2).
In panel a we also plot the shift in magnitude caused by the size of Virgo.

(R? = 0.94) (see Fig. 1a) and: log(W)) of their (consequently) bright sampled galaxies. When
, the grasp in the luminosity function of the late-type galaxies
Ko = —10.70(£0.26) x log(Vias) + 31.77(0.54) (2b) is extended to fainter magnitudes, the uncertainties on the ob-
(R? = 0.94) (see Fig. 1b). We note that both sets of Egs.derved velocities highly bias the slope of the direct TF relation.
and 2 are consistent within the errors. However, hereafter Whis effect is shown by the comparison of the slope of the direct

use Egs. 2a,b, since the algorithm used for their determinatibii relation (-8.620.06) and the inverse of the slope of the in-
is more robust. Table 2 shows the statistical moments of therse TF relation (-10.1090.10) obtained through the algorithm
distributions of the residuals of the fits of Egs. 2a,b. of Condon et al. (1991). With the previous caveats in mind, we

In Fig. 1a we also plot the characteristic shift in magnitudgaim that the present slope 0.82 + 0.13 is consistent with
that may be caused by the depth of Virgo, taken as the differertioe previous derivations of the NIR TF relation, i.e.: Aaronson
in distance modulus between cluster #y (= 30.78 £+ 0.07), etal. (1979) {9.67 £ 0.24), Kraan-Korteweg et al. (1988) (-
associated with M87, and cluster By(= 31.76 +0.09), offset 9.81), Pierce & Tully (1988)9.25 £ 0.43), Peletier & Willner
to the south (from Gavazzi et al. 1998) and associated w{ttB93) (10.2 + 0.6). We note that Kraan-Korteweg et al. ex-
M49. However, we note that galaxies within 1.5 degrees frotrapolated a linear relation B-H vs. W to the low velocity region
M49 are not included in the sample (cf. Boselli et al. 1997 order to derive the H-band magnitudes of the galaxies at the
The dispersion of the present sample of galaxies in Figs. 1a,feigt end of their sample.
mainly within 0.98 mag along the whole range of the inclination Therefore, the present analysis confirms and strengthens
corrected maximum velocity. previous claims that the NIR Tully-Fisher relation is linear, over

Caution is necessary to interpret the result because of thenge of 8 magnitudes and over the whole range of optical mor-
presence of the slow rotators, whose observational errors gimdlogies (from SatoIm-BCD). As a consequence, we conclude
corrections for turbulent/z-motions are comparable and relevéimit even BCD galaxies are rotationally supported systems, in
with respect to their observed HI linewidths. However, we noggreement with van Zee et al. (1998).
that the value of the TF slope is marginally consistent with an
L « V4. law, when this correction is applied.

In order to avoid extra model dependences on the presgn
results and to compare them with those ones in the literaturé
hereafter we consider the formulation of the TF relation obtained
without any corrections for turbulent/z-motions (cf. Yasuda @he present sample has been selected in the optical and suf-
al. 1997) of Eq. 2a. Moreover, we stress that previous authéess incompleteness due to the combination of low statistics,
(e.g. Pierce & Tully 1988; Peletier & Willner 1993) determinedelection criteria (cf. Sect. 2) and the cluster depth effect. Here
mainly the direct TF relation, relying on the small percentuate discuss the effects of such incompleteness on the previous
errors of the velocities of the fastest (within the range 2.2—2.8ri@sults.

tI'he cluster incompleteness bias
and other potential biases of the present sample
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Table 1. Galaxy parameters

Denomination R.A.(1950) DEC (1950) Hubble Type 258 @s.5/bess  Br K’ VMaz

vCcC hh mm dd mm / mag mag kms™!
17 12 07.48 14 38.4 Im 14 2.0 152 14.0 €20
24 12 08.05 1202.3 BCD 0.8 2.7 149 128 S8Be&0
66 12 10.23 11 08.8 SBc 6.6 2.8 11.9 8.8 286
87 1211.13 1543.9 Sm 1.8 2.0 15.0 13.1 #220
92 12 11.26 1510.8 Sh: 12.0 3.7 10.9 6.5 478
152 12 12.97 0951.8 Scd 2.3 2.2 13.5 9.5 208
159 12 13.14 08 33.8 Im 0.9 2.0 15.1 146 8@0
318 12 16.50 09 08.1 SBcd 2.1 1.7 140 11.8 18I0
459 12 18.66 1754.9 BCD 0.6 2.3 149 126 15Q0
460 12 18.69 18 39.7 Sa pec 6.3 1.7 11.2 7.3 38
692 12 21.49 12 28.9 Sc 3.6 1.5 13.0 101 16
836 12 23.23 12 56.3 Sab 6.3 4.1 11.8 8.0 385
873 12 23.58 13234 Sc 4.9 3.4 12.6 8.4 286
912 12 24.00 1253.3 SBbc 3.6 1.7 13.0 9.5 186
950 12 24.36 11 50.3 Sm 2.1 2.0 145 13.8 183
995 12 24.82 11 08.6 Sc 2.5 9.9 15.3 12.0 605
1110 12 25.97 17 21.7 Sab pec 7.6 1.5 10.9 6.7 B3
1189 12 26.93 07 02.9 Sc 2.0 1.7 13.7 11.3 300
1356 12 28.86 1146.0 Sm/BCD 0.9 25 149 128 1610
1379 12 29.14 1707.8 SBc 35 1.9 12.6 9.7 196
1410 12 29.54 16 57.8 Sm 1.3 1.9 146 11.9 188
1448 12 30.13 13 03.0 Im or dE 2.9 1.3 13.9 11.3 4746
1486 12 30.65 1137.2 S pec 0.9 1.4 153 117 248
1554 12 31.78 06 44.7 Sm 3.2 2.6 12.3 9.4 229
1569 12 32.00 1346.9 Scd: 1.3 1.5 15.0 134 3015
1575 12 32.11 07 26.2 SBm pec 1.3 1.4 14.0 10.7 .
1581 12 32.20 06 34.7 Sm 1.3 1.3 145 127 280
1675 12 34.04 0819.8 pec 1.0 1.7 145 124 1620
1686 12 34.21 13 32.0 Sm 35 1.6 139 11.2 #1820
1690 12 34.31 13 26.4 Sab 13.2 2.0 10.2 6.6 3603
1699 12 34.50 0712.3 SBm 1.4 1.9 141 122 #120
1725 12 35.15 08 50.0 Sm/BCD 1.4 1.6 145 123 120
1726 12 35.20 07 22.7 Sdm 1.6 1.3 145 13.2 4820
1727 12 35.20 12 05.6 Sab 7.8 1.3 10.6 6.4 362
1730 12 35.27 05 38.6 Sc/Sa 2.7 1.3 12.6 8.7 1983
1789 12 36.81 0512.8 Im 0.9 1.8 15.1 128 1020
1791 12 36.88 08 14.2 SBm/BCD 1.6 2.0 147 124 31303
1804 12 37.14 0940.4 Im/BCD 1.3 2.5 155 134 843
1811 12 37.35 1534.4 Sc 2.7 15 129 10.0 522
1918 12 39.76 06 00.8 Im 0.8 2.8 158 146 #83
1929 12 40.11 14 37.8 Scd 3.1 2.3 13.8 10.5 2080
1932 12 40.17 14 34.2 Sc 3.6 3.3 13.2 9.3 2803
1952 12 40.58 0755.4 Im 0.9 2.0 16.0 145 543
1987 12 41.44 13 24.0 SBc 6.2 1.9 11.1 7.6 304
1992 12 41.65 12 23.4 Im 1.4 1.6 155 14.2 16
2007 12 42.26 08 22.9 Im/BCD 0.6 1.9 15.2 135 43
2023 12 43.02 13 36.4 SBc 2.5 2.0 139 114 176
2034 12 43.61 10 26.2 Im 1.1 15 15.8 13.1 $H43
2037 12 43.73 10 28.8 Im/BCD 1.8 2.3 158 13.1 56
2070 12 45.86 08 45.6 Sa 4.5 2.0 11.5 7.4 417

In order to understand the effective B-band limiting magn terms ofN(B$.) andN(< BY.) vs. BY, i.e. the face-on ap-
nitude of the sample, we derived both the differential and tiparent total magnitude) (Figs. 2a,b). From the comparison with
integral B-band luminosity functions (expressed, respectivetize Virgo cluster luminosity function of Binggeli et al. (1988),
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Moreover, we have assumed that the cluster depth effect (see 0 1
Sect. 3 and Fig. 1a) is of the second order in the determination HI Def.
of the slope of the TF relation, while several authors have rigig. 4. Panelsa, b: residuals of the fits of the TF relation in Figs. 1a,b
cently confirmed the large depth of Virgo (Schoeniger & Sofu. the Hi-deficiency parameter (see text). Different symbols denote
1997; Yasuda et al. 1997; Gavazzi et al. 1998). Galaxies locaf#erent morphological types as in Fig. 1a.
at different physical distances from the center of the cluster ex-
perience different astrophysical mechanisms which could affect
several of their properties. We do not find any trends of the resiblmerange (1985), in a distance-independent way, from the Hl
uals of the present TF relation with the angular distance from tfiex quoted in the previous sources of the HI linewidths, and is
center of the cluster. However, Figs. 4a,b show that the TF residsitively correlated with the angular distance from the center of
uals present an apparent mild correlation with the HI-deficientlye cluster (see Fig. 5). The trend shown in Figs. 4a,b is not due
of the galaxies (see Haynes & Giovanelli 1984; Haynes et &.a systematic underestimate of the maximum velocity in the
1985). The latter has been derived as in Guiderdoni & Rocddldeficient galaxies (mainly early-type spirals), as discussed
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theintrinsic dispersion, hidden within thebservationabcatter.
This result still holds not only for a Gaussian B-band luminosity

in Sect. 2. We attribute it to the depth effect, even though a weflinction with an intrinsic dispersion of 0.6 mag (Sandage et al.
known anti-correlation of the HI-deficiency with lateness exists95), which is not applicable for dwarf galaxies (cf. Binggeli
in the Virgo cluster (not shown). Distances for 34/50 of thet al. 1988), but also when arbitrary luminosity functions are
sampled galaxies are available from Yasuda et al. (1997). Theynsidered (Tammann & Sandage 1982).
range between 8.98 and 36.32 Mpc, introducing an uncertainty
of 0.91 mag in the Distance Modulus, in agreement with t
value adopted in Fig. 1a (from Gavazzi et al. 1998). When t
K’ absolute magnitudes are derived for the 34 galaxies in coifhe existence of a tight relation between luminosity and ve-
mon with Yasuda et al., the ensuing TF slope-&66 + 0.30 locity for disk galaxies spanning a large range of luminosities,
(see Fig. 6), which is consistent with our previous determinatidtubble types and dark-to-luminous mass ratios (see Persic et
(Eg. 2a). Therefore, we state that the cluster depth effect biaaes1996 for the B-band) must be related to some scale-free
neither the linearity nor the slope of the present determinatiastrophysical properties or mechanisms. The cosmological ori-
of the TF relation. gin of the Tully-Fisher relation has been extensively discussed

Fig.6 also shows that thebservationalscatter is highly in the literature, thanks to recent improvements of simulations
reduced and constant along the whole domain of velociti€Steinmetz & Navarro 1998 and references therein) and of semi-
However, we note that most of the low-velocity galaxies danalytic models (Somerville & Primack 1998 and references
not belong to Yasuda et al.'s sample. Therefore, we can otherein). However, it is difficult to understand how initial con-
state that the increasirgpservationalkcatter with decreasing ditions can anticipate the low scatter of the TF relation (Eisen-
rotational velocity (Figs. 1a,b) is not inconsistent with claimstein & Loeb 1996) and, therefore, some regulation or feedback
that theintrinsic dispersion increases at lower luminosities (e.gnechanisms have been proposed to take place. Ithas been shown
Giovanelli et al. 1997). Moreover, we note that the fairly dedpeoretically that self-regulating star-formation is potentially a
sampling of the galaxy luminosity function gives some protecather powerful astrophysical mechanism to reproduce the TF
tion against a “Teerikorpi Cluster Population Incompletenesslations in various optical photometric bands (Silk 1997; Eli-
Bias” (CPIB) (Teerikorpi 1990; Sandage et al. 1995 and refondo et al. 1998). Here we analyze the interplay between dy-
erences therein; Giovanelli et al. 1997), affecting the presera@mics/structure of giant and dwarf late-type galaxies (derived
flux-limited sample of cluster galaxies. (We refer the reader tmm NIR photometric observations) and star-formation, which
Sandage et al. 1995 and Teerikorpi 1997 for discussion of tt@mes out as a consequence of the complex connection between
CPI bias.) According to Sandage et al. (1995), the estimatth@ gravitational potential of the galaxy and the gas-supply for
completeness limit of 14.5 B-mag enables us to recover 90%stér-formation in the latter scenario.

.eOn the origin of the TF relation
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Fig. 7. TheK’-band mass-to-light ratio vs. the averaffeband surface 2
brightness. Different symbols denote different morphological types as
in Fig. 1a.

5.1. Dynamical equilibrium

We have already illustrated the seminal ideas of Aaronson et 1| |-
al. (1979), who justified the existence of the TF relation mainly
in terms of dynamical equilibrium. Such a “standard” scenario
has already been disclaimed in the literature and is also not Ly
supported by the distribution of the present sample of galaxies in 2
the NIRM /L-Xk/ plane (see Fig. 7). The values of the mass are K. [M/L]
derived from the rotational equilibrium lawd{ o V2 . Ro), K
while the values of the average NIR surface brightness are giveq 8. The K’-bandx.-r3 plane of the disk-components of the sub-
by Yk = K{ + 2.5 x log(7R3) (where Ry = Dq5(/2 is sample of 23 galaxies with bestfits of the surface brightness distribution
corrected to the face-on value as in Giovanelli et al. 1995). (see text). The straight line shows the slope expectédd Vi,
Fig. 7 shows a quite remarkable result, i.e. the existencel#ire galaxies are not differentiated in Hubble types.
a smooth inverse correlation betwedL andX.
Thisresultis reminiscent of the behaviour of late-type galax-
ies within the B-band<s-x3 plane of Burstein et al. (1997). mined as in Gavazzi et al. 1996b). They have been corrected
The latter authors found that stellar systems (from globultor inclination according to the following recipes, statistically
clusters to galaxy clusters) distribute themselves in differedérived in Pierini (1997):
planes inside a three-dimensional parameter system (caled “
space”), defined by galaxy mass, mass-to-light ratio and surfdee = h/(1 + 0.62 log(a/b)),
brightness. They also concluded that “the Tully-Fisher relation, = ;, + 2.5 x 0.44 log(a/b),
is the correct compromise projection to view the spiral-irregular
planes nearly edge-on”. where aand b are, respectively, the major and minor axes. These
Therefore, we have determined thé-band Fundamental two scaling parameters have been transformed into effective
Plane (or<-space) of the disk-components of the present saguantities asin Mao & Mo (1998). Moreover, Hl linewidths have
ple of late-type galaxies (see also Pierini & Tuffs 1998). been lowered by 10% in bulge+disk systems to ideally remove
dimensions are as in Burstein et al. (1997) (butirband solar the dynamical contribution of the bulge. Fig. 8 shows that the
units, assuminilo-K/, = 0): disk scale-lengths (h) and centratlistribution of the 23 disks with best fits (reducgdl < 2.5)
surface brightnesseg)are derived from the Marquardt-methodvithin the -5 plane is consistent withy o« —2.5v/2k3 (i.€.:
(Press et al. 1992) fitting of an exponential law to the 60% outlery(M /L) < —3/(2.5v/2+1)log(I..), wherel, is the effective
region of the unidimensional surface brightness profiles (detertensity) for disk-systems, as expected.ifx V...




758 D. Pierini & R.J. Tuffs: A linear near-IR Tully-Fisher relation for giant and dwarf late-type galaxies

20

We believe that the:-space is a powerful tool to analyze
the dynamical, structural and stellar population properties of | ]
galaxies in a comprehensive way (but see Pahre et al. 1998), in The straight line is an ad-hoc fit with:
relation also to their past history. Even though the physical origin =~ | e 1
of the k-space is still not quite well understood, the validation L i
of the NIR Tully-Fisher relation may hint at a physical connec- o
tion between one of the astrophysical quantities determining the 22 .
dynamical/structure properties (i.e., mass) and one of the astép- | - . . ]
physical mechanism determining the mass-to-light ratio and tt&”je " B .
stellar surface brightness (i.e., star-formation). Such a concl&- i o000 goo ¢
sion is in agreement with the scenario of the self-regulating stﬂ- L L e ° *e |
formation and is also consistent with previous analyzes of both - o o e
the photometric properties (i.e., magnitudes, colours, gas c6h-24 |~ )
tent) and the structural properties (i.e., NIR-light concentration L ’ o i
index, exponential disk scale-length and central surface bright-
ness) of late-type galaxies (cf. Gavazzi et al.1996a; Gavazzi & | Fig.9 |
Scodeggio 1996; Pierini 1997).

5.2. Self-regulating star-formation 22 20 18
Y, (mag arcsec™®)

Seminal ideas of self-regulating star-formation as the physical _

origin of the TF relation are due to Silk (1997). His theoretic4iig- 9 Average B-band total surface brightness vs. the avesadmnd
formulation of the B-band TF relation, from a simple scenariyrface brightness. Different symbols denote different morphological
of galaxy formation, based mainly on supernova feedback a¥fes as in Fig. 1a.

self-regulating star-formation rate in disks, is appealing, since it

comes out without any assumptions on disk dynamics and c@grole range of rotational velocities. We defer the analysis of
m0|Ogica| eVOIUtion Of structures. Wlth|n th|S framework, thguch discrepancies to a future paper_ From these two Observa_
steepening of the TF relation with increasing observing wavgonal constraints, a Dopita & Ryder’s law of the tyjag oc %,
length is directly explained when considering the contributiqg expected. The latter behaviour is confirmed by Fig. 9, where
of the light of the progressively older stellar populations to thge adopt the average total (VCC) B-band surface brightness
determination of the current star-formation rate)((see Do- (Ep = Bro + 2.5 x log(7R2)) vs. the averagK’-band surface
pita & Ryder 1994). For example, adopting an observed slopgghtness k).
of 2.1 for the B-band TF relation (in terms of luminosity vs.  However, we note that dwarf and giant galaxies seem to be
rotational velocity) andig ~ fi, o< uf"®* (Dopita & Ryder systematically displaced in the y-axisby2 mag arcsec—2 (but
1994), Silk derives an I-band TF slope of 3.3, consistent Witfe scatter in the plane is large). We suggest two major causes for
the value observationally found by Giovanelli etal. (1997). Rgych an effect. One is the existence of the optical/NIR colour-
cently, Elizondo et al. (1998) derived theoretical relations imagnitude relation, which is mainly connected to the different
agreement with the observed TF relations of giant galaxiesdar-formation histories of singular galaxies (e.g., Gavazzi et al.
various photometric bands, using 3D hydrodynamical simulggo6a; Gavazzi & Scodeggio 1996). For the present sample of
tions of galaxy formation with supernova feedback and a mU'Ejalaxies, the colour indeR-K’ ranges within average values
phase medium. Moreover, they studied “the complex connectigfy and 2, as lateness increases from Sa to BCD (Boselli et al.
between depths of galaxy potential wells and the supply of gB397). We stress that the presBat-K’ include the contribution
for Star- formation” also in relation with different CosmOIOgicabf the bu|ge (|f present)' and therefore bias the distribution of
scenarios. the giant bulge+disk systems toward redder colours. The other
Here we try to gain an astrophysical settlement for the hifgason for the y-axis displacement is the potential over-estimate
raised in the previous section, adopting the “extreme” scenagpthe adopted correction for internal extinction (statistically
of Silk (1997) to predict the behaviour of the B akd-band derived in Gavazzi & Boselli 1996), due to the neglect of the
surface brightnesses of the present sample of galaxies. Wergétallicity-luminosity relation (see Skillman et al. 1989). As a

sume a near-IR TF slope of 4 (in terms of luminosity vs. reonsequence, this bias mainly affects the B-band magnitudes of
tational velocity) and an I-band TF slope of 3.3. We note thg{varf galaxies.

non-linear optical TF relations have been claimed in the lit-

erature, when dwarf galaxies are considered (Matthews et al. )

1998; Stil & Israel 1998). No observational results are givéh Conclusions

in the literature for the I-band. However, recent different th%e have selected a Samp|e of 50 giant and dwarf |ate_type
oretical models (Somerville & Primack 1998; Elizondo et a{sa ... Im-BCDB1 < 16) member galaxies of the Virgo clus-
1998) produce optical TF relations which are linear over ther, with availablek’-band magnitudes and HI linewidths.
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We find that, in the near-IR, the Tully-Fisher relation is lin€ondon J.J., Anderson M.L., Helou G., 1991, ApJ 376, 95
ear within a range of 8 magnitudes, withex V3, . There- Dalcanton J.J., Spergel D.N., Summers F.J., 1997, ApJ 482, 659
fore, even the faint, slow galaxies are rotationally support&§ Blok W.J.G., McGaugh S.S., 1997, MNRAS 290, 533
systems, in agreement with van Zee et al. (1998). The preséfong R.S., 1996, A&A 313, 45 _ _
results complement previous work based on Virgo cluster &QVaucouleurs G.,de Vaucoulel_JrsA., Coryvm H.G._, etal., 1991, Third
ant late-type galaxies (i.e., Kraan-Korteweg et al. 1988; Peletier Reference Catalogue of Bright Galaxies. Springer-Verlag, New
& Willner 1991) and extend the claim of Aaronson & Moul York’ Inc. (RC3)

. . opita M.A., Ryder S.D., 1994, ApJ 430, 163

(1983) on the pre—lndependence pf the near-IR TF_ relguonégenstein D.J., Loeb A., 1996, ApJ 459, 432
Im-BCD galaxies. They contrast with recent determinations gfi;ondo D., Yepes G., Kates R.,Mer V., Klypin A., 1998, astro-
the optical TF relation in dwarf galaxies (e.g., Matthews et al. ph/9808287
1998; Stil & Israel 1998). Such a discrepancy will be analyzeshvazzi G., Boselli A., 1996, Astroph. Lett. Comm. 35, 1
in a future paper. However, we note that overall linearity of theavazzi G., Scodeggio M., 1996, A&A 312, L29
TF relation is a natural consequence of recent models of gal&gvazzi G., Pierini D., Boselli A., 1996a, A&A 312, 397
formation in various photometric bands (Somerville & Primac®avazzi, G., Pierini D., Boselli A., Tuffs R., 1996b, A&AS 120, 489
1998; Elizondo et al. 1998). Gavazzi G., Boselli A., Scodeggio M., Pierini D., Belsole E., 1998,

It follows that the Tully-Fisher law must reflect some fun-_ MNRAS, in press
damental properties of disk-systems, which are not relatedgt?\/ane"' R., Haynes M.P., Salzer J.J., etal., 1995, AJ 110, 1059

lovanelli R., Haynes M.P., Herter T., et al., 1997, AJ 113, 53

the morphological characteristics underlying the optical Claﬁ'uiderdoni B., Rocca-Volmerange B., 1985, A&A 151, 108

sification in Hubble types. This conclusion is strengthened I%ynes M.P.. Giovanelli R.. 1984. AJ 89. 758

the distribution of the disks of the present sample of galaxiggynes m.p., Giovanelii R., Chincarini G., 1985, ARA&A 22, 445
in the ra-ri3 plane. The relative tightness of such a distributioqoffman G.L., Helou G., Salpeter E.E., Glosson J., Sandage A., 1987,
confirms the claim of Burstein et al. (1997) that the TF relation ApJS 63, 247
is the projection to view the multiple virial planes (or FundaHuchtmeier W.K., Richter O.G., 1989, A&A 210, 1
mental Planes - FPs) for spiral and irregular galaxies closeKman-Korteweg R.C., Cameron L.M., Tammann G.A., 1988, ApJ 331,
edge-on. 620

The k-space is a synthetic overview of the structural, dya0 S., Mo H.J., 1998, MNRAS 297, L71
namical and stellar population properties of stellar systems, alfffthews L.D., van Driel W., Gallagher J.S., 1998, AJ 116, 2196
therefore, it is also potentially expressing the complex conn 0H.J., Mao S., White S.D.M., 1998, MNRAS 295, 319
tion between the gravitational potential of the galaxies and t cGaugh S'S." Bo"“”? G.D., 1994, AJ 107, 530

. A hre M.A., Djorgovski S.G., de Carvalho R.R., 1998, AJ 116, 1591

supply of gas needed for star-formation. A'_s a Fentatlye pro<,3?t§|etier R.F., Willner S.P., 1991, ApJ 382, 382
we show that the present sample of galaxies is distributedgBjetier R.F., willner S.P., 1993, ApJ 418, 626
the average B-band total surface brightness-avekdgeand persic M., Salucci P., Stel F., 1996, MNRAS 281, 27
surface brightness plane according to expectations from the plerce M.J., Tully R.B., 1988, ApJ 330, 579
served TF relations in various photometric bands and from tRerini D., 1997, Ph.D. thesis, University of Milano
self-regulating star-formation scenario of Silk (1997). PieriniD., TuffsR., 1998, In: Richtler T., Braun J.M. (eds.) Proceedings

Therefore, on the basis of the present data, we claim that of the Bonn/Bochum Graduiertenkolleg Workshop: The Magel-
the two building blocks for the physical basis of the Tully- lanic Clouds and Other Dwarf Galaxies. Physikzentrum Bad Hon-

Fisher relation, dynamical equilibrium and self-regulating star- nef- Shaker Verlag, Aachen, ISBN 3-8265-4457-9, p. 281
formation. are connected. Press W., Teukolsky S., Vetterling W., Flannery B., 1992, Numerical

Recipes in Fortran. Il Edition, C.U.P., p. 678
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