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Abstract. We present the correlation between the far-infrared (FIR) and radio emissions from a composite sample of 72 nearby
normal galaxies observed with the ISOPHOT instrument on board the Infrared Space Observatory. The galaxies in the sample
have measurements at three FIR wavelengths (60, 100 anehi)7@hich allowed a direct determination of the warm and cold

FIR emission components. This is the first time that the correlation has been established for the total FIR luminosity, of which
most is carried by the cold dust component predominantly emitting longwards of the spectral coverage of IRAS. The slope of
this correlation is slightly non-linear (10+ 0.03). Separate correlations between the warm and cold FIR emission components
and the radio emission have also been derived. The slope of the wayraditicorrelation was found to be linear@3+ 0.03).

For the cold FIRradio correlation we found a slightly non-linear13+ 0.04) slope. We qualitatively interpret the correlations

in terms of star formation rate and find that both the FIR and radio emissions may be consistent with a non-linear dependence
on star formation rate for galaxies not undergoing starburst activity.
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1. Introduction by the calorimeter theory of Mk (1989) (see also Lisenfeld
et al. 1996a). Specific aspects of the fdelio correlation have

One of the most surprising discoveries of the IRAS all-skyeen addressed by many authors (e.g. Gavazzi et al. 1986; Cox
survey was the very tight and universal correlation betweehal. 1988; Devereux & Eales 1989; Chi & Wolfendale 1990;
the spatially integrated far-infrared (FIR) and radio continuu@ondon et al. 1991; Price & Duric 1992; Xu et al. 1994a; Xu
emissions of late-type galaxies (de Jong et al. 1985; Heletial. 1994b; Niklas et al. 1995; Lisenfeld et al. 1996b; Bressan
etal. 1985; Wunderlich et al. 1987). The standard interpretatiehal. 2002; Bell 2003; Groves et al. 2003).

of the so-called FIRadio correlation is in terms of massive All these studies of the FliRadio correlation were based
star formation activity (see Condon 199K & Xu 1994 for on IRAS measurements and FIR luminosities obtained by us-
reviews). This picture assumes that the FIR emission is ding the IRAS flux densities at 60 and 1@@n. However the

to dust heated by the massive stars which are also responsiiR spectral energy distribution (SED) of norrhghlaxies typ-

for the radio emission: the ionising radiation from the massiveally peaks longwards of 100m, beyond the spectral grasp
stars powers the thermal radio emission, and the remnant®bfRAS, as predicted from submillimeter (submm) observa-
supernova explosions which occur at the end of their livéiens by Chini et al. (1986). With the advent of the Infrared
presumably accelerate the cosmic ray electrons. The link ISpace Observatory (ISO) (Kessler et al. 1996), in particular
tween the radio synchrotron and dust emissions was quantifi¢dthe ISOPHOT instrument (Lemke et al. 1996) on board
ISO, it became routinely possible to measure the peak of the
FIR emission, also for fainter objects not detected by IRAS. It
Send gfprint requests toD. Pierini, e-mail:dpierini@mpe.mpg.de was found that, especially for quiescent galaxies, most of the
* Based on observations with thiafrared Space Observatory FIR luminosity is carried by a cold dust component (Popescu

(ISO), an ESA project with instruments funded by ESA member Staigg g|. 2002) whose luminosity is not well predicted by the
(especially the PI countries: France, Germany, The Netherlands, and

the UK) and with the participation of ISAS and NASA. ! By “normal” we loosely refer to galaxies which are not dominated
** Table 2 and Appendices A and B are only available in electronty an active nucleus and whose current star formation rates would be
form athttp://www.edpsciences.org sustainable for a substantial fraction of a Hubble time.
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IRAS measurements. In fact the luminosity correction factoraew results are discussed in the context of predictions of theo-
for cold dust do not correlate with Hubble type and exhibit eetical models on photon heating of dust in normal star-forming
huge scatter, with mean values ranging from 1 to 3 (Popegalaxies.

& Tuffs 2002b). In view of this, there is a clear need to rede- The paper is organised as follows. In Sect. 2 we describe the
fine the FIRradio correlation in terms of the total FIR-submngample selection and the analysis of the radio data. In Sect. 3
luminosity, as derived from ISO measurements. we present the results for the total Fi&dio correlation, as well
Another result to emerge from I1SO is the confirmation thak for the warm and cold FfRadio correlations. Each of these
the FIR SEDs of normal galaxies require a warm and a caldrrelations is qualitatively analysed in terms of its dependence
dust emission component to be fitted (for a review sesT& on the star formation rate in Sect. 4. In Sect. 5 we discuss sce-
Popescu 2003). Although the concept of warm and cold emiggrios which can simultaneously account for both the warm

sion components is as old as IRAS (de Jong et al. 1984), it olyd cold FIRradio correlations. A summary is given in Sect. 6.
became possible to directly measure and separate these compo-

nents with ISO, due to its spectral grasp and multi filter cover-
age of the FIR regime. The warm component can be identified ) i )
with locally heated dust in Hil regioRgind the cold component?: 1he ISO sample: Selection and data analysis

with dust distributed in _the_generalfﬂls_;e mtgrstellar medlum The sample used in this study is a combination of a very deep,
and heated by a combination of non-ionising ultraviolet (U\j)

: h his | S . rl%'oticallyselected sample of normal, relatively quiescent galax-
and opticghear-IR photons. This interpretation is consistels yogether with a shallow, FIR selected sample of relatively

with what has been seen in the ISOPHOT maps of neamgy, " qaiaxies. This provides us with a high dynamic range
galaxies (e.g. Haas et al 1998; Hippelein et al. 2003). Itis algp £ 1R “|yminosities as well as good statistics. For this pur-
consistent with models of the UupticaJFIR/submm SEDS 40 \ye ysed the ISOPHOT Virgo Cluster Deep SurveyféTu

in normal galaxies, which self-consistently calculate a cop; 4 2002a,b), which is the deepest survey (both in luminos-
tinuous distribution of dust temperatures based on radiati\{ 7and surface brightness terms) of normal galaxies performed
transfer calculations (Silva et al. 1998; Popescu et al. 20Q0; ISOPHOT, and the ISOPHOT 176n Serendipity Survey
Misiriotis et al. 2001). Thus ISO measurements give us the ﬁr(§tickel et al. 2000). All galaxies in the combined sample have
direct opportunity of defining the Fiifadio correlation sepa- o their integrated flux densities measured by ISOPHOT at
rately for the warm and cold dust components. In the past ﬂf?oum (the Virgo galaxies also in the ISOPHOT bands cen-

could only be indirectly attempted by constraining the Warl oq at 60 and 106m). Most galaxies from the Virgo sample

dust component to be proportional to the Emission, as done are freshly falling in from the field (Tully & Shaya 1984: ffs

by Xu et al. (1994b). These authors established separate rgiay 50024 b) and therefore we consider it legitimate to com-

tions for the warm FIRadio correlation and the cold FiRadio bine it with the ISOPHOT 17@m Serendipity Survey sample.
correlation. However, the cold FIR luminosity derived in thig . omore there is no evidence for affieet of the cluster
study was based on IRAS data, and misses the bulk of fi&i-snment on the FIR properties of the galaxies from the
true_cold dus_tlumm_osny. Other authors_have uséﬂ_adﬂantop— ISOPHOT Virgo Cluster Deep Sample (Popescu et al. 2002;
e_ratlonal recipes with ﬁ’ergnt_physwal interpretations to de'Popescu & Tds 2002b). This is to be expected since the bulk
rive warm a_nd 00'9' FIR emission components from IRAS_ d?[ﬁ the FIR emission arises primarily from the inner regions
for comparison with radio data (e.g. Beck & Golla 1988; Fit¢ \he gaactic disks. The radio emission may be more prone

et al. 1988; Wunderlich & K!ein 1991; C?”dof‘ et al. 199]1’6 alterations due to environmentdfects, as we will discuss
Hoernes et al. 1998), but again these studies missed the bulhpgect 3 However we will show there that. in the case of

the COId_dUSt emission. . . . . our sample, theseffects are only of second order. Thus, in
In this paper we redefine the Fifadio correlation using yis naner we regard the main distinction between Virgo and
for the first time the total FIR luminosity (as measured witho o ngipity Survey galaxies to be the quiescent nature of the
ISO) for a statistical sample. Plots of the fl&dlio correlation ¢, ey rather than their association with the cluster environ-
using the new ISO measurements were also given in POpegeLy So, put together, the combined sample will provide us

et al. (2002), but only for a Very smgll sample, and therefgmth larger statistics and a good dynamic range in star forma-
no attempt was made to quantify the linearity of the correlatuy('!)n activity.

there. The goal of this paper is to provide a statistical analysis . .
of the correlation and also to derive the slope of the correlatign In total 72 galaxies were selected, as described below. Of

separately for the warm and cold dust components. Finally §5€, 20 galax!es S.hOW some evidence for LINE#yfert
activity or are pajfmultiple/merger systems.

2 These correction factors are the multiplicative factors by which
the total FIR luminosity (40-1000m), as derived from ISO measure-
ments, difers from the IRAS FIR luminosity, derived from the for-2.1. The VIRGO subsample

mula (Helou et al. 1988)fs_120[W m=2] = 1.26 x 10714 (2.58fg0 ,m + i )
F100 um)» With Ts0 m @nd f100,m €Xpressed in Jy. The ISOPHOT Virgo Cluster Deep Sample consists of

3 In the context of dust emission we use the term Hil regions to d@3 galaxies later than SO and brighter thép = 16.8, se-
note not only the optical emitting Hll regions within the star formindected from the Virgo Cluster Catalogue (VCC) of Binggeli
complexes, but also their immediate vicinity where grains can also®t al. (1985). Tés et al. (2002a,b) have presented deep
strongly heated by the massive stars. diffraction-limited FIR strip maps of this sample, obtained with
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ISOPHOT at the central wavelengths 60, 100 and A#8. on-line edition of the journal), in decimal logarithmic units.

Details of observations, data reduction, estimate of the cdlielumn 4: total FIR continuum luminosityL{R), in deci-

bration uncertainty and procedure of extraction of photomenal logarithmic units. The uncertainty in this luminosity is

try are given in Tiffs et al. (2002a,b). As discussed by thesel5 per cent (random) for all the sample objects.

authors, the 63 galaxies represent a sample of nearby nor@alumns 5, 6: FIR continuum luminosities from the warm and

(i.e. non-AGN dominated and non-starburst) late-type galaxiesld dust emission components'fi™ and L&), respectively

Nevertheless a few objects have also some mild LIMNEgRgfert (from Popescu et al. 2002), in decimal logarithmic units. We

activity. adopt a conservative value of 20 per cent (random) for the un-
Out of this sample, 38 galaxies (i.e. 63.5 per cent of tigertainty of each of these luminosities for all the sample ob-

total) were detected at all three wavelengths. Most of thgaets.

were discovered to contain a cold dust emission componé&mlumn 7:Lao 120, i.€., the FIR luminosity that IRAS would

which could not have been recognised by IRAS, irrespectivelidive derived based on the Helou et al. (1988) formula:

the morphological classification of individual objects (Popesduo-120W m™2] = 1.26 x 10714(2.58fs0;m + fi00,m), Where

et al. 2002). The ISOPHOT FIR SEDs of these galaxies wef@ .m and fioo,m are expressed in Jy. The luminosity is given

fitted with a combination of two modified blackbody functionsn decimal logarithmic units. We adopt a conservative value of

physically identified with the emissions from a localised war@0 per cent for the uncertainty of this luminosity for all sample

dust component, with a fixed temperature of 47 K, and a ditbjects.

fuse cold dust component (see Popescu et al.). The cold dustumn 8: individual notes.

temperatures were found to span a broad range, with a median_uminosities are determined by assuming that all the

of 18 K. The physical justification for fixing the temperaturgalaxies have the same distance of516~* Mpc (Binggeli

of the warm component is based on the modelling work et al. 1993), whereh is the Hubble constant in units of

Popescu et al. (2000) and Misiriotis et al. (2001). The latt¢00 km s* Mpc™?.

papers showed that20 per cent of the integrated FIR emis-

sion at 60um comes from stochastically heated grains in the

diffuse interstellar medium (ISM),20 per cent from optically 2-2. The ISOPHOT Serendipity Survey subsample

heated grains in the fluse ISM, and~60 per cent from Hll . :
regions. So it is a good physical approximation to consider thAtsampIe of 115 nearby galaxies was presented by Stickel
: gt al. (2000) as a first result of the “ISOPHOT 17@n

most of the emission at m comes from grains within the Hil Serendipity Survey” (ISS). We refer the reader to these authors

regions (which do not emit stochastically). Although there IS1%r details about observations, data reduction, estimate of the

variation in grain temperature between Hil regions in any giveCn libration uncertainty, procedure of extraction of photometr
galaxy (Peeters et al. 2002) (due to changes in size, geomeﬁ& ticaFIR id t'f'y, F: P y
optic identification.

and exciting stars), these are quite moderate (in comparisor??o ) ) o
the systematic dierence in temperature between grains in Hll As recognised by Stickel et al., several of their objects have

regions and grains in thefelise ISM). Thus, if we average overo€YferLINER activity andor are pajmultiple/merging sys-
the ensemble of Hll regions in each galaxy we would expect thfamS.
ensemble of HIl regions to have virtually identical SEDs from Not all galaxies from the ISS catalogue could be used in
one galaxy to the next. the present study. Out of the 115 ISS galaxies we first re-
Fourteen of the 38 galaxies with both warm and cold dugcted 3 not having IRAS detections at both 60 and 460
emission components have also been detected in the rafid 13 galaxies which either have no morphological informa-
continuum at 1.4 GHz, thanks to the recent NRXXDA Sky tion or are classified as SO, elliptical or peculiar. Of the remain-
Survey (NVSS) (Condon et al. 1998). For these objects we p#ld 99 galaxies we omitted 3 already included in the VIRGO
formed aperture photometry to extract integrated flux densiti@gbsample. Furthermore, 26 galaxies of the remaining 96 did
from the NVSS maps (see Appendix A, only available in th@ot have a radio counterpart or were confused in the NVSS
on-line edition of the journal). The 14 VCC galaxies with FIRt 1.4 GHz. Radio counterparts are associated with optically
and radio counterparts are considered in the present study. Téiglogued galaxies when the distance of the peak radio sur-

constitute the so-called “VIRGO” subsample. face brightness of the potential radio identification from the
Table 1 reproduces the parameters relevant to this inve§ftical position of the target galaxy is within the NVSS res-

gation for the individual VIRGO objects as follows: olution. Furthermore, one galaxy was dropped because it has

Column 1: VCC denomination. an inclination greater thar70° and an apparent major axis

Column 2: morphological type (from the VCC, as in fl longer than~4’. As discussed in Appendix B (only available in

et al. 2002a,b). the on-line edition of the journal), such galaxies may have flux

Column 3: total radio continuum luminosity at 1.4 GHAensities overestimated by a factor of 2. Finally, only galaxies
(L14 cr) With its error (see Appendix A, only available in theVith heliocentric velocities higher than 1500 km' sare se-
lected. The reason is as follows. For most of the galaxies in
4 A subsample of the ISOPHOT Virgo Cluster Deep Sample h#2€ ISS catalogue only kinematical distances are available from
been also observed with the Long Wavelength Spectrometer at #gividual redshifts, as listed by Stickel et al. (2000). The as-
158um [CII] fine-structure gas cooling line (Leech et al. 1999) angumption of a free Hubble Flow does not apply to the relatively
analysed by Pierini and collaborators (1999, 2001, 2003). nearby galaxies. Hence 11 galaxies which are not members of
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Table 1. Galaxy parameters for the VIRGO subsample.

Den. Hubble type lod14cHz: 109 Lrr log LER™ log L;‘,’g’ log L4o-120 Notes
VCC [WHzth?] Wh?] [Wh™?] [Wh™?] [Wh7?]

66 SBc 287+ 0.21 3571 3522 3553 3536

92 Sh: 2118+ 0.16 3619 3552 3609 3567 LINEReP
152 Scd 263+ 0.23 3560 3502 3546 3531

460 Sapec 264+ 0.23 3578 3521 3564 3555 LINER®
873 Sc 2065+ 0.23 3590 3541 3574 3557

971 Sd 197+0.12 3480 3422 3467 3450

1002 SBc 206+ 0.15 3537 3467 3527 3506

1043 Sh(tides) 208+ 0.18 3583 3516 3572 3544 LINER?
1110 Sab pec 284+ 0.21 3563 3508 3548 3524 LINER®
1379 SBc 2000+ 0.16 3537 3481 3524 3509

1554 Sm 2133+ 0.13 3585 3555 3555 3567

1575 SBm pec 196+ 0.12 3521 3484 3496 3499

1690 Sab 213+ 0.17 3612 3559 3597 3581 LINER, Sy*f9
1727 Sab 2P6+015 3607 3543 3595 3566 LINER, Sy19%f

2 Rauscher (1995§, Barth et al. (1998)¢ Ho et al. (1995)¢ Ho et al. (1997)¢ Gonzalez-Delgado et al. (1997)Staufer (1982);
9 Keel (1983).

the Virgo Cluster and have heliocentric velocities lower tha@olumns 5, 6: FIR continuum luminosities from the warm and

1500 km s were dropped from the sample. cold dust emission componentg*ft™ and LE‘,’}S), respectively
Hereafter we refer to the final 58 galaxies selected frofihis work), in decimal logarithmic units. We adopt a conserva-

the ISS catalogue as the ISS subsample. For all galaxiediyg value of 20 per cent (random) for the uncertainty of each

the ISS subsample we determineew warm and cold dust Of these luminosities for all the sample objects.

temperatures from the composite IRAS and ISOPHOT dd@lumn 7: the IRAS FIR luminosityso-120 (calculated as in

listed by Stickel et al. using the method described in PopesEable 1), in decimal logarithmic units. We adopt a conservative

et al. (2002). For this purpose we first applied J8AS Value of 30 per cent for the uncertainty of this luminosity for

corrections for the original IRAS flux densities at 60 andll the sample objects.

100 um and ISQDIRBE corrections for the ISOPHOT flux Column 8: galaxy distance.

densities at 17@m, both corrections being taken fromfls  Column 9: individual notes.

et al. (2002a,b). The SEDs of all these objects required both

warm and cold dust emission components to be fitted. 3. Results

We assigned distances to the members of the ISS subsam-
ple as follows. We identify 3 galaxies from the ISS subsan®.1. The total FIR/radio correlation
ple as members of the Virgo cluster (and not in the ISOPH . . .
Virgo Cluster Deep sample) and, thus, we assign them to b%IJJ—SF relationship betwc_een the_ total (wa_rmc_:old) FIR emis-
the common distance of Bh! Mpc adopted for the VIRGO '°": Lrir, and the radio continuum emission at 1.4 GHz for
subsample (cf. Sect. 2.1). For the other galaxies of the ISS s[ID- 72 sample galax[es IS rgproduced n '.:'g‘ 1. Here the solid
sample we have no clue whether they belong to the field or e reproduces the linear fit to the data (in log—log) of equa-

a grougcluster, though we know if they are mergers or noi'.on'

We determine kinematical distances, corrected to the Galaqgﬁ L14 6hz = M(xe(M) logLer + c(+e(c)) W HZ L h2,

Standard of Rest with the NED Velocity Correction Calculator,

independent of whether they are isolated or not and whethgere the parameters of this fit are given in Table 3, together

they are mergers or not. with its reducedy? and the dispersion around the fitted rela-
Table 2, only available in the on-line edition of the journatjon. In obtaining the fits we adopted the algorithm executing

reproduces the parameters relevant to this investigation for thbivariate least-squares fit, taking into account the uncertain-

individual ISS objects as follows: ties in both thex- andy-variables at the same time, as imple-
Column 1: galaxy denomination (from Stickel et al. 2000). mented in the task “FITEXY” of the Numerical Recipes (Press
Column 2: morphological type (from NED). etal. 1992).

Column 3: total radio continuum luminosity at 1.4 GHz Figure 1 confirms that there is a tight correlation between
(L1.4 cHz) With its error (see Appendix A, only available in thedust and radio continuum emission, extending over three orders
on-line edition of the journal), in decimal logarithmic units. of magnitude in both luminosities. The total FtRdio correla-
Column 4: total FIR continuum luminosityL{r), in deci- tion is only slightly non-linear, with a slopm = 1.10+ 0.03.

mal logarithmic units. The uncertainty in this luminosity idVe note that a luminosity-luminosity correlation analysis will
~15 per cent (random) for all the sample objects. be biased towards linearity, because it includes also the scaling
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Fig. 1. The radio luminosity at 1.4 GHZ. 4 gn;) Vs. the total FIR lu- Fig. 2. The radio luminosity at 1.4 GHz vs. the FIR luminosity of the
minosity (of the warm+ cold dust emission componentd)q(z) for warm componentl(*3™) for the full sample of 72 objects under inves-
the full sample of 72 objects under investigation. The plot showstigation. The plot shows a tight correlation between these two emis-
tight correlation betweeh; 4 gy, andLgr, over three orders of mag- sions, over three orders of magnitude in both luminosities. The fit to
nitude in both luminosities. From the fit (solid line) we conclude thahe correlation (plotted with the solid line) indicates a linear relation.
this correlation is only slightly non-linear (see the slope of the fit anthe value of the slope and its uncertainty are indicated on the figure.
its uncertainty, here indicated). The dashed line represents the fit toTie dashed line represents again the fit tolthegp, VS. L4o-120 COr-

L14 eHz VS. Lao-120 COrrelation, which is the equivalent of what wouldrelation, i.e., the equivalent of the IRAS FRdio correlation.

have been derived from IRAS.

3.2. The warm FIR/radio correlation

Figure 2 reproduces the relationship between the warm FIR lu-
minosity andL, 4 gz for the 72 sample galaxies. The slope of

effect due to galaxy size (or mass). Therefore, it is to be e correlationisn = 1.03+0.03 (see Table 3), which indicates
pected that the derived slope is only a lower limit to the slop@at the correlation is linear.

that would be obtained from an analysis of normalised lumi- This result difers from the previous one of Xu
nosities (see Xu et al. 1994a). et al. (1994b), who derived the warm FRdio correlation

) . _ based on the proportionality between the IRAS FIR and

As a comparison, in Fig. 1 we also plot the fit tothé etz 1, emissions. These authors obtained a non-linear correlation,
vS. Lao-120 corre_lanon, which is the equwgle.nt of whaF WF’UIQNith the radio-to-FIR luminosity ratio increasing with luminos-
have been derived from IRAS. The statistics for this fit ai§, 56 possible explanation for the non-linearity of the corre-
also given in Table 3. There is an obvious shift of up t0 0, ghtained by Xu et al. (1994b) s that the Bmission was
in logLrr, which is produced by the inclusion of the cold dus{y e teq for extinction using the same value for all galaxies.
component, mainly not seen by IRAS. This shift is more proy,yever. if more luminous galaxiester from larger amounts
nounced at the faint end of the correlation, where the cold dygt, inction, then the intrinsic & emission at the bright end
component is more dominant. This also leads to a slight ig ihe correlation was underestimated by Xu et al., and thus
crease in non-linearity when the total FIR luminosity is tak&fie \yarm FIR emission was also underestimated, producing the
into account instead dfso-120. non-linearity of the warm FIRadio correlation found by these

The fact that some galaxies show evidence for milsuthors.
LINER/Seyfert activity or are in paimultiple/merging sys- As for the total FIRradio correlation, the fact that some
tems does not seem tdfect the shape of the correlation (nogalaxies show evidence for mild LINEReyfert activity or are
shown). In fact, we obtaim = 1.09+0.07 for the subsample of in pair/multiple/merging systems does not seem fteet the
20 galaxies with some activity (Table 3) amd= 1.10+0.04 for shape of the correlation (not shown). The slope of the correla-
the remainder. Since accretion powered systems are knowntrant for the 20 galaxies with some activity is = 0.96 + 0.06
to lie on the FIRradio correlation (Sopp & Alexander 1991)(Table 3). For the remainder we obtam= 1.06 + 0.04.
this implies that even for the objects in our sample with some The comparison between the warm Ftlio correlation
evidence for AGN activity, the FIR emission is powered by stand the equivalent of the IRAS FlRdio correlation (plotted
formation activity and not by accretion (cf. Rodriguez Espinoseith the dashed line in Fig. 2) shows that the shift between
etal. 1987). the two correlations is much smaller than in the case of the
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FIR/radio correlation might be non-linear, whereas in this
paper we obtain a linear slope for our sample of 72 objects.
Since the sample presented in this work includes the Virgo
galaxies from Popescu et al. (2002), we expect to reproduce the
same trend when the fit is only applied to the Virgo galaxies.
For this we fitted once again the Fi&dio correlations (for the
total FIR emission, as well as for the warm and cold FIR emis-
sions), this time separately for the Virgo and non-Virgo galax-
ies. In total there are 17 Virgo cluster galaxies, comprising the
14 from the VIRGO subsample and 3 Virgo cluster galaxies
detected by ISS but not observed byffguet al. (2002a,b).
Correspondingly, there are 55 non-Virgo galaxies.

The statistics of the fits are given in Table 3. Indeed, in the
case of the warm FIRRadio correlation, there is some indication
for a non-linear correlation, while the fit to the non-Virgo sam-

22 -

21 -

log Ly 4qu, (W Hz ' h7%)

20

slope: 1.13+/-0.04 | ple is linear. Overall, there is a tendency for all correlations to
Y be more non-linear for the Virgo sample than for the non-Virgo

35 36 37 sample.
log L' (W h™) In this context it is appropriate to examine the question of

Fig. 3. The radio luminosity at 1.4 GHz vs. the FIR luminosity of theenwronmental fiects. Such influence on the FIR emission was

cold componentl(<) for the full sample of 72 objects under inves Ot found for the Virgo galaxies (Popescu et al. 2002; Popescu

tigation. The plot shows a tight correlation between these two emf&-TUffS 2002b). However, the radio emission may be more sus-
sions, over three orders of magnitude in both luminosities. The fit & Ptible to environmentafiects, as the radio emitting medium
the correlation (plotted with solid line) indicates a slightly non-lineds less tightly bound to the disk than the FIR emitting medium.
correlation. The value of the slope and its uncertainty are indicated@me could imagine a scenario in which synchrotron halo elec-
the figure. trons are swept away by the ram pressure induced by the rel-
ative motion of the galaxies through the intracluster medium.
. . i . Preferentially, such a removal may be more severe for more
tota_l FIR_ luminosity. In addition, this shift is constant along thauiescent galaxies which have less strongly magnetised halos.
luminosity range spanned by the data. This is to be expecteflis coy|d induce a non-linearity in the Fifadio correlation.
as the IRASL4o-120 luminosity is dominated by the contribu-py,yever this should only be applicable to galaxies which are
tion of the warm dust component, and contains only a sm@ering the intracluster medium now and therefore we expect
contribution from the cold dust component. only sporadic examples of this phenomenon. We conclude that
environmental fects play only a secondary role in shaping the
3.3. The cold FIR/radio correlation FIR/radio correlation. The main distinction between Virgo and

_ ) ) _non-Virgo galaxies is rather that the former populate the faint
Figure 3 reproduces the cold Fidio correlation as obtainedeng of the correlation, and are more quiescent.

for the whole sample of 72 objects. We find that the cold
FIR/radio correlation is only slightly non-lineam(= 1.13 +
0.04, see Table 3), similar with what we found for the correl
tion betweerl 4 gnz and the total FIR luminositigr (Fig. 1).
This is no surprise since the cold dust componentdominates th

total FIR continuum emission of normal late-type galaxies. |n the previous section we have, for the first time, quantitatively

We obtainedm = 1.17 + 0.08 (Table 3) for the sub- established the correlation between the FIR and radio emis-
sample of 20 galaxies with some activity (LINESeyfert or sjon by including the bulk of the FIR luminosity carried by the
pairmultiple/merging systems) ant = 1.12+ 0.05 for the re- cold dust component. Furthermore our measurements at three
mainder. Thus, the fierent mix of galaxies does not seem t@|R wavelengths allowed a direct determination of the warm
play any significantrole, as for all correlations presented in thifd cold FIR emissions. Consequently, separate relations have
study. been derived for the warm and cold FA&dio relations. In this
section we will discuss each of the correlations in terms of the
dependence on the star formation rate (SFR).

Detailed mapping observations in the 40—200 range of
nearby galaxies (e.g. Haas et al. 1998; Hippelein et al. 2003)
In their study of cold dust in Virgo Cluster galaxies, Popesa@as well as self-consistent models of the dWbmm SEDs in
et al. (2002) plotted warm and cold FHadio correlations spiral galaxies (Popescu et al. 2000) are both consistent with
based on the 1ISO measurements for the 13 galaxies in thi& presence of locally heated dust in star-forming complexes
sample which had corresponding radio data. Although thed of difuse dust (Ttfs & Popescu 2003). The ftiise dust
statistics were poor, there was an indication that the wais heated both by non-ionising UV photons and optical

% Interpretation of the warm and cold FIR/radio
gforrelations

3.4. The FIR/radio correlation for the Virgo and
non-Virgo galaxies
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Table 3. The linear best-fit parameters of the Fi&dio correlation (in log—log).

Whole galaxy  Galaxies with Virgo Non-Virgo

sample some activity  galaxies galaxies
N=72 N =20 N=17 N =55
m 1.10 1.09 1.31 1.10
e(m) 0.03 0.07 0.12 0.06
L14 GgHz VS. c -18.53 -18.35 -26.29 -18.68
Lrr €(0) 1.23 2.52 4.23 2.07
Xy 1.35 1.67 2.29 1.05
o 0.13 0.14 0.15 0.12
m 1.03 0.96 1.27 0.98
e(m) 0.03 0.06 0.12 0.05
L14 gHz VS. c -15.55 -12.80 —-23.68 -13.88
LER™ €(c) 1.19 2.22 4.23 1.88
Xy 1.15 1.26 2.15 0.82
o 0.14 0.15 0.17 0.13
m 1.13 1.17 1.35 1.14
e(m) 0.04 0.08 0.14 0.06
L14 GgHz VS. c -19.43 -21.85 -27.03 -19.93
Lot €(0) 1.40 2.91 4.74 2.07
X 1.61 2.27 2.36 1.38
o 0.15 0.17 0.16 0.15
m 1.04 0.93 1.29 1.01
e(m) 0.03 0.06 0.10 0.05
LisaguzVS. C -16.13 -12.24 -25.02 -15.11
L4o-120 E(C) 1.12 2.04 3.65 1.86
Xy 1.28 1.61 2.85 0.75
o 0.13 0.15 0.16 0.11

photons (Xu 1990). Then, the relation between SFR and the to- In the way it is defined (see also Popescu et al. 2000),
tal FIR energy output can be derived from the following equ#éhe F factor accounts for the inhomogeneities in the distri-

tion: butions of dust and stars. It determines the additional likely-
ot il W opt hood of absorption of non-ionising UV photons due to corre-
Lrr = LAr + Ler * LeR (1) lations between an inhomogeneous distribution of young stars

whereLS\, is the total FIR luminosity emitted by the galaxyand (opaque) paren_tmolecularc_:louds. I_n this sense taetor
W g represents a clumpiness factor in galaxies.

LI is the FIR luminosity emitted by the HII regionis
FIR FIR
the component of the fluse FIR luminosity powered by the The value 0fG,, depends on both the overall amount

non-ionising UV photons anulgﬂ; is the component of the dif- of difftuse dust and its geometrical distribution relative to

fuse FIR luminosity powered by the optical photons. The eq ie distribution of the young stellar population. The relative
tion can be further expressed terms of SFR: istribution of stellar emissivity and dust as a function of

SFR is not known. But broadly speaking one would expect
|_tF0|tR = SFRx (Lo X F + Ly x X) ) SFR tq increase With_ the gas surface density in ga_llaxy disks
+SFRx Lox (1 - F) x Gu + Lgfé (2) (Schmidt 1959; Kennicutt 1998). If the dust content is propor-
tional to the gas contehtthe dust opacity would also increase
where the first term correspondsliﬁ'}{ and the second term towith SFR (for a fixed geometryds,, would then increase with
Lgl\é. SFR —the variable of Eq. (2) — is the present-day star f@FR for the optically thin case and would tend asymptotically
mation rate inMg /yr, Lo andLy are the non-ionising and thetowards the fixed value of unity for the optically thick case.
ionising UV bolometric luminosities of a young stellar populaFrom this definition it is obvious that th®,, is a measure of
tion corresponding t& FR= 1 Mg/yr (which can be derived opacity in galaxies.
from population synthesis modeld),and X are the fractions
of non-ionising and ionising UV emission that are absorbed by Broadly speaking, the dust content is proportional to the metal
dust locally within star forming complexes, and the fagBgy abundance (e.g. [Bl]) times the average gas column density of the
is the probability that a non-ionising UV photon escaping fromtisk. [O'H] is known to increase with the optical luminosity of the

the star formation complexes will be absorbed by dust in tHalaxy (Zaritsky et al. 1994), enforcing the idea that the metal content
diffuse interstellar medium. of a galaxy like our own is mostly the result of the past star forma-

tion activity (e.g. Dwek 1998). In absence of an observationally es-

5 The formulation in Eq. (2) is applicable for the case that the difablished relation between metallicity of the disk and SFR, we expect
fuse component is illuminated by a continuous stellar emissivity, atfds metallicity to contribute only to the scatter of the relation between
neglects the discrete character of stars. dust content and SFR.
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The fractionX of ionising UV photons that are absorbedhick case G, approaches 1). But this is in contradiction with
by dust in HII regions exhibits a broad range of values, vargur inference from the warm FJRadio correlation that the ra-
ing from 03-0.7 (Inoue et al. 2001; Inoue 2001). Howeverdio luminosity has a linear dependence on SFR.
even if X approaches unity, the intrinsic luminosity is so
much smaller than the |ntr|nS|c_non-|on_|smg uv Iumlnoslr_gy 5. Discussion
(Bruzual & Charlot 1993), that its contribution kg, can still
be neglected. We have seen in the previous section that it is not easy to
identify a scenario which can simultaneously account for both
the warm and cold FIRadio correlations. Whereas the warm
FIR/radio correlation was consistent with a linear dependence
To interpret the warm FIRadio correlation, we identify the of the radio on SFR, the cold FIRdio correlation was more
warm dust component from our fitting procedure with dust Igeadily interpreted in terms of a non-linear dependence of the
cally heated within the HIl regions, such tHgf&™ ~ LAl /In  radio emission on SFR. To reconcile these seemingly conflict-

4.1. The warm FIR/radio correlation

this case %™ can be written as: ing results we need to re-examine the underlying assumptions
warm on which the results were based.
Ler = SFRx Lo xF. 3) In drawing the conclusion from the warm Fi&dio corre-

o . Iat%pn we assumed that the clumpiness facEri§ a constant.
In principle Eq. (3) can be used to constrain the dependenc?_'o . . . 4
the radio luminosity on SFR. In Sect. 3.2 we found a linear cor— - .o If an increased SFR is accompanied not only by an
. y ' CT Lo Increase in the number of independent HIl regions, but also by
relation between the warm FIR and radio luminosities for the, . . .
X .—a higher probability for further star formation to happen pref-
sample as a whole. Under the assumption that the Clumplngrsesntially near already existing HIl regions, then théactor
factor F does not vary with SFR, this would imply a linear re- . o _
X . S L would also increase, as a consequence of the increased block
lation between radio luminosity and SFR. This is in accordance

. . 4 . Ing capability of the optically thick molecular clouds in the
with the prediction of the calorimeter theory¢lk'1989). stgr-forr)mingycomplex (g.g. V\)//itt & Gordon 1996). This would

be expected to occur if star formation is a self-propagating phe-
4.2. The cold FIR/radio correlation nomenon, in which preceding generations of stars can trigger
the formation of new generations.

Referring again to Eqg. (3), we see that, if the clumpiness
factor F increases with SFR, then tHg'¥™ increases more
LE?FI? ~ SFRx Lo X (1 - F) x Gyy + Lﬁﬁi’ (4) rapldly thar”mearly with SFR. In turn, the_ radio Iummgsﬂy,

which empirically was found to be proportional t&%™, will
To interpret Eq. (4) we have to take into account that the opadso increase more rapidly than linearly. Qualitatively this is
ity (Gyy factor) could vary systematically with SFR (see alsahat is needed to bring the warm FiRdio correlation into
Bell 2003). As argued abov6,,, should increase with SFR for consistency with the cold Fjradio correlation. In Eq. (4) the
the optically thin case and should approach unity for the opffect of increasing the clumpiness factorwith SFR would
tically thick case. This means thh ?}E would increase more depresé..‘;‘,’,'{’. This, together with the non-linear dependence of
than linearly with increasing SFR for the optically thin casthe radio on the SFR, would mitigate the trends introduced by
and would tend towards linearity for the extreme optically thicpacity, leading to an increased ratio radad FIR with in-
case. In Sect. 3.3 we found a slightly non-linear cold/FdRio creasing SFR.
correlation n = 1.13 with a 3r lower limit on the slope From this discussion we conclude that one possibility to
of 1.01) for the sample as a whole, in the sense that the rdtiing into consistency the warm and cold Fi&lio correla-
radio-to-FIR increases more than linearly with increasing luntions would be to invoke a non-linear dependence of the ra-
nosity, the opposite trend than that predicted by opacity. Cowtb emission on SFR. Such a non-linear dependence could
this observed trend be explained at low luminosities by consige understood in terms of an increase in the residence time
ering an increased contribution of the heating of dust by optif the synchrotron-emitting electrons with increasing galaxy
cal photons? Xu et al. (1994a) studied tlEeet of the optical size, as postulated by Chi & Wolfendale (1990). However, the
heating on the FIRadio correlation and found that this wouldsame trend can also be obtained within the framework of the
indeed introduce a non-linearity at low luminosities. Howevealorimeter theory, if the radio emission is identified with the
they assumed th&,, was the same for all galaxies, irrespecsum of difuse and localised source components. The localised
tive of SFR. In fact the opacity should have its strongest depessurce component is comprised of synchrotron emission from
dence on SFR at low luminosities. As argued by Bell (2003upernova remnants (which account for about 10 per cent of
the dfect of optical heating is negligible compared with the ethe total radio flux density of galaxies at 1.4 GHz — Lisenfeld
fect of opacity. Thus, most probably, the optical heating is n&t V'olk 2000) plus thermal emission from star forming re-
enough to explain the observed slope at low luminosities. Ogiens. The dfuse component consists of a pure synchrotron
possibility to explain the observed slope of the cold f/@ldio emission component, as given byM(1989), plus an addi-
correlation is that the radio emission increases more than lirenal diffuse free-free component. The free-free component
early with increasing SFR for the optically thin ca§k,{ < 1) arises from the warm ionised medium, as defined by McKee
and has a marginal deviation from linearity for the opticallg Ostriker (1977), and its emission is in general much smaller

If the cold dust component s identified withfilise dust heated
by the interstellar radiation field, then:
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than the synchrotron emission. Nevertheless we expect thatstarburst galaxies). The behaviour of the radio emission can be
relative contribution of the synchrotron and free-free compaecounted for by considering the radio emission to be a super-
nents to vary with SFR, such that at high SFR the free-frpesition of a difuse synchrotron component, dfdse free-free
component becomes non-negligible. This is because the filliogmponent and a localised source component.
factor of the warm ionised medium increases with increasing
SFR. Since the non-thermalfflise radio emission is still pro- AcknowledgementsThis research has made use of the NABAC
portional with SFR (\1k 1989), then the increased fraction ofXtragalactic Database (NED), which is operated by the Jet
free-free emission with increasing SFR will introduce the noffoPulsion Laboratory, California Institute of Technology, under con-
linearity in the radio emission. tract with the National Aeronautics and Space Administration.
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/171 /] the consideration that some of our sample galaxies might have
/ e | failed the classification criteria of the NVSS catalogue/and
| not be represented by Gaussian model components at best
| andor have unaccounted faint extended emission. This ques-
/ | tion is crucial, since the 45beam of the NVSS has a much
smaller aperture than the ISOPHOT beam at a0 (92").
1 Aperture photometry was extracted with the task QPHOT in
1 / 1 IRAF.
- 1 We plot the comparison between our photometraxis)
100 - A’ 7 and the NVSS catalogue ong& éxis) in Fig. A.1. Here the
r /«/ e 1 solid and long-dashed lines represent the 1:1 and 1.25:1 ra-
pan® { ] tios, respectively, while the box delimited by a short-dashed
/ 4 i 1 1 line corresponds to the region zoomed in the enclosed box. As
/ 20 r 1 | expected, we find that the agreement is excellent for those ra-
o ™ i 1 | dio sources which appear unresolved with the NVSS beam but
or 7 it becomes worse in case of very extengedplex sources.
| L | | On average, our fluxes are 25 per cent larger than the NVSS
\ o bt ]| catalogue ones.

| . . . . | . . . . |
0 50 100 150 . . .
f14iaNVSS)  (miy) Appendix B: Photometric comparison between the

Fig. A.1. Comparison of the radio fluxes at 1.4 GHz determined in |SOPH_OT Serendipity Survey and the ISOPHOT
this study from direct aperture photometry of the NVSS images and Deep Virgo Cluster Survey at 170 um

the NVSS catalogue fluxes for the radio counterparts of the 72 sam- . )
ple objects under investigation. The latter fluxes are obtained frﬁ%‘?”f galaxies from the ISOPHOT Virgo Cluster Deep Survey

Gaussian model components fitted to the survey images. Here thffS et al. 2002a,b) were also detected by the ISOPHOT
solid and long-dashed lines represent the 1:1 and 1.25:1 ratios, ¥60pm Serendipity Survey (Stickel et al. 2000). These galaxies
spectively, while the box delimited by a short-dashed line corresporiiee: VCC 66, 460, 836 and 873, alias NGC 4178, 4293, 4388
to the region zoomed in the enclosed box. On average, our fluxes anel 4402, respectively. From the comparison of the 470
25 per cent larger than the NVSS catalogue ones (see text). flux densities of these 4 galaxies it emerges that the values of
Stickel et al. are systematically higher than those dfdet al.,
the diference being significant (a factor of 2) for VCC 836 and
Appendix A: The extraction of the radio flux 873.
densities from the NVSS maps The absolute calibration is not a reason for this, since back-

The NVSS used the NRAO Very Large Array telescope aﬁ;ﬁound measurements averaged over the 4 common objects are
covers the sky north of a declination 640 degrees at g the same to within a few per cent. However th&atent tech-

frequency of 1.4 GHz, a resolution of 45nd a limiting niques used to derived photometry may give rise fiedénces.
peak source brightness of about 2.5 mJy beagCondon Even for extended sources, the Serendipity Survey photome-

et al. 1998). Radio counterparts are associated with optica{f is extracted _by fitting circular gaussians to the strip maps,
catalogued galaxies when the distance of the peak radio surfypgreas the Virgo sample photometry is performed by fit-

brightness of the potential radio identification from the opticét'lng elliptical gaussians. Thus, one may expec_t th? Se_rendipity
%urvey 170um fluxes to be overestimated as inclination gets

position of the target galaxy is within the NVSS resolution. ThI indeed itis th for th . 4 alaxies. In ad
probability of finding an NVSS source within 4%f an arbi- arger, as indee It 'S.t 1€ case orthe previous 4 ga axies. in ag-
dition, in the Serendipity Survey photometry there is a spread

trary position is 0.02. : :
; 30 per cent for bright sources, due to systemaftieats like
As a result of this survey a source catalogue has been p? _setrz)f source fromgscan line. To this mlilst be added random

duced, which consists of Gaussian model components fitted X . .
the survey images. If the source is significantly larger than tﬁgors for faint sources (10 Jy or less). The comb|_ned uncer_tam-
resolution of the survey then it may be represented by severa '?? can be 50 per cent for faint sources (see Fig. 2 of Stickel
these components. The fitted parameters are deconvolved fror | 2000). Finally, compared w ith s et al. (2002.a,b),.
the instrumental resolution producing source sizes (or up Jickel et al. made_larger corrections for the loss O.f S|g_nal In-
limits with 99 per cent confidence) and the integrated flux deﬁgrred by the transient response of the detector to illumination

sity of the model. Error estimates for each of the source para oPS I the S?-Sc'?lllfdl ttra?5|ent c?rrectllor; f' Thef n_1utlt|pllcat|\{[e
eters are also given. corrections of Stickel et al. range from 1.1 for a faint source to

In addition to the catalogue, a postage stamp server Wh%ﬁactor of 2 for sources of 60 Jy. By comparison the transient

returns FITS files of limited regions from the NVSS calibrated” |RaF is the Image Analysis and Reduction Facility made

image_s is available electronically. The noise _|eVe| in these iRyailable to the astronomical community by the National Optical
ages is about 0.5 mJy bealm We have decided to extractastronomy Observatories, which are operated by AURA, Inc., under
our own aperture photometry from these calibrated maps undentract with the US National Science Foundation.

(mJy)

N

f, 4n,(this work)
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Table 2. Galaxy parameters for the ISS subsample.

Den. Hubble type lod1s4 gHz logLpr log L‘gﬁém log L'C:"B'.‘Ej log Lag-120  Dist Notes
NGC/UGC or other WHz] [Wh2 [Wh2] [Wh2 [Wh? [Mpch

NGC 7821 Scd pec sp 27+023 3719 3677 3698 3699 7339

NGC 157 SAB(rs)bc 2B3+0.11 3688 3628 3675 3647 1668

MCG -05-03-020 SAB(r)c : 2P9+0.11 3673 3591 3666 3626 5609 AGNZP
UGC 816 Sc 285+ 0.19 3690 3653 3665 3672 5188

NGC477 SAB(s)c 285+ 0.13 3672 3628 3652 3642 5876

NGC520 2207+0.11 3717 3693 3681 3697 2337 GPair?
NGC 549 (R)SB(s)Ja 2164018 3653 3598 3639 3616 6176

MCG -05-05-007 Shc 241+ 0.13 3661 3584 3653 3609 5904

UGC 1560 (R)SB(s)b : 2208+ 0.21 3700 3664 3676 3683 8491

UGC 2238 Im? 258+ 0.18 3746 3705 3725 3730 6436 LINERY
NGC 1087 SAB(rs)c 260+ 0.13 3669 3615 3654 3626 1519

MCG -03-12-002 266+ 022 3753 3703 3737 3745 9542 GPaif
UGC 3066 SAB(r)d 267+ 022 3655 3595 3642 3620 4639

NGC 1614 SB(s)c pec 227+ 0.13 3759 3703 3744 3755 4778 Sy29
NGC 1667 SAB(r)c 228+018 3715 3673 3695 3690 4546 Sy?
MCG -03-13-051 (RSB(s)b 2175+ 0.20 3689 3628 3677 3649 6640

NGC 2958 S(r)bc 282+ 021 3685 3639 3667 3656 6663

NGC 3183 SB(s)bc 269+ 0.22 3662 3609 3647 3641 3088

MCG -06-23-029 Sbc: sp 235+ 0.23 3626 3590 3602 3606 3122

NGC 4222 Sc 188+ 0.10 3535 3477 3521 3500 1150

NGC 4383 Sa? pec 20+ 0.22 3599 3572 3565 3577 1150

NGC 4639 SAB(rs)bc 209+ 0.18 3542 3485 3528 3516 1150 Sy18h
MCG -05-31-035 SB(rs)d 281+021 3581 3537 3561 3554 2216

NGC 4981 SAB(r)bc 202+ 0.23 3615 3559 3601 3583 1686 LINER
MCG -05-31-039 SB(s)d : sp 22+ 0.17 3589 3538 3573 3558 2381

IC 4221 SA(r)c pec? 287+ 0.16 3598 3550 3581 3570 2895

NGC 5085 SA(s)c 2P4+022 3638 3571 3627 3598 1956

NGC 5292 (R)SA(rs)ab 2134+ 018 3641 3575 3630 3605 4466

UGC 8739 SB? 250+ 0.16 3725 3686 3702 3702 5095

MCG -04-33-013 Sa: pecsp ZP+0.23 3655 3591 3644 3619 3455

NGC 5468 SAB(rs)cd 265+ 0.21 3652 3611 3631 3632 2845

NGC 5504 SAB(s)bc 2¥7+0.23 3665 3619 3647 3640 5247

NGC 5533 SA(rs)ab 259+ 0.23 3639 3562 3631 3612 3866

NGC 5604 Sa pec? 237+ 0.23 3641 3596 3623 3615 2748

uUGC 9483 S 2002+ 022 3579 3528 3563 3553 1636

NGC5757 (R)SB(r)b 2154+ 022 3665 3629 3640 3638 2630

NGC 5899 SAB(rs)c 252+021 3665 3606 3652 3627 2562 sy?
NGC 5956 Scd? 200+ 0.19 3547 3480 3536 3524 1898

NGC 5961 S? 2P7+022 3574 3535 3551 3551 1766

NGC 5985 SAB(b 2P5+0.23 3641 3548 3636 3593 2517 LINER, Syt
NGC 6052 2242+ 0.15 3704 3679 3667 3687 4499 GPaif
UGC 10331 S pec 233+ 0.16 3651 3610 3630 3622 4471

NGC 6120 pec 2857+ 023 3747 3706 3726 3733 9170

UGC 10524 (R)SB(s)ab 225+ 0.23 3723 3685 3700 3711 7598

NGC 6381 SA(s)c? 222+ 020 3620 3580 3599 3598 3265

NGC 6478 SAc: 225+ 023 3710 3648 3699 3675 6775

NGC 6574 SAB(rs)bc : 286+ 0.16 3689 3655 3663 3670 2252 Sy’
NGC 6585 S? 215+ 0.23 3639 3593 3621 3615 2635

NGC 6667 SABab? pec 228+ 0.23 3642 3591 3626 3622 2582

NGC 6764 SB(s)bc 297+ 0.15 3660 3632 3629 3642 2416 LINER, SyZ
NGC 6796 Sbc: sp 230+ 0.23 3636 3581 3622 3620 2189

NGC6911 SBb : 253+ 0.22 3660 3614 3641 3628 2501

NGC 6928 SB(s)ab 266+ 0.22 3683 3626 3669 3652 4707

NGC 7042 Sh 278+ 0.23 3657 3597 3644 3630 5082

NGC 7172 Sa pec sp B6+ 022 3659 3624 3634 3640 2603 Sy2"
IC 1438 (RR,)SAB(Na 2066+011 3600 3542 3586 3565 2616

NGC 7541 SB(rs)bc pec: 22+011 3722 3686 3697 3698 2678

NGC 7755 SB(r)bc 254+ 023 3653 3599 3639 3626 2963

2 Boller et al. (1997)° Page et al. (2001¥; Hibbard & van Gorkom (1996 Smith et al. (1996)F Vorontsov-Velyaminov & Arhipova (1968J; Rodriguez Espinosa et al. (1987);
9 Risaliti et al. (2000)" Gonzalez-Delgado et al. (1997)Bonatto et al. (1989}; Staufer (1982); Ho et al. (1995)! Alonso-Herrero et al. (2000 Sharples et al. (1984).

corrections of Tis et al. are 10 to 20 per cent only for the
C200 detector.

From this discussion we conclude that the Serendipity
Survey photometry may be overestimated by a factor of 2 for
large (i.e., with apparent major axis longer thedf) galaxies
with inclinations higher thar 70°.



