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ABSTRACT

Near-infrared photometry at J, H, and K has becn obtained for 82 galaxics from the IRAS minisurvey, a
sample of infrared selected galaxies. The near-infrared colors of these galaxics are similar to those of normal
ficld spiral galaxies, but cover a larger range in ) - H and H — K. There is evidence of a lighter correlation
between the near- and far-infrared emission than exists between the far-infrared and the visible emission. These
results suggest mal hot dust emission contributes 1o the 2.2 um luminosity, and extinction by dust affects both the
near-infrared colors and the visible luminosities. In addition, there is an indication that the far-infrared emission

in many of the minisurvey galaxies is coming from a strong nuclear component.



1. INTRODUCTION

The IRAS minisurvey containcd 86 galaxics that were detecied at 60 um and have Galactic latitude jb] >
20° and visible counicrparts on the Palomar Obscrvatory Sky Survey (POSS) (scc Soifer er al., 1984, as well
as Rowan-Robdinson er al., 1984, for an explanation of the IRAS minisurvey). As such, the galaxies in that
survey represent a complcete far-infrared selected sample of galaxies. Excess infrared emission in galaxics can
be produced through various mechanisms, including (1) dust in the source galaxy which prefercntially absorbs
shon wavelength radiation, with re-emission by dust of the absorbed starlight; this reemission can be either in
the far-infrared, for cold interstellar dust, or the near-infrared, for hot circumsteliar dust, and (2) non-thermal
emission in the source galaxy. In order 1o study the general characleristics of far-infrared-bright galaxies in the
near-infrared in an effort 10 better understand the possible source of the infrared luminosity in such galaxies, this
paper presents near-infrared observations of the IRAS minisurvey galaxies and, utilizing also the available IRAS
data, provides an analysis of the near- and far-infrared properties of the minisurvey sample of far-infrared-bright

galaxies.

II. OBSERVATIONS AND DATA REDUCTION
a ) Near-Infrared Observations

The 86 galaxies analyzed by Soifer et al. (1984) which comprise the minisurvey sample are listed in /RAS
Circular No. 6 (1984). Of these, 82 were observed at 1.25 um (J), 1.65 um (H) and 2.2 um (K) using the
S m Hale telescope at Palomar Observamry;.mese galaxies are listed in Table 1. A solid nitrogen cooled InSb
detector was used for the observations, and for most of the galaxies a 10” diameter beam was used. There were
three observations (of 17153+1141, 17152+1940, and 17223+1906) which used a 5” diameter beam, and one (of
18064+3942) which used an 8~ diameter beam; possible beam size effects are discussed below. Sky subtraction
was achieved by chopping to reference positions 15" north and south of the galaxy. The statistical uncertainties
in the observed magnitudes are <0.08 mag, and are due primarily to errors in centering the beam on the nucleus

of the galaxy. Since the comresponding colors are relatively insensitive to the beam position, their statistical

uncertainties are <0.04 mag.



There were four galaxies from the original sample of Soifer er al. (1984) which were not obscrved in the
ncar-infrarcd. Of thesc, onc galoxy, 18056+3533 (1805+356P06), is too large for a measurecment appropriale for

this analysis 1o bc madce with the S m telescope. The remaining three are discusscd below (Section 11b).

For several of the IRAS sources, there was more than onc object within a 3¢ uncerainty radius (~1') of
the IRAS position. In such cases, near-infrared measurcments were taken for all nearby objects which were
not obviously point-like, and various methods were subsequenty used to associate 8 single object with the
IRAS source. For sote cases, the near-infrared colors showed objects to be foreground stars. In other cases,
accurate radio positions (S. Eales, 1986) were used to identify the IRAS source on the assumplion that the radio
source and the IRAS source are the same (see, ¢.g., Helou, Soifer, and Rowan-Robinson, 1985, and Sanders and
Mirabel, 1985). When radio positions were not available, the object which was closest in position to the IRAS
source was taken to be the infrared source, provided that it was at least comparable in size and brightness to the
other nearby object(s). For cases in which a single galaxy could not be selected positionally, the galaxy which
was significanty brighter at 2.2 um was chosen. If no unambiguous determination could be made, positionally or
otherwise, the flux c'lensities at each wavelength for each non-slcllar-objéct within 1° of the IRAS position were
added together. The cases where multiple objects were found near the IRAS position are listed in the notes to

Table 1.

Heliocentric redshifts have been obtained or were available in the literature for 80 of the 82 galaxies
that were observed in the near-infrared. Most of these redshifts were obtained using either the double ¢
spectrograph (Oke and Gunn, 1982) mounted at the Cassegrain focus of the Palomar 5 m telescope (Persson
and Persson, 1986), or the Grism spectrometer on the 2.2 m telescope at Mauna Kea (Becklin, Heasley, Hill, and

Wynn-Williams, 1986). The redshifts and their source are listed in Table 1.

Corrections were applied to the measured magnitudes of each galaxy to take into account wavelength
dependemt distortions in the beam profiles. Two-dimensional representations of the beam shapes for each
wavelength were made by combining beam profiles obtained from north-south and east-west scans across a star,
and these two-dimensional representations were then numerically convolved with the de Vaucouleurs r'/ ¢ law (de
Vaucouleurs, 1948). The scale lengths in the de Vaucouleurs law for each galaxy profile were taken as Dy/2,
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where D, is the galaxy major axis diamcicr as deicrmined from the POSS bluc prints by visually estmating

the radius at which the galaxy brightness equals the sky background. The corresponding corrections subtracicd
from each obscrved magnitudc were 0.03 — 0.07 mag in J, 0.02 — 0.05 mag in H, and 0.01 - 0.02 mag in K,
wilh uncertaintes of 0.01 — 0.02 mag. The resulng corrections to the near-infrared colors caused 8 decrease of

0.02-0.03 mag in )-H and 0-0.03 mag in H-K, with uncerwintics in the corrections on the order of 0.03 mag.

Corrections for Galactic reddening and redshift (K-corrections) were also applicd to the obscrved
magnitudes. The Galactic reddening corrections, A,, were oblained for each galaxy from the reddcning maps
of Burstein and Heiles (1982) using the reddening law of Cohen er al. (1981). The K-corrections, K, were
obuained by linearly interpolating between the K<corrections of S. E Persson as given by Neugebauer e/ al.
(1985). Using the convention that the comected magnitude, m,,, and the measured magnitude, m, are related by
mg, = m — A, - K,, the following mean values for the corrections and their corresponding dispersions were
obtained: A; = 0.08 + 0.04 mag, Ay = 0.05 + 0.02 mag, Ax = 0.03 + 0.0] mag, and K; = 0.02 &+ 0.02 mag,

Ku = 0.00 + 0.01 mag, K = —0.12 + 0.08 mag.

No correction for beam size has been made. Table 1 gives the‘values of log(A/D,) for the minisurvey
galaxies, where A is the beam diameter and D, is as described above. Although the individual measurements
of D, are crude, they are nevertheless sufficient to indicate any significant effects that may exist in the sample
as a whole. No evidence of any correlation between size and near-infrared colors was apparent. The observed
and corrected K-magniwmdes and near-infrared colors are tabulated in Table 1. The two galaxies for which
redshifts are not available have not been included in any of the following analysis; nevertheless, their observed

near-infrared magnitudes and colors have been included in Table 1.

Elston et al. (1985) have published J, H, and K measurements for eight of the minisurvey galaxies. In
almost every case their color measurements are significantly discrepant with the corresponding measurements
presented in this paper. For three of the galaxies for which the greatest discrepancy exists (17218+2110,
1751943351, and 17526+3253), we have repeated the observations, and in each case these repeal measurements
were in good agreement with the original Palomar results. The discrepancies are not due to different sources
being selected as the correct IRAS source since none of the objects observed from Palomar can account for the
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extreme near-infrured colors reporicd by Elston e al., and only two of the minisurvey galaxics for which Elston

el al. report ), H, and K mcasurcments have other objects ncarby which could kad to such confusion.

b) IRAS Data

The IRAS data used for this analysis were taken from the /RAS Point Source Catalog (1985, hereafier PSC)
and are listed in Table 1. The data used by Soifer er al. (1984) in their analysis involved flux estimates which
were revised prior to publication of the PSC. Two of the galaxies present in Soifer’s sample, 0418+058P06 and
17514319P06, did not qualify for inclusion in the PSC, and a third galaxy, 04203+0425 (0420+044P06), has
only a limit listed in the PSC for the 60 um flux density. These galaxies have been excluded from this paper.

A fourth galaxy from Soifer’s sample, 1733+803P06, was also excluded from the PSC, but in this case the IRAS
observations were judged valid (Chester, 1985). The 60 um and 100 gm flux densities from the IRAS working
survey data base for this galaxy are also lisied in Table 1. The IRAS Explanatory Supplement (1985) includes a

complete discussion of the uncertainties in the IRAS data.

Sixteen of the minisurvey galaxies have only limits in the PSC for the 100 um flux density. For these
galaxies, which are flagged in Table 1, the improved 100 um flux densities or limits have been obtained from

coaddition of IRAS survey data.

HI. RESULTS
a) Near-Infrared Colors

The near-infrared colors for the minisurvey galaxies are plotied in Figure 1. There is one galaxy,
04210+0400, which is distinct from the rest of the sample withJ — H = 0.81 and H — K = 0.87. These
measurements are appropriate for a galaxy with contributions at K of roughly 90% Seyfert nucleus and 10%
normal galaxy (Glass, 1981), and are consistent with the findings of Beichman et al. (1985) who find a éeyfen 2

emissijon-line spectrum for this galaxy.

The region in Figure 1 enclosed by a dashed line is the region occupied by the normal spiral galaxies
of Aaronson (1977), convened to the CIT photometric system of Frogel et al. (1978). The Aaronson sample
was not intended as a statistically complete sample, but consists of 91 galaxies that were selected on the

-4 -



basis of dbeing bright. well obscrved at other wavelengths, and covering 8 wide range of morphological typcs.

Nevertheless, we will usc Aaronson’s samplc as representative of normal ficld spiral galaxics.

It can be seen from Figurc 1 that a large fraction of the minisurvey galaxics would be well fitted by the
normal galaxy region were it not for a slight shift, amountng to roughly 0.02 mag in both) - Hand H - K.
We consider such a small systematic effect with skepticism in view of the sysiematic unceraintics inherent in
the comparison between the two samples. The effect can also be viewed as a shift of ~0.04 mag in H - K
alone, making it consistent with a contribution to the 2.2 um flux from dust emission. However, a conclusive
determination as to whether this shift is a real effect would require measurements of both the minisurvey samplc

and a set of normal spiral galaxies using the same pholometric System and is beyond the limits of this study.

The minisurvey galaxies are redder, on average, than the Aaronson galaxies and show & larger dispersion
inJ-H and H — K As is indicated in Figure 1, this can be understood by invoking the presence of dust in
the minisurvey galaxies, affecting the near-infrared colors of a normal stellar population through absorption with
visual optical depths up to about 5, coupled with emission by hot dust. The large internal extinction needed to
account for these colors is consistent with the considerable imcmal~ extinction in a sample of late-type spiral
galaxy nuclei studied l;y Fogel (1985), and with the finding by De Jong et al. (1984) that most IRAS galaxies

are late-type spirals.

A possible alternate source for excess reddening in near-infrared colors is nonthermal infrared continuum
emission. To consider this possibility, it would be worthwhile to know what fraction of the minisurvey galaxies
may be Seyfert nuclei. The spectral indices between 60 and 100 um for the minisurvey galaxies have been
compared to those in a sample of known Seyfert galaxies studied by Miley, Neugebauer, and Soifer (1985).

The spectra of the minisurvey galaxies between 60 and 100 um do appear to be statistically somewhat steeper
than would be expecied for Seyfert nuclei, but the difference is only marginally significant and of itself is
insufficient to provide a reliable estimate of the Seyfert contribution to the minisurvey sample. De Grijp et al.
(1985) have shown that the selection criterion 0.5 < a(60,25) < 1.25 (where a is defined by f, ¢ v~%) is

a very efficient means of finding previously unknown Seyfert galaxies (see also Osterbrock and De Robertis,
1985). Unfortunately, only 21 of the minisurvey galaxies have firm IRAS detections a1 25 um. Nevertheless, for
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thosc 21 galaxics the median spectral index is a(60,25) = 2.1, which can be compared o the results of Miley,
Ncugebauer, and Soifer (1985) who find median 60 0 25 um spectral indices for Scyfert 1 and Scyfen 2 galaxics
of 1.0 and 1.2, respectively. Although not conclusive, this suggests that the minisurvey probably docs not conmin

a subslantial Scyfcn population.

It may be possible to identify Seyfert nuclei based on their near-infrared properties. Balzano and Weedman
(1981), by analyzing samples of Seyferi, emission line, and bright compact nucici, conclude that a value of
J = K > 1.1 mag for a galaxy nucleus indicates an 80% probability that the nucleus will show indicators of
a nonthermal source. The results of Balzano and Weedman, however, are based in large part on an analysis of
known Seyfent nuclei, for which the near-infrared colors tend 1o have a larger H — K than do the minisurvey
galaxies. Ten of the minisurvey galaxies have J — K > 1.1 mag, but, because the distribution of the minisurvey
galaxies corresponds well with the effect of internal extinction from dust absorption, we believe that nonthermal
continuum does not contribule substantially to the near-infrared colors of the minisurvey galaxies. Nevertheless,

this possibility cannot be entirely ruled out based on the data in this paper.
b) Near and Far-Infrared Luminosity Correlation

The near- and far-infrared luminosities are tabulated in Table 1 for all of the galaxies for which redshifts are
available. For these calculations, the near-infrared fiux is taken as Fxg = of, (2.2 pm) while the far-infrared
fiux is taken as the flux between 42 um and 122 um (see Appendix B of Catuloged Galaxies and Quasars
Observed in the IRAS Survey (1985)). The luminosities were calculated for H, = 75 km sec™! Mpc~! and
qo = 1/2. The distribution of near-infrared luminosities has a mean log(Law /L) = 9.6 (where L, is the solar
luminosity) with a disperson of log(Lxir/Lz) of oxir = 0.5, and the far-infrared luminosity distribution has a

mean log(Lpr/L;) = 10.4 with a dispersion of log(Lrr /L) of oFr = 0.5.

Figure 2a shows the distribution of log(Lrr/Lagr) for the minisurvey galaxies; the distribution has a mean
logLrr /Lar) = 0.8, and a dispersion of log(Lpr /Lnr) of ¢ = 0.2, It would be useful to compare the
distributions of log(Lr: /LNr) and log(Lsw /Lp), where Lp is the blue Juminosity, for the minisurvey galaxies
10 determine if the far-infrared luminosity xs betler correlated with the near-infrared or the blue luminosity.
However, these galaxies have not yet been systematically measured at visible wavelengths; the blue magnitudes
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uscd by Soifcr er al. (1984) were crude estimates. Soifcr ef al. (1986). however, have compiled a complcic
sample of 341 IRAS galaxics which have 60 um flux densitics greater than § )y, Galactic lattude |b] > 30°, and
declination 4 > —20°. This samplc, the IRAS bright galaxy sample, is similas to that obtaincd in the minisurvey
in that it represents a8 complete, flux-limitcd sample of infrarcd sclected galaxies; we assume that these galaxics
will have similar properties to those in the minisurvey. In Figure 2b the distribution of log(Lpr /Lg) for the
bright galaxy sampic is plotted. 1t has a dispersion of log(Lrr/Ls) of ong = 0.6 centered about 8 mean

log(Lrr /L) = 0.6.

Clearly, fluctuations and sample size will effect the widths of the distributions. Additional scatter can also
be expected in the bright galaxy sample distribution since the blue luminosities for the bright galaxy sample
were derived from the blue magnitudes listed in the Zwicky Catalog (Zwicky er al., 1961-8). These effects have
been considered by adding an additional uncertainty to the Lyr measurements, comparable 1o the uncertainties
in the Zwicky magnitudes (which are <0.5 mag: see e.g. Giovanelli and Haynes, 1984, or Huchra, 1976), and
then using an F-distribution test 1o compare the effect of the additional scatter in the minisurvey distribution to
the bright galaxy sample distribution. The result is that, to the 99% confidence level, the quantities o and oy do
not represent dispersions of equivalent parent populations. Thus, to the extent that the minisurvey and the bright
galaxy sample provide equivalent representations of far-infrared-bright galaxies, such galaxies do in fact have a

tighter correlation berween their far- and near-infrared emission than between their far-infrared and blue light.

Such a tighter correlation in the far-infrared 10 2.2 um luminosity again suggests that extinction by dust.
significantly affects the visible luminosity of far-infrared- bright galaxies. However, an alternate explanation
(Frogel, 1986) is that a number of the minisurvey galaxies have undergone a period of active star formation
in the past 10® yr. Such enhanced star formation would produce relatively bright optical magnitudes and blue
UBYV colors, but would not necessarily produce correspondingly high far-infrared emission. Furthermore, the
enhanced optical emission would not be well correlated with the near-infrared emission, which is due primarily
10 older stars. Without more detailed informatioh on the types of galaxies in the minisurvey, it is not possible 0

distinguish conclusively between these two possible explanations.

In Figure 2c, the distribution of log(Lgr/Lnr) for the minisurvey galaxies is again shown, where the
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ncar-infrarcd Juminasitics have boen correcicd o A/D, = 1.0 using the growth curve given by Froge) e al.
(1978). the corresponding corrections 10 the K magnitudes are typically in the range from 0 1o 3 magnitudc.
This distribution has a mecan log(Lpr/Lag) = 0.5, with a dispersion of logﬂ.ng/ng) ofo,0 = 0.3. An
F-distribution test again indicates that the increasc in scailer in this distribution relative to the distribution in
Figure 2a is statistically significant 10 the 90% confidence level, implying that the far-infrared emission in the

majority of the minisurvey galaxies may have a strong nuclear component.

The use of the near-infrared colors as an indicator of far-infrared activity in the minisurvey galaxies has
been investigated in the color-color plots of Figure 3. In each of these plots, the intent has been to identify some
parameter involving the far-infrared luminosity which would divide the sample into distinct groups such that the
near-infrared colors for each group would be distinguishable. In Figure 3a, the galaxies have been divided into
three groups according 10 whether their far-infrared Juminosity lies in the upper, middle, or Jower range of the
far-infrared luminosities for the entire sample. The luminosity cutoff for each group was determined so as to have
as nearly equal numbers of galaxies in each group as possible. In Figure 3b, a similar division of the sample into
three roughly equal size groups has been done, where the galaxies have been separated by the ratio Lpr /Lam.

In Figure 3c, the sample has been separated in a similar manner using the quantity Lag /(D,)?, effectively the
far-infrared surface brightness. In all cases, the parameters, which should be clear indicators of far-infrared

activity, are ineffective in distinguishing the near-infrared colors as a function of the far-infrared emission.

This result, that there is no clear correlation between near-infrared colors and far-infrared activity, is not
surprising if the far-infrared luminosity in these galaxies is not dominated by the emission from the dust which is
responsible for the extinction seen in the near-infrared. In particular, if the near-infrared luminosity is extended
throughout the disk, as would be expectled for a normal stellar population, then the relatively broad-beam
near-infrared measurements (with A/D, > 0.2 for more than 90% of the sample) will be dominated by disk
emission which, considering the above discussion, would not necessarily correlate well with the primarily nuclear

far-infrared emission.

CONCLUSIONS

Near-infrared observations of 80 galaxies from the IRAS minisurvey have produced the following results:
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1) The near-infrared colors of fas-infrarcd-bright galaxics arc similar W those of normal ficld spiral galaxics,
but show a larger range in } — H and H - K and slightly redder colors, possibly indicating the presence
of dust in far-infrarcd-bright galaxics. For the minisurvey samplic, there is evidence for dust absorption of

visual optical depths up to about §, coupled with hot dust emission.

2) The far-infrared emission of far-in{rared-bright galaxies appears (o be more tightly correlated with the
near-infrared emission than with the visible emission. This suggests the possibility of a significant effect
from dust aborption on the visible luminosity of these galaxies, but can also be explained in terms of recent

active star formation.

3) There is an indication that far-infrared-bright galaxies emit a significant fraction of their far-infrared

luminosity primarily from a strong nuclear component.

As the manuscript of this paper was being submitted, near-infrared measurements of 22 of the 86 minisurve‘y
galaxies were published by Moorwood, Veron-Cetty, and Glass (1986). Their results are consistent with the

results presented in this paper.
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Tablc 1

MAGNITUDES AND COLORS

ALFIVND ¥oO0d H0

NAME REDSHIFT OBSERVED/ CORRECTEDS IRAS DATAD LUMINOSITIES!
IRASPSC* CIRC#6® 2z re® E}_, LOGIADoI® K [J-H] [H-K] Kc U-Hlc [H-Kle fg floo  LOGILygA:] LOGILgpA-: ]
(mag) (mag) dy)

0125448445 0125+848P0 00158 P 0.12 048 1146 072 035 1148 067 0.7 0.4910.06 L7401 94% 967
MS114:2606 03534261006 0.1843 P 0.10 0.00 1372 076 072 1418 064 020 0491006 1.3540.49¢ 1055 nmn
0355341826 03554184106 0.0237 p 0.24 -0.40 1285 066 033 1286 056 026 0574005 1.051£0.35¢ 925 993
0356042012 03564202106 0.048) e 0.20 048 1324 067 044 1335 056 024 0564007 <2.10t 9.67 0
0356542139 0356+4217P03 0.0254 P 0.1% .48 11.77 0.67 038 1180 059 026 0664005 1.4910.18 - 97 1011
0357742054 035742091206 00218 P 0.18 .40 1266 066 040 1268 0.58 029 0.6040.05 <1.22¢ 9128 992
03598+1401 0359+140P06 - - 0.22 X 1] 122 070 043 - - - 0.704+0.06 1.4840.49) - -

0400 + 2446 4400+ 248006 00763 012 0.00 1299 0.78 059 1NY 068 033 0.73+009 <1.65¢ 10.14 nn
04023+2114 04024+212P0) 0.0285 P 0.20 -0.48 11.7S 089 052 t1.79 080 0.39 1024008 20414024 984 1028
04028+ 1109 0402+112P06 0.010 UH 0.20 -0.30 1203 074 036 1201 066 0.29 0.651£0.05 1.79:40.29 884 947
0406440831 0406 +085P03 0.0120 [ 4 0.18 -0.70 11.73 068 030 1172 06] 0.22 3374027 6.884055 9.11 10.13
0409740525 0409405410 0.0188 P 0.14 -0.60 1085 09 053 1087 087 0.44 8.324067 15.70+1.26 984 1092
04)20+0622 04124064006 00333 P 0.12 0.00 1250 0.5 043 1258 0.68 030 0664005 1.134£0.31¢ 9.66 1029
0413340803  04134081P03  0.0056 P 0.18 -0.70 1154 070 046 1151 063 040 4584055 5.331:064 853 952
0413940238 04134026106 0011 P 0.1 -090 1176 069 029 11.76 0.64 0.23 0.67+0.08 2.3110.18 9.Mm 950
0414040103 04144011 P03 0.0739 P 0.9 -0.18 1261 08 059 1282 072 0. 0.8040.06 1.7920.2% 10.26 1 AR}
04141 +0008 04144+001P03 0.033 E 0.09 0.00 13.16 0.8] 052 1325 075 0.40 1.8110.14 2.8210.23 938 1071
0414441020 04144+103P03 0.0257 P 0.21 -0.30 11.56 081 05 11.59 072 0.37 2.584+0.21 6.2510.75 98) nn
0414540439  (M144047P06  0.011 UH 0.14 -0.65 11.29 080 041 11.29 074 0.35 0591005 1.22:4024 920 932
CA14T7+0218(§ 04144023006 00121 [ .12 -0.70 1229 067 032 1230 062 026 1424011 3.55104) 889 9R2
04151401261 0415+014P06 0.0170 P 0.09 -0.40 1176 079 045 1LY 074 0.38 2.7940.22 5.0240.60 9.39 1033
0416140306 0416+031P0M 0.023 UH 0.13 .60 1185 091 050 1189 085 040 0.684005 2131017 961 10.11
04172-1 11 0417-012P06 0.0481 P 0.07 0.00 1288 0.72 0.43 13.02 066 0.26 0.54140.04 1.04:10.12 981 1055
04175-0106 0417011106 0.0338 P 0.07 -0.48 1210 079 044 1219 074 0.32 0.75+£0.06 1.7910.14 933 1048}
04)75+0005 04174001 P06 0.016 UH 0.08 -0.48 1208 085 050 12,11 081 043 1.3710.11 3.75+0.30 921 1007
(0417240158 04174020006  0.0143 P 0.12 -0.60 1345 061 025 1346 056 0.18 OR81007 1934015 856 973
04180-0208  0418-021P06 0015 Ul om -0.30 1267 062 028 1271 0.60 023 0484006 1211015 8914 954
418740042 04184007106 0.0426 P 049 -0.18 1198 080 050 12410 0N 035 0631005 1.4810.18 1007 1055
0419240355} 0419+4039P06 0023 UH 0.17 054 1178 o.M 037 11.81 0.65 0.26 2.0040.16 4114033 964 10.49
041940055 0419-000P06 00343 P 0.07 -0.60 1243 073 044 1253 068 032 0514006 1.31140.16 9.70 02
04210+0400 0421 +040006 0.0463 P a7 a4.00 1246 091 105 1257 Q81 087 0594005 1.35:40.16 99% 1058
16487-0222 1648024706 0.0244 4 0.12 .60 1155 09 041 1160 073 0.31 2.4740.20 4.404£0.35 9.78 10.60
16510210 1650-022r06 0.0249 P 0.12 -0.18 1410 0.75 036 1415 069 026 0531006 0861037} 878 994
165340110 1653012106 0.0410 p 0.12 -0.60 1261 099 059 1271 091 0.43 3774030 5.9640.72 9719 11.22
1654740257 - 16544030106  0.03M P 0.08 -0.18 1271 078 043 1279 073 032 1.710£0.14 1.66101) 950 10 S4
1657240234 1657+026P06 0.029 P 0.08 -0.70 1241 070 035 1249 0.65 024 0514006 1174>0D 957 1012
165830146 1658-- 01806 0.031 unt 0.14 -0.60 1283 087 047 1290 080 034 0461006  |.1810.24 9.46 1018
165HT40655  1658+060P06 0.0224 P 0.12 -0.40 1192 068 038 1196 062 028  1.3340.1} 1.3210.16 956 10.18
1654940521 165840549006 0.0500 p 0.08 -0.18 11,73 074 052 1188 0.67 034 19534016 3.091025 1030 1n.u
V7002477021 17004770006 0.0558 p 0.05 2030 1244 078 046 126) 072 027 044:3005 1291010 nio 1068

Sl 39Vd TWiISIEO



Table | (continucd)

MAGNITUDES AND COLORS

NAME REDSHIFT OBSERVED' CORRECTEDS IRAS DATAh LUMINOSITIES!
IRASPSC*  CIRC#® 2 refl® EJ _, LOGIADI® K (J-H] [H-K] Kc U-Hle H-Klc fg fioo  LOGILpqr/l:) LOGILgp/L--)
(mag) (mag) dy)

1701240418 17014043906 0.2 UH 0.07 -0.60 1339 076 G637 1344 072 029 0504006 0.7640.16¢ 891 9.7
1701540300 1701+030P06  0.0957 P 0.9 0.00 1319 073 057 1345 065 025 0674005 0984017} 1n.24 119
1701947714 17020772006 00878 P 0.06 0.00 1244 075 049 1264 068 026 0614005 1564012 1026 199
1702640859 17024100006  0.022 UH 0.08 .40 1245 065 035 1248 0.61 028 056:2007 1794021 9.11 977
1702740803 17024081006 0.032 UH 0.08 -0.48 1182 069 040 1191 064 028 2311018 2864+0.3 989 1074
1703941026 1703104506  0.012 r 0.08 .60 1183 068 040 1185 0.64 034 1954016 4244034 9.06 993
1704140636 17044066006 0.063 P 0.08 -0.48 1263 073 046 1281 0.66 024 042:3005 1274018 1013 o
1706240406 17064041906  0.020 P 0.06 -0.60 1253 063 035 1258 059 0271 0844007 1924015 9.21 om
1709140803  17094081P06 00086 UH 0.08 -0.78 1139 075 036 1140 072 032 3014024 4074033 895 9.74
1710041637 17104166006 0.0297 P 0.10 -0.48 1.12 067 038 1319 061 026 0474006 1.5040.12 932 1017
17118412534 1711+4129P06 0.0304 UH 0.13 0.00 1296 071 040 1303 064 028 0561004 45141.25} 9.40 1062
1711847849 17114788906 00398 P 0.05 -0.30 1276 072 037 1288 0.67 02) 0501008 0.7540.17¢ 9.70 10.31
1715241940 17154197P06  0.036 UH 0.09 -0.60 1227 074 044 1237 068 031 2074017  3.114£0.25 981 1084
171534114044 17154117906 0.030 UH 0.15 -0.60 1306 083 047 1319 075 034 1.6940.14 3.0740.37 935 10.62
1715641238 1715+126P06  0.113 E 0.15 -0.18 1372 073 048 1401 062 011 0771006 <0544 10.16 1.0
1717641642  17174167P06 00205 R 0.09 —0.85 1248 072 027 1252 067 0.19 06712005 1964016 926 9.99
1721842110 17214212006 0.02) UH 0.08 -0.60 1120 087 047 1126 082 038 2161017 139730.32 986 10.50
1722341906 1722+191P06  0.054 UH 0.08 -0.30 1365 060 042 1381 053 023 0611005 <067} 959 10.61
1725342108  1725+4211P06  0.025 P 0.09 -0.18 1198 071 037 1204 066 027 0841007 1224020 9.62 1002
1730042009  1730+202P06  0.050 UH 0.08 -0.18 1238 085 050 1253 078 032 0484006 1.3640.22 1004 1062
- 1733 +803P06}} 0.057 E 0.06 0.00 1310 077 055 1.7 om 036 0.78 1.41 935 1084
1735342616  17354263P06  0.0198 P 0.06 2030 1237 066 032 1242 062 024 0484006 1.21:4>024 927 978
1736442458 17364250006  0.018 P oM -0.54 160 077 035 1164 OM 028 1134009 1.7540.14 950 9m
173774284541 17324287006 0.013 UH 0.05 018 1296 072 039 1222 068 0N 0.60+005 1.1340.14 9.41% 995
1738642908 173842911006 0.046 UH 0.05 -0.30 1238 067 047 1252 062 031 061+005 09540174 997 1052
1740042538 17404256P06  0.024 Ul 007 —0.60 1196 071 036 1202 067 027 1.104009 1834015 959 (P4)
1744543043 17444307906 00153 P 0.06 -0.70 1193 072 043 1214 065 019 1.7640.14 4104033 1052 11.47
175194335141 17514339P06 0063 UH 005 -0.18 1324 085 068 1343 079 047 1274010 20310.16 988 1y
1752643253t 17524329P06  0.0258 r 0.0s -095 1123 089 049 1130 O08S 040 3424027 68110.54 994 1081
1753043446  17534348P06 0.0160 P 0.05 -0.70 1058 071 041 1062 068 035 5.84+047 1303+1.56 9.80 10.66
1755043238 17554326P06 00159 R 0.05 095 1275 068 026 1279 065 020 0524006 1.6310.13 893 967

175574301741 17554313006 - - 0.05 -0.48 1268 071 060 - - - 0.594005 1114018 - -
1803943349 18034338106  0.00) UH 0.07 -0.18 1289 063 039 1298 058 028 0644005 1374011 944 10.26
1803943444 1R034347P06 0.024 UH 0.07 -0.48 1203 068 033 1200 064 024 0631008 162401} 957 tom
18040434004} 18044340106  0.024 UH 0.07 -0.78 1295 068 030 1301 064 021 0454005 1.4640.12 9.20 998
1806043552 1R06+359P06  0.021 UH 0.06 -0.48 1223 063 034 1228 059 026 0773006 1.7110.14 9.38 om
THO6443942  1H064397P06  0.1081 P 0.05 027 1324 078 059 1354 0N 025 0694006 091:40.11 10.31 1w
1R1304372001  18134373P06  0.057 uil 0.05 0.00 1265 073 052 1282 067 033 0793006 141101} 10,0} [iX3
1816443948 18164398P06  0.000 UH 006 ~0.60 1268 063 026 1276 058 015 0734015 2364019 949 1038
1R203+44133 18200416106 0.050 uH 0.05 0.0 1281 065 051 1297 059 034 0494005 1224015 9R6 1060
21267%4R705  21264R7TIPO6  0.01KY r 0.08 -0.48 1278 079 041 1282 07% 031 2644005 <1 9.0 92.76
232724851K4) 2327485306 00369 r 0 -0.48 175 077 049 1185 O 035 1534012 4774057 110t 1R




*Infrared Astironomical Saiellite (IRAS) Catalogs and Ailases: The Poini Source Catalog. 1988, (Washington:

US Government Printing Office).
1984, Astr. Ap.. 131, CI.

‘Reference for redshifts: P = Palomar Observatory (Persson and Persson, 1986); UH = University of Hawaii
Institute for Astronomy (Becklin, Heasley, Hill, and Wynn-Williams, 1986); E = Elsion er al. (1985); R = Rood

(1980).
9The color excess taken from the reddcning maps of Bursiein and Heiles (1982).

¢The logarithm of the ratio of the beam size to the galaxy size. A is the beam diameter (generally 107; see text)
and D, is the galaxy major axis diameter as determined from the Palomar QObservatory Sky Survey blue prints by

visually estimating the radius at which the galaxy brightness equals the sky background.

!The values quoted have been corrected for wavelength dependent distortions in the beam profiles (see text). The
statistical uncertainties in the observed magnitudes and colors are believed to be <0.08 mag and <0.04 mag,

respectively.
$corrected for redshift and Galactic reddening

"From the IRAS Point Source Catalog (PSC) 1985. The uncertainties quoted are calculated from the largest
values for each uncertainty range given in the PSC. The symbol +> indicates that the quoted uncertainty is a
lower limit. A colon following the flux density refers 10 a "moderate quality” measurement; no colon indicates
a "high quality” measurement. See the IRAS Explanatory Supplement (1985) for a complete discussion of the
uncertainties and quality of the IRAS measurements. Flux densities obtained from coaddition of IRAS survey

data are indicated by t; cases where only an improved limit could be obtained are indicated by <.

‘Law and L are the near and far-infrared luminosities, respectively, as defined in the text, and L: is the solar

luminosity.



0414°+0218

0415140126

0419240355

17002+7702

17118+1253

17153+1141

1733+803P06

17377+2845

17519+3351 .

ttNotes to Table 1

(offset positions given here are only approximate)

There are two galaxies in the ficld. The galaxy chosen as the minisurvey galaxy lies within §” of the IRAS
position, and is almost 2 magnitudes brighter at K and considerably larger than the second galaxy. which is

20"E and 60"N of the IRAS position.

There is a foreground star lying 40”E, 15™N of the IRAS position. The galaxy is 90"W, 60"S of the IRAS

position.

There are t~o non-stellar nuclei within a few arc-seconds of the IRAS position; their near-infrared flux

densities have been added.

There are three objects visible near the IRAS position. One at 20"W, 157S is a foreground star. The other
two, at 0"E, 15N and 20"W, O™N, are non-stellar; the source at 20”W, 0™N was chosen as the IRAS source

based on the radio source position (Eales, 1986).

There are two non-stellar objects, one a1 60"W, 20™N and a second at 50™W, 0”N; the later was chosen as
the minisurvey galaxy since it is 1.6 magnitudes brighter at K, and its position agrees with the radio source

position (Eales, 1986).

A foreground star lies SO"E, 20"S of the IRAS position. The minisurvey galaxy is at 15"W, 0N, with a

second foreground star lying to the immediate northwest

This galaxy was not included in the /RAS Point Source Catalog. However, the IRAS flux densities for
this galaxy were considered valid despite their exclusion from the PSC (see text). The 60 um and 100 um
flux densities have been taken as the average of those quantities for the IRAS sources 17329+8016 and

17331+8016 from the IRAS working survey data base.
The minisurvey galaxy is at S"E, 25"N, with a foreground star lying to the immediate southwest

The minisurvey galaxy is at O"E, O"N; there is a second galaxy at 10"W, 607S.



1752640253

v
.
~4

175573117

18040+3400

18130+3720

23272+8518

There are two non-stellar nuclei within 8 few arc-soconds of the IRAS posiuon; both nuclei correspond
to radio source positions (Eales, 1986). The ncas-infrared flux densities for both sources have becn added

together.

There arc two galaxies in the field, onc at 20°E, O'N and another at 10"E, $°N. They are of comparable sizc
and brightmess. and both galaxies corrcspond o radio source positions (Eales, 1986). The near-infrared flux

densities for both galaxies been added together.

There are two non-stellar nuclei within a8 few arc-seconds of the IRAS p(osition; their near-infrared flux

densities have been added together.

There are (wo galaxies in the field, one at 5”W, O"N and another at 10"W, 20"N. They are of comparabie
size and brightness, and their near-infrared flux densities have been added together. There is also a

foreground star at 10"W, 15™N.

There are two galaxies in the field, one at 10"E, O"N and another at 5"W, 15"N. They are of comparable
size and brightness, and their near-infrared flux densities have been added together. There is also a

foreground star at 30"W, O™N.



Figure Captions

Figure 1 Neas-infrared colors for the IRAS minisurvey galaxies. The region encloscd by a dashed line is that
occupicd by the normal spiral galaxies of Aaronson (1977). The solid lines A through D represent contributions
1o the necar-infrarcd colors as follows: A corresponds to 8 reddening screen of purcly absorbing dust, drawn as

a function of rv, the optical depth a1 V; B 1o reddening from dust that is uniformly mixed with the emitting
source, also drawn as a function of ry; C, D 10 600 K and 1000 K dust, respectively, with emissivity, ¢, varying
as ¢ a 12, where v is the frequency. Lines C and D are labeled according 10 the fractional contribution to the
2.2 pm emission, assuming zero contribution from dust emission for a normal siellar population. All of the lines

A through D are taken from Aaronson (1977).

Figure 2: (a) The distribution of log(Lpr/La) for the minisurvey galaxies. Lpr and Lk are the far- and
near-infrared luminosities, respectively (see text), and f is the fraction of galaxies, normalized 10 1 at the peak

in the distribution. (b) The distribution of log(Lmr /Lp). where Lp is the blue luminosity, for the IRAS bright
galaxy sample (Soifer et al., 1986b), normalized to the peak in the distribution. (c) The same as (a), bu! with the
near-infrared luminosites adjusted to A/D, = 1.0 using the growtr curve given by Frogel ef al. (1978). A is the
beam diameter and D, is the galaxy major axis diameter as measured on the Palomar Observatory Sky Survey

prints (see text).

Figure 3: The near-infrared colors for the minisurvey galaxies. (a) The galaxies are separated according

to their far-infrared Juminosities, where the symbols A , O . and + represent log(Lrr /L) > 10.61,

10.10 < log(Lrr /L¢) < 10.61, and log(Ler /Lc) < 10'.10, respectively. (b) The galaxies are separated
aécording 10 the ratio of their far-infrared to near-infrared luminosities, where the symbols A , O , and +
represent log(Lrm /Lxm) > 0.87, 0.64 < log(Lrr/Law) < 0.87, and log(Lrr /Lamr) < 0.64, respectively.

(c) The galaxies are separated according to the effective far-infrared surface brightness, Lrr/(Do)?, where

D, is the galaxy major axis diameter as measured on the Palomar Observatory Sky Survey blue prints (see

text). The symbols A , O , and + represent log(Lar/(LoD2) > 7.97, 7.10 < log(Lrm/(L=-D2)) < 7.96, and
log(Lrr /(L D32)) < 7.10, respectively. For each of the above plots, the cutoffs in the luminosity parameter were

determined so as o give roughly equal numbers of galaxies in each of the three groups.



[J—H] (mag)

0.8

0.6

0.4

0.8




(b)

ST N B BT

T DR DU T

— I — 1 — | d I — T
—

&)

New—r

L 1 . 1 4 1 1 .

1 809'0¥'020 01 80904020 Ol 8090¥020 O

}

}

}

2

1
log[luminosity ratio]

9]

._l
|



[J—=H] (maqg)
0.50.60.70.809050.60.70.80.9050.60.7080.9 1

L ' ] [ 1} ' ¥ ‘ ¥ j 1 4 ] 1 8 r 1 ' LS l
— a (@) 4
a
L °
o
a0 O &
- o ﬁ
| g‘-’»od A
A -
o a ®a?
g a t&ﬂ+ +
| o, IR © _
o o °
- + L a

'y
- °
+
e +—
B o 5 L
+0 D Qué
p— A e—
gm-r*gt‘,“c&
- o
a +.0 . a
A
® o
L AO:
' BT BT BT BT N T AT T N T BN T |
— a (C) -
o
- +
o
at © a
- o
| o+AmA _
aomo
‘ *‘}
o
- +°A°
A
| T DT ' BT BT T D T R T

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
[H=K] (mag)





