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Abstract. We present J and Ks band galaxy counts dowR selection provides samples which are not biased towards star-
to J=24 and Ks=22.5 obtained with the new infrared inferming galaxies and may trace the mass of the galaxies over a
ager/spectrometer, SOFI, at the ESO New Technology Telgide range of redshift. For these reasons, since the beginning of
scope. The co-addition of short, dithered, images led to a totéeties, near IR galaxy counts have been considered a powerful
exposure time of 256 and 624 minutes respectively, over amsmological test. This, however, was discovered not to be the
area of~ 20 arcmir? centered on the NTT Deep Field. The toease when it was realized that deep optical and near IR obser-
tal number of sources with SIN5 is 1569 in the J sample andvations were difficult to reconcile without assumingahhoc
1025 in the Ks-selected sample. These are the largest samptgsulation of galaxies or extreme merging scenario (Cowie et al.
currently available at these depths. ogN/dm relation with 1990; Babul & Rees 1992; Broadhurst et al. 1992; Gronwall &
slope of~ 0.36 in J and~ 0.38 in Ks is found with no evident Koo 1995; Yoshii & Peterson 1995). Moreover, the large uncer-
sign of a decline at the magnitude limit. The observed surfanty on the slope of the faint-end tail of the local LF, especially
density of “small” sources is much lower than “large” ones & the near IR, means that the hypothesis on the nature of the
bright magnitudes and rises more steeply than the large soungey faint population of galaxies is completely unconstrained in
to fainter magnitudes. Fainter thah~ 22.5 and Ksv 21.5, terms of redshift and thus in terms of evolution.
small sources dominate the number counts. Galaxies get reddeiThe addition of color information to number counts may
in J-K down to 3 20 and Ksv 19. At fainter magnitudes, the shed light on the different populations that contribute at a given
median color becomes bluer with an accompanying increasenagnitude and/or the redshift of galaxies beyond the spectro-
the compactness of the galaxies. We show that the blue, snsathpic limits (e.g. Lilly et al. 1991).
sources which dominate the faint IR counts are not compati- Some efforts have been made to include in the analysis of
ble with a high redshift{ > 1) population. On the contrary, faint galaxies also information about the morphological struc-
the observed color and compactness trends, together withtilve derived both from ground based observations (e.g. Lilly
absence of a turnover at faint magnitudes and the dominaeteal. 1991; Colless et al. 1994) and, more recently, from HST
of small sources, can be naturally explained by an increasingages.
contribution of subE* galaxies when going to fainter apparent Morphological classifications based on visual inspection of
magnitudes. Such evidence strongly supports the existence optical HST images have revealed that the faint field popula-
steeply rising & < —1) faint end of the local infrared luminos-tion is apparently dominated by irregular and merging galax-
ity function of galaxies - at least for luminositiés< 0.01L*. ies (Glazebrook et al. 1995a; Driver et al. 1995). However, the
comparison of optical images of distant galaxies with possible
Key words: cosmology: observations — galaxies: evolution lecal counterparts could give misleading results since the sur-
galaxies: luminosity function, mass function — galaxies: phéace brightness dimming and the reduced signal-to-noise ratio
tometry — galaxies: statistics — infrared: galaxies tend to emphasize high contrast features. Also, as discussed by
Abraham et al. (1996), the band-pass shifting effects arising
from the k-correction implies that low-redshift optical images
1. Introduction are compared with high-redshift UV images which, inevitably,
show an increasing irregularity in their morphology.
Near infrared (IR) selected samples may provide significant ad- Most of the uncertainties related to image structure vanish
vantages over optically selected samplesin studying galaxy eyhen dealing with near-IR data since they trace the underlying
lution due to the small and almost galaxy type independento|d stellar population of galaxies out to~ 3-4.
corrections at these Wavelengths (COWie etal. 1994) Moreover, Recenﬂy, Bershady etal. (1998) derived deep near-IR ga|axy
Send offprint requests t@aolo Saracco counts in two high-latitude Galactic fields, summing up to

* Based on observations collected at the European Southern Obdep-2cmiff, observed with the Keck telescope to depths of
vatory, La Silla, Chile J=24.5 and K=24. They find that counts do not roll over by
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K~ 22.5 and that the smallest galaxies dominate at magnitudg®wth curve for each star. This allowed us to achieve a typical
fainter than d- 23 and K~ 21.5. They also find no hint of a uncertainty of£0.02 mag in the photometric zero point.
flattening in the counts at the limits of the survey and mean col- The estimated magnitudes have been then corrected for at-
ors bluer than expected from a no evolution prediction. Thes®spheric extinction assumingA=0.11 and A=0.08.
features are discussed under the hypothesis of an increasing
contribution of sub-E galaxies at faint magnitudes, i.e. a rising
faintend luminosity function (LF), and/or evolution of galaxies3. Image processing and analysis

In this paper we present counts, near-IR colors, sizes and .
compactness indices of faint galaxies observed at the ES@- Flatfielding

NTT telescope to depths comparable with the faintest previoRgw frames have been first corrected for the bias pattern by
ground-based surveys but over a much larger area. In Sect. 2Btracting, for each night, a median dark frame and then flat
describe the observations and the photometric calibration wWhil@ded to correct for pixel-to-pixel gain variations.
in Sect. 3 we describe the image processing and analysis andryo different types of flat field were compared for each
the construction of our photometric sample. In Sect. 4 the difand. A differential dome flat field (DDF), obtained by sub-
ferential galaxy counts and colors are derived while in Sectyfacting lamp-on and lamp-off images of the illuminated dome,
we describe the method used to estimate the size and compggét 4 “superflat’ (SF) obtained for each night by combining
ness of sources and present counts as a function of galaxy sifiethe images of the observed field (over 120 frames through-
The discussion of the results is presented in Sect. 6 and Sedu®). Template flat-fields were cleaned of both “hot” and “cold”
summarizes our results and conclusions. pixels via the IRAF CCDMASK routine (we adopted-g6o
rejection threshold). Rejected pixels were “filled in” by local
interpolation on the frame (via the IRAF/FIXPIX routine), and
the resulting final flats have been then normalized to their mean
value.
The observational data used were obtained during commis- Comparison among the different flat fields has been made
sioning of the SOFI infrared imager/spectrometer (Mooon the basis of both high- and low-frequency systematics, that
wood et al. 1998) at the ESO 3.5 m New Technologg including pixel-to-pixel variations as well as the magnitude
Telescope (NTT) in March 1998 and are publicly availablecatter of star measurements made on a grid of positions across
(http://www.eso.org/science/safeep/). SOFI is equipped withthe field. Having verified that both the DDF and SF flat fields
a 1024x1024 pixel Rockwell Hawaii array providing a plategave comparable results, allowing a magnitude accuracy within
scale of 0.292:0.001 arcsec/pix in the wide-field observing~ 0.02 mag, we decided to adopt the DDF as a fiducial template
mode. The total field of view on the sky is thus aboxBarcmin  for our observations.
per frame. Field center was locatechat 12" : 05 : 26.02°,
0 = —07° : 43’ : 26.43” and observations were made in th "
two near-infrared filters A\.=1.247um; AX ~ 0.290 um), and 3.2. Co-addition
Ks (A\:=2.162um;A\ ~ 0.297 um). After flat fielding and standard sky subtraction, each basic set of
The observations were gathered over several nights but fnames was registered and finally co-added to produce a single
der quite homogeneous seeing conditions ranging from 0.6—Drfage corresponding to one hour exposure. The whole proce-
arcsec (median FWHM = 0.75 arcsec). The standard jitter teclure was accomplished using the origidéter programme by
nigque was used with effective exposure times for each individuévillard (1998; http://www.eso.org/eclipse).
frame of 1 min in Ks, (resulting from the average of 6 exposure For each input frame, the software first generates a sky-
of 10s each), and 2 min in J (resulting from the average sfibtracted image resulting from filtering a set of typically 10
6 exposures of 20 s each).The jitter offsets were controlled tiyme-adjacent frames. Frame registering is then performed via
an automated template procedure (the reader is referred todtwss-correlation among the brightest objects in the fields. A
SOFI User Manual for more details) which was used to rasub-pixel offset accuracy is assured biter so that a re-
domly offset the telescope position within a box of 40 arcsec sampling of the images is also required before the stacking pro-
the sky. The deepest exposures were therefore achieved aatedsire. Co-addition is then performed, adding afilter to remove
the central 4.454.45 arcmin field. A single measurement norspurious pixel values before averaging.
mally consisted of 60 and 30 frames in Ks and J, respectively, Since observations span different nights and were therefore
the whole “duty” cycle amounting to a total of 1 hour integraeollected under different photometric conditions and airmass,
tion. These were repeated to achieve total exposure times of @a4h one hour exposure image, derived from the recombination
min in Ks and 256 min in J in the final co-added images.  ofthe basic set of frames, has been shifted to the same magnitude
Photometric calibration of the observations has been maztro point before co-addition to produce the finalimage. In order
by observing several standard stars from the list of Infraréal estimate the flux scaling factor, the instrumental magnitudes
NICMOS Standard Stars (Persson et al. 1998). Star magnitudéthe 20 brightest objectd4 < Ks <19;16 < J < 20) were
ranged between0.8 < Ks < 11.7and11.3 < J < 12.0, compared throughout the frames. The photometric uncertainty
and instrumental total flux has been estimated by deriving timroduced by such scaling is abaud2 mag. Once rescaled,

2. Observations and photometric calibration
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Table 1. Summary of observations and image quality.

Filter Numberof  {.p < FWHM > m Myim

frames (s) (arcsec) mag/arcdec (30) f; O
Ks 624 37440 0.75 23.95 22.76 ! i
J 128 15240 0.75 25.75 24.57 § L
M< — 1 —

i I

the 11 Ks frames and the 5 J frames were co-addedittsr 1 I

without applying any filtering before averaging.

The surface brightness cutoff as well as therBagnitude
limit for a 2x FWHM (1.5 arcsec) circular aperture from th&é 0
co-added Ks and J band frames are reported in Table 1. !

KAp Corr

-1
3.3. Object detection

Systematic object detection has been performed across the cen-
tral deepest portion (4.454.45 arcmin) of the images using the -2
SExtractor analysis package (Bertin & Arnouts 1996). K
Before running the search algorithm we first smoothed the ApCorr

final frames by convolving with a 2.5 px FWHM~( 0.73  Fig. 1.Differences between the magnitude estimates for the Ks selected
arcsec) Gaussian PSF, picking up those objects exceedingpraple: (upper panel) difference between aperture corrected magnitude
1ok, threshold over the background RMS. This threshold cdi& apcorr) and AUTO (Kron-like) magnitudeX a.:o); (lower panel)
responds to Zébkg/\/ﬁa N being the minimum detection aredlifference between aperture corrected magnitude and isophotal magni-

H / "
in pixels i.e the number of connected pixels within one seeiffif!® ¢ 70)- The aperture correction (0.25 mag) betwei’ and5
disk. has been obtained using a sample of sources brighter than Ks.

\ \ \ \
16 18 20 22

This rather low detection threshold provided a raw cata-
log from which we extracted different samples by varying the
S/N limit in order to optimize completeness and minimize thmagnitudes (Kron 1980) and isophotal magnitudes as calculated
number of spurious detections for a given magnitude limit. Foly SExtractor for the Ks-band selected sample.
example, at &/N = 5 detection limit, compact objects as faint A significant deviation is found between the three sets of
as Ks = 23.0 andJ = 24.8 were detected in our imagesmagnitudes. Isophotal photometry tends to systematically un-
compared withi(s = 23.9-24.5 andJ = 24.9-25.2 as in the derestimate the flux of faint objects, an effect which is significant
deepest Keck observations (Bershady et al. 1998; Djorgovsakso at bright magnitudes (Ks20.5). To a lesser extent, an un-
et al. 1995). We are therefore confident that our sample is ni@restimate is also present in the case of the AUTO magnitude,
biased against the detection of small compact sources and tregtecially in the two faintest magnitude bins (K21.5) where
it is fully comparable with the deepest data previously obtain¢lge background fluctuations become comparable to the signal
by other authors over smaller areas on the sky (Gardner etesden at a few pixels from the center of the sources.
1993; Soifer et al. 1994; McLeod et al. 1995; Djorgovski et al.
1995; Moustakas et al. 1997; Minezaki et al. 1998; McCrack
et al. 1999). On the other hand, the isophotal photometry at the
adopted surface brightness limit as reported in Table 1 direc®n the basis of the adopted detection parameters (cf. Sect. 4.1),
affects the detection of extended sources and low surface brigtt71 and 1743 sources have been recognized by SExtractor in
ness objects and is fully comparable with the data of Bershadylet Ks and J images, respectively.
al. (1998) in their Keck images (i.e. K=23.9-24.2 mag/arésec A measure of the detection reliability is now necessary in
or even deeper (J=25-25.5 mag/aréyec order to evaluate the number of spurious sources included in
the sample, and their magnitude distribution. Since the com-
pleteness level in the detection algorithm is a function of object
magnitude and size, our test will provide a guess of the optimum
Aperture photometry over a 2.5 arcsec circular diaphragm G/N ratio to eventually extract the fiducial J and Ks samples.
3xFWHM) has been derived for the whole sample and then Operationally, we created a homogeneous set of noise im-
offset by 0.25 mag both in J and Ks in order to account fages both in the J and Ks bands by combining unregistered
their “total” flux according to the mean growth curve as for thi'ames. This assures a similar background as in the original
brightest objects (K& 18.5, J< 20). In Fig. 1 the corrected data. The noise frames have then been “reversed” (i.e. multi-
aperture photometry is compared with the AUTO (Kron-likeplied by -1) in order to reveal the negative fluctuations and to

. Sample selection

3.4. Magnitudes
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120 i \ value of the “stellarity” index larger than 0.9 in both photometric

S/N=5 1 bands.

- A Within the quoted magnitude limits, we verified that the J

100 = e All 7 and Ks SExtractor classification coincides at &3®nfidence

L | levelwhile some discrepancy arises at fainter magnitudes where,

- 1 however, the star contamination is negligible. It is worth noting

80 - o | that the adopted procedure tends to slightly overestimate the

L | resulting galaxy counts both at faint magnitudes, where no count

- 1 correction was applied, and at bright magnitudes where some

60 - : f | fuzzy starsin the field could escape the cleaning procedure. On

L | the other hand, our choice ensures that the galaxy samples are

- ? T ; 1 notbiased against compact galaxies and that stellar samples are

40 = “|  not contaminated by unresolved galaxies.

L j i The second step in deriving galaxy counts concerns the com-

- : i 1 pleteness correction to our sample for faint, undetected galaxies.

20 - 1 | Obviously, this correction is larger at faint magnitudes and, in

L | general, mainly depends on the source spatial structure. Such

r I el I R S ‘ 1 dependence is usually taken into account in the literature by in-

50 ‘ 51 29 53 5, troducing simulated sources with different typical profiles and

Ks magnitudes embedded in a Gaussian noise (e.g. Minezaki et al.
1998; Metcalfe et al. 1995) or in real frames (e.g. Saracco et al.

Fig. 2. Distribution of spurious sources. The dotted histogram refe . . L
to the distribution of detections with minimum S#N2.2 within the 1%397)_ These two methods suffer from the approximations in

seeing disk. The thick line describe the distribution of detections haviHSduced by the usg of the “typical” profiles which cannot fairly
SIN> 5. reproduce the manifold of galaxy shapes.
B A better approach would be to add to a real frame a grid of
test sources artificially dimmed (e.g. Arnouts et al. 1999; Ber-

make negative (i.e. undetectable) possible residuals of real 5p2dY et al. 1998; Yan et al. 1998). Template sources could be
jects. By running SExtractor with the same detection paramefip9led out from the brightest sources in the sample but a prob-
set used to search for sources in the science frames, we H§(&IS that they might not conveniently span the whole range of
obtained the number of false detections which affect our dafiZ® @nd shape of the faint galaxies. As a possible way out, we
The J band image is characterized by a very low noise and mgapse t0 generate a set of frames by directly dimming the final
of the spurious detections occur at a S/N5 level. The Ks J and Ks frames themselves by various factors while keeping
band image displays on the contrary a larger noise which cipnstant the backgr_ound n(_)ise. _T_h_e advantag_e of this procedure
sequently increases both the number of false detections as Wefif cOUrse to provide a fair artificial sample in the real back-
as their S/N. In Fig. 2 we show the false detection distributid}jound noise. SExtractor was then run with the same detection
as a function of the Ks magnitude. From the figure, one sd¥d@meters to search for sources in each dimmed frame..

that spurious detections would significantly affect photometry The correction factoe is the number of dimmed galaxies

at low S/N. and a cutoff about SAAG seems to ensure the opti-WhiCh should enter the fainter magnitude bin over the number

mum threshold for confident object detection both in J and 5 détected ones. Since we have selected the two samples at
within a 0.3 mag accuracy. In particular, using this cutoff the®S/N> 5 evel, the correction factors refers to the number of

selected sample is completely free from spurious detections &g detections. By relaxing the selection criterion, using for
the K-selected one down to K=21.5, while they becom&% example S/N=3, the factar would decrease and it would be
at 21.5< Ks < 22.5. On the basis of the above selection cri=’ 2 (i.e. a 50% completeness) in the faintest magnitude bin.

terium our subsequent analysis will rely on tena fideks and The raw counts:,, the completeness correction facters
J samples containing 1025 sources down terR2.5 and 1569 the counts per square degree corrected for incomplete¥iess

sources down tod24.0. These samples are used throughout tABd their errorsy are reported in Table 2. The number uncer-
rest of this paper. tainty oy has been derived by quadratically summing up the

Poissonian errov,,, = /0, of raw counts, the uncertainty
in the completeness factet. = (N/n,)o,,. and the contribu-
4. Number counts and colors tiono,, due to clustering fluctuations. For an angular correlation
function with a power law forrw(9) = A,0~0~1 (y = —1.8)
and a circular window function of radidg, the expected fluc-
In order to derive differential galaxy counts, we have firdtations are
“cleaned” the two samples of stars. This has been done relying
on the SExtractor morphological classifier. Stars were defined
as those sources either brighter thanK® or J= 20, havinga o, ~ w(9)1/2N (1)

Number of False Detections

4.1. Differential galaxy counts
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106 F T T T T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ 4
[ @ This work 1 PO
I ] B |
e a ESOKS 1,2 e X g b
105 L = Beros ii 51 _
F & Djo95 gi w & ° ]
[+~ Soi94 E % ® . A ]
o Mou97 : E% a T §
% Min98 o ok E 1
o ol TRE
o F N z E 1 Fig.3. The figure compares the Ks-
}D I 1 f i 1 band counts obtained in this work with
o ¥ those in the literature: Djorgovski et al.
£ I 2 1 (1995, Djo95), Bershady et al. (1998,
2 1000 F 13 8 x  McL95 —|  Ber98) (obtained at the Keck telescope),
. % A HDS ] Gardner et al. (1993, HMWS, HMDS,
i ® 5 HMDS 1 HDS), Glazebrook et al. (1994, Gla94),
L x o HMWS | Soiferetal. (1994, So0i94), McLeod et al.
L % 1 (1995, McL95), Moustakas et al. (1997,
w Glag4 Mou97), Saracco et al. (1997, ESOKS1,
100 = McC99 - 2), Minezaki et al. (1998, Min98) and
E 1 McCracken et al. (1999, McC99). NIC-
L ° NICMOS/HST (Yan98) ] MOS/HST H-band counts of Yan et
r 4 al. (1998, Yan98) are also shown. The
F 4 slope of our counts~0.38) agree very
N N T T e well with those obtained by McL95,
10 Djo95 and Ber98 while itis significantly
15 16 17 18 19 20 21 22 23 24 steeper than the slope obtained by Gard-
Ks ner et al. (1993) and by Mou97.
We have assumed that the amplitudg evolves with magni- In Fig. 4 our J-band galaxy counts are compared with those

tude following the relation log,, ~ —0.3xmag (Brainerd et of Bershady et al. (1998) which are the only J-band data avail-
al. 1994; Roche et al. 1996) and tiigt~ 150", which is the able in the literature. For the J number counts we obtain a slope
radius of a circle having an area corresponding to our fields0.36 in the magnitude intervaB < J < 24. As for the Ks

In Table 2 the derived amplitudé,, is also reported for eachtrend, J counts do not show any sign of flattening down to the
magnitude bin. The values of the amplitudes are consistent wlithits of the data.

the results in the literature based on infrared selected samples

(Roche et al. 1998; Carlberg et al. 1997. It is worth noting that
while at bright magnitudes (ks 19 and X 20) the poissonian
error is comparable to the uncertainties introduced by clust@he 2.5 arcsec aperture J-K color of galaxies in our sample
ing fluctuations §,,, ~ &,) at magnitudes ks22 and 3-23 was obtained by running SExtractor in the so-caliedible-

o, = 2 x o,, and, in the faintest magnitude bins, the singlenage modeJ magnitudes for the Ks selected sample have been
contributions to the total uncertaintyy are among them asderived using the Ks frame as reference image for detection
On,. i0c:0,=1:38:2.T. and the J image for measurements only gité versafor the

The total number of sources in Table 2 are 874 for the K3-selected sample. This method forces the program to carry
band and 1285 for the J-band and represent the largest samplgsi net flux measurement within the aperture centered on the
currently available at these depths. position of the source detected in the reference frame.

Fig. 3 shows the Ks-band galaxy counts derived here com- In order to avoid unreliable measurements, that is net flux
pared with those in the literatlfe Our counts follow a simply due to local background fluctuations, we have considered
dlogN/dK relation with a slope of 0.38 in the magnitude rangas genuine estimates those signals exceetlifig above the
17 < K < 22.5 and do not show evidence of any turnover dpackground within the 2.5 arcsec diameter aperture;(Ks-
flattening down to the limits of the survey. 23.05, Jim = 24.8). Fainter signals have been considered un-
reliable and they have been replaced by.%r upper limit. In
L A recent paper by Ferreras et al. (1998) presents galaxy coufighle 3 the number of galaxies, the median J-Ks color, the stan-

down to K=19 but they do not provide sufficient data to derive (andlard deviation and the number of lower and upper limits to J-Ks
thus reproduce here) their counts.

2. Galaxy colors

r
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Table 2. Differential number counts in the Ks-band (upper panel) and 10 F E
in the J-band (lower panel) derived from the samples including sources ® This work ]
having S/IN>5. Errorso v take into account the Poissonian error on raw I s
counts ), the uncertainties in the incompleteness correction factor | o ¥ s |
¢ and the fluctuations due to clustering (see text). The amplitlige 10 E g ~® E
of the angular correlation function has been obtained using the scale ¥ e ]
relation log(4.,)~ —0.3mag+cost. % % ¢ L) i

Ks n. ¢ N/mag/deg? on  Au(0") éﬂ v J[f i EJ[ ]
15-17 4 1.0 360 ek e E f ]
17.25 6 1.0 2160 1215 8.2993 g } 1
17.75 9 1.0 3240 1510 5.8755 ; 1000 F e
18.25 13 1.0 4680 1825 4.1595 ]
18.75 17 1.0 6120 2048 2.9447 ]
19.25 25 1.0 9000 2508 2.0847 r 1
19.75 4 1.0 15840 3520 1.4758 100 F E
20.25 73 1.0 26280 4743 1.0448 g ]
20.75 114 1.0 41040 6106 0.7397 ]
21.25 197 1.0 70920 8550 0.5237 r ]
21.75 263 1.3 123100 13898 0.3707 pol—t 1L 1)

2225 109 3.7 145200 17987 0.2624 16 S 18 19 ZOJ 2t 22 23 24
2 /!

J ne ¢ Njmag/deg ox  Au(07) Fig. 4. The J-band galaxy counts obtained in this work are compared
16-18 4 10 360 o with those previously obtained by Bershady et al. (1998, Ber98). The J-
18-19 12 1.0 2160 1215 8.2993 band counts continue to rise with a power law slope-6f36 showing
iggg 12 18 2288 ;ggg i?;gg no signs of flattening down té = 24.0.

20.25 18 1.0 6480 2137 2.9447

20,75 33 10 11880 3097  2.0847 survey. A fixed isophotal threshold would not necessarily span
2125 64 1.0 23040 4738  1.4758 a similar absolute size of galaxies at different redshifts. Special
g;;g 1§§ 1’_(0) gg‘gég 3%33 é’_gggg care _has therefo_re t(_) pe taken in estimating the _galaxy metric
2975 253 10 91080 10548 0.5237 size in a way which is independent on the redshift and source
2325 417 1.2 180144 21349 0.3707 profile and takes into account the photometric bias (Djorgovski
23.75 224 2.8 225800 23828 0.2624 & Splnrad 1981, Kron 1995, Petrosian 1998)

For our samples, we adopted the metric size funciji@h)
first introduced by Petrosian (1976) defined as
in each magnitude bin are reported for the Ks and J sample, 1din 1(6)
respectively. n(f) = Sdin) (2

In Figs. 5 and 6 color-magnitude diagrams of the whole Ks
and J galaxy samples are shown together with the median loqigon 1995) wherd(6) is the growth curve. This function has
The error bars are the standard deviation from the mean of {ig property
values within each bin.

The most notable feature in both figures is a break in th?e) _ 1(0)
color trend. The intervening redder J-Ks with increasing maa- (I
nitude, as induced by the k-correction, turns in facts to bluer , ) ) i
values for the galaxies fainter thdtis ~ 19 or J ~ 20. We wherel () is the surface brightness at radtuand(I), is the

will discuss this important issue in Sect. 6. mean surface brightness within _
The functionn(#) has been obtained for each galaxy by

constructing its own intensity profile. The intensity profiles
5. Galaxy size and number counts have been derived from the J and Ks frames through equi-
spaced (0.146 arcsec) multi-aperture photometry affex &
re-sampling of the images. Following Bershady et al. (1998),
A reasonable measure of the apparent size of distant galaxwes,define the galaxy angular size the valuedpfsuch that
represents a critical step in the analysis of faint galaxy sampig#,) = 0.5 as obtained by a spline fit interpolation across
(Petrosian 1998) and hence in the application of cosmologiegch object. The mediafy 5 values are 0.73 arcsec and 0.79
tests. Given the cosmological dimming of the apparent surfaaesec for the J and Ks samples, respectively. For reference,
brightness (SB), galaxy isophotal radius would be a poor méhe measured angular size of point sources in our images is
sure of apparent size, especially for the faintest objects inadégp = 0.67 arcsec. In order to simplify comparison of these

3)

0

5.1. Compactness index
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3 . . . — . . X i i
I ‘ ‘ ‘ N 1 angular sizes with those in the literature we have also mea-

sured for each galaxy the effective radis ;. The result is
thatf.;¢ ~ 0.6 - 6,5 for our samples, which agrees with the
effective radius measured by Yan et al. (1998).

According to the fiducial galaxy size, we were also able to
derive a compactness parameter via the luminosity concentra-
tion indexC;,

F(< 90_5)
: M -] that is the ratio between the flux within the radiéss and
D ir 1 that within1.56, 5. This dimensionless parameter varies in the
' ot "7 range0 < C, < 1 increasing in the most compact objects
and vanishing in amorphous galaxies. The estimated values of
i S s5. 1 O, for simulated spiral and elliptical profiles (convolved with
05 - R _ ] the observed PSF) are 0.69 and 0.74 respectively, to be com-
- i pared withC),, = 0.9 of the PSF. Note that, by definitiod;,
i .] is free of any adopted surface brightness threshold in the pho-
L tometry, and is therefoneot affected by galaxy redshift as for
" 1 1 o 18KS 1 20 2 2 instance the central concentration index C defined by Abraham
et al. (1994; 1996) and discussed by Brinchmann et al. (1998).
Fig. 5. Color-magnitude diagram of our Ks galaxy sample. Large fillefthe concentration inde,, and the apparent radiés s for the
points represent the median J-Ks color. Vertical error bars are the S@Piole Ks and J samples are given in Figs. 7 and 8, respectively,

dard deviation from the mean. The bin widths (usually 0.5 mag) atr%gjether with their median locus. In the figures, error bars are

represented by the horizontal bars. Small crosses mark undetectr\l%él

e median[J—Ks]

25 ; x lower limits

1.5

J—Ks

galaxies, i.e. the J-Ks lower limits. The vertical straight line represe € standard deviation from the mean within each bin. The me-

the completeness J-band detection limit for the Ks sample. The thf&&" valuesmed|y 5] andmed|C;] and the relative standard

solid curve is the expected apparent color of a local galaxy mix (s@gviations are listed i”_ Table 3.
Sect. 6.2 and Table 4) evolved back to high redshift-( 10) accord- The compactness index seems to be constant down+o Ks

ing to the models of Buzzoni (1998). The expected J-K color for ¥) and J- 20 whereas going to fainter magnitudes it is evident
pure galaxy population of E (thin solid line), Sb (long-dashed line) attiat the galaxies become systematically more compact. This
Im (short-dashed line) types is also reported as labeled in the figurend is clearly present in both the samples as shown by the
Models assume &, ¢ = 50, 0.5) cosmology. increase of the median values @f, with increasing apparent
magnitude. It is worth noting that the increasing compactness
of galaxies occurs in the same magnitude range where galaxies
also become bluer. Moreover, this trend seems to be matched
also by a decrease of the apparent size of galaxies, a trend which
is more evident in the Ks sample (Fig. 7) and which was found
also by Yan et al. (1998). However both apparent size and color
depend on redshift and while the former change less théh 20
beyondz = 0.7 the latter continues to change substantially.
We would like to stress that, while the apparent size is a red-
shift dependent parameter and hence its systematic decrease to
fainter magnitudes could be attributed to a systematic increase
of redshiftthe compactness index defined by (4) is redshift inde-
pendent and its trend with apparent magnitude thus represents
a real physical behavior of faint galaxies

25

® median[J—Ks]

> | = upper limits

15 [~ jﬁﬁ%é
L »
>+

J—Ks

05 5.2. Number counts vs size

Following Bershady et al. (1998), we divided the J and Ks galaxy
population in two sub-samples of smal) @nd large {) objects
‘ ‘ ‘ ‘ ‘ relative to the mediad, 5 value (i.e. med]; -]=0.73 arcsec,
15 16 17 18 19 20 .
] medp£]=0.79 arcsec).

A suitable completeness estimate is a critical step in this
Wse. Fora given total magnitude the mean surface brightness of
a source depends on its size so that larger galaxies tend to be less

Fig. 6. Same as Fig. 5 but for the J-selected galaxies. The vertical s
line indicates the detection limit of the J sample in the Ks frame.
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0.8

0.6

Table 3.Median (J-Ks) color, size and compactness index of the galaxy
sample. Errors are the standard deviation in each bin. The number of
lower and upper limits (L.L., U.L.) represents, in the upper panel, the
number of galaxies in each magnitude bin belonging to the Ks sample
undetected in the J frame and, in the lower panel, the J-band selected
galaxies undetected in the Ks image. Lower and upper limits to the J-K
color are marked with and* respectively.

Ks Gal med[J-K] o L.L. medfos] o med[C,] o

0.4 16.00 4 1.07 0.2 0 1.33 0.5 0.81 0.1
17.25 6 1.28 0.1 0 1.04 0.2 0.69 0.1
15 17.75 9 1.36 0.2 0 1.01 0.2 0.70 0.05
- 18.25 13 165 04 0 0.88 0.3 0.73 0.1
0 18.75 17 1.39 0.4 0 0.83 0.2 0.71 0.1
ey 19.25 25 1.58 0.4 0 0.90 0.1 0.71 0.04
S, 19.75 44 1.54 0.3 0 0.89 0.1 0.75 0.1
o 20.25 73 1.34 0.6 1 0.87 0.2 0.77 0.1
05 20.75 114 1.35 0.7 0 0.84 0.2 0.82 0.1

’ 21.25 197 165 0.8 24 0.87 0.2 0.81 0.2

. . . . . . . 21.75 263 216 0.7 109 0.78 0.1 0.88 0.2

1o 1o v 18 Kslg 20 2 22 22.25 109 184 0.7 50 0.67 0.1 0.93 0.7

Fig. 7. Compactness inde&’, (upper panel) and apparent siéges J Gal medJ-K] o UL medpos] o med(Cy] o

(lower panel) as a function of Ks magnitude. The filled (red) circle¥6.50 2 1.08 01 O 0.87 0.1 0.40 04
are the median values in a 0.5 mag bin width. Vertical error bars &&50 2 066 05 0 0.68 0.02 0.38 0.4
the standard deviation in each magnitude bin while horizontal bad®8.50 12 115 03 0 0.86 0.2 0.73 0.4
represent the bin width. The dotted, the dashed and the long-dask@é#> 10 128 03 0 0.95 0.2 0.78 0.1
lines in the upper panel indicate the valuesZgffor PSF, Spiraland 19.75 15 128 03 0 0.80 0.2 0.74 0.3
Elliptical profiles respectively (see Sect. 5.2). The solid lineinthe low@dP.25 18 149 06 O 091 01 0.78 0.07
panel shows the magnitude enclosed in an aperture of rdcinsl a 20.75 33 137 04 O 093 0.2 0.80 0.2
uniform surface brightness Ks=22.76 mag/arésetile the dotted line 21.25 64 121 06 1 0.90 0.2 0.79 0.2
represent the characteristic size of a point source in our images. 21.75 82 109 05 O 0.90 0.2 0.80 0.2

22.25 153 095 0.6 13 0.86 0.2 0.81 1.1

22.75 253 068 0.6 85 0.81 0.2 0.82 04

0.9 23.25 417 0.8 0.4 239 0.73 0.2 0.84 0.2
23.75 224 12> 0.3 150 0.60 0.1 0.88 0.1
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J

visible than smaller ones. Fortunately, the simulation procedure
we devised in Sect.5.1 allowed us to completely control this
selection effect and derive a suitable completeness correction.
The differential galaxy counts for theand! galaxies are
shown in Fig. 9 which clearly reveals the different behavior fol-
lowed by thes compared to thé sources: small sources show
a lower surface number density at bright magnitudes, and a
much steeper counts slope over the whole magnitude range.
The slopes we derived for the samples are essentialbu-
clidean In particular we obtained;, ~ 0.6 andy3 ~ 0.56 to
be compared with/,, ~ 0.36 and~} ~ 0.38 for thel sam-
ple. Supporting Bershady’s et al. (1998) conclusions therefore,
small sources dominate the number counts at faint magnitudes
(Ks>21.5, 3> 23) where their number density is more than
twice the number density of large sources.

Fig. 8.Same asin Fig. 7 but for the J sample. The solid line in the lower In Figs. 10 and 11 the J-Ks color distributions ofnd!
panel shows the magnitude enclosed in an aperture of rddinsl a galaxies are shown for the Ks and J sample respectively. The
uniform surface brightness of J=23.88 mag/arésec

shaded histograms in each figure represent the distribution of
the J-Ks lower limits (for the Ks selected sample) and upper
limits (for the J selected sample).
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Fig. 9.Ks-band (left) and J-band (right) differential number counts f@g [ ]
small and large galaxies: small galaxies are those ha§Rg< 0.79 C a0l ]
arcsec andy 5 < 0.73 arcsec. The slope of the counts aig, ~ 0.6 2 [ §
and~5 ~ 0.56 for small sources angly, ~ 0.36 andy}; ~ 0.38for & I
large sources. Q
0
Table 4. Observed median (J-Ks) color as a function of apparent mag- 0.5 1 15 2 25 3
nitude fors andl sources in the Ks and J samples. Lower and upper J-Ks
limits to the J-K color are marked withand* respectively. Fig. 10.J-Ks color distributions (thik histograms) féupper panel)

ands sources (lower panel) belonging to the Ks sample. The shaded
Class 175 185 195 205 215 225 235 histograms represent the distribution of the J-Ks lower limits i.e. galax-

Sk 140 162 152 1.17 182 148 — ies redder thad;,,, — Ks (Jim = 24.8, Sect. 4.2).
lx 134 148 154 145 201 1.83 — 100 ‘
sy — 066 0.69 072 070 0.67 057 %
l; — 113 134 140 112 102 0.78 T80 J Sample
© large
@
U 60

Large sources tendto have asharper distribution and aredgder
median J-Ks color compared tosources. Moreover, the latter., 4
are skewed toward bluer colors. Such differences between the
J-Ks color distributions of and! sources are highly significant5 20
for both samples. The two distributions have been first comparéd
by performing a K-S test on the complete color samples, that is1oo (== =————————+—F—++—+—+—F
samples limited to Ks 21 and X 22, in order to avoid uncer- ¢

S A~ J Sample
tainties introduced by the presence of censored data. In addltlgn,80 <mall
we have extended the comparison to the whole sample by mak- §
ing use of “survival analysis” (Avni et al. 1980; Isobe et al. 1986?

Feigelson & Nelson 1985). In particular we have compared tl'?e 40 %

§\N

60

two sample distributions with the generalized Wilcoxon tes};

which is able to treat data including lower and upper |Im|t§ 20 \
equally and obtaining a high significance (£(. z %% \\
In Table 4 we report the median J-Ks in 1 mag bin width N N B
for s and! sources of the Ks and J sample while Fig. 12 shows 05 L 15 2 25
the color-magnitude diagrams ofind! sources. It can be seen I=Ks
the higher fraction of blue galaxies in the sample eburces at Fig. 11.J-Ks color distribution foi (upper panel) and sources (lower
faint magnitudes with respect tsources as confirmed by thepanel) belonging to the J sample. The shaded histograms represent the
values reported in Table 4. distribution of the J-Ks upper limits i.e. galaxies bluer thar K s;im

(Ksiim = 23.05, Sect. 4.2).

w

6. Discussion

the different surveys is probably due to a combination of various
factors: slightly different filters (K, K’, Ks), differences in the

In Fig. 3 we have compared our Ks-band galaxy counts witteatment of star contamination and in the magnitude estimate
those derived by other authors. The remarkable scatter betwgsgrerture or isophotal or pseudo-total), large scale fluctuations,

6.1. Galaxy counts
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Fig. 13.Expected J-Ks color of different galaxy types as a function of
redshift in the case of no-evolution (lower panel) and evolution (upper
panel). The mean expected color of the local galaxy mix as in Marzke
et al. (1998) is also shown (thick solid line).
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Fig. 12.Color-magnitude diagram ef(lower panel) and(upper panel)
sources for Ks sample (left) and J sample (right). Bershady et al. The overall conclusion is therefore gadaxy
counts in the near IR continue to rise with no evidence of a
turnover or a flattening down to the current magnitude limit of
field selection criteria and, finally, possible systematics in thiee observations.

photometric calibrations. The largest deviation occurs between

the Soifer et al. (1994) counts, defining the highest surface d%rl2 Colors and galaxy counts
sity at magnitudes K& 19, and those of Djorgovski etal. (1995)

and Minezaki et al. (1998) which define the lowest surface detwhich galaxies are responsible for the continuous increase of
sity of objects in this magnitude range. The amplitude of olRR counts at very faint magnitudes? The two main observational
counts at magnitude brighter than Ks=20 agrees with that desults indicate thad) at Ks> 19 and 3> 20.5 the median J-Ks
rived by Glazebrook et al. (1994), Saracco et al. (1997) andlor of the galaxy population turns bluer, as shown in Figs. 5
with that obtained by Minezaki et al. (1998) in the bright suand 6 and summarized in Tablei;the same surface density
vey, while it is significantly lower than the amplitude of HMDSof objects at Ks-22 is reached at~J 23, which implies that

and HDS (Gardner et al. 1993) and of McLeod et al. (1998he bulk of the population of galaxies at these apparent magni-
At fainter magnitudes (K8 20) we obtain a surface densitytudes should have a mean color J-K§, in agreement with the

of objects consistent with that of Bershady et al. (1998) amtbserved J-Ks color trend.

McLeod et al. (1995) but significantly higher than that of HDS In Fig. 13 the expected J-K color of galaxies for different
(Gardner et al. 1993; Cowie et al. 1994) and Djorgovski et ahorphological types and that expected for the local galaxy mix
(1995). Itis worth noting that the area covered by these survegise shown as a function of redshift for evolving and non evolv-
and consequently the number of sources, is at most one fifthiraf galaxies. Model predictions are based on Buzzoni's (1989,
that surveyed in this work. This obviously amplifies the scat995) population synthesis code. Three sets of model galaxies
tering due to large-scale fluctuations. However, rather than theeve been computed to ease comparison with the observations.
amplitude, the most striking feature of the plot is the slope @he evolution of ellipticals (E) is accompanied with thatssf

the number counts. Contrary to Gardner et al. (1993) and Mowggirals andIm irregulars. As in the standard scenario, ellip-
takas et al. (1997) who obtain a slope in the range 0.23-0tfals are assumed to be suitably described by a single burst
for 18 < K < 22, we obtain a significantly steeper slope o$tellar population while irregulars follow a flat star formation
0.38. This result confirms the previous work by McLeod et alate at every age. The intermediate cas&bfkpirals, on the
(1995), Soifer et al. (1994) and Saracco et al. (1997)<atX contrary, takes into account a declining star formation rate in
and Djorgovski et al. (1995), Bershady et al. (1998) and Mthe disk F R o ¢t~°-%) coupled with a spheroidal component
Cracken et al. (1999) down to K=23—-24. Moreover, the slogbulge+halo) as in the ellipticals (see Buzzoni 1999 for more
of our K-band counts, and the lack of any flattening at its faiditails on the model templates). From the figure, galaxies with
end, are both independently confirmed also by the J-band couhtss~ 1 are compatible with redshifts~ 0.2-0.3, and a value
which indicate a slope of 0.36 in agreement with the result ofof J-K< 1.5 seems to be consistent with a reshift no larger
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Table 5. Type-dependent LFs, optical-near-IR colors and morphological mix used in the models

Type « on Mg BJ JK M My, /B f1 fx
10~* Mpc—3

E -1.00 55 -20.88 3.19 1.03 -24.07 -25.10 929 44% 46%

Sh -1.11 10.0 -20.94 258 0.94 -2352 -24.46 %6151% 4%

Irr -1.81 0.2 -21.29 2.10 0.85 -23.39 -24.24 A0 5% 5%

thanz ~ 1 as shown by the model representing the mean color Even if the model is consistent with the observed color of
weighted by the local galaxy mix (Tot). However it should bgalaxies at bright magnitudes, it completely fails to match the
mentioned that IR colors alone are not sufficient to strongbbserved trend at faint magnitudes where galaxies are much
constraint redshifts. bluer than expected. The hypothesis of a high redshift galaxy
One major advantage of theand K ; infrared data is that population ¢ > 1) dominating the faint counts is thus unac-
we are probing the flatter and relatively shallower region of tleeptable. Even in the case that Irregular galaxies would prevail
rest-frame galaxy spectral energy distribution. The only signihe colors should be much redder thanJ-K. Apparently, the
icant flux discontinuity, coming from the Balmer break, onlgquivalencdainter magnitudes- higher redshiftss therefore
enters the/ band well beyond ~ 2. In any case, the net effectnot supported by the observations.
of redshift on the apparent infrared colors is a smooth reddening A similar relationship between color trend and redshift dis-
with increasing distance resulting in highgalaxies somewhat tribution of faint galaxies has also been found by Cowie et al.
resembling local -type stars in the Galactic field. More gener1996). In their sample, they find that blue objects dominate the
ally, therefore, up ta ~ 3, a sequence in appareht- K color K counts and that a huge fraction of their K-selected faint ob-
can also be regarded as a monotonic sequence in distancgefcts are in fact extremely blue in (I-K). Moreover, the observed
galaxies of the same morphological type. In Figs.5 and 6, theedian redshift of faint galaxies appears to be lower than ex-
theoretical J-K colors for the three different morphological typgeected forl.* galaxies seen at the same apparent K magnitude,
are compared with those observed as a function of the appanghiie galaxies display a roughly constant or even decreasing K
J and Ks magnitudes. In addition, we also show the expectathinosity with increasing redshift at least atKl9 where the
colors for the local galaxy mix as a whole derived by takingedshift completeness is high.
into account the present-day luminosity function as in Marzke As the high-reshift solution:(> 1) seemsto be inconsistent
et al. (1998). Operationally, the Schechter parameters for thavith the photometric properties of faint IR galaxies, we have to
different morphological types (cf. Table 1 in Marzke et al. 1998j)vestigate the possibility of a locat (< 0.3) origin of these
have been combined with the theoretiéal- J andB — K col- galaxies.
ors to obtain the mea#t and K luminosity contribution from Agalaxy seen at ks22 and placed at ~ 0.3 would display
early, late and irregular galaxies. For each galaxy subsample#&n absolute magnitude not brighter tha&f, ~ —19 (assum-
this is simply assumed to be proportional td;¢;(L) where ing Hy=50 Kms™ Mpc™!, y=0.5). Integrating the local IR

¢:(L) is the appropriate Schechter function so that luminosity function (LF) of galaxies in Gardner et al. (1997)
described byy ~ —1 andMj; ~ —24.5, within z ~ 0.3 and
L L(2+a;) ¢f L} (5) Mx > —19 we derive, in the magnitude range < K < 22,

Lror Y. T2+ ;) ¢ L} a surface density of galaxies 20-40 times lower than observed.
A large uncertainty in such estimates derives from the different
summing up over the running indexor ellipticals, spirals and values of the normalization parametgrof the LF obtained by
irregulars. For each galaxy template and for the local galarious authors which can vary by more than a factor of two
mix we finally computed the apparedt— K color as well (see e.g. Efsthathiou et al. 1988; Lilly et al. 1995; Zucca et al.
as the apparent magnitude of a referedde galaxy in a 1997; Mobasher et al. 1993; Glazebrook et al. 1995b; Gard-
(Ho, go) = (50,0.5) cosmology. The resulting luminosity par-ner et al. 1997; Cowie et al. 1996). Using a high normalization
tition in the different (rest-frame) photometric bandsat> 0 (e.g.¢* ~ 0.005 Mpc—3 as in Marzke et al. 1994) the observed
is summarized in Table 5 (note of course that the Marzke et glirface density of galaxies can be obtained within 0.3 by
relevant values fof/* and¢* have been rescaled in the tableyssuming a slope of the faint end biF< —1.8.
according toH, = 50 Kms~! Mpc™1). Some indications of a flat ~ —1) faint-end LF in the near
Since model refers tb* galaxies (that haueferencéoutnot  |R come from the work of Gardner et al. (1997), Mobasher et al.
necessarilyneanluminosity for each morphological type), the(1993) and Glazebrook et al. (1995). However, it is worth noting
natural expectation, when comparing with real galaxy sampl@sat all of the previous work has sampled the LF at relatively
as in Figs.5 and 6 for instance, is that models provide a sgfight IR luminosity (/x < —20) and thus misses the crucial
of brighter (and somewhat redder) envelope to the data. Thigjgce of information to assess our problem. On the contrary,
because the real “baricenter” of the luminosity distribution @bme hints in favor of a steeper LF for field galaxies at infrared

any z is always slightly fainter (and bluer) thalit, depending wavelengths come from Szokoly et al. (1998) who find a slope
on the faint-end tail of LFs.
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«a ~ —1.3. The small sample of galaxies used in that work (orfégher redshift going to fainter apparent magnitudes. Such a
fourth of that used by Gardner et al.) cannot, however, platend would be expected to continue steadily as long as the
severe constraints on the value @f Stronger evidences of anumber of intrinsically faint galaxies, and hence low redshift
steep K-band LF of field galaxies come from Bershady et galaxies, starts to increase more rapidly than higialaxies.
(1999) which obtairy ~ —1.6. The mean observed color should therefore become increasingly
Evidence for a steeper slope of the IR LF are also fournduer, contrary to what is expected for the standard case of a
for cluster galaxies ~ —1.4, Mobasher & Trentham 1998; normal highz galaxy population. Moreover, the median red-
a ~ —2, De Propris et al. 1998a) and, in the optical bands, bashift would increase more slowly than expected going to fainter
in the cluster environment (e.g. De Propris et al. 1998b; Lolapparent magnitudes, as observed by Cowie etal. (1996) in their
etal. 1997; Bernstein et al. 1995; Driver et al. 1994; Molinari eedshift survey.
al. 1998) and in the fiekl Marzke et al. (1994) findy ~ —1.8 For example, assuming a slope= —1.6 at luminosities
for the LF of very late type and irregulars galaxies (see aldo< 0.01L*, as in the ESP (Zucca et al. 1997), by integrating
Marzke and Da Costa 1997; Marzke et al. 1998); Zucca et tle LF down to 0.000L* we find that more than 40 of the
(1997) find a rising LF at magnitudes fainter thafy, ~ —16 galaxies in the magnitude rangé < K < 22 are atz < 0.5
which is well fitted by a power law with slopg = —1.6 and, and more than 6@ at = < 1. These fractions could even in-
finally, Liu et al. (1998) findx ~ —1.85 for the U-band LF of crease to 6@ and 8%% in the case of a steeper LF, for example
galaxies bluer than Sbc. according to the result of Marzke et al. (1994, 1998) or De Pro-
Faced with the lack of reliable information on deep IR LFsipris et al. (1998a), or integrating the LF down to a fainter cutoff.
the field but with emerging evidence from optical investigationH,is worth noting that this simple scenario, which is a straight-
we are inclined to believe that a genuine steepening of the fdfward consequence of a steepening trend in the LF faint-end
at its faint-end tail cannot be ruled out and that a prevailirigil, would also account for the observed trend in galaxy size
population of sub-, (and hence low mass and low redshifand compactness parameter, as discussed earlier. Assuming that
(= < 1)) galaxies may dominate at faint infrared magnitudes faint galaxies are actually intrinsically faint IR objects and that
the IR luminosity is also a fair tracer of mass (Gavazzi et al.
1996) implies that compact systems of low mass constitute an
important population in the Universe at least back to 1.
From Figs.7 and 8 we can infer that the faint IR population
mainly consists of galaxies which are intrinsically compact
compared to those seen at brighter apparent magnitudes. Fig.
also shows that the contribution of small, compact galaxies\f¢e have presented counts, colors and sizes of galaxies detected
the counts increases faster than that of large galaxies goingntdeep J (down to J=24) and Ks (down to Ks=22.5) images ob-
faint apparent magnitudes as shown by the steeper slopestdied with the new IR imager/spectrometer SOFI at the ESO
rived. It is worth noting that the counts of small sources folloNTT telescope. These data represent the largest samples col-
an Euclidean slope which indicates that either they are vdegted so far reaching these depths. The main results obtained
low redshift galaxies, very rapidly evolving or a combination dfom analysis of the data are the following:
the two. Finally, Figs. 10, 11 and 12 indicate that small galax- . .
ies contribute most to the blue populatiddur conclusion is numt_>er counts follqw a log(.N)/dm .relatlon with slope
that sub-Lj, galaxies contribute to the number counts and with ?'38 inKs and 0.36 in Jlshowmg no sign of any flattening or
increasing weight to fainter magnitudes. urnover down to the f_amtest magnitudes. This fully agrees
At faint apparent magnitudes we are sampling the faint-end with most of the previous gr9und-based data and with the
tail of the local luminosity function superposed on the bright dgepest NICMOS/HST data; .
tail (Myc < M3) of the high redshift galaxy population. The — fainterthanKs- 19 and - 20, the median J-K galaxy color
relative contribution to the total number of galaxies at a given shows a break in its reddening trend and turns toward bluer

apparent magnitude depends on the volume sampled by a givencmorS;

luminosity and on the density of galaxies with that luminosity.” faint bluer galaxies display both alarger compactness index

A large contribution to faint counts could come from the faint ?hnd\]srlyalltler adppta_rsntt_ S'ZefS; Il and of | laxi
end of the LF in the case of a steep slope{ —1) since the e J-K color distribution of small and of large galaxies (se-

number of luminous galaxies would increase slower than that lected with respect to the median size of the whole sample)

of the intrinsically faint ones at faint apparent magnitudes. In are ?tgn:::caglltly d|ffer(|antF W'_th small galaxies contributing
this case we should first observe a reddening trend of the J-K most to the biue population,

color due to the rapid increase of galaxies with progressively the number counts of small galaxies follow an Eucllde_an
slope, much steeper than that of large sources, and dominate

the deep number counts fainter than Ks=21.5 and J=23.

6.3. Sizes, compactness and galaxy counts

gummary, conclusions and future work

2 InarecentpaperImetal. (1999) present a morphologically divided ) ]
redshift distribution of a sample of galaxies limited to 1=21.5. They he absence of aturnover in the counts down to the faintest mag-

argue that the faint end slope of the LF of very late type galaxigétudes is indicative of an increasing contribution of subahd
should be steeper than= —1.4 thus low redshift galaxiesz(< 1) leading to envisage a sub-
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stantial steepening in the faint-end tail of the galaxy LF. SuctBazzoni A., 1999, MNRAS submitted
claimis also supported by the observed color trend which see@wslberg R.G., Cowie L.L., Songaila A., Hu E.M., 1997, ApJ 484, 538
to rule out any major contribution of highgalaxies as primary Cohen J.G., Blandford R., Hogg D.W., Pahre M.A., Shopbell P.L.,

contributors to faint counts. Moreover also the Euclidean slope 1999, ApJ 512, 30

shown by counts of small galaxies supports this claim. In peg,plless M., Schade D., Broadhurst T.J., Ellis R.S., 1994, MNRAS 267,

ticular the Euclidean slope indicates that either small galaxiggv;i?i Gardner J.P., Lilly S.J., McLean I., 1990, ApJ 360, L1

are at very low redshift, or that they are very rapidly evolvingowie L.L. Gardner J.P. Hu EM.. etal., 1994, Ap] 434, 114

or a combination of the two. Cowie L.L., Songaila A., Hu E.M., Cohen J.G., 1996, AJ 112, 839

The eXiS.tence of a steep (< —1) faint-end tail ¢ < pg Propris R., Eisenhardt P.R., Stanford S.A., Dickinson M., 1998a,
0.1-0.01L7) in the IR LF would naturally account both for the  aApj 503

J-K color trend, the compactness trend and the different slape Propris R., Pritchet C.J., 1998b, AJ 116, 1118
shown by the counts of small and large galaxies, the form@iiver S.P., Phillips S., Davies J.l., Morgan ., Disney M.J., 1994,
being described by a much steeper (nearly Euclidean) slope. MNRAS 268, 393

Very little is known about the redshift distribution of galaxie®river S.P., Windhorst R.A., Griffiths R.E., 1995, 453, 48
to faint K magnitudes. Two spectroscopic surveys, Cowie et Biorgovski S., Spinrad H., 1981, ApJ 251, 417
(1996) and Cohen et al. (1999) based on a K=20 limited saml‘%@rgo‘_’s"i S., Soifer B.T., Pahre M., et al., 1995, ApJ 438, L13
have been carried out so far. Taking into account their redstfetathiou G., Ellis R.S., Peterson B.A., 1988, MNRAS 232, 431
incompleteness, it seems that 10%36f objects are at > 1. Feigelson E.D., Nelson P.I., 1985, ApJ 293, 192

. . . . Ferreras |., Cayon L., Martinez-Gonzalez E., Benitez N., 1998, MN-
The population we are discussing here is concentrateg- &K RAS 304 3y19 nez zalez ez

It will prove quiFe difficult to obFain spectroscopic.redshifts foEontana A., D'Odorico S., Fostbuty R., et al., 1999a, A&A, in press
these objects since theirmagnitudes should be fainter than 24 (454r0-ph/9901359)

and obtaining IR spectra would be equally difficult even usingntana A., Menci N., D'Odorico S., et al., 1999b, MNRAS, in press
an IR spectrometer like ISAAC at the VLT. The most promisingardner J.P., Cowie L.L., Wainscoat R.J., 1993, ApJ 415, L9
approach to understand the properties of the faint populatiorGsrdner J.P., Sharples M.R., Frenk C.S., Carrasco B.E., 1997, ApJ 480,
the use of photometric redshifts based on color measurementsL99

from the U to K bands (Fontana et al. 1999a; Benitez et &avazzi G., Pierini D., Boselli A., 1996, A&A 312, 397

1999). This is already being done on the SUSI NTT Deep Fiefd!azebrook K., Peacock J., Collins C., Miller L., 1994, MNRAS 266,

a subsection of the area covered by the images analyzed inthliSGSb K Ellis R . B Hiths R, 1 MNRAS 27
paper (Arnouts et al. 1999; Fontana et al. 1999b). GlazebrookK., Ellis R., Santiago B., Griffiths R., 1995a, S 275,
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