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Abstract. The publicly available EIS-DEEP optical-NIR dataHowever, the first scenario, based on thpid dissipative col-
for the AXAF (Chandra) Deep Field have been used to colapsemodel, postulates that the stars were formed and assem-
struct samples of Extremely Red Objects (EROSs) using varidoled into elliptical galaxies in one rapid collapse event at high (z
single-band and multi-band color criteria. In this work we define 2) redshift (Eggen et al. 1962; Larson 1974; Tinsley & Gunn
as EROs objects with colors consistent with passively evolvid@76). In this “top-down” scenario field ellipticals have evolved
elliptical galaxies at: > 1. The EROs surface densities wejuiescently since their formation, and therefore the number of
derive are intermediate between previous published values, enassive/luminous field elliptical per co-moving volume should
phasizing again the need for larger survey areas to constriagnconstant at all redshifts between now and their formation
the effects of possible large-scale structure. Although varioegoch. On the contrary, the opposimigrarchical mergeisce-
single-color selected samples can be derived, the EROs sanmalgo assumes that ellipticals were assembled from previously
selectedusing — Ks > 5,1 — Ks > 4,J — Ks > 1.8jointly  formed sub-units, and that this process has continued until the
is likely to contain the highest fraction of passively evolvingurrent epoch (see, e.g. Toomre 1977; White & Rees 1978; Blu-
luminous field elliptical galaxies at >1, or conversely, the menthal et al. 1984). In this “bottom-up” scenario, the number
lowest fraction of lower redshift interlopers. The surface def massive/luminous elliptical field galaxies per co-moving vol-
sity of this multi-band selected EROs sample is consistent wilne increases over time.
the conclusion that little or no field elliptical volume density These seemingly distinctand easily tested observational pre-
evolution has occurred in the redshift range @ > 1.5. How- dictions have in practice been difficultto resolve at relatively low
ever, extensive spectroscopic followup is necessary to confiredshift. Based on the Canada-France Redshift Survey, Lilly et
this conclusion. al. (1995) concluded that there has been no significant number
evolution for bright, early-type galaxies since=z1. This re-
Key words: galaxies: elliptical and lenticular, cD — galaxiessult was questioned by Kauffmann et al. (1996), but it has been
evolution — galaxies: formation — cosmology: observations confirmed by Schade et al. (1999), who took advantage in their
study also of the availability of detailed morphological infor-
mation derived from HST images. Comparing the co-moving
number density of field elliptical galaxy at>z 1 to the cur-
rent epoch number density would be more fruitful because the
The formation history of field elliptical galaxies (i.e. ellipti-longer time baseline creates a larger (and therefore easier to de-
cal galaxies located outside of massive galaxy clusters) tect) number density difference in the hierarchical model. Under
mains very uncertain. Although most stellar population indihe rapid dissipative collapse model, of course, the co-moving
cators point towards star formation at-z2, it remains unclear humber density would remain constant.
when and how these stars were assembled into their currentThe availability of large format near-IR arrays has created
dynamical structures. the opportunity to search for the luminous field ellipticals at high
Two formation scenarios with distinct observational predi¢edshift needed to carry-out this test. These searches are based

tions continue to be debated. Each one allows for star formati@ma very simple concept: once the 4@00reak is redshifted be-
to take place at high redshift, i.e. for the present epoch stelygnd the I-band, the observed optical-IR colors of a quiescently
populations of field ellipticals to be mostly old and metal-rictgvolving elliptical become very red{— K > 5;1 — K > 4).
In terms of brightness, a typical current epoch field elliptical
Send offprint requests tMarco Scodeggio redshifted to z- 1 will have an observed K ef 19-21 (Mous-

* Based on observations collected at the European Southern Obggikas et al. 1997). Objects with these extreme properties (faint
vatory, La Silla, Chile; ESO programs’1.A-9005 and 162.0-0917 k_pand magnitudes, extremely red optical-NIR colors) are now

> C_u_rrent addressi_stituto di Fisica Cosmica “G. Occhialini”, via commonly known as Extremely Red Objects (EROS).
Bassini 15, 20133 Milano, Italy

1. Introduction
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Table 1. Published Deep EROs Survey Results

Reference Color Area  Kiim N(EROs) N(EROs)/deg
@) 2 3 4) ®) (6)
Djorgovski et al. 1995 i—K 3 20 1 1208 1200
Cowie et al. 1996 I-K 26 20 19 261t 600
Moustakas et al. 1997 I-K 2 22 11 1980& 6000
Moustakas et al. 1997 I-K 2 20 3 54803100
Barger et al. 1999 I-K 62 20 16 920230
Cohen et al. 1999 R—K 15 20 19 45601050
Thompson et al. 1999 R-K 154 20 289 67300
This work I-K 23 20 20 313@& 700
This work R—K 43 20 22 1842 390
This work RIJK 23 20 10 1565t 495

Columns: (1) Reference; (2) Color Criteria (R-k& 5 or I-K > 4); (3) Area Surveyed (square arcminutes); (4) K-band EROs Limiting
Magnitude; (5) Number of EROs Found; (6) Implied Number of EROs per square degree, with associated Poissonian uncertainty.

# Note the different limiting magnitude associated with this EROs density.
" This is a multi-color selection criterion, discussed in Sect. 4.

Of course, EROs imaging surveys only measure EROs stie. In this paper, we review the EIS dataset (§éct. 2) and then
face density. Determining the field elliptical galaxies volumpresent a number of possible EROs samples using different se-
density ultimately requires a combination of morphological ardction criteria (Seck]3). The sample most likely to represent
spectroscopic information to eliminate Galactic and extragaldield elliptical galaxies at > 1 is then discussed in Sddt. 4. Our
tic interlopers and to determine the redshifts of high redshittsults are summarized in S€dt. 5.
field elliptical galaxy candidates. Although some EROs have In the next two papers, we will present an analogous anal-
been found to have spectral properties consistent with youwsjs of the public EIS-DEEP HDF-S dataset (da Costa et al.
(3—4 Gyr) elliptical galaxies (e.g., Cowie et al. 1996; Dunlof999) and of a private near-IR dataset obtained as part of two
et al. 1996; Spinrad et al. 1997; Cohen et al. 1999), spedindependent EIS Cluster candidate followup surveys. The total
and/or exact redshifts are available for only a very small fraarea surveyed by this joint study will be 400 square arcmin,
tion (10-15%) of detected EROs. Thus, it is possible that some. larger than any other published EROs imaging survey at a
EROs are in fact dust-enshrouded galaxies at lower redshift @snparable K-band limiting magnitude.
discussed, e.g., by Graham & Dey 1996; Cimatti et al. 1998)
or foreground lower main sequence and brown dwarf stars, al-
though the latter possibility is extremely unlikely given the ag%- 1he data

parent surface density of such Galactic objects (Moustakasriis work is based on the publicly available data obtained as part
al. 1997; Cohen et al. 1999). Despite such contamination preithe ESO Imaging Survey (EIS) on the so-called AXAF (Chan-
lems, observed EROs number surface density should be ablg,@ Deep Field, atv = 03"32730° ands = —27°48'30".
place a stringent upper limit on luminous field elliptical galaxpyeep multi-band optical and infrared observations in this field
number volume density at> 1. were obtained in the period August-November 1998, using the

Unfortunately, published results from such surveys do ng5o 3.5m New Technology Telescope (see Rengelink et al.
present a consistent picture of EROs surface density, let alargyg for details). Optical observations in the3V RI bands
inferred volume density. As Talilé 1 illustrates, measured ERQgre carried outwith the SUSI2 camera (D’Odorico etal. 1998),
surface densities vary by factors of 2—6. Clearly, a consengiiipped with twatk x 2k EEV CCDs, covering a field of view
result has not been reached yet. However, given that mosiypf 46 » 5.46 arcmin with a pixel scale of 0.16 arcsec/pixel
these surveys cover very small areas, it is not impossible tI@ﬁerQ x 2 binning). Infrared observations in the and K s
the observed surface density variations are caused by large-sggl¢ys were carried out using the SOFI infrared camera and
structure at high redshift. Additional samples, and prefera@ﬁectrograph (Moorwood et al. 1998), equipped with a Rock-
over larger areas, are still needed. well 1k x 1k detector, covering a field of view af.9 x 4.9

In this first in a series of three papers, we present an analyemin with a pixel scale of 0.29 arcsec/pixel.
sis of the optical-NIR images obtained of the AXAF (Chandra) The infrared observations cover 4 SOFI fields, for a total
Deep Field as part of the ESO Imaging Survey (EIS; Rengeligkea of approximately 83 square arcmin. Optical observations
etal. 1999). These data cover an area of approximately 43 sqQugigie moment cover only the two northern SOF fields, for a to-
arcmin, comparable in spatial area to the largest EROs survgy$rea of approximately 56 square arcmin, exceptin the | band,
already published. The EIS data have been used to constiygkre only a smaller 30 square arcmin area has been covered.
EROs samples using a variety of magnitude and color critfsta| exposure times are 5500 seconds forithend R-band
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exposures, 12600 seconds for thband exposure, and 10803.5 square arcmin. Within these areas we derive an object cat-
seconds for the/- and K s-band exposures. Details about thalog by selecting all objects measured above thérit in the

data reduction procedures are given by Rengelink et al. (199R)s-band, which in practice limited us to objects brighter than
and da Costa etal. (1999), and only a brief summary is presenfésd = 21.0. At thatK s limiting magnitude, the equivalent lim-
here. Single dithered optical exposures were coadded usingitimg magnitudes in our other bands wefe= 22.8, I = 25.0,
drizzle procedure (Fruchter & Hook 1998) implemented withiand R = 26.0 with magnitude uncertainties of approximately
the EIS pipeline. Infrared jittered images were combined usifgl mag inR, and 0.15 mag id, J, andKs.

the jitter program within the Eclipse data-reduction package
(Devillard 1998). The final single-band coadded images were
astrometrically calibrated using the USNO-A V1.0 catalog ash

reference. The photometric calibration was based on obsergg@-our main objective is to study the evolution of the volume
tions of Landolt (1992) standard stars for the optical data, agénsity of> > 1 field elliptical galaxies, we define EROs to
of HST standards from the list of Persson et al. (1998) for tiig color-selected objects that are redder than-alzpassively
infrared data. Zero-point uncertainties areif.03 mag inV-  evolving elliptical galaxy. While this definition has been al-
band,+0.04 mag in R-band, and of-0.05 mag inI-, J-, and ready used by other authors (e.g., Barger et al. 1999, Cohen
K s-band. et al. 1999), it is not unanimously adopted in the literature,
A multi-color object catalog was created based on thg other studies have defined EROs to be objects that are red-
method of the chi-squared image, described by Szalay et@dr than a passively evolving elliptical galaxy at any redshift
(1999). All single-band coadded images were convolved with.g., Andreani et al. 1999, Thompson et al. 1999). Since most
a Gaussian kernel to devise a set of images with homoggeviously published studies have relied on a single color cri-
neous PSFs (i.e. equivalent to the single-band image with wofsgon to select EROs, we decided to select from our dataset a
seeing, the I-band image), normalized by their respective number of different single color samples, based on the criteria
noise values, and then quadratically combined to obtainedachi-— g > 5.0, 7 — K > 4.0, orJ — K > 1.8. We make no
squared image. Object detection on that image was carried gsé of the available V-band data since it is too shallow for our
using the SExtractor software (Bertin & Arnouts 1996). Magnfequirements (the color criterion would be— K > 7.0, which
tude measurements based on the detection parameters deti@dd require completeness downto= 28). These criteria
from the chi-squared image were performed on the Gaussigére designed to include in the samples all the elliptical galax-
convolved single-band coadded imaffégagnitudes were then jes atz > 1 that would have properties comparable to those of
measured wititi a 4 arcsec diameter aperture. From a compafireir present-day counterparts, taking into account the passive
son with deep number counts in the literature, itis estimated tRgblution of their stellar population (assumed to have formed
the 90% completeness limit of the multicolor catalog in the dift > > 2). At the same time, these choices allow comparisons
ferent bands is approximately = 26.2, R = 26.0, I = 25.6, with previously published EROs surveys to be readily carried
J =23.6, Ks = 21.6 (see da Costa et al. 1999, and Rengelindt, although the effective redshift cutoff for passively evolving
et al. 1999). Star/galaxy separation was based on the SExtiggry-type galaxies might be slightly different for the different
tor stellarity index, considering as galaxies object with indeplors, as the color-color tracks plotted in [iy. 1 show. The ef-
< 0.85, when measured in th& s-band images. It is impor- fect however is very small, and does not significantly affect the
tant to remark that this classification criterion is reliable onlynalysis carried out in this paper.
for galaxies at least 1-1.5 mag brighter than the detection limit. Obviously a single color measurement is not enough to de-
Stellar contamination is however expected to be very |imitedﬁﬁe, even approximate|y, a ga|axy’s Spectra| energy distribu-
this galactic latitudei(~ —55), and our selection of very redtion (SED). Therefore every EROs sample that is defined on
objects is expected to reduce it even further (see for exampled@ basis of a single-color criterion is likely to contain both
Costa et al. 1999). z > 1 early-type galaxies and a mixture of other objects, in-
In this work, we restrict ourselves to the area covered RYuding dusty star-forming galaxies, and low-mass stars. More-
both the optical and infrared observations, and further limit oger, as illustrated in Fifl 1, samples constructed from such
analysis to the area where the sensitivity of the single-bagiggle color criteria will not only include early-type galaxies,
coadded images is most uniform, rejecting those parts of gt may also contain even normal early-type spiral galaxies
surveyed area where the sensitivity is below 75% of the pegkz ~ 1.6 — 1.8. The largest contamination is expected to
in any of the single-band coadded images. In this way, the afipresent in the/ — K > 1.8 sample, given the relatively
we consider covered by theJ K's observations is- 43 square small range of/ — K color observed among galaxies of all
arcmin, while that covered by thEIJK's observations is- morphological types. As discussed above, only after obtaining

pectroscopic and morphological information it will be possi-

1 QOur final catalog differs somewhat, especially at the faintest m e . . o e L
nitude, from the AXAF Deep Field catalogs released by the EIS Te to produce a sample of bona fide high redshift field elliptical

in December 1998 on their Web site. When constructing the DecemB&iaxies.

1998 catalogs, the coadded single-band images were not convolved byUsing the multi-band observations in the AXAF (Chandra)

a Gaussian before the chi-square image was constructed and ofipe#p Field described in the previous section, we cover a large
magnitudes were measured on the non-convolved single-band imagemugh area to derive a reliable estimate of the EROs surface

Single-color selected EROs samples
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Table 2. EROs samples selected using different color criteria

RJK s area (43 square arcmin)
Ks" N Ks") NUJ—-Ks>18) NR-Ks>500 NR-Ks>6.0)

19.0 185 30 4 1
19.5 270 57 16 2
20.0 362 87 22 4
20.5 488 122 36 8
21.0 692 190 54 17

RIJK s area (23.5 square arcmin)
Ks'" N(< Ks"™) NI —-Ks>4.0) NUI-Ks>50) N®R-Ks>5.0)

19.0 99 5 0 3
19.5 149 14 0 9
20.0 200 20 2 11
20.5 280 33 8 21
21.0 397 56 11 30
3 e 3 density to different limiting magnitudes, and we can also com-
2.5 i— —i pare the results obtained adopting different selection criteria.
ST = Tablel2 presents an overview of the different samples we have
JD 15 = 3 extracted from the available data using single-color criteria.
T E E The properties of the total sample ffs-selected objects
1 = 3 agree quite well with those of previously published samples.
0.5 — o _ L5 overthe magnitude intervab.5 < Ks < 21.0 the logarith-
2 4 6 8 mic slope of the objects number counts is approximately 0.27,
R—-K comparable to those derived by Moustakas et al. (1997), by
3 proro [rrrrprrrrprrrr 1113 Djorgovskietal (1995), and by Gardner, Cowie & Wainscoat
25 E —  (1993). The surface density of objects brighter than= 20.0
S R = is approximately 8.5 arcmir?, intermediate between those de-
% 15 = 3 rived by Moustakas et al. (1997) and by Cowie et al. (1996),
TE 4 and that reported by Djorgovski et al. (1995). We note that the
1 SR "3 mostdiscrepant densities with respect to the one measured here,
05 Bl b oo Lo 3 o reported by Moustakas et al. (1997) and by Djorgovski et
< 3 4 5 6 7l (1995), were obtained from observation covering an area less
than one twentieth of that used in this work.
C ] The exact nature of EROs is still very uncertain because they
6 ] areonly detected at relatively faint infrared magnitudes, and are
<y - - therefore extremely faint at optical wavelengths because of their
\ - - red colors (see, for example, Fig. 9 in Cowie et al. 1996). We
- o [ - find that all three EROs selection criteria adopted here produce
- | | | 1 samples that are significantly underpopulated of bright objects,
5 ‘ 4 ‘ 5 5 with respect to the total sample &f s-selected objects. The

logarithmic slope of the number counts 6f— Ks > 1.8,
R—K I-Ks > 4.0,andR—Ks > 5.0objectsare 0.34,0.39,and 0.36

Fig. 1. Color—color tracks for galaxies with different star formatior}[fSpeCtlvely’ over th.é9'5 < Ks < 21.'0 magnitude mterv_al.
histories. The observed colors as a function of galaxy redshift, in t Qere are no EROS Inour SamF_"eS brighter than= 18. This
interval0 < = < 2, are plotted for an elliptical galaxy (solid line, filled f2Ct, coupled with the observation that the average color of the
squares), an early-type spiral (dotted line, open circles), and a late-t@gdaxy population shows a definite blueing trend at these faint
spiral (dashed line, open triangles). The dots identify redshift intervdizagnitudes (resulting from a stronger star formation activity in
Az = 0.1, starting from the bottom-left in each panel. The colors ate ~ 1 galaxies when compared to local ones), and that redshift
computed using population synthesis models from Bruzual & Charletirveys limited toX' = 18 do not include any: > 1 objects
(1993), assuming and+75kms 'Mpc™", Qo = 0.3 cosmological (Songaila et al. 1994; Cohen et al. 1999), can be considered as
model, Salpeter IMF, and solar metallicity for all galaxies. strong circumstantial evidence in favor of EROs being, for the
most part, quiescent high redshift objects.
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Table 3. Comparison between single- and multi-color EROs selection criteria

RIJK s area (23.5 square arcmin)
Ksiim N(J — Ks > 1.8) N(I — Ks > 4.0) N(R — Ks > 5.0) N(Ez > 1)

19.0 15 5 3 3
195 25 14 9 8
20.0 39 20 11 10
20.5 64 33 21 17
21.0 100 56 30 23

The infrared criterion/ — Ks > 1.8 appears to be the selected sample, Barger et al. (1999) concluded that volume
least restrictive of the criteria used to define EROs, producidgnsity of highz field ellipticals could be no more than 50% of
a sample of 87 (190) objects brighter thans of 20.0 (21.0) the current epoch volume density. But as Table 1 illustrates, us-
over the 43 square arcmin covered by &K s observations. ing similar selection criteria, we derive an EROs surface density
The corresponding surface brightness is 2.0 (4.5) objects paee times larger than the Barger et al. result. Simply scaling
square arcmin. On the contrary, tiie— Ks > 5.0 criterion by the implied Barger et al. surface-to-volume density ratio,
appears to be the most restrictive one, producing a sampleoof analogous upper limit on highfield ellipticals is larger
22 (54) objects brighter thafi' s of 20.0 (21.0) over the samethan the current epoch value. Only measuring the true redshift
area, that correspond to a surface density of 0.5 (1.2) objedistribution of both samples will resolve this contradiction.
per square arcmin. The— K's > 4.0 criterion produces a sam-
ple size intermediate between the previous two sample sizes.
This sample is composed of 20 (56) objects brighter thiaof 4. A multi-color selected EROs sample
20.0 (21.0) over the 23.5 square arcmin covered byRhéK s ) ) )
observations. The corresponding surface density is 0.8 (2.4) Bbthe previous section, we discussed EROs samples constructed
jects per square arcmin. The more extrefe Ks > 6.0 and u;mgasmgle.—cglorcnterlon. Such single-color samples will ob-
I — Ks > 5.0 selection criteria produce samples of 4 (17) an\(g].ously contain mterlopers to a greater or Ie;ser degree f_or one
2 (11) objects brighter thaR s of 20.0 (21.0), corresponding toSimple reason: one coIo_r is not gnough .to u'nlquely determln.e the
surface densities of approximately 0.1 (0.45) objects per squéfénplete SED of any given object. This simple fact has driven
arcmin. modern photometric redshift surveys to increasing numbers of
It is clear from the comparison with previously publishefilters to more accurately constrain the measured SED (e.g., Koo
EROs surveys that the measurement of their average surfa@go)- In a similar vein, we can use the three colors available to
density is still affected by large uncertainties, most likely du¢s (B — K, I — K, andJ — K) to construct an EROs sample
to the combined effect of the large-scale clustering and smfpich should have a higher yield of actual high-redshift ellip-
survey areas (see Talle 1). The surface densifrofcs > 5.0  fical ga_IaX|es. We are applymg_ avery str_alghtfor_ward pr|_nc_|ple
objects brighter thafi s = 20.0 that we have derived is smallerhere: high-redshift (z- 1) passively evolving luminous ellipti-
by a factor of 2.5 than that reported by Cohen et al. (1999), m&&ls will tend to satisfy all three criteria smultaneogsly while
sured over an area approximately one third as large as the ond@st Sample interlopers (e.g., dusty starburst galaxies, M-type
use in this work. At the same time we find a surface density dvarf stars) will not. Therefore, out/.J i sample will better
I— Ks > 4.0 objects brighter thaf s = 20.0 more than three Constrain the high-redshift elliptical galaxy volume density up-
times higher than that measured by Barger et al. (1999) o limit, although it might still contain a number of early-type
an area approximately three times as large as the one we §8#2l galaxies with redshift ~ 1.6-1.8, as discussed in the
Assuming Poisson statistics are the only source of uncertaiffVIous section. o .
in the measurements, these differences are both significant atTaPIeC8 presents the results of the application of the muilti-
approximately theSo level (99.36% and 99.75% significancesolor criteria to thg object catalog from. thg area covered by the
level, respectively). We remark that both those studies are badg/ /s observations, and compares it with the results of the
on samples limited to & -band magnitude of 20.0, and there@Pplication of the single-color criteria. We identify a sample of
fore the corresponding densities of EROs could be affected Hy (23) objects brighter thafts = 20.0 (21.0) that satisfy all -
subtle “edge of the catalog” effects. A good agreement is fouHyf€e color criteria, over an area of 23.5 square arcmin. This
instead with the density df — K's > 4.0 objects measured by cOrresponds to a surface density of 0.4 (1.0) objects per square
Cowie et al. (1996) over an area of similar extent to the one \#&°min. This density, although significantly smaller than the
use here. I — Ks > 4 sample, is still approximately 1.6 times higher
Taken all together these results indicate that it might be pf8an that reported by Barger et al. (1999). Using the Barger et
mature to derive any conclusion on the density evolution afdl Surface-to-volume density ratio again, we could conclude
on the formation epoch of elliptical galaxies from the currentf{pat ourRI.J K selected sample implies a high-redshift volume

available EROs surveys. For example, based on their K density comparable to the current volume density, i.e. that sig-
nificant number evolution has not occurred sinee Z.5.
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Fig.2. The R — K's color distribution forks < 21,R — Ks > Fig.4. The J — Ks color distribution forK's < 21,J — Ks > 1.8
5 objects in the area covered by thd.J K data (open histogram) objects in the area covered by tRd J K data (open histogram) com-

compared to the color distribution of the objects selected using the mBRSed to the color distribution of the objects selected using the more

restrictiveRI.J K criteria (shaded histogram). The latter objects are tgStriCtivelz J K criteria (shaded histogram). The latter objects are the
most likely candidates for > 1 passively evolving elliptical galaxies. most likely candidates for > 1 passively evolving elliptical galaxies.

The inset shows the color distribution for the enfife < 21.0 sample The notation is the same as in the previous figure. The inset shows the
in the same area. The vertical dashed line indicate&thek s ~ 5.0 color distribution for the entird{s < 21.0 sample in the same area.
single-band EROs selection criterion. For all histograms, the bin sifB€ Vertical dashedline indicates the- i's > 1.8 selection criterion.

is 0.2 mag. Objects in the reddest bin represent non-detections in @f4eCts in the reddest bin represent non-detections irf thand.

R-band, and are given an arbitrary very red color purely for display

purposes.

samples discussed in the last section. Consider Tdble 3 and
Figs[2-£4. Recall that all four bands are only available forthe
23.5 square arcmin area. To alimiting magnitud&ef= 21.0,

the 23 very likelyz > 1 passively evolving elliptical galaxies
are extracted from samples of 30— Ks > 5.0 objects (77%
efficiency); 567 — K's > 4.0 objects (41% efficiency) and 100
J—Ks > 1.8 objects (23% efficiency). The level of contamina-
tion is therefore very low in th& — K's > 5.0 sample (around
20%), and increases dramatically when we move to colors based
on filters with a smaller wavelength difference between them,
reaching approximately 75% level for the- K's > 1.8 sample.

Can we conclude tha — K's > 5.0 is the best criterion to
search for high-redshift ellipticals when no other information is
available? This question will be addressed further in Papers 2
L L L L and 3, as we study other EROs samples and do a more exten-

4 5 6 7 sive color plane analysis of possible contaminating populations
I-Ks (mag) using spectral synthesis models.

Fig. 3.Thel — K s color distribution forK's < 21, I— Ks > 4 objects We close by remarking that there is no evidence for high-
in the area covered by theI.J K data (open histogram) compared tdedshift clusters in the 23.5 square arcmin area covered by our
the color distribution of the objects selected using the more restrictifel J K selected sample. However, there appears to be one high-
RIJK criteria (shaded histogram). The latter objects are the masidshift cluster candidate in the tot&UV K area. This topic is
likely candidates for > 1 passively evolving elliptical galaxies. Thediscussed more extensively in Scodeggio et al. (2000, in prepa-
notation is the same as in the previous figure. The inset shows the celgtion).

distribution for the entires < 21.0 sample in the same area. The

vertical dashed line indicates tHe— K's > 4.0 selection criterion.

Objects in the reddest bin represent non-detections itfi-thend. 5. Summary

12 —

AN RARANRRARRRRRE=

ot b g

Number of objects

We have used the publicly available EIS-DEEP optical-NIR
We can also use our multi-band selected sample to quantifgta for the AXAF (Chandra) Deep Field to construct samples
the likely contamination fraction in the single-band selectesf Extremely Red Objects (EROS) using various color criteria
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consistent with passively evolving elliptical galaxiessat 1. CohenJ.G., Blanford R., Hogg D.W., Pahre M.A., Shopbell P.L., 1999,
Our conclusions can be summarized as follows: ApJ 512, 30
Cowie L.L., Songaila A., Hu E.M., Cohen J.G., 1996, AJ 112, 839
1. The surface density of EROs is still far from being reliablya Costa L., Nonino M., Rengelink R., et al., 1999, A&A, in press
determined, and there are significant differences in differ- (astro-ph/9812105)
ent surveys. The EROs surface densities derived here Dievillard N., 1998, Eclipse Data Analysis Software Package (ESO:
between the values derived for other studies. A larger, and Garching)

preferably non-contiguous, area should be used to befgdprgovski G.S., Soifer B.T., Pahre M.A,, etal., 1995, ApJ 438, L13
constrain EROs surface density. D’Odorico S., Beletic J.W., Amico P., Hook I., Marconi G., Pedichini

. F., 1998, Proc. SPIE 3355, 507
2. Just one color measurement is not enough to select accu- ’ o
rately likely z > 1 elliptical galaxies. However, if obtainingcgug::npé':]Peljﬁgzlﬁl_‘]é’eﬁ%nrgi:dézgak’ 11%%% ’1233;3316 5;3 4%8
more than one color is impossible or undesirable for SOME&, 1ier A S Hook R.N.. 1998 (astro-p.h’/98081087) '

reason, our results suggest that- K is the most efficient gardner J.p., Cowie L.L., Wainscoat R.J., 1993, ApJ 415, L9

color to use. We will study this issue further in our nexgranam J.R., Dey A., 1996, ApJ 471, 720

paper. Kauffmann G., Charlot S., White S.D.M., 1996, MNRAS 283, L117
3. We have used multi-band EROs selection criterion to caKeo D., 1985, AJ 90, 418

struct a sample of likely > 1 passively evolving elliptical Landolt A.U., 1992, AJ 104, 340

galaxies. Our derived surface density is consistent with littlérson R.B., 1974, MNRAS 166, 585

or no volume density of such objects since- 1.5. This Lilly S.J., Tresse L., Hammer F., Crampton D., LeFevre O., 1995, ApJ

resultis tenuous, as well as being based on very simple ar u-495, 1(102 Cubv 1.6.. Lid C. 1988 The ESO M o1
ments, and requires spectroscopic followup to confirm the 0 Wood A, &Uby J.5., Lidman L., » 1he essenger 94,

nature of the multi-band selected EROs population. )\ ciovac | A Davis M., Graham J.R., et al., 1997, ApJ 475, 445
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