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Abstract. Radio, optical and X-ray observations of the poweinclude (a) the very clumpy morphology as observed by t
ful radio galaxy PKS 1138-262 at= 2.156 have suggested HST (Pentericci et al. 1998), reminiscent of a massive mergi
that this galaxy is a massive galaxy in the center of a formaystem; (b) the extremely distorted radio morphology and t
ing cluster. We have imaged 1138-262 and the surroundingd&ection of the largest radio rotation measures (6200 rai) m
square arcminute field with the Very Large Telesﬂjpa broad in a sample of more than 70 HzRGs, indicating that 1138-2
band and a narrow band encompassing the redshifte@hyis- is surrounded by a hot, clumpy and dense magnetized medi
sion. We detect 50 objects with rest equivalent width larger thé@arilli et al.[1997; Pentericci et al.2000); (c) the detection
20A and a luminous, highly extended dyhalo around 1138— X-ray emission around 1138—262 (Carilli et al. 1998), indica
262. If the radio galaxy is at the center of a forming clusteng the presence of hot cluster gas, although a contribution
as observations at other wavelengths suggest, these objectsher&-ray luminosity by the AGN cannot be precluded. For thi
candidate Ly emitting cluster galaxies. reason, we chose 1138-262 to carry out a pilot study with t
VLT, to search for direct evidence of clusters at high redshi
Key words: galaxies: active — galaxies: clusters: general Fhere are various techniques for detecting high redshift co
galaxies: evolution — galaxies: luminosity function, mass funpanion galaxies. The colour selection technique used to fi
tion — cosmology: observations — cosmology: early UniverseLyman Break Galaxies (LBGs) (Steidel & Hamilton 1992) i
not feasible at the redshift of 1138—-262, since the Lyman li
falls at 2878A, which is well below the atmospheric cutoff.
Therefore we have adopted the strategy of narrow band im
ing at the wavelength of the redshifteddine. This technique
Observations of clusters at high redshift £ 2) can directly is capable of detecting galaxies at redshifts similar to the ra
constrain cosmological models (e.g. Bahcall & Fan 1998), bgalaxy redshift having strong byemission.
searches based on colours or narrow band emission have not es-
tablished the presence of massive clusters @aé&et al. 1996;
Pascarelle et dl. 1906; Keel et[al. 1999). There are several ili-Observation, data reduction and calibration
cations (e.g. Pentericci et al. 1999) that powerful radio galaxies . . . .
at high redshift (HzRGs) tend to be in the center of forminﬁarrOW and broad band imaging was carried out on April

clusters. The powerful radio galaxy PKS 1138-262 at redsh||m gg}r?g #i%iv,ﬁtze:ngv?bzan; d\gill_t-rerp\\/:/q;: lglsJerl\)NEi;?\gh;soaiir:t
2.156 is a prime example of a forming brightest cluster galax velength of 3814 and a EWHM of 65A. For 1138-262

and has extensively been studied (e.g. Pentericci et-all 19 (& emission of Ly at 1216A is redshifted to 3838 which

The arguments for 1138-262 being at the center of a clus gl s within the range of the narrow band filter. The broad bal

Send offprint requests td.D. Kurk (kurk@strw.leidenuniv.nl) filter was a Bessel B with central wavelength of 42%and a
2 Based on observations carried out at the European Southern 88VHM of 880A, which receives both continuum and redshifte
servatory, Paranal, Chile, programme P63.0-0477(A). Lya line emission. The detector was a Tektronix CCD wit
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2048 pixels and a scale of 0/2per pixel. Eight separate 30 EW 195A
minutes exposures were taken in narrow band and six 5 minutes
exposures in B, shifted by 20" with respect to each other
to minimize flat fielding problems and to facilitate cosmic ray~
removal. The average seeing was'0a®d the & limiting AB
magnitude per square arcsecond was 27.8 for the narrow @d
28.1 for the broad band image. -m
Image reduction was carried out using the IRAF reductlog’
package. The individual images were bias subtracted and ﬂat
fielded by twilight flat fields for the narrow band and an avers 5
age of the unregistered science exposures for the broad bafd.
The images were then registered by shifting them in positicg
by an amount determined from the location of several stars @n
the CCD. The registered images were co-added and cosmic rﬁ/s
removed. To improve the signal to noise and the sensitivity t@ 0
faint extended objects, the resulting images were smoothed with
a Gaussian function having a FWHM df IThe spectrophoto- T
metric standard star GD108 (Oke 1990) was used to calibrate
the fluxes in broad and narrow band. Calibrationin broad bandis |
accurate to 0.1 magnitude, but absorption lines and a small break _g
in the part of the spectrum of GD108 which falls in the narrow 6
band inhibits equally accurate calibration for this filter. Instead, Flux density in B (10" ergss™ cm™ A™)
itwas assumed that the Spectrum IS f""?t in this wavelength ra ~10. 1. Flux densities of extracted objects are shown as dots. Plus signs
and the narrow band is calibrated relative to the broad band WiEresent 55 objects selected as narrow band emitters, diamonds are

an accuracy of 0.2 magnitude, as estimated from the Spectryip of the Ly halo of 1138— 262 5 are not shown since they have flux
of GD108. We assume that the median equvalent width (EWénsmes up to 8 10~ 18 ergs Lem™ A 1 , exceeding the range of

of a random sample of objects is equal to zero. Since the nigis plot) and triangles are the examples shown in[Fig. 3. Straight lines
dian EW of our Sample Calibrated by the standard star is equaEW 195, 130 and 6% divide the region of candidates in strong
to 0.5x 10719 erg stcem2 A1 , we subtract this number(13) average(11) and weak emitters (36) Also shown are lines of EW
from the narrow band flux densities of the extracted objects B A, narrow band flux density 2 10~ ergs™ cm~> A~" and the
compute the EW. In this way, we do not rely on the absolufedian N8 — B flux density of all extracted objects.

flux calibration.

10+~

Flux 2x10“19 i

Obijects displaying twice as much flux density in the narrow
band as in broad band have EWA&5T his equalsto arestframe
EW of 20.5A, very close to the 26 used as selection criterium
Detection and photometry of objects in the field around 1138y Steidel et al[{1999, S99). There are 60 objects with EW larger
262 was carried out using SExtractor (Bertin & Arnouts, 199&han 654 and narrow band flux density of at leask210~1 erg
We have taken advantage of all observing time by normalizisg® cm~2 A—1. The signal-to-noise of these objects is at least
and adding the narrow and broad band images to obtain makd-in narrow band, making the EW computation meaningful.
mum signal to noise for the majority of objects, which resultéd/e consider these to be candidatenlgmitting galaxies. We
in the extraction of 1727 sources. All detections have at leastbdivide the candidates in very promising ones with EW three
9 connected pixels with a value equal or larger than 2.5 timises this value (13) and promising ones with EW two times
the rms sky noise. During this first application of SExtractothis value (11), as shown in FId. 1. Ten candidates coincide with
aperture sizes and shapes were determined for each object pepks in the extended-(160 ka) halo of ionized hydrogen
arately. We gave the choice of aperture careful considerationdopund the radio galaxy. So in total, there are 50 previously
comparing the signal-to-noise for fixed circular apertures witinknown emitters with a range of narrow band fluxes from 0.1
arange of sizes and for elliptical apertures with a range of scade5x 10716 ergs s' cm~2. The positions of the emitters are
factors. The half lengths of the principal axes of the ellipticahown in Fig[2. Images of three candidates are shown ifiFig. 3.
apertures arekr, andkry /e, wheree is the ellipticity deter- We believe that there will be few or no low redshift inter-
mined by the isophots of the objeet, the first moment of the lopers, since [@1]A\3727 at redshift 0.02 is the only strong line
radial (non-elliptical) light distribution ank a scale factor. The which falls in the narrow band filter, apart from dyat red-
highest average signal-to-noise for faint objects was obtairguft 2.14. Galaxies at redshift 0.02 would easily be identified
with elliptical apertures using = 1.25. The apertures deter-by their large angular size. Since the narrow band is positioned
mined in this way were used to carry out photometry on thmn the blue side of the broad band, our sample will not be con-
narrow and broad band images. taminated by objects with abnormal colors as Extremely Red

3. Photometry and selection of Lyx emitters
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Fig. 3. Three probable cluster companions shown at the top in narr

+x band (Lyx) and at the bottom in broad band (B).

the occurence of close pairs in our sample, the correlation fu
tion shows a signal at short distances, but there is no evide
that the distribution of emitters is significantly different from
random distribution on scales larger tharf 20

S99 present an overview of luminosity functions of thre
Lya emission searches in their Fig. 5. We have converted
Lya luminosities to star formation rate (SFR) using the relati
Fig. 2. Relative positions in arcseconds of the 60 narrow band err[t;/(1500&) =8.0x10%" (SFR/M, yr—Y)ergss ! Hz~! (Madau
ters (including sources in the halo of 1138-262) in the final registergg al.[1998) and computed the number of emitters (omitti

. . - h /
image. The center of the image is at RA'M"AT.9, dec -262908 4 1aig galaxy halo objects) per SFR bin per Mpssuming
(J2000). Diamonds, plus signs and crosses are emitters with EW re-

spectively higher than 195, 130 and B5The Lya halo of the radio z = 2%62(3); glltﬁmltte{f. The C:.”H"?" V\:avelength f?ft thl%O
galaxy is visible as a concentration of symbols in the center of tmater IS In the reslirame, which IS close enough to

image. A to omit a K-correction carried out with an uncertain spectr

index. Fig[4 shows that the density of the cluster companions

1138-262 (plus signs with vertical error bars) is comparable
Objects or red M dwarfs or by objects with a break in thethe near-QSO search of Campos et al. (1999)-at2.6, which
spectrum around 3904 as LBGs atz ~ 3.3. Contamination represents a small overdensity relative to the blank field seal
by bright quasars will be small, since their surface density (0.0f Cowie & Hu (1998) at: = 3.4. The density is, however,
arcminm2; Thompson et al. 1999) is low enough that not mor@wer than the Lyman break galazpikeof S99 at: = 3.1. We
than 2 quasars will appear in our field. Although there still {3ave assumed that properties of forming clusters and gala
a possibility that we have selected some rare, very blue obje@gsnot change too fast to allow meaningful comparison betwe
with U - B < -1.3, we shall assume for the remainder of this p&lusters at different epochs. The figure also shows that we de

per that all objects with EW+ 65 A are Ly« emitting galaxies. SFR as low as 11¢ Mg, yr~!, while Cowie & Hu [1998) and
S99 reach their sensitivity limit at about 8Hh M, yr—!. This

is due, in part, to our sampling of a lower redshift range.
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4. Clustering analysis

Is there an enhanced density of galaxies around 1138-262?D®iscussion

the candidates make up a forming cluster? ) . .
The number of 50 Ly emitters in the 35.4 arcrriirfield (~ Although we have detected a number oélgmitters in the field

2.3 arcmir? is rendered unusable by bright stars) is equivalefif 1138-262, fromthe present data itisimpossible to unambi
to a surface density of 1.4 per arcriiffhe comoving volume ously determine whether a significant fraction of these obje
for this field size (8.3 Mp?) and redshift range2(110 < » < form part of t_he presumed cluster around 1138-262. Nc_Jtet
2.164) is 4758 Mpé, resulting in a volume density af1 x 10-2  the observations described here can only detect galaxies
emitters per Mp¢. A contour plot of surface density does noPrightLya emission lines not attenuated by dust and these mi

show a strong concentration of emitters centered on the ra@RynPrise merely a small fraction of the galaxy content of t
galaxy or anywhere else in the field. presumed cluster. First, of the whole population of LBGs

The angular two point correlation function was determinegjudied by S99 only 20% have a Lya rest EWA2QAbout 50%

by the Landy-Szalay estimator (Landy & Szalay 1993). Due gf the LBGs have the Lya region even in absorption. Seco
only a fraction of the cluster galaxies are likely to be activel

® Throughout this article, we adopt a Hubble constantfgE50 km forming stars. We assume that the ratio of early to late ty
s~ !Mpc~! and a deceleration parameterg£0.5. galaxies in the cluster around 1138-262 is the same as the 1
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10® or to be forming around 1138-262. We do not find a significant

overdensity of candidates compared to luminosity functions of

blank fields nor do we detect a strong concentration gradient in

- 1 our 8 Mp¢ field. The next step in our search for clusters at high

- +4  redshiftis to confirm the existence of thed.gmitters by multi

| T % | object spectroscopy at the VLT and determine the spatial corre-
lation function and velocity dispersion, which together with the

Jﬁ] size of the cluster will give a direct estimate of the total mass.

10°- #] % 7 Additionally, we will carry out X-ray observations of 1138—262

with the Chandra telescope.
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