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Abstract

We present the results of an imaging survey to search for gravitationally
lensed arcs in a sample of 40 EMSS clusters of galaxies. The lensing fre-
quency obtained suggests that the X-ray selection is the preferred method
for finding true, massive clusters which are more likely to exhibit the lensing
phenomenon.

1. Introduction

Giant arcs are images of distant galaxies, gravitationally distorted by mas-
sive foreground clusters. Arc redshifts are systematically measured to be
greater than the cluster redshifts (see among others Soucail et al. 1988;
Pell6 et al. 1992) and very similar to those of galaxies found in deep red-
shift surveys. This fact, combined with the symmetry and locations of the
arcs, confirm the gravitational lensing idea. As the physics of the lensing
is understood, we may use the properties of the arcs to probe the mass
distribution in rich clusters. Another promising field of investigation is the
study of the properties of very distant normal galaxies which are the “source”
of the lensing. A large number of clusters needs to be observed to derive
global properties of either the lens or the sources and large amounts of
telescope time need to be allocated for both imaging and spectroscopy. A
high efficiency procedure to search for arcs is then required.
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We have been involved in an observational program to image a sample
of 40 of the highest X-ray luminosity Extended Medium Sensitivity Survey
(EMSS; Gioia et al. 1990) clusters with L, > 2 x 10* ergs/s and with
redshifts in the range 0.15 < 2z < 0.83, in order to search for gravitational
lensing (Gioia and Luppino, 1994; Luppino et al. 1994). We assume that the
hot, X-ray emitting gas is a tracer of the total gravitational potential of the
cluster, both visible and dark matter. High X-ray luminosity is therefore
a sign of a deep potential well and thus is an indicator of a true massive
cluster, likely to exhibit the lensing phenomenon.

2. Observations

CCD images of the clusters were obtained during the period from May of
1992 through January of 1994 using the University of Hawaii 2.2m telescope
equipped with a Tektronix 2048 x 2048 CCD. R band images of all 40
clusters, and B band images of some of the clusters were acquired during
8 observing runs in photometric conditions and in excellent seeing (median
seeing value of 0.8 FWHM in R and 0”.9 FWHM in B). Additional V and
I images of a few clusters using both the UH 2.2m and the CFHT were
taken. The image scale was 0”.22/pixel and the field of view was 7.5 x 7'.5
(1.54hzg Mpc x 1.54hzd Mpc at 2=0.15 and 3.74hz) Mpc x 3.74hz! Mpc
at 2=0.82). Although gravitationally lensed arcs are known to be relatively
blue, they are still more easily detected in the R band since their average
B — R color is roughly 1.3 (Soucail 1992). The additional B or V band
images were taken to allow us to recognize any gravitational arcs by their
relative blue color compared to the red cluster galaxies.

3. Results and Discussion

There is evidence of strong gravitational lensing in the form of giant arcs
(length ! > 8", axis ratio A > 10) in 8 of the 40 clusters. Two additional
clusters contain shorter arclets, and 6 more clusters contain candidate arcs
that require follow-up observations to confirm their lensing origin. Luppino
et al. (1994) present a fully description of the Hawaii arc survey and dis-
cuss the results obtained. We give here a brief summary of the resulting
lensing frequency which is 20% for giant arcs, 25% for “secure” cases of
lensing, and may be as high as 40% if all the candidate arcs prove to be
real. There is a trend for giant arcs to be contained in the higher X-ray
luminosity clusters (L, > 1045 ergs—!), thereby confirming our hypothesis
that high X-ray luminosity does identify the most massive systems more
likely to exhibit lensing. Figure 1 is a mosaic of eight EMSS clusters, seven
of which contain giant arcs. The top two are MS0302.7+1658 (arc first re-
ported in Girauud, 1991; see Mathez et al. 1992 for a complete study) and
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MS0451.6—0305 (discovered by Luppino et al. 1994). The following clus-
ters are (from left in clockwise order) MS0440+0204 (Luppino et al. 1993);
MS1006.04+1202 Le Févre et al. 1994); MS1455.042232 (arclet candidate,
Smail et al. 1994a,b); MS2137.3—-2353 (Fort et al. 1992); MS2053.7-0449
(Luppino and Gioia, 1992); MS1621.5+2640 (Luppino and Gioia, 1992).

The results from our survey are consistent with the predictions by sev-
eral authors that compact lenses produce more arcs (Hammer, 1991; Wu
and Hammer, 1993). The high rate of occurrence of arcs (eight out of forty
clusters contain giant arcs corresponding to a frequency of 20%), combined
with the observed geometry of the arcs, indicate that the cluster central
mass density profiles must be compact (Hammer, 1991, Hammer et al.
1993, Grossman and Saha 1994). There is also evidence of mass substruc-
ture in the central cluster cores as indicated by the presence of several
arcs with large radii of curvature and from the observed orientation of the
lensed arcs. We refer the reader to Luppino et al. 1994 for a comprehensive
discussion of the results presented here.

We are presently obtaining spectra of the newly discovered arcs with the
CFH and Keck telescopes to confirm the lensing hypothesis. Deep imaging
observations with HST and X-ray observations with ROSAT and ASCA
are also planned. The multiwavelength approach will allow to probe the
structures of the sources and the state of the cluster X-ray gas.

This work received partial financial support from NSF Grant AST-
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The UH CCD cameras were constructed using NSF Grant AST-9020680.
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Figure 1 - CCD mosaic of 8 EMSS clusters containing arcs.
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