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Abstract. Surface brightness measurements of the diffuse intracluster light (ICL) in centrally
concentrated, relaxed clusters have demonstrated that stars bound only to the cluster potential
can contain anywhere from 5 to 50% of the total cluster flux. These stars are a by-product
of the evolution of galaxies in clusters, and can be used to constrain models for the structure
and evolution of clusters and their member galaxies. The ICL will be an important test of
cosmological models as it is a baryonic component of clusters that is likely to evolve with redshift.
To learn about these processes we are undertaking a program to measure the characteristics of
the ICL (total flux, color, and substructure) as a function of cluster mass, morphology, and
redshift. We have obtained data for a sample of 10 clusters at low and moderate redshifts.
We discuss here our preliminary results for one cluster in that sample, A3888. With 4-5 hour
integration times on-source per filter (V & gunn-r), we reach a 1 sigma surface brightness limit
of 29.9 mag/arcsec? in the V band. We have identified an intracluster light component that is
~ 10% of total cluster light, extends to 600 kpc from the center of the cluster, and is redder in
color than the cluster galaxies (V — r = 0.4 near the center, increasing to V. —r = 0.8 at r =
500 kpc). In addition we find 3 low surface brightness features which are blue (V —r ~ 0), and
in total are equivalent to one my = 20.8 mag galaxy.

1. Introduction

Diffuse intracluster light comes from stars which are bound only to the cluster potential
and not to an individual galaxy. Studying the ICL can give insight into the physical
processes which drive the formation, morphological evolution, and star formation histories
of galaxies. In particular the ICL is interesting because it depends on the structure of
the galaxies themselves, the interaction histories of the galaxies, and the details of star
formation and how it is triggered inside (or outside) of galaxies. Additionally, the ICL,
which is typically not included in the baryon census, will effect the baryon fraction of
clusters and the change of baryon fraction as a function of time. If the ICL fraction does
indeed evolve with redshift, it will have a systematic effect on the redshift dependence
of the baryon fraction. Recent work by Allen, Schmidt, Fabian, & Ebeling (2003) has
used a change in baryon fraction with redshift of a few percent to constrain cosmological
parameters.

ICL measurements in the literature indicate that the ratio of ICL to total cluster light
is 5 — 50% (e.g., Vilchez-Gomez, Pello, & Sanahuja 1994; Bernstein, Nichol, Tyson, Ul-
mer, & Wittman 1995; Gonzalez, Zabludoff, Zaritsky, & Dalcanton 2000; Feldmeier,
Mihos, Morrison, Harding, Kaib, & Dubinski 2004). Theoretical models and N-body
simulations over the last 20 years have also predicted similar values for the ICL fraction
(e.g., Malumuth & Richstone 1984; Moore, Katz, Lake, Dressler, & Oemler 1996; Du-
binski 1998; Mihos 2004). Both the measurements and the modeling have now become
sophisticated enough to make real advances in this field.
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Figure 1. The center of A3888 in V. The grey—scale is linear over the range 20.4-29.5 mag
arcsec” 2. An extended diffuse component is evident in the cluster core.
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2. The program

We have observed a sample of 10 clusters as an addition to the forming statistical
sample in the literature. These clusters were selected based on 3 main properties; (1)
available X-ray observations giving an estimate of the masses, (2) the clusters are rep-
resentative of a range in cluster mass, morphology, richness and redshift, and (3) they
are at low HI column density and high galactic latitude to avoid the effects of galactic
extinction and light (see Table 1). A few selected clusters have lensing mass estimates as
a complimentary method of determining cluster mass.

We have fully reduced one cluster in our sample, A3888, for which we have ~ 4.5
hours total integration time on source with the LCO 100” duPont telescope in both
V and gunn-r. In addition 1/3 of the total exposure time over the run was devoted to
blank sky images to create night sky flats. The data were processed in the standard way
with special attention paid to flat fielding and sky subtraction. A large-scale flat fielding
accuracy of 0.1% of the sky value is reached to achieve our goal of measuring the ICL to
29.9 mag/arcsec? in the V band. Figure 1 shows the fully reduced image of the central
Mpc of A3888. It is evident that this cluster does not have a ¢D galaxy, however the three
central clumps of galaxies are confirmed members. These central galaxies are not well
fit by deVaucouleurs profiles or any combination of Sersic and exponential disk profiles.
This cluster is dynamically active, which will be important in interpreting the flux and
substructure in the ICL.

3. Substructure

Using the technique of unsharp masking, we find 3 possible tidal features all within
the central 500 kpc of A3888. There are 2 small arcs (10 kpc x 3 kpc) near to the
center of the cluster and 1 large (90 kpc x 13 kpc) diffuse, tail-like feature at ~ 500 kpc
from the center. These objects are unlikely to be gravitational arcs since they are not
oriented tangentially to the cluster distribution. The diffuse nature of the large feature

https://doi.org/10.1017/51743921304000468 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921304000468

222 Krick and Bernstein

24

26—

28—

30 3 sigma Accuracy Limit

Surface Brightness (mag/squarcsec)

32 0
0 50 100 150 200 250 300
Semi—major Axis (arcseconds)

Figure 2. Radial profile of A3888 in V and gunn-r. The solid lines surrounded by shading show
our measurement of the SB of the ICL as a function of radius in the r (solid shadings) and V
band (hatched shadings). Error bars on the solid lines are standard deviation on the mean in
each of the elliptical annuli. As mask size is a concern, we have adjusted the mask size+30% and
plotted those surface brightness’ as the shaded lines above and below the solid lines respectively.
Total cluster flux is shown in the r (solid) and V (dashed) lines. A 3-sigma accuracy limit from
the large scale flat fielding is shown for both r (solid) and V(dashed).

also suggests that it is tidal in nature. We cannot yet rule out the possibility that the 2
smaller features are low surface brightness galaxies seen edge-on.

All three features are blue in color, V' — r ~ 0.0, implying a young population coming
from late-type galaxies. The total flux in these 3 features is equal to one r = 20.8 mag
galaxy, which is 10% of an M* galaxy. Given a cluster crossing time for this cluster of 3.5
Gyr and assuming these tidal features will dissipate in ~ 1 crossing time, over 1 Hubble
time approximately % of an M™* galaxy will be contributed to the ICL through the visible
tidal features.

4. Surface brightness

To measure the flux in the ICL we remove all flux in the image due to detected stars
and galaxies. We use SExtractor (Bertin & Arnouts 1996) to identify all sources down
to my = 24.8 mag with sizes greater than 1.5” at a SNR of 5. We determine the PSF of
this telescope to a radius of 120” (450 pix) by combining the profiles of super-saturated
stars with non-saturated stars. The PSF is well fit by a Moffat function, which is used
to subtract all stars from the image. The galaxy profiles, on the other hand, are not easy
to quantify as they do not have a simple analytic form. In order to avoid errors from
imperfect galaxy subtraction techniques, we mask all galaxies to 2.0 - 2.5 times their
isophotal radii as defined by SExtractor. The masks are large enough that mask size has
a negligible effect on the inferred ICL as described below.

After subtracting the stars and masking the galaxies, we smooth the image with a
5x5” boxcar, and then fit the resulting image with the IRAF routine ELLIPSE, (see figure
2). ELLIPSE is unable to fit isophotes in the very center where many pixels are masked,
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but quickly takes up a position angle similar to that in the x-ray image at larger radii,
indicating that the ICL is following the underlying mass distribution of the cluster.
Figure 2 also shows 30 accuracy limits for the large scale flat fielding and background
subtraction.

To identify the surface brightness profile of the resolved cluster galaxies we estimate
cluster membership based on the color magnitude relation for this cluster. Those galaxies
which lie within 1o of a biweight fit to the color magnitude diagram are taken to be
cluster members. In addition to this color cut we have also made a measurement of the
contribution due to foreground and background galaxies by measuring the galaxy flux in
a background annulus 1Mpc from the center of the cluster. More accurate measurements
of cluster membership will come from a luminosity function (LF).

5. Discussion and conclusions

We have identified an intracluster component in A3888 out to 600 kpc from the center
of the cluster down to ~ 30.0 mag/arcsec? in the V and gunn-r band. We show that this
component does not follow the same light profile as the resolved sources, but rather has
a steeper surface brightness profile. This ICL component is found to be aligned with the
hot gas in the cluster as evidence of its correlation with the underlying mass distribution.

The ICL is redder than the galaxies, implying origins in an older population of stars.
We find preliminary evidence for a color gradient in the ICL, where the ICL becomes
redder with increasing radius (V —r = 0.4 — 0.8).

Comparing the ICL to cluster galaxy flux, we find that the ICL component in A3888
accounts for ~ 10% of the total cluster flux. A more accurate estimate of cluster flux
will come from a LF, for which data has kindly been made available by Pimbblet, Smail,
Kodama, Couch, Edge, Zabludoff, & O’Hely (2002). A LF will also provide us with
an estimate of the flux from LSB galaxies below our detection threshold, which we are
currently unable to disentangle from the ICL.

Reduction of the remaining sample of 9 clusters continues. Once complete, we will be
able to examine the exciting physics locked up in the dependence of the ICL on cluster
characteristics.
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