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Abstract

We presensomeearly resultsfrom our deepimagingsuney of galaxyclustersintendedto

detectand study intraclusterlight (ICL). From our obsenationsto date,we nd thatICL

is commonin galaxyclustersandthat substructuren the ICL alsoappeargo be common
aswell. We alsodiscusssomeinitial comparison®f ourimagingresultsto high-resolution
numericalsimulationsof galaxyclustersandgive avenuedor futureresearch.

1.1 Intr oduction

The concepbof intraclusterstarlight(ICL), or starsbetweerthe galaxiesin galaxy
clusterds notanew one:it was rst proposedver 50 yearsago(Zwicky 1951). However,
progressin studyingICL hasbeenslow dueto its low surface brightnesswhich is less
than 1% of the brightnesf the night sky (seeVilchez-Gémez999, Feldmeier2000for
reviews). Thisis unfortunatepecauséCL is a powerful probeof the evolution of galaxies
in clustergDresslerl984),andof clusterevolution overall.

In the last six yearshowever, the study of ICL hasincreaseddramatically Numerous
individual intraclusterstarshave beendetectedn nearbyanddistantgalaxy clusters(Arn-
aboldietal. 1996; Theuns& Warren1997;FeldmeieyCiardullo& Jacobyl998;Femuson,
Tarvir & vonHippel 1998;Durrell etal. 2002;Feldmeieretal. 2003;Arnaboldietal. 2003;
Gal-Yametal. 2003). At the sametime, deepimagingof clusterswith CCD detectordhave
alsodetectedheintraclustedight (Uson,Boughn,& Kuhn1991;Vichez-GomezPello, &
Sanahujal994;Bernsteiretal. 1995;Gonzaleztal. 2000). Detectionof tidal debrisarcs
(Trentham& Mobasherl998;Gregg & West1998;Calcaheo-Roldaretal. 2000)in clusters
have shavn that at thereis signi cant substructuren the ICL, andthatthe productionof
ICL is ongoing.

Encouragedy theseresults,we have undertalena deepimagingsuney of galaxyclus-
ters,intendedto quantify the propertiesof ICL asa function of ervironment,and overall
galaxyclusterpropertiesFromourdeepimaging,with carefulattentionto systematierrors
(e.g.,Moarrison, Boroson,& Harding1994; Morrison et al. 1997),we areableto measure
thelCL to faint surfacebrightnessesary magnitudeselow thatof the night sky ( v,ICL

26-28). In tandemwith the obsenations,we are constructingnumericalsimulationsof
galaxyclustersn acosmologicatontext, similar to thoseof Dubinski(1998).

Here,we presenthe resultsof our deepimagingsurwey to date. We notethatthereare
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severalothersearchefor ICL undervaythathave complementargoals(seeGonzaleztal.
thisvolume;Krick etal. thisvolume).

1.2 The Survey

For our initial surwey, we focus on observingAbell clusters(Abell, Corwin, &
Olowin 1989) at large distanceclasseq5-6, correspondingo z  0.1-0.2). This is to
ensurethatthe entireclusteris containedn our eld-of-view for goodsky subtractionput
the clustersare not so distantthat cosmological(1+2)* surfacebrightnessdimming is a
major effect. We arealsoobservinga few nearbyclustersfrom the MKW/AWM (Morgan,
Kayser White 1975, Albert, White, & Morgan1977)asa comparisonsample. Our goal
is to gathera representativesampleof clusterswith differentrichnessBautz-Moganand
Rood-Sastryypes.We have obsenedtenclusterssofar (AC084,98,545,801,1234,1413,
1553,1914,2443andMKW 7), andplanto obsene 4-5morebeforecompletingthisinitial
suney.

We obsene usingthe KPNO 2.1m, andimagethroughthe WashingtonM lter, which
is similar to V but containsfewer night sky emissionlines. We usethe ultra-deepsurface
photometrytechniquesf Morrison, Boroson,& Harding(1994)for our obsenationsand
datareduction.We spendhalf of our telescopdime constructingour darksky ats (which
are at to 0.3%on all scalesin the worst case),andthe other half observingthe clusters.
We thencarefullymaskoutall objectsin ourframes,usingacombinatiorof the DAOPHOT
(Stetsonl987),SExtractor(Bertin & Arnouts1996)andour own software. After detecting
thelCL, we constructanerrormodelfor eachclusterthatincludesall sourcesf error, both
randomandsystematic Our datahasa signal-to-noisef ve (including systematicerrors;
seeFeldmeieret al. 2002for anexampleof the errormodel)at a surfacebrightnesof 26.5
magarcsec?. Thesignal-to-noiseatio approachesnity at y= 28.3magarsec?.

Theresultsof the rst two clustershave beenpublishedn Feldmeieretal. (2002): work
is ongoingon the otherclusters.A mosaicof the rst ve clustersis shovn in Figure1.1.
Oncethis initial surwey is complete ,we planto obsene nearbyclustersusingthe CWRU
Burrell Schmidt,whichis currentlybeingoptimizedfor ultra-deepsurfacephotometry

1.3 Results
From the clusterswe have obsened sofar, it seemghat diffuseintraclusteright

andintraclustertidal debrisis commonin galaxyclusters.Fig 1.2 shovs an exampleof a
tidal plumesuperimposedver the brightestclustergalaxyin the clusterMKW 7. Similar
tidal featurescanbe seenin Abell 1914(seetheboxedregionsin Figurel.1),andin several
other clusters. Although our sampleis still small, it seemshat the clustersthat are cD-
dominated(Abell 1413, MKW 7) have smoother moreregular ICL thanthosein clusters
thatdo nothave acD galaxy(ACO 1234,1553& 1914).In thesenoncD clustersthe ICL
follows anirregulardistribution, andis not well correlatedvith galaxydensity

Tidal featuresof thekind we have detectedcanbe seenin high-resolutiorclusterN-body
simulationg(e.g.,Mooreetal. 1996;Dubinski1998; Dubinski,Murali, & Ouyed2001;see
alsoWillman, this volume), but thusfar we have seenfew long tidal debrisarcs. Plume-
like intraclusterdebrisstructureseemo be morecommonin the clusterswve have suneyed
thusfar. However, it is clear from the simulationsthat the vast majority of tidal debris
seenin clustersimulationshasa surfacebrightnessmuchlower thanour limit of y=26.5
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magarsec? for theinitial obsenations. The structureghatwe have obsenedarelikely to
bethebrightestfeaturedn eachcluster

Anotherinterestingfacetof our obsenationsis the natureof cD galaxyernvelopeswhich
are characterizedy an excessof diffuselight (comparedo an R* # law) at large radius.
The origin of cD ervelopesemainsunclear:arethey formedin theinitial stagesf cluster
collapse(Merritt 1983,1984),or later, asgalaxiescontinueto fall in the clusterandbecome
tidally stripped?The acceptediiew of cD envelopes(Schombertl992)is thatcDsin rich
galaxyclustershave large extendedcD ervelopeswhile brightestclustergalaxiesin poorer
clustersdo not. In our obsenationsof Abell 1413andMKW 7, we have foundthe opposite
behaior: MKW 7, apoorclusterhasa strongcD ervelope,while Abell 1413hasawealer
cD envelopethan previously measured. Since other researchersiave also found cDs in
rich clusterswith pure R! 4 laws (e.g., Gonzalez2000), this may signify that the earlier
photographisurfacephotometryof cDsmayneedto bere-examined.

1.4 Futur e Work

Our initial surney will be completedby the end of 2003: we thenplanto begin
obsenationsontheBurrell Schmidt. Thewide eld of view of theSchmidt( 1.5degrees)
will allow usto obsere morenearbygalaxyclusterswheremuchmoreis known abouttheir
propertiesWe alsoplanto run additionallarge-scalegalaxyclustersimulationsoverarange
of cosmologiegndinitial conditionssothatwe canmake detailedcomparisondetweerour
imagingsuney andtheoreticakesults.

A nal goalis to createquantitatve metricsfor the ICL thatcanbe usedon simulations
andobsenations.In Figurel.3we shov onepotentialmetric: theamountof stellarluminos-
ity asafunctionof surfacebrightnessappliedto the clustersimulationof Dubinski(1998)
at two differentredshifts. In this relation, dynamicallyevolved clustershave a shallaver
slopeto their “surfacebrightnesdistribution function” thandynamicallyyoungerclusters.
From comparisorof multiple simulations the intrinsic scatterin this slopeat x edredshift
islow ( 4%). More testingis neededbut the resultsseempromising.
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Fig.1.1. Imagesof ve clustersobsenedin this surwey. Fromleft to right andtop
to bottom,they are: Abell 1413,MKW 7, Abell 1914,Abell 1234,andAbell 1553.
The lastthreeclustersshowv only the centralsectionof the image;theseclusters
shav a wealthof ICL substructure.Many of the brighter galaxiesat the center
of eachclusterlie within alow surfacebrightnescommonervelope,andthereare
clearlyde nedtidal featuresmostnoticeablyin Abell 1914(denotedby theboxes).
This in contrastto the rst two clusters,which hadlesssubstructurgFeldmeier
etal. 2002).
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Fig. 1.2. Our residualimagefor MKW 7, afterthe best- tting elliptical model of
thecD + ICL hasbeensubtracted.The black ellipse shovs wherethe measured
surfacebrightnesshasa signal-to-noisgyreaterthan ve. A largetidal plumeis
apparenieadingfrom the centerof the imageto the right (south),and up (west)
of the galaxy's nucleus.The magnitudeof this plumeis approximatelyequalto a

smallgalaxy(My -17)
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Fig. 1.3. A surfacebrightnesshistogramof all starlightfrom a N-body simula-
tion by Dubinski (1998). As can be clearly seen,as the clusterevolves, more
starlightis accreted causingan offsetbetweenthe two histograms)andstarlight
is strippedfrom the high-surfaicebrightnessgjalaxiesandre-distributedinto lower
surfacebrightnesdCL features.This stripping causeghe surfacebrightnesshis-
togramslopeto becomemoreshallav overtime. Thisrelation,whichis in principle
obsenable,mayallow usto placelimits onthe dynamicalageof galaxyclusters.



