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Interaction processebetweenthe compneris of clustersof galaxiesare efficient in remaving
gasfrom the galaxies andtransportig it into theintra-clustermedium. This transpor is respm-
siblefor the high metallicitiesfoundin theintra-clustemedium Sofarit is not quite clearwhat
the efficienciesof the various processeandtheir time dependenciesare. The curren statusof
obsenationaleviderce in termsof metallicity measuremes in clusters,spatialmetallicity dis-
tribution and metallicity evolution is reviewed in this article. Differenttypesof interactionand
metalenrichnentprocessearediscussedgalacticwinds, ram-pessurestripping,galax/-galay
interaction jets from AGN, and an intraclusterstellar popuation. Resultsof simulationsare
presentedvhich take someof theseinteractionprocessesnto account.
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1. Introduction

The comporentsof clugersof galaxies— galaxiesandintra-cluster medium(ICM) — interect
with eachothe in mary ways. Thereis moreandmoreobservational evidence that various types
of interaction processesare at work, which remove intergellar medium (ISM) from the galaxies.
This removed ISM intemixeswith the ICM, sothatthe nowadays obsewed ICM is a mixture of
both.

The deepgravitational potertial wells of clusersretan theintegratedproductsof nudeosyn
thesis. With the new X-ray observationgnetalsin the intra-cluger gascanbe measurd in detail.
As theintra-cluger gasrepresentanostof thebaryonic mattertheseX-ray obsevatiorns areof high
importancefor the undestandng of the evolution of clustes andtheir galaxes. Most of themetals
musthave bean prodwcedwithin the galaxiesandlater they have beentransporedby various inter-
action processedrom the galaxiesinto theintra-cluster gas.Hencethe metalsarea goodtracerfor
theinteraction processedhetweergalaxies andtheintra-duste gas.

Previous X-ray obsewations have shovn alreag thatthe metalabundane in theintra-cluster
medium is quite high, abaut onethird in solarunits (e.g. Fukazavaetal. 1998(ASCA), Petersoret
al. 2003 (XMM), De Grandietal. 2004 (BeppoSAX))andalrealy mary yeas agothere have been
attemptsto infer the origin of themetals(Arnaudetal. 1992). With theold X-ray satelltesROSAT,
ASCA, and BeppoSAX,however, it washardto drav condusions on the metal distribution any
moredetaikedthanaradialmetallicity profile (seee.g.De Grandietal. 2004 andon the evolution
of metalswith redsift (Schinder etal. 1999).

Thenew geneation of X-ray satelites XMM andCHANDRA brought abre& throughin the
investigaion of the metalenrichment. Their superior spatal andspectal resoltion together with
the high sengtivity madeit possble to measureD distributiors of metals: metallicity maps(e.g.
Schmidtet al. 2002; Furusto et al. 2003; Sandes etal. 2004 Fukazava etal. 2004 Hayakava
etal. 2004). Thesemapsshaws that, the metallicity hasclearly a non-uniform distribution and
a non-pherial distribution, which leadsto very interestingconclusiors. The mapsexplain why
the metalicity profiles in which all metallicitiesareazimuthally averaged, shav aflat distribution
in non-moling coresclugers: dueto the accunulation of photans from regions very far apartall
variationsaresmeare out.

Furtherinformation could be provided by observations of metalsin distant clustes. So far
attempts have beenmadeto measue metallicity evolution out to a redshift of 1.2 (Tozzi et al.
2003), but the situationis not very clearyet (Nagashimaet al. 2004). Differentdistributionsof Fe
andother elemens canbe obseved (e.g. Petersa et al. 2003; Tamuraet al. 2004), which allow
for condusionson the contributions of the different types of supenovae

Togethemwith the metalsalsoenegy is trangortedinto theICM. This topic hasreceiveda lot
of attenton recenly becaseit is corsideral a possble solution for the cooling/heating balencein
coding coreclugers(seeChuraze etal. 2002; Béhringeretal. 2004; Fabian2004).

2. Metal enrichment processes

All thesenew resuls have stimulaedalot of disaussian ontheorigin of metalsandtheenegy
transfer Given that mostmetalsmustcomefrom cluger galaxies,the high ICM metallidty (0.3
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solar) andthe small contribution of the galaxymassego the baryaic matterin a cluser (= 20%)
theamoun of materid thathasto be trangortedfrom the ISM to theICM mustbe consderalde.

2.1 Galactic winds

Already mary yearsagogalactt windsweresuggestedasa possible ISM transer mechaism
(De Young1978) The winds aredriven by supenova explosons. Sincethenwinds were often
held respnsilde for mostof the gastrangort. But recer observations and simulationsindicate
tha otherprocessesancontibute consderab;.

2.2 Ram-pressure stripping

One process that obtans more and more attertion is ram-gressue stripping (Gunn& Gott
1972). In the Virgo clusteralore at least7 examples of ram-pressureaffected spird galaxies have
bean found by HI obsevations (Cayate et al. 1990; Veilleux etal. 1999 Volimer et al. 1999,
Vollmer 2003, Kenng et al. 2004 Vollmer et al. 204a,b; Koopmann& Kenng 2004)andin
elliptical galaxies stripping featureshave beendiscoveredin X-ray observationge.g. Rangaraja
etal. 199%5). Also in the Comaand other clusersevidencefor ram-pressurestripping hasbeen
found (Bravo-Alfaroetal. 2000, 2001)

2.3 Galaxy-galaxy interaction

Anotherpossiblemechaismto remove gasfrom thegalaxesis interection betwea the galax
ies (e.g. Clemensetal. 2000. While the direct stripping effect is probably not very efficient in
clustersdueto the shortinteraction times, the close passgeof anoher galaxy cantrigger a star
burst (Barnes& Hernqust 1992 Mooreetal. 1996 Bekki 1999, which subsguenty canleadto
a galacticwind (Kapferer et al., in prep). Starburgs with sulsequat winds canalsobe cause
by cluste meigers (Ferrarietal. 2003,204), becaisein suchmegers the gasis compressedand
shack wavesandcold fronts areproduced(Evrard 1991, Caldwelletal. 1993 Wangetal. 1997,
Owenetal. 1999 Moss& Whittle 2000; Bekki & Couch2003. But there canalsobeacompeing
effect. ThelSM might be strippedoff immediate} by ram-presurestripping (Fujitaetal. 1999,
Heinzetal. 2003)andhencethe starformation ratecoud drop. In any casel SM would beremoved
from the galaxies.

2.4 Jetsfrom AGN

Jetsfrom AGN interactwith the ICM (e.g. Schinder etal. 2001, Blanton et al. 2001, Mc-
Namaraet al. 2001, Heinzetal. 2002,Choi etal. 2004). As this jet-ICM interaction can have
an effect both on the enegeticsandthe metalenrichmentof the ICM severd groups have started
to calaulate alsothis process(Zhang1999, Churaze etal. 2001 Nulsenetal. 2002 Krause&
Camenznd 2003, Heinz2003, Beall etal. 2004, Della Vecchiaetal. 2004).

25 Intra-cluster stellar population

Thereis moreand more evidence for a population of starsbetwee the galaxies in a cluster
(Gerhad etal. 2002 Cortese2004; RyanWeberetal. 2004 Adamietal. 2004) Whenthesestars
explodeassupernovaethey canenrichthe ICM very efficiently (Domainlo etal. 2004a; Zaritzky
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etal. 2004 Lin & Mohr 2004), thereforethis popuation of starsshoul alsobe consderedfor the
enlichmentprocesses

3. Simulations

Obvioudy the enrichmentof the ICM is a comple process,which is the resut of mary dif-
ferent mechansms.Many groups have donealrealy sometime agosimulaionsto quantfy oneor
more of theseenrichmentmechaisms: winds (David etal. 1991; Metzler & Evrard19%4, 1997)
andwinds compaedto galax/-galayy interactions (Gnedin 1998; Aguirre etal. 2001). Theseold
simulationscameto very different condusions. A problem with this kind of simulatonswasthat
they hadto cover large scales aswell asgalaxyscales Therefoe the resolution wasnot very goad
at small scalesand hencethe resuts hadlarge uncetainties, which were probaly the reasonfor
thedisoordart resuls.

In orderto overcanethe problem of thelarge range of scakssereral groupssimulatel in detal
a singe galaxy which is in the processof being stripped (Abadi etal. 1999 Quilis etal. 2000
Toniazo & Schindle 2001; Schulz& Struck2001; Vollmer et al. 2001; Hidaka& Sofue2002
Bekki & Couch2002; Otmianowska-Mazué& Vollmer2003; Schumachkr & Hensle 2004) From
these simulations of spirds and ellipticals the efficiency andtime scdes of the stripping proces
dependirg on galaxypropertiesandon ICM condtionscanbeinferred.

Currenty, severd appioache arebeingmadeto explain the overall enrichmentof theICM. De
Luciaetal. (2004) andNagasimaetal. (2004) useacombnationof semi-armlytic techriqguesand
N-body simulaionsto calaulatethe overall ICM metallicity, i.e. they do not predct thedistribution
of metalsin aclugter. They find thatmainly the massve galaxies contiibute to the enrichmentand
tha there is a mild metalevolution since z=1. Tornatoe et al. (2004) andValdamnini (2003 do
hydrodynamic simulationswith smootedparticle hydrodynamicsthatinclude detailedyieldsfrom
type la andll supenovae,but do not distinguish betweenthe differenttrangort processes They
put mostof their emphass on the amountof iron prodwedandon profiles. Tornatoe et al. find
interestirg resuls amongthemprofilesthataresignficantly steegr thanthoseobseved. Springel
& Herngust (2003) usea multi-phasemodelandincludealsosomeeniichmentprocesses

TheHydro SKI Teamin Innsbrucktakes acomplemetary apprach. We investigae thetrans-
port of themetalsfrom the galaxiesinto theintra-cluster mediumandstudyin detal theefficiency
of thevarioustransportprocesseswhich areneglectedby the othe groups. In thefirst simulaions,
tha we have performedsofar, we have takeninto accainttwo different transportprocesses-ram-
pressurestripping andgalactc winds(seehttp://asto.uibk ac.at/asoneuhydroskitean/index.htm).
First preliminary resuts andtecmiques have beenshown in the contibutionsby W. Kapfere, W.
Domainko andT. Kronberger(seetheseproceedings) andhave beenpublishedin Domainlo et al.
(2004b,c,d,e)Kapfereretal. (2004a,b);Mair (2004); Schinder etal. (2004).

From thesesimulaions we candrav somepreliminary qualitative conclusiors for the com-
parison of the enrichmentefficiency of ram-pressurestripping andgaladic winds (seeFig. 1). We
find thatram-presurestripping is definitdy important for the enrichmentof the ICM, in contrast
to whathasbeenclaimed frequently in the past.We alsofind thatthedistribution of metalscoming
from the two processess different. Ram-pressre stripping is more efficient in the cente of the
cluster Thereasm is thatthe stripping rateis proportional to the densty of the ICM and propor-
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Metallicity map
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Figure 1. Metallicity distribution in a simulationof a massve, Coma-tye cluster Top: The simulation
takesgalacticwindsinto account. The metallicity shavs aminimumin the clustercentre becasethe ICM
pressurdn sucha massve clusteris so strongthatit suppraeseswinds here. Bottom: In this simulation
only theeffectof ram-pessurestrippingis included Themetallicity distributionis concemratedtowardsthe
clustercentre becaussatrippingis mostefficientin thecentre.

tional to the squareof the velocity of the galaxies. Both ICM dengty andgalaxyvelodty increase
towards the cluster certre, therebre moregasis lost there For galacticwindsthe metallicity maps
look very different: in the cluste cente notalot of ISM is lost dueto winds. Again the explana-
tion is clear:in thecertral partstheICM pressue is higher therebre a possble galadic wind feels
morepressue from outside, which might prevent it from blowing gasaway. We find thatthe mean
radus of presurebalancebetweenCM andgalactc wind dependsstrorgly onthe dynamical state
of the cluster: for a relaxed Coma-like cluste anda Galaxylike spiral the meanradius of pres-
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sure balarceis atabou 0.8 Mpc, while for ameger in the samecluste theradius is at about1.2
Mpc. Interestirg is alsothatthedifferent distributionsarenot dispesedimmediatly by the motion
of the ICM, but they arerelatively stableover someGyrs. This inhomogenety in the metalicity
distribution is on goodagreementwith recen X-ray observations.
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