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Abstract. We defineherea standardcandleto determinethe
distanceof clustersof galaxiesandto investigatetheir pecu-
liar velocitiesby usingthe n" rank galaxy (magnitudem,,).
We addresshe questionof the universality of the luminosity
functionfor asampleof 28rich clustersof galaxieqcz~20000
km.s™!) in orderto modeltheinfluenceon m,, of clusterrich-
ness.This luminosity functionis foundto be universalandthe
fit of aSchechteprofile gives a=-1.50£0.11andM;;+=-19.91
+0.21in therange[-21,-17]. The uncorrectedlistancendica-
tor m,, is moreefficientfor thefirst ranksn. With n=5,we have
a dispersionof 0.61 magnitudefor the (m,,,5log(cz))relation.
Whenwe correctfor therichnesseffect andsubtracthe back-
groundgalaxieswe reducethe uncertaintyto 0.21 magnitude
with n=15.Simulationsshav thata large partof thisdispersion
originatesfrom the intrinsic scatterof the standardcandleit-
self. Theseprovide upperboundsontheamplitudes,, of cluster
radialpeculiarmotions.At a confidencdevel of 90 %, thedis-
persionis 0.13magnitudeando,, is limited to 1200km.s™! for
our sampleof clusters.

Key words: cosmology:distancescale— cosmology:large-
scalestructureof Universe- galaxies: clusters galaxiesiumi-
nosityfunction

1. Introduction

Distance®f clustersof galaxiesareobtainedby measuringhe
redshiftof thegalaxiednsidetheclustersHowever, somelocal
massconcentrationgould induce peculiar motions superim-
posedto the Hubbleflow (e.g.Bahcall& Oh 1996).Measure-
mentsof thesepeculiarmotionswhich have importantconse-
gquencesncosmologicaimodelsrequiretheuseof independent
distanceestimates.

Oneof the methodsusesthe FundamentaPlane(FP here-
after) of clustersof galaxies(e.g.Schaefier etal. 1993,for 16
clusterswith a medianredshiftof 0.04). Adami et al. (1998:
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A98ahereafterfor 29 clusterswith a medianredshiftof 0.07)
shaw in thisway alimit for the peculiarclustermotionsof less
than 1000km.s™!. However, the useof the FP asa distance
indicatoris not easy:the determinatiorof the total luminosity
requireshighly accuratephotometryandthe determinatiorof

the core radiusrequiresthe positionsof the membersgalax-
ies.Finally, to have areliablevelocity dispersionmorethan10

redshifts(interlopersremoved) are neededlt is alsocommon
to usethe tenthrank galaxy asa standardcandle(e.g. Abell,

Corwin & Olowin 1989: ACO hereafter)to find the distance.
Bahcall& Oh (1996) useasampleof clustervelocitiesbasedn

Tully Fisherdistance®f Scgalaxiedor thesamegoal.Colless
(1995),Hudson& Ebeling(1997)or Lauer& Postman(1994)
usealsothe slopeof the brightnesgrofile of the cD galaxies
to deducehedistanceUsingtheseadifferentmethodstheseau-

thors constrain thepeculiarvelocitiesof differentsamplesof

nearbyclusterg(z<0.05).

Tore-addrestheseajuestionswedevelopin thiswork anew
distanceindicatorusingthe galaxyof the n' rankfor a given
cluster We usethe ENACS (seeKatgertetal. 1996,Mazureet
al. 1996,Bivianoetal. 1997,A98a, Katgertet al. 1998(K98),
Adamietal. 1998(A98b) andde Theijeetal. 1998)andCOS-
MOS (e.g. Heydon Dumbletonet al. 1989) data.To estimate
correctlythis indicator we look at the possibleuniversality of
theLuminosity Functionfor clustersof galaxieLF hereafter),
aftertakinginto accountthe correctionfor parametersuchas
thenumberof galaxiedn thecluster Theuniversalityof theLF
isfor exampletreatedn Lumsderetal. (1997:L97 hereafter)in
Valottoetal. (1997:V97 hereafterpr in Trentham(1998).L97
andV97 derive syntheticLF's for samplesf clustersof galax-
ies.V97 founda significantdifferencebetweertherich andthe
poorclusterswhile L97 foundassignificantdifferencebetween
thehighandlow velocity dispersiorclustersThesewo studies
usethe COSMOS/EDSGGQlata.For V97, the redshiftsof the
clusterscomefrom aliteraturecompilation.

In orderto studythesepointsandto investigatethe exis-
tenceof a standardcandle,we will proceedasfollow: In the
first sectionwe describethe selectedsample We determinen
the secondsectionthe luminosity function andwe look for its
universality at leastin the magnituderange[-21;-17]. In the
third section,we redefinem,, asa distanceindicatorandcor-
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Fig. 1a and b. lllustration of the reconstructiormethod(seetext in Sect.3.1. for explanations)of the individual and compositeluminosity

functions.

rectit for theinfluenceof backgroundevel, therichnessof the

clustersandthe statisticaleffectsandwe useit to examinethe

peculiarmotionsof the ENACS/COSMOS:lustersof galaxies.
We usein this articleHy=100km.s™!.Mpc~! andq,=0.

2. Thesample

In this work, we usethe ENACS andCOSMOSsuneys. They
arewell describedn K98. ENACS givesthe redshiftsandthe
Rq5 calibratednagnitudeandCOSMOShepositionsandtheb;
magnitudedor all galaxiesn the clustersK98 shav thatclus-
tersfor which the photometryin the two cataloguess based
onthe samesuney plate,thetwo magnitudescalesagreevery
well. Theredo not appearto be seriousproblemswith either
magnitudescale In addition,someredshiftscomefrom thelit-
erature Theabsolutenagnitudefhave beencomputedy using
themearclusteredshiftandthesameK(z)-correctiorasin L97:
K(z)=4.14z-0.44%. We have alsocorrectedor galacticextinc-
tion using the map of Burstein& Heiles (1982)in the same
way asin A98a.Theredshiftsarecalculatedwvith respecto the
restframeof the CosmicMicrowave radiation(CMR hereafter)

shift, backgroundevel and numberof galaxieson the line of
sight, we limit the global sampleto the 29 mostregular clus-
tersin A98a.Theseclustershave anAbell richnesgreatetthan
1. They do not have major 2D visible substructureWe take
only the unatypicalKing coreradii (we have removed A3128
which exhibits a large coreradius).For thesefinal 28 clusters
we considergalaxieswithin 5 King coreradii (about500kpc).

Accordingto K98, we know thatCOSMOShasacomplete-
nesdevel of 91%for b; <19.5.However, thisestimateefersto
areaswith high surfacedensityin the COSMOScatalogueFor
low surfacedensityof galaxies(outsidethe clusters)the com-
pletenestevel incertainlyhigher Toincreasehecompleteness,
we addto the COSMOSobjectsthe ENACS onesnotfoundin
thegiven areaandinsidetheclustersFinally, to be surethatwe
have acompletesamplewelimit it to b; <19.We notealsothat
we remove theobjectswith aback-or fore-groundredshift(see
Katgertetal. 1996).We havefinally morethan3500galaxiesn
theglobalsampleWe splitthesamplédnto 3 sub-sample® test
for spatialvariations Thefirst sub-sampleontainghegalaxies
betweerD and2 coreradii, the secondthe galaxiesbetweer?

definedby Lubin & Villela (1986).™ reducethe substructure and3.5 coreradii andthethird the galaxiesbetweer3.5and5

effectsandto have goodmeasurementsf the differentcluster
parametersuchascoreradius,velocity dispersionmeanred-

coreradii. We have almost1200galaxiesin eachof the three
sub-samples.
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3. Thecluster luminosity function
3.1. Themethod

In orderto testtheuniversalityof theLF for our 28 clusterswe
constructrom the presentdatathis function. We usea method
similar to thoseusedfor examplein Beers& Tonry (1986)or

Merrifield & Kent(1989)for thedensityprofilesreconstruction.

We take into accountthe differentlimiting magnitudeof the
different clusters.We considerthe compositecumulative LF
(CCLF hereafternotedF(M) in thefigures).L97 usea similar
(Collessl989)reconstructiomethodwhile V97 simplyaddthe
individual clusterswith acommonlimiting apparenmagnitude
of 19.4.

First of all, we remove statisticallythe backgroundbjects
in eachcluster The meannumberof removed objectsis the
meannumberof backgroundobjectsminusthe numberof al-
readyremoved objectson the basisof the redshift. The mean
numberof backgroundbjectscomesfrom adensityprofile fit,
includingasafreeparametethebackgroundiensity(A98aand
b). A98aandb have shawvn thatthis backgroundestimationis
very robustandin goodagreementvith the countlaw of field
galaxieslt representaboutd4 % of thetotal numberof galax-
iesalongtheline of sight.Startingfrom alimiting magnitudeof
b;=20,we have rescaledhis numberfor b;=19 (for bettercom-
pletenesshy usingthecountlaw of L97 in orderto calculatehe
proportionof galaxiesin eachmagnitudebin. We alsousethis
law to selecthemagnitudeof thebackgroundemoved objects.
To obtaina statisticalerror, we have made100 calculationsof
thecumulatve LF for eachcluster(CLF hereafter)takinginto
accountheinternalbackgroundluctuation(i.e.theerrorin the
determinationof the meannumberof backgroundobjectsfor
eachcluster).

As describedbove, we have appliedto construct theCCLF
anadaptedrersionof themethoddevisedfor exampleby Beers
andTonry (1986)for the clusterdensityprofiles.

Wedenoteby M = m¢, — u(z) thecorrectedabsolute
magnitudelimit of the ‘" farthestclusters.Up to eachM}, |
we computethe cumulative count G (M) of all the galaxies
belongingto the setof clustersi completein M i.e. verify-
ing M}, < M} (hereaftethesegalaxiessamplesarecalled
Sk). While thesecumulative countsG (M) are not affected
by incompletenesproblems they suffer from samplingerrors
ask increasegi.e. becaus¢he numberof selectectlustersde-
creasewsvith distancethe numberof galaxiesn sampleS, for
a given absolutemagnituderangeis a decreasindgunction of
k). Fig. 1(a) illustratesthis behaiour: the G (M) of samples
Sy, areplotted.The cut-off A/f% =~ areindicatedasdottedlines.
Thenumberof clusterscontributingto aGy, (M) decreasewith
M, . In orderto minimize samplingerrors,we adoptthe fol-
lowing rescalingprocedurdor reconstructinghe CCLF. Foran
increasingcut-off M} | rescaleccumulatie countsFy, 1 (M)
aredefinedrecursvely asfollows

Gk+1 (Mllim)
P M) =5 0,

Fr1(M) = G (M) if ME, <M <

Fk(M) it M S Mllan

Mk+1

lim
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Fig. 2. Final CCLF with errors.Thefilled surfacerepresenttheerve-
lope (theerror)of the CCLF dueto thefield subtractiorandthedotted
ervelopetakesinto accountthe statisticalfluctuations.The CCLF is
normalizedto 1 for M=-19.5.

with Fy (M) = G(M). It consistsin replacingup to M},
the cumulative countsGy1 (M) by the reconstructedCCLF
Fi, (M) renormalizedsuchthat continuity of the final CCLF
is ensured.The samplingerrorsare thus minimized (¥}, (M)
areplottedFig. 1(b) for comparisonyinceFj (M) is estimated
using information provided by all the sampledclusterswhile
cumulatie countestimateGy, (M) useonly the setof i"
clustersverifying M}, < M}*F!. Sucha procedurevarrants
anoptimalreconstructiomf thecumulative luminosityfunction
of galaxieselongingto asampleof clustersspreadn redshifts.

Thefinal CCLFis shawvn in Fig.2, arbitrarily normalizedat
1for M=-19.5.It spansarangeof 4 absolutenagnituded be-
tween-21and-17.Thelowerlimit allowsusto excludethevery
brightgalaxieqcD galaxieswhichareprobablynotbelonging
tothemeanuminosityfunction. Theuppetimit correspondso
the absolutemagnitudeof the faintestgalaxywith my;,,,=19in
thenearestluster L97 have usedtherange[-21;-18] andV97
therangeqd-21.5;-17]and[-21.5;-16].

This methodassumeshviously thatthe LF's aresimilarin
thedifferentclustersWe will checkafterwardsthatthis condi-
tion is well satisfied(seeSect.3.2.3).

3.2. Analysis
3.2.1. Spatialvariations

We looked for spatialvariationsof the LF. In orderto do that,
we testedthe CCLF in the 3 definedareasWe reconstructed
it exactly in the sameway as above but for zonesenclosedn
[0,2] r. (CCLF1),[2,3.5] r. (CCLF2)and[3.5,5]r. (CCLF3).
We superposthethreeCCLF's (Fig. 3) afternormalizatiorat 1
for M=-19.5.They look very similar. A Kolmogorao/-Smirnos
shav thatCCLF1andCCLF2areidenticalataconfidencdevel
of 95%. CCLF2andCCLF3areidenticalataconfidencdevel
of only 65%. The conclusionis thatthe 3 CCLF's areprobably
identical(with ahigh confidencdevel) andthatthe LF’'sdonot
vary significantly with the radius.This resultis in agreement
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Fig. 3. CCLF'sissuedromthethreeradialbins:[0,2] r. (filled), [2,3.5]
r. (dashedpnd[3.5,5]r. (dashedlotted).

with V97, which have used55 clusters(16 rich clusters).Only
3 of thoseclustersarecommonwith our sample They did not
find significantvariationsof theLF within 1 Mpcfromthecenter
(roughly 10 coreradii).

Moreover, this universality supportsour backgroundsub-
tractionapproachWe assumedmplicitely thatthebackground
is homogeneouiside 5 coreradii. The numberof removed
galaxiesin eachof thethreebinsis thendirectly proportional
to the areaof thesebins. We have thusremoved 4 timesmore
galaxiesin the exterior bin thanin the centralone. However,
thethreereconstructe@CLF’s arevery similar, supportinghe
way we remove thebackground.

3.2.2.Universalityof theLF

A way to testthis point is to comparethe individual clusters
CLF to the CCLF (Fig. 4). We plot all the individual CLF's in
apparenimagnitudesand no subtractecbackgroundG(m) in
Fig. 4). We simulatethe theoreticalno backgroundsubtracted
CLF’'sby addingbackgrounabjects(L97) to thereconstructed
meanCCLF (normalizedo thenumberof galaxiedn eachclus-
ter). We seea good agreemenbetweenthe obserationsand
the simulations.We can quantify this agreemenby using a
Kolmogorw-Smirnor testbetweenthe obsered dataandthe
simulateddata. Wetestthe hypothesigshattheobsenationsand
simulationsare dravn from the sameparentpopulation.The
meanrisk is 62%for 80% of the clusterswhichis aconclusve
statementwe have asmall dispersiornof the individual CLF’s
aroundthe meanfunction,andsotheLF is probablyuniversal.

If theindividual CLF'saredravn from auniversalfunction,
thedifferencegandsotherisks)mustberandomlydistributed.
In orderto testthis hypothesiswe generatés00 randomdistri-
butionsof 28 CLF's (normalizedik e eachreal cluster)around
thereconstructeglobal CCLFE

We proceedvith anotheiKolmogoros Smirnor testandwe
find alevel of 75%to rejecttheright hypothesisf we assume
thatthe individual risks distribution is non random.As a con-
clusion,we cansaythatthe CCLF’s areglobally universalfor

S.Rauzyetal.: Clusterluminosity functionandn®” ranked magnitudeasa distancendicator

all our 28 selectedich clustersThisis in agreementvith L97
or Trentham(1998).We notethatVV97 argueagainstuniversal
LF, but betweertherich andthepoorclusters.

3.2.3.Modelisation

Evenif thefollowing sectiongdo not usethis modelisationwe
fit herea Schechtefunction (1976)to theLF:

S(M) — ¢*1004(a+1)(M*—M) exp[_100.4(M*—M)]

whered., is given bythenumberof galaxiesn eachcluster
andM, isthecharacteristimagnitudeWeusetheminimization
algorithmMINUIT (e.g.A98a).First,wecalculateay? fit using
theweightsof thereconstructionWe have a=-1.50+ 0.11and
Mp;%=-19.91+ 0.21.TheLF scalculatedvith the3radialzones
give similar resultsat the 1 sigmalevel. If we minimize the
maximaldistance(divided by weight) betweenthe modeland
the obserationsinsteadof the 2 (Kolmogoras Smirnov fit:
KMS fit hereafter)we have a=-1.47andM,;*=-19.89(without
reliableerrors).

Thesetwo resultsare consistentat the 1 sigmalevel (ac-
cordingto theerrorbars).Morever, we have adifferenceof less
than2 % for cw and1 % for M, *. Theparametedetermination
is thenindependenof thefitting method.

Thesevaluescouldalsobecomparedvith therecentanaly-
sesof L97 andV97. They have bothusedthe x? minimization.

V7 havefounda=-1.5+0.1andM;+=-20.0+0.1for their
rich clustersandfor themagnitudeangg-21.5;-17].Thosetwo
parameterarein agreemenatthe 1 sigmalevel with our KMS
or x2 determinations.

L97find a=-1.22+-0.04andM,; x=-20.16+0.02in themag-
nituderangel-21,-18]. Theresultfor M, is alsoin goodagree-
mentwith our valueatthe 1 sigmalevel. However, the a value
is only consistentat the 3 sigmalevel. If we fit into the same
magnituderangewe find M ;+=-20.18:0.20in perfectagree-
mentwith L97, but a=-1.63+0.12 consistentat only 3 sigma.
We notethat L97 useqy=1, but it hasno influenceon the M,
determination.

For individual clusters,we comparewith Bernsteinet al.
(1995) and Lobo et al. (1997). They found respectiely a=-
1.42+0.05and o=-1.59+0.02 for the Comacluster The two
valuesareconsistentvith our KMS fit atthe 1 sigmalevel. We
note herethatthesetwo valuesarededucedrom photometric
suneys of the core of the Comaclusterafter statisticalback-
groundsubtractionFor theLoboetal. study wehaveconsidered
theresultfor a Schechteprofile fit only.

Nearly all the resultscited in the literatureare consistent
with our parametersThe only discrepang occursfor the «
value ofL97. This couldbedueto two majorsources:

-First,Bernsteiretal. (1995),L97,V97 orLoboetal. (1997)
remove the backgroundyalaxiesin a statisticalway. The most
localcorrectionsaremadein L97 andconsistin theremoval of a
uniform backgroundiensitycalculatedn anexternalannulus.
But, the radiusof this annulusis always greaterthan4 Mpc.
We shav in A98athatthebackgroundiensitymaychangeby a
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significantfactoratthesescalesAs anexample thetwo clusters
A3825andA3827 areseparateanly by about3 Mpc andthe
backgroundiensityfor A3825is 40 % higherthanfor A3827.
Remaring the backgroundy usinga distantexternalannulus
couldtheninducea bias.

-Second 97 useall the COSMOSgalaxiesbrighterthan
b;=20.We know (seeK98) thatthe COSMOScataloguen the
areaof ENACS clustersis only completeat the 90 % level for
b;<19.5andwe limit hereour sampleto b; <19 to be sureto
becompleteTheLF'sof L97 couldthenmisssomegalaxiesn
thefaint parts,which couldleadto alower o value.

4. Thedistance indicator

After we have showvn thatLF’s areuniversalwithin the consid-
eredmagnitudeangewewanttotesttheHubbleflow andto try
to determinghepeculiarvelocitiesin our sampleof clustersof
galaxieshy usingadistancandicatorusingphotometricdata.

4.1. Definitionof the optimalrankn for thedistance
determination

Following Jones& Mazure (1993), who have usedm/;

20
L 3 m, (wherem, isthemagnitudeof ther*" rankedcluster
r=10
galaxy),we searchfor a similar standarccandle.We testhere

m,, with ne[1,28]. We first look at the Hubblerelationfor the
m; o magnitudeto be coherentwith ACO (1989).By usingbi-
sectorindicators(lsobeetal., 1990),we find aregressiorslope
betweenm;, andlog10(cz)of 4.58+1.24 consistenwith the
previous ACO results.This is in goodagreementvith the ex-
pectedvalue of5. So,we will fix hereaftetthe slopeof all the
regressiondetweerm,, andlog10(cz)to avalue of5.
Wewantnow to find theoptimalrankto defineadistancean-
dicator To dealwith therealminimal observingconditionswe
useall the projectedgalaxieswe do not remove from thetotal
samplethe fitted numberof backgroundyalaxies We compute
thebasicdispersiorof therelationsbetweerm,, andlog10(cz)
for eachn. Thebestchoiceis therankn for whichthedispersion
is minimal. We seeon Fig. 5 thatthe basicdispersioris mini-
mal for thefirst ranks.If we take for examplen=5 (seetah 1),
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is thefirstindicatorwithout correction thedashedine is theindicator

correctedfor richnessandthe solid line is the indicatorcorrectedor

richnessandfor backgroundjalaxies.

thedispersioris 0.61magnitudelf we assumesthe meanve-
locity of our clustersample20000km.s™ !, the corresponding
dispersiornin velocityis 5612km.s~ ! (0.02in redshift). Wehave
ms=5log(cz)-(4.46-0.12).

Clearly, thisprecisionis toolow to allow any analysisof the
peculiarvelocitiesof theindividual clusters.

4.2. Peculiar velocities

Theindicatorusedpreviously is affectedby differentintrinsic
factorgpeculiarto eachcluster suchasthebackgroundevel, the
richnes®of thecluster{numberof galaxiesnsidetheseclusters)
andof coursethepeculiarvelocities Wewanthereto correctfor
the backgroundandfor the richness.To modelthesetwo con-
tributions,we assumdirst thatin ourabsolutanagnitudeange
[-21.,-17.], the countlaw of the backgroundgalaxiesG(m)
is proportionalto the canonicalexponential:exp(a:(m-my;,,.))
with « the logarithmic slopeand m;;,,, the apparentimiting
magnitudg=19.). Secondwe noteF, (M) (with M theabsolute
magnitude)the CLF normalizedto unity at My=-19.5.1f p is
the distancemodulusof a given cluster we have M=m-p.. We
deducehenanexpressiorfor therankk of agalaxyin agiven
clusterwith N, membergalaxiesandN, backgroundjalaxies
(accordingo the apparentimiting magnitudem;;,,,=19):
k=N.Fo(Mp)+NyGp(M)=N.Fo(Mg-1)+Ny Gy (My.)

We derive thenthe correctedvalue ofthek!” magnitude:

My-p=Fo = ((1/N) (k-Np Gy (M)

whereN, is deducedrom the fits of the differentdensity
profiles(seeA98a) andN.. is the obsered individual number
of clustergalaxieswith M<M.

We seein Fig. 5 the improvementresultingfrom the cor
rections.We note that the dispersiondoesnot decreaseafter
the 20" rank becausave startto dealwith clusterswith less
than20 galaxiesin the studiedareas We note alsothata cor-
rectionfor backgroundjalaxiesusingmeandensitiesnsteadf
our local estimationis not very efficient. The final dispersion
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Fig. 6. (u-5log(cz))relationwith thedistancendicatorcorrectedor the
richnessandfor the backgroundandcalculatedwvith m; 5. Thecluster
with thelower . is AO087.

of 0.254leadsto a precisionin velocity of about2300km.s™!.
We show in Fig. 6 therelationbetweerthe correcteddistance
modulusp=m;5-M15 of eachof the 28 clustersand 5log(cz)
(seealso Tab. 1). my; is the measuredapparentl5" magni-
tudeandMy; is the absolutemagnitudecorrectedor richness
andbackgrounaffects.Remawing A0O087from thesamplgthe
atypicalclusterin Fig. 6), we obtainadispersiorof 0.210mag-
nitude(1900km.s™1). Durretet al. (1998)arguethat A0087is
not really a cluster but the resultof a superpositioreffect. A
partof thedispersioris dueto statisticafluctuationoriginating
from finite samplesize effectswhenwe reconstructhe CCLF
(seeSect.3.1). We have quantifiedthis effect by carryingout
1000Monte-Carlosimulations We estimatethenthe probabil-
ity P(osia: < o) to have astatisticalcontribution lower thana
given valueo. Accordingto theobsenedvalue ofthemagnitude
dispersiorns,;,; andassuminghatall theremainingdispersion
(correctedor richnessbackgrounandstatisticakffects)isdue
to peculiarmotions,we candeducethe probability to have an
errorif we assumeahatthe remainingdispersions lower than
(0%,,-0%)"/2. We arethusableto give an upperlimit for the
amplitudeof the clusterradial peculiarmotionsat a givencon-
fidencelevel. We computetheseequivalentupperpeculiarmo-
tionsby adoptingamearvelocity of 20000km.s™! (seeFig. 7).
If we consideifor examplearisk of 45% for P(osq: < o), We
give adispersiorof 0.11magnitudesquivalentto peculiarmo-
tions within an amplitudeof 1000km.s~! (0.09 magnitudeor
800km.s™! without AO087).With a conserative risk of 10%,
we predicta dispersionof 0.17 magnitudeequivalentto pecu-
liar motionslessthan 1500 km.s™! (0.13 magnitudeor 1200
km.s~! without AO087).

4.2.1.Analysis

We have reducecdthe dispersionof the m,,-cz relationby sub-
tracting the backgroundgalaxiesand by modelingthe effects
of the clusterpopulation.We determinein this way an upper
limit for the dispersiondueto peculiarvelocities.We deduce
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Fig. 7. Probability of having peculiarvelocitiesgreaterthana given
value (we have adopteda meanvelocity of 20000km.s™* for our
clusters).This curwe is shifted by about-300 km.s™* if we remove
A0087from thesample.

thatthis maximaldispersionis someavhatlargerthanthevalue
of Bahcall& Oh (1996).They foundariskinferiorto 5%to have
clustersf galaxieswith arandonpeculiarvelocity greatethan
600km.s~t. However, their studiedclusters(andgroups)have
arecessiorvelocity lessthan10000km.s™! andtheequivalent
magnitudedispersioris similarto ourresult.

Se\eral otherstudieshave analyzedthe propermotionsof
thenearbyclusterdn theCMB frame:Lauer& Postmar{1994),
Collesq1995)or morerecentlyHudson% Ebeling(1997).They
usetheslopeof thebrightnesgprofilesof cD galaxiesasdistance
indicator TheLauer& Postmarrespectiely CollessandHud-
son& Ebeling)distancendicatorprecisionis 0.24 magnitude
(respectiely 0.24 and 0.41 magnitude).This is similar to our
precision.

We canalsodirectly compareour dispersionof 0.21 mag-
nitude(without statisticalcorrection,seeabove) with thevalue
of Perlmutteretal. (1997).They have useda sub-samplef 28
distanttypela superneaeto constrain theosmologicaparam-
eters andthey obtainadispersiorof 0.19magnitudeyery con-
sistentwith our value.Finally, we have similar values(slightly
greater)or thepeculiarvelocitiesthanin A98awith almostthe
samesample.

5. Conclusion

We have readressethe questionof the determinatiorof a dis-
tanceindicator by using as standardcandlethe n** ranked
galaxy

In orderto correctthe magnitudedor differentfactors,we
have addressethequestiorof theuniversalityof theLuminos-
ity Functionfor rich clustersof galaxies We have constructed
a CCLF by using 28 rich clustersin the magnituderangel-
21;-17]. Thefit of a Schechtemodelgives a=-1.50+0.11and
M,,;+=-19.9H-0.21in goodagreementith otherliteraturere-
sults.This functionis foundto be universalfor theseclusters,
consistentvith the L97 study
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Table 1. Parameterdor the 28 usedclusters.Col.(1) clustername,
col.(2) ms without ary corrections,col.(3) distanceindicator 1 cor-
rectedfor richnessandbackgroundjalaxiesandcalculatedwvith mys,
col.(4)5.xlog(cz)

clustername ms u  5Slog(cz)
0013 17.64 37.18 22.25
0087 16.88 35.24 21.09
0119 15.88 35.28 20.60
0151 17.76 35.91 21.01
0168 16.23 35.63 20.65
0367 17.05 37.14 22.18
0514 16.86 36.08 21.67
1069 1592 36.72 21.45
2362 17.25 35.96 21.31
2480 17.09 36.70 21.67
2644 17.72  36.47 21.58
2734 16.77 36.25 21.35
2764 16.49 36.19 21.64
2799 16.95 36.51 21.38
2800 16.53 36.40 21.42
2854 17.33 36.22 21.31
2911 17.39 36.84 21.93
2923 17.66 36.51 21.64
3111 16.80 36.77 21.85
3112 16.23 37.06 21.76
3122 16.84 36.46 21.42
3141 16.40 37.39 22.49
3158 16.41 36.28 21.24
3202 16.91 36.78 21.58
3733 16.94 35.36 20.34
3764 16.84 36.68 21.79
3825 16.79 37.09 21.76
3827 17.29 37.21 22.34

We have found thatthe uncorrecteddistanceindicatorm,,
is moreefficient for the first ranksn. With n=5, we obsene a
dispersiorof about0.6 magnitudetoo large however to derive
correctpeculiarvelocities.

We thenusethe CCLF to modelthe effect of the cluster
richnessonm,, in orderto have abetterprecisionandto better
constrain thelusterpeculiarvelocities.We correctfirst for the
richnesseffectandsecondor thebackgroundyalaxiessubtrac-
tion. This allows to reducethe dispersionto 0.254magnitude
(0.210without A0087).1f we assumehatthis erroris only due
to peculiarvelocities they are2300km.s~! (1900km.s™ ! with-
outA0087)for aclusterat20000km.s~t. However, alargepart
of this dispersionis dueto statisticaleffects. By using exten-
sive simulationswe give the probability distribution to have a
peculiarmotionlower thana givenvalue.For example,with a
risk of 10 %, we predictavalue of1500km.s™! (1200km.s™*
without AO087).

Theseresultsagreewell with local estimatesWe have also
consistentesultswith A98awho usedthe FundamentaPlane
for thesameclustersasusedhere.



38 S.Rauzyetal.: Clusterluminosityfunctionandn®® ranked magnitudeasa distanceindicator

Adknowledgments.We wish to thankDr. J. LequeuxandR. Malina
for a carefulreadingof the manuscript.

References

Abell G.O.,CorwinH.G., Olowin R.P, 1989,ApJS70,1 (ACO)

Adami C., MazureM., Biviano A., KatgertP,, RheeG., 1997,A&A
331,439(A98a)

Adami C., MazureM., KatgertP, BivianoA., 1998, A&A submitted
(A98b)

BahcallN.A., Oh S.R, 1996,ApJ 462,L49

BeersT.C., TonryJ.L.,1986,ApJ 300,557

BernsteinG.M.,Nichol R., TysonJ.A.,UlmerM.P,, WittmanD., 1995,
AJ110,1507

BivianoA., KatgertP,, MazureA., etal.,1996,A&A 321,84

BursteinD., HeilesC., 1982,AJ 1165,87

CollessM., 1995,AJ 109,1937

CollessM., 1989,MNRAS 237,799

deTheijePA.M., KatgertP, 1998,A&A submitted(paperVI)

DurretF., FormanW., GerbalD., JonesC., Vikhlinin A., 1998,A&A
accepted

FeldmanH.A., WatkinsR., 1994,ApJ 430,17

Heydon-DumbletomN.H., CollinsC.A.,MacGillivrayH.T., 1989, MN-
RAS 238,379

HudsonM., EbelingH., 1997,ApJ 479,621

IsobeT., FeigelserkE.D.,AkritasM.G., Balu G.J.,1990,ApJ 364,104

JonesB.J.T., MazureA., 1993,to app.in Measuring,Mapping and
Modelling the Universe(http : //www.tac.dk/bjones/)

KatgertP,, MazureA., denHartogR.,etal.,1998 A&A acceptedK98)

KatgertP.,, MazureA., Pereal.,etal., 1996 ,A&A 310,8

LauerT.R.,PostmarM., 1994,ApJ 425,418

Lobo C.,BivianoA., DurretF., et al., 1996,A&A 317,385

Lubin P, Villela T., 1986, in Galaxy Distancesand Deviationsfrom
UniversalExpansionged.B.F. MadoreandR.B. Tully, Dordrecht
(Reidelp.169)

LumsdenS.L., Collins M.A., Nichol R.C.,Eke V.R., GuzzoL., 1997,
MNRAS 290,119(L97)

MazureA., KatgertP, denHartogR., etal., 1996,A&A 310,31

Merrifield M.R., KentS.M.,1989,AJ 98,351

PerlmutterS.,GabiS.,GoldhabelG., etal.,1997,ApJ 483,565

Schaefler R., MaurogordatdS., CappiA., BernardeatF., 1993, MN-
RAS 263,21

SchechtePL., 1976,ApJ 203,297

TrenthamN., 1998,Astro-ph(9804013)

Valotto C.A., NicotraM.A., Muriel H., LambasD.G.,1997,ApJ 479,
90(V97)



