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Abstract. We defineherea standardcandleto determinethe
distanceof clustersof galaxiesand to investigatetheir pecu-
liar velocitiesby using the nth rank galaxy (magnitudemn).
We addressthe questionof the universalityof the luminosity
functionfor asampleof 28rich clustersof galaxies(cz≃20000
km.s−1) in orderto modeltheinfluenceon mn of clusterrich-
ness.This luminosityfunctionis foundto beuniversalandthe
fit of aSchechterprofilegivesα=-1.50±0.11andMbj∗=-19.91
±0.21in therange[-21,-17].Theuncorrecteddistanceindica-
tor mn is moreefficient for thefirst ranksn. With n=5,wehave
a dispersionof 0.61magnitudefor the (mn,5log(cz))relation.
Whenwe correctfor therichnesseffect andsubtracttheback-
groundgalaxieswe reducethe uncertaintyto 0.21magnitude
with n=15.Simulationsshow thata largepartof thisdispersion
originatesfrom the intrinsic scatterof the standardcandleit-
self.Theseprovideupperboundsontheamplitudeσv of cluster
radialpeculiarmotions.At aconfidencelevel of 90%, thedis-
persionis 0.13magnitudeandσv is limited to 1200km.s−1 for
oursampleof clusters.

Key words: cosmology:distancescale– cosmology:large-
scalestructureof Universe– galaxies: clusters– galaxies:lumi-
nosityfunction

1. Introduction

Distancesof clustersof galaxiesareobtainedby measuringthe
redshiftof thegalaxiesinsidetheclusters.However, somelocal
massconcentrationscould inducepeculiarmotionssuperim-
posedto theHubbleflow (e.g.Bahcall& Oh 1996).Measure-
mentsof thesepeculiarmotionswhich have importantconse-
quencesoncosmologicalmodels,requiretheuseof independent
distanceestimates.

Oneof themethodsusestheFundamentalPlane(FPhere-
after)of clustersof galaxies(e.g.Schaeffer et al. 1993,for 16
clusterswith a medianredshift of 0.04).Adami et al. (1998:
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A98ahereafter, for 29 clusterswith a medianredshiftof 0.07)
show in thisway a limit for thepeculiarclustermotionsof less
than1000km.s−1. However, the useof the FP as a distance
indicatoris not easy:thedeterminationof the total luminosity
requireshighly accuratephotometryandthe determinationof
the core radiusrequiresthe positionsof the membersgalax-
ies.Finally, to have areliablevelocitydispersion,morethan10
redshifts(interlopersremoved) areneeded.It is alsocommon
to usethe tenthrank galaxyasa standardcandle(e.g.Abell,
Corwin & Olowin 1989:ACO hereafter)to find the distance.
Bahcall& Oh(1996) useasampleof clustervelocitiesbasedon
Tully Fisherdistancesof Scgalaxiesfor thesamegoal.Colless
(1995),Hudson& Ebeling(1997)or Lauer& Postman(1994)
usealsothe slopeof the brightnessprofile of the cD galaxies
to deducethedistance.Usingthesedifferentmethods,theseau-
thorsconstrain thepeculiarvelocitiesof differentsamplesof
nearbyclusters(z≤0.05).

Tore-addressthesequestions,wedevelopin thisworkanew
distanceindicatorusingthegalaxyof thenth rank for a given
cluster. We usetheENACS (seeKatgertet al. 1996,Mazureet
al. 1996,Bivianoet al. 1997,A98a,Katgertet al. 1998(K98),
Adami et al. 1998(A98b) anddeTheijeet al. 1998)andCOS-
MOS (e.g.Heydon Dumbletonet al. 1989)data.To estimate
correctlythis indicator, we look at thepossibleuniversalityof
theLuminosityFunctionfor clustersof galaxies(LF hereafter),
after taking into accountthecorrectionfor parameterssuchas
thenumberof galaxiesin thecluster. Theuniversalityof theLF
isfor exampletreatedin Lumsdenetal.(1997:L97hereafter),in
Valottoetal. (1997:V97 hereafter)or in Trentham(1998).L97
andV97 derivesyntheticLF’s for samplesof clustersof galax-
ies.V97 foundasignificantdifferencebetweentherich andthe
poorclusters,while L97 foundasignificantdifferencebetween
thehighandlow velocitydispersionclusters.Thesetwo studies
usethe COSMOS/EDSGCdata.For V97, the redshiftsof the
clusterscomefrom a literaturecompilation.

In order to study thesepointsand to investigatethe exis-
tenceof a standardcandle,we will proceedasfollow: In the
first sectionwe describetheselectedsample.We determinein
thesecondsectionthe luminosity functionandwe look for its
universality, at leastin the magnituderange[-21;-17]. In the
third section,we redefinemn asa distanceindicatorandcor-
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Fig. 1a and b. Illustration of the reconstructionmethod(seetext in Sect.3.1. for explanations)of the individual andcompositeluminosity
functions.

rectit for theinfluenceof backgroundlevel, therichnessof the
clustersandthestatisticaleffectsandwe useit to examinethe
peculiarmotionsof theENACS/COSMOSclustersof galaxies.

Weusein thisarticleH0=100km.s−1.Mpc−1 andq0=0.

2. The sample

In this work, we usetheENACS andCOSMOSsurveys.They
arewell describedin K98. ENACS givestheredshiftsandthe
R25 calibratedmagnitudeandCOSMOSthepositionsandthebj

magnitudesfor all galaxiesin theclusters.K98 show thatclus-
ters for which the photometryin the two cataloguesis based
on thesamesurvey plate,thetwo magnitudescalesagreevery
well. Theredo not appearto be seriousproblemswith either
magnitudescale.In addition,someredshiftscomefrom thelit-
erature.Theabsolutemagnitudeshavebeencomputedby using
themeanclusterredshiftandthesameK(z)-correctionasin L97:
K(z)=4.14z-0.44z2. Wehavealsocorrectedfor galacticextinc-
tion using the map of Burstein& Heiles (1982) in the same
way as in A98a.Theredshiftsarecalculatedwith respectto the
restframeof theCosmicMicrowaveradiation(CMR hereafter)
definedby Lubin & Villela (1986).To reducethe substructure
effectsandto have goodmeasurementsof thedifferentcluster
parameterssuchascoreradius,velocity dispersion,meanred-

shift, backgroundlevel andnumberof galaxieson the line of
sight,we limit the global sampleto the 29 mostregular clus-
tersin A98a.TheseclustershaveanAbell richnessgreaterthan
1. They do not have major 2D visible substructure.We take
only the unatypicalKing coreradii (we have removed A3128
which exhibits a largecoreradius).For thesefinal 28 clusters
weconsidergalaxieswithin 5 King coreradii (about500kpc).

Accordingto K98,weknow thatCOSMOShasacomplete-
nesslevel of 91%for bj ≤19.5.However, thisestimaterefersto
areaswith highsurfacedensityin theCOSMOScatalogue.For
low surfacedensityof galaxies(outsidetheclusters),thecom-
pletenesslevel incertainlyhigher.Toincreasethecompleteness,
weaddto theCOSMOSobjects,theENACSonesnot foundin
thegiven areaandinsidetheclusters.Finally, to besurethatwe
have acompletesample,welimit it tobj ≤19.Wenotealsothat
weremovetheobjectswith aback-or fore-groundredshift(see
Katgertetal.1996).Wehavefinally morethan3500galaxiesin
theglobalsample.Wesplit thesampleinto3sub-samplesto test
for spatialvariations.Thefirst sub-samplecontainsthegalaxies
between0 and2 coreradii, thesecondthegalaxiesbetween2
and3.5coreradii andthethird thegalaxiesbetween3.5and5
coreradii. We have almost1200galaxiesin eachof the three
sub-samples.
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3. The cluster luminosity function

3.1. Themethod

In orderto testtheuniversalityof theLF for our28clusters,we
constructfrom thepresentdatathis function.We usea method
similar to thoseusedfor examplein Beers& Tonry (1986)or
Merrifield& Kent(1989)for thedensityprofilesreconstruction.
We take into accountthe different limiting magnitudesof the
different clusters.We considerthe compositecumulative LF
(CCLF hereafter, notedF(M) in thefigures).L97 usea similar
(Colless1989)reconstructionmethod,whileV97simplyaddthe
individualclusterswith acommonlimiting apparentmagnitude
of 19.4.

First of all, we remove statisticallythebackgroundobjects
in eachcluster. The meannumberof removed objectsis the
meannumberof backgroundobjectsminusthe numberof al-
readyremoved objectson the basisof the redshift.The mean
numberof backgroundobjectscomesfrom adensityprofilefit,
includingasafreeparameterthebackgrounddensity(A98aand
b ). A98aandb have shown thatthis backgroundestimationis
very robustandin goodagreementwith thecountlaw of field
galaxies.It representsabout44% of thetotalnumberof galax-
iesalongtheline of sight.Startingfrom alimiting magnitudeof
bj=20,wehaverescaledthisnumberfor bj=19(for bettercom-
pleteness)byusingthecountlaw of L97 in ordertocalculatethe
proportionof galaxiesin eachmagnitudebin. We alsousethis
law to selectthemagnitudeof thebackgroundremoved objects.
To obtaina statisticalerror, we have made100calculationsof
thecumulativeLF for eachcluster(CLF hereafter),takinginto
accounttheinternalbackgroundfluctuation(i.e. theerrorin the
determinationof the meannumberof backgroundobjectsfor
eachcluster).

As describedabove, wehaveappliedto construct theCCLF
anadaptedversionof themethoddevisedfor exampleby Beers
andTonry (1986)for theclusterdensityprofiles.

Wedenoteby Mk
lim = mc

lim − µ(z) thecorrectedabsolute
magnitudelimit of thekth farthestclusters.Up to eachMk

lim

we computethe cumulative countGk(M) of all the galaxies
belongingto the set of clustersi completein M i.e. verify-
ing M i

lim ≤ Mk
lim (hereafterthesegalaxiessamplesarecalled

Sk). While thesecumulative countsGk(M) are not affected
by incompletenessproblems,they suffer from samplingerrors
ask increases(i.e. becausethenumberof selectedclustersde-
creaseswith distance,thenumberof galaxiesin sampleSk for
a given absolutemagnituderangeis a decreasingfunction of
k). Fig. 1(a) illustratesthis behaviour: theGk(M) of samples
Sk areplotted.Thecut-off Mk

lim areindicatedasdottedlines.
Thenumberof clusterscontributingtoaGk(M) decreaseswith
Mk

lim. In orderto minimizesamplingerrors,we adoptthefol-
lowing rescalingprocedurefor reconstructingtheCCLF. For an
increasingcut-off Mk

lim, rescaledcumulativecountsFk+1(M)
aredefinedrecursively asfollows

Fk+1(M) =
Gk+1(M

k
lim)

Fk(Mk
lim)

Fk(M) if M ≤ Mk
lim

Fk+1(M) = Gk+1(M) if Mk
lim < M ≤ Mk+1

lim

Fig. 2. FinalCCLFwith errors.Thefilled surfacerepresentstheenve-
lope(theerror)of theCCLFdueto thefield subtractionandthedotted
envelopetakesinto accountthe statisticalfluctuations.The CCLF is
normalizedto 1 for M=-19.5.

with F1(M) = G1(M). It consistsin replacingup to Mk
lim

the cumulative countsGk+1(M) by the reconstructedCCLF
Fk(M) renormalizedsuchthat continuity of the final CCLF
is ensured.The samplingerrorsare thus minimized (Fk(M)
areplottedFig. 1(b) for comparison)sinceFk(M) is estimated
using informationprovided by all the sampledclusterswhile
cumulative count estimateGk+1(M) useonly the set of ith

clustersverifying M i
lim ≤ Mk+1

lim . Sucha procedurewarrants
anoptimalreconstructionof thecumulativeluminosityfunction
of galaxiesbelongingtoasampleof clustersspreadin redshifts.

Thefinal CCLF is shown in Fig.2,arbitrarilynormalizedat
1 for M=-19.5.It spansarangeof 4 absolutemagnitudesM be-
tween-21and-17.Thelowerlimit allowsustoexcludethevery
brightgalaxies(cD galaxies)whichareprobablynotbelonging
to themeanluminosityfunction.Theupperlimit correspondsto
theabsolutemagnitudeof thefaintestgalaxywith mlim=19 in
thenearestcluster. L97 have usedtherange[-21;-18] andV97
theranges[-21.5;-17]and[-21.5;-16].

Thismethodassumesobviously thattheLF’saresimilar in
thedifferentclusters.Wewill checkafterwardsthatthiscondi-
tion is well satisfied(seeSect.3.2.3).

3.2. Analysis

3.2.1.Spatialvariations

We lookedfor spatialvariationsof theLF. In orderto do that,
we testedthe CCLF in the 3 definedareas.We reconstructed
it exactly in the sameway as above but for zonesenclosedin
[0,2] rc (CCLF1), [2,3.5] rc (CCLF2) and[3.5,5]rc (CCLF3).
WesuperposethethreeCCLF’s(Fig.3) afternormalizationat1
for M=-19.5.They look very similar. A Kolmogorov-Smirnov
show thatCCLF1andCCLF2areidenticalataconfidencelevel
of 95%. CCLF2andCCLF3areidenticalataconfidencelevel
of only 65%.Theconclusionis thatthe3 CCLF’sareprobably
identical(with ahighconfidencelevel) andthattheLF’sdonot
vary significantlywith the radius.This result is in agreement
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Fig. 3. CCLF’sissuedfromthethreeradialbins:[0,2] rc (filled), [2,3.5]
rc (dashed)and[3.5,5] rc (dasheddotted).

with V97, which have used55 clusters(16 rich clusters).Only
3 of thoseclustersarecommonwith our sample.They did not
findsignificantvariationsof theLF within 1Mpcfromthecenter
(roughly10coreradii).

Moreover, this universalitysupportsour backgroundsub-
tractionapproach.Weassumedimplicitely thatthebackground
is homogeneousinside5 core radii. The numberof removed
galaxiesin eachof the threebins is thendirectly proportional
to theareaof thesebins.We have thusremoved 4 timesmore
galaxiesin the exterior bin than in the centralone.However,
thethreereconstructedCCLF’sareverysimilar, supportingthe
way weremove thebackground.

3.2.2.Universalityof theLF

A way to test this point is to comparethe individual clusters
CLF to theCCLF (Fig. 4). We plot all the individual CLF’s in
apparentmagnitudesandno subtractedbackground(G(m) in
Fig. 4). We simulatethe theoreticalno backgroundsubtracted
CLF’sby addingbackgroundobjects(L97) to thereconstructed
meanCCLF(normalizedto thenumberof galaxiesin eachclus-
ter). We seea goodagreementbetweenthe observationsand
the simulations.We can quantify this agreementby using a
Kolmogorov-Smirnov testbetweenthe observed dataandthe
simulateddata.Wetestthehypothesisthattheobservationsand
simulationsare drawn from the sameparentpopulation.The
meanrisk is 62%for 80%of theclusterswhich is aconclusive
statement:we have asmalldispersionof the individual CLF’s
aroundthemeanfunction,andsotheLF is probablyuniversal.

If theindividualCLF’saredrawn from auniversalfunction,
thedifferences(andsotherisks)mustberandomlydistributed.
In orderto testthishypothesis,wegenerate500randomdistri-
butionsof 28 CLF’s (normalizedlike eachrealcluster)around
thereconstructedglobalCCLF.

Weproceedwith anotherKolmogorov Smirnov testandwe
find a level of 75%to rejecttheright hypothesisif we assume
that the individual risksdistribution is non random.As a con-
clusion,we cansaythat theCCLF’s areglobally universalfor

all our 28 selectedrich clusters.This is in agreementwith L97
or Trentham(1998).WenotethatV97 argueagainstauniversal
LF, but betweentherich andthepoorclusters.

3.2.3.Modelisation

Evenif thefollowing sectionsdonotusethismodelisation,we
fit hereaSchechterfunction(1976)to theLF:

S(M) = Φ∗100.4(α+1)(M∗−M) exp[−100.4(M∗−M)]

whereΦ∗ is given bythenumberof galaxiesin eachcluster
andM∗ isthecharacteristicmagnitude.Weusetheminimization
algorithmMINUIT (e.g.A98a).First,wecalculateaχ2 fit using
theweightsof thereconstruction.Wehaveα=-1.50± 0.11and
Mbj∗=-19.91±0.21.TheLF’scalculatedwith the3radialzones
give similar resultsat the 1 sigmalevel. If we minimize the
maximaldistance(dividedby weight)betweenthemodeland
the observationsinsteadof the χ2 (Kolmogorov Smirnov fit:
KMS fit hereafter),wehaveα=-1.47andMbj∗=-19.89(without
reliableerrors).

Thesetwo resultsareconsistentat the 1 sigmalevel (ac-
cordingto theerrorbars).Morever, wehave adifferenceof less
than2 % for α and1 % for Mbj∗. Theparameterdetermination
is thenindependentof thefitting method.

Thesevaluescouldalsobecomparedwith therecentanaly-
sesof L97 andV97. They havebothusedtheχ2 minimization.

V97 havefoundα=-1.5±0.1andMbj∗=-20.0±0.1for their
richclustersandfor themagnituderange[-21.5;-17].Thosetwo
parametersarein agreementat the1 sigmalevel with ourKMS
or χ2 determinations.

L97findα=-1.22±0.04andMbj∗=-20.16±0.02in themag-
nituderange[-21,-18].Theresultfor M∗ is alsoin goodagree-
mentwith ourvalueat the1 sigmalevel. However, theα value
is only consistentat the 3 sigmalevel. If we fit into the same
magnituderangewe find Mbj∗=-20.18±0.20in perfectagree-
mentwith L97, but α=-1.63±0.12consistentat only 3 sigma.
We notethatL97 useq0=1, but it hasno influenceon theM∗

determination.
For individual clusters,we comparewith Bernsteinet al.

(1995) and Lobo et al. (1997).They found respectively α=-
1.42±0.05 andα=-1.59±0.02 for the Comacluster. The two
valuesareconsistentwith ourKMS fit at the1 sigmalevel. We
noteherethat thesetwo valuesarededucedfrom photometric
surveys of the coreof the Comaclusterafter statisticalback-
groundsubtraction.For theLoboetal.study,wehaveconsidered
theresultfor aSchechterprofilefit only.

Nearly all the resultscited in the literatureareconsistent
with our parameters.The only discrepancy occursfor the α

value ofL97. Thiscouldbedueto two majorsources:
-First,Bernsteinetal.(1995),L97,V97orLoboetal.(1997)

remove thebackgroundgalaxiesin a statisticalway. Themost
localcorrectionsaremadein L97andconsistin theremoval of a
uniform backgrounddensitycalculatedin anexternalannulus.
But, the radiusof this annulusis alwaysgreaterthan4 Mpc.
Weshow in A98athatthebackgrounddensitymaychangeby a



S.Rauzyetal.: Clusterluminosityfunctionandnth rankedmagnitudeasadistanceindicator, 35

Fig. 4. The28observedCLF’s+ background(points).ThemodelCLF’sdeducedof theCCLFafternormalization+ backgroundaresuperposed
(solid line).

significantfactoratthesescales.Asanexample,thetwoclusters
A3825andA3827areseparatedonly by about3 Mpc andthe
backgrounddensityfor A3825is 40% higherthanfor A3827.
Removing thebackgroundby usinga distantexternalannulus
couldtheninduceabias.

-Second,L97 useall the COSMOSgalaxiesbrighterthan
bj=20.Weknow (seeK98) thattheCOSMOScataloguein the
areaof ENACS clustersis only completeat the90 % level for
bj≤19.5andwe limit hereour sampleto bj≤19 to besureto
becomplete.TheLF’sof L97 couldthenmisssomegalaxiesin
thefaintparts,whichcouldleadto a lowerα value.

4. The distance indicator

After wehaveshown thatLF’sareuniversalwithin theconsid-
eredmagnituderange,wewantto testtheHubbleflow andto try
to determinethepeculiarvelocitiesin oursampleof clustersof
galaxiesby usingadistanceindicatorusingphotometricdata.

4.1. Definitionof theoptimalrankn for thedistance
determination

Following Jones& Mazure (1993), who have usedm′

15 =

1
11

20∑

r=10
mr (wheremr is themagnitudeof therth rankedcluster

galaxy),we searchfor a similar standardcandle.We testhere
mn with n∈[1,28]. We first look at theHubblerelationfor the
m10 magnitudeto becoherentwith ACO (1989).By usingbi-
sectorindicators(Isobeetal.,1990),wefind aregressionslope
betweenm10 andlog10(cz)of 4.58±1.24 consistentwith the
previousACO results.This is in goodagreementwith theex-
pectedvalue of5. So,we will fix hereaftertheslopeof all the
regressionsbetweenmn andlog10(cz)to avalue of5.

Wewantnow tofind theoptimalranktodefineadistancein-
dicator. To dealwith therealminimalobservingconditions,we
useall theprojectedgalaxies:we do not remove from thetotal
samplethefitted numberof backgroundgalaxies.We compute
thebasicdispersionof therelationsbetweenmn andlog10(cz)
for eachn.Thebestchoiceis therankn for whichthedispersion
is minimal. We seeon Fig. 5 that thebasicdispersionis mini-
mal for thefirst ranks.If we take for examplen=5 (seetab. 1),
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Fig. 5. Dispersionsinmagnitudeaccordingtotherankk.Thedottedline
is thefirst indicatorwithoutcorrection,thedashedline is theindicator
correctedfor richnessandthesolid line is the indicatorcorrectedfor
richnessandfor backgroundgalaxies.

thedispersionis 0.61magnitude.If weassumeasthemeanve-
locity of our clustersample20000km.s−1, thecorresponding
dispersionin velocityis5612km.s−1 (0.02in redshift).Wehave
m5=5log(cz)-(4.46±0.12).

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

4.2. Peculiar velocities

The indicatorusedpreviously is affectedby differentintrinsic
factorspeculiartoeachcluster, suchasthebackgroundlevel,the
richnessof theclusters(numberof galaxiesinsidetheseclusters)
andof coursethepeculiarvelocities.Wewantheretocorrectfor
thebackgroundandfor therichness.To modelthesetwo con-
tributions,weassumefirst thatin ourabsolutemagnituderange
[-21.,-17.], the count law of the backgroundgalaxiesGb(m)
is proportionalto the canonicalexponential:exp(α(m-mlim))
with α the logarithmic slopeand mlim the apparentlimiting
magnitude(=19.).Second,wenoteF0(M) (with M theabsolute
magnitude)the CLF normalizedto unity at M0=-19.5.If µ is
thedistancemodulusof a givencluster, we have M=m-µ. We
deducethenanexpressionfor therankk of a galaxyin a given
clusterwith Nc membergalaxiesandNb backgroundgalaxies
(accordingto theapparentlimiting magnitudemlim=19):

k=NcF0(Mk)+NbGb(mk)=NcF0(mk-µ)+NbGb(mk)
Wederive thenthecorrectedvalue ofthekth magnitude:
mk-µ=F0

−1((1/Nc)(k-NbGb(mk)))
whereNb is deducedfrom the fits of the differentdensity

profiles(seeA98a) andNc is the observed individual number
of clustergalaxieswith M≤M0.

We seein Fig. 5 the improvementresultingfrom the cor-
rections.We note that the dispersiondoesnot decreaseafter
the 20th rank becausewe start to dealwith clusterswith less
than20 galaxiesin thestudiedareas.We notealsothata cor-
rectionfor backgroundgalaxiesusingmeandensitiesinsteadof
our local estimationis not very efficient. The final dispersion

Fig. 6. (µ-5log(cz))relationwith thedistanceindicatorcorrectedfor the
richnessandfor thebackgroundandcalculatedwith m15. Thecluster
with thelowerµ is A0087.

of 0.254leadsto aprecisionin velocityof about2300km.s−1.
We show in Fig. 6 the relationbetweenthecorrecteddistance
modulusµ=m15-M15 of eachof the 28 clustersand5log(cz)
(seealsoTab. 1). m15 is the measuredapparent15th magni-
tudeandM15 is theabsolutemagnitudecorrectedfor richness
andbackgroundeffects.RemovingA0087fromthesample(the
atypicalclusterin Fig.6),weobtainadispersionof 0.210mag-
nitude(1900km.s−1). Durretet al. (1998)arguethatA0087is
not really a cluster, but the resultof a superpositioneffect. A
partof thedispersionisduetostatisticalfluctuationsoriginating
from finite samplesizeeffectswhenwe reconstructtheCCLF
(seeSect.3.1). We have quantifiedthis effect by carryingout
1000Monte-Carlosimulations.Weestimatethenthe probabil-
ity P(σstat ≤ σ) to have astatisticalcontribution lower thana
given valueσ.Accordingtotheobservedvalue ofthemagnitude
dispersionσobs andassumingthatall theremainingdispersion
(correctedfor richness,backgroundandstatisticaleffects)isdue
to peculiarmotions,we candeducetheprobability to have an
error if we assumethat theremainingdispersionis lower than
(σ2

obs-σ2)1/2. We are thusable to give an upperlimit for the
amplitudeof theclusterradialpeculiarmotionsatagivencon-
fidencelevel. Wecomputetheseequivalentupperpeculiarmo-
tionsby adoptingameanvelocityof 20000km.s−1 (seeFig.7).
If weconsiderfor examplea risk of 45% for P(σstat ≤ σ), we
give adispersionof 0.11magnitudeequivalentto peculiarmo-
tionswithin anamplitudeof 1000km.s−1 (0.09magnitudeor
800km.s−1 without A0087).With a conservative risk of 10%,
we predicta dispersionof 0.17magnitudeequivalentto pecu-
liar motionslessthan1500km.s−1 (0.13 magnitudeor 1200
km.s−1 withoutA0087).

4.2.1.Analysis

We have reducedthedispersionof themn-cz relationby sub-
tractingthe backgroundgalaxiesandby modelingthe effects
of the clusterpopulation.We determinein this way an upper
limit for the dispersiondueto peculiarvelocities.We deduce
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Fig. 7. Probabilityof having peculiarvelocitiesgreaterthana given
value (we have adopteda meanvelocity of 20000km.s−1 for our
clusters).This curve is shiftedby about-300 km.s−1 if we remove
A0087from thesample.

thatthis maximaldispersionis somewhatlargerthanthevalue
of Bahcall& Oh(1996).They foundarisk inferior to5%tohave
clustersof galaxieswith arandompeculiarvelocitygreaterthan
600km.s−1. However, their studiedclusters(andgroups)have
arecessionvelocity lessthan10000km.s−1 andtheequivalent
magnitudedispersionis similar to our result.

Several otherstudieshave analyzedthepropermotionsof
thenearbyclustersin theCMB frame:Lauer& Postman(1994),
Colless(1995)ormorerecentlyHudson& Ebeling(1997).They
usetheslopeof thebrightnessprofilesof cDgalaxiesasdistance
indicator. TheLauer& Postman(respectively CollessandHud-
son& Ebeling)distanceindicatorprecisionis 0.24magnitude
(respectively 0.24and0.41magnitude).This is similar to our
precision.

We canalsodirectly compareour dispersionof 0.21mag-
nitude(withoutstatisticalcorrection,seeabove) with thevalue
of Perlmutteret al. (1997).They have useda sub-sampleof 28
distanttypeIasupernovaetoconstrain thecosmologicalparam-
eters,andthey obtainadispersionof 0.19magnitude,verycon-
sistentwith our value.Finally, we have similar values(slightly
greater)for thepeculiarvelocitiesthanin A98awith almostthe
samesample.

5. Conclusion

We have readressedthequestionof thedeterminationof a dis-
tance indicator by using as standardcandle the nth ranked
galaxy.

In orderto correctthemagnitudesfor differentfactors,we
haveaddressedthequestionof theuniversalityof theLuminos-
ity Functionfor rich clustersof galaxies.We have constructed
a CCLF by using 28 rich clustersin the magnituderange[-
21;-17].Thefit of a Schechtermodelgives α=-1.50±0.11and
Mbj∗=-19.91±0.21in goodagreementwith otherliteraturere-
sults.This function is found to beuniversalfor theseclusters,
consistentwith theL97 study.

Table 1. Parametersfor the 28 usedclusters.Col.(1) clustername,
col.(2) m5 without any corrections,col.(3) distanceindicatorµ cor-
rectedfor richnessandbackgroundgalaxiesandcalculatedwith m15,
col.(4)5.×log(cz)

clustername m5 µ 5log(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 15.92 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 that theuncorrecteddistanceindicatormn

is moreefficient for the first ranksn. With n=5, we observe a
dispersionof about0.6magnitude,too largehowever to derive
correctpeculiarvelocities.

We thenusethe CCLF to model the effect of the cluster
richnesson mn in orderto have abetterprecisionandto better
constrain theclusterpeculiarvelocities.Wecorrectfirst for the
richnesseffectandsecondfor thebackgroundgalaxiessubtrac-
tion. This allows to reducethe dispersionto 0.254magnitude
(0.210withoutA0087).If weassumethatthiserroris only due
topeculiarvelocities,they are2300km.s−1 (1900km.s−1 with-
outA0087)for aclusterat20000km.s−1. However, alargepart
of this dispersionis dueto statisticaleffects.By usingexten-
sive simulations,we give theprobabilitydistribution to have a
peculiarmotion lower thana givenvalue.For example,with a
risk of 10%, wepredictavalue of1500km.s−1 (1200km.s−1

withoutA0087).

Theseresultsagreewell with localestimates.Wehavealso
consistentresultswith A98awho usedtheFundamentalPlane
for thesameclustersasusedhere.
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