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Clustering on thelight-cone
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| levolutlon Israpid!

\# & levplutlon IS strongly
object dependent.




‘ Cosmological light-cone effects I

B |[inear and nonlinear gravitational evolution

B redshift-space distortion due to peculiar velocity
® |inear distortion (the Kaiser effect)
® nonlinear distortion (finger-of-god effect)
B evolution of objects on the light-cone
® number density (magnitude-limit, luminosity function, etc.)
® object-dependent biasing relative to mass distribution
B observational selection function
® magnitude-limit and luminosity function
® shape of the survey boundary
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Predicting the clustering on the Iight-conel

| redshift-space distortion
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B average over the light-cone
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Correlation functions of dark matter on the light-cone
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The Hubble Volume SimU'itiD[]

H U b bl e VOI ume 0=0.3,A=07.h =07,
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A CDM simulation § rhiss mwife

1000 particles, 1024 mesh
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Mparticte = 2.2 x 107 Msal

B PSM N-body simulation R
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Light-cone
output from the
Hubble volume

N
simulation
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Dlstrlbutlon of dark halos on the light-cone
Lightcone output 81.45 deg?
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Jenkins et al. (2001)

Hubble volume simulation -
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M ass function of dark halos

B The Press-Schechter
mass function
underpredicts, while an
empirical correction by
Sheth & Tormen (1999)
overpredicts, the
Hubble volume
simulation data at high
mass (Jenkins et al.
2001).
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Phenomenological model
for scale- and mass-dependent halo biasing

B mass-dependence (Jing1998;Sheth & Tormen 1999) +
scale-dependence (Taruya & Suto 2000) in halo biasing

bnalo(l\/| , R1 Z) — bST(M ,Z)[1+ bST(M ’Z)O-mass(R1 Z)]0-15

é:halo(l\/I ) R1 Z) — br?alo(M ’ R’ Z) é:mass(R! Z)
B average over the light-cone
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Calibrating our halo biasing model
with the Hubble volume smulation at z=0

B Our empirical model works
quite wdll at R>20hMpc.

B The suppression of biasing
In simulation at R<5h-*Mpc
IS ascribed to the exclusion
effect of therr finite size.

M For massive halos, our
model underestimates the
measured biaisng by <10%
at 5Sh-iMpc<R<20hMpc,
which would be less than
other possible systematic

errors.




Correlation functions of halos on thelight-cone

Hubble volume simulation - Light—cone output
%, ACDM Survey area: 81.5 deg?®
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‘ In thelast century, | would have concluded... I

B \We have developed an accurate empirical model
which successfully describes the clustering of
halos in the Hubble volume A CDM simulation
on the light-cone up to z=3.

M Since those dark halos are trivially related to the
observed galaxy clusters, our model can be easily
applied to the clustering of X-ray/SZ-selected

clusters. Precision Cosmology !

But...




‘ From dark halosto galaxy clusters ’?I

m Definitely they are closely related, but the
exact one-to-one correspondence is unlikely....

Abdll (optical) clusters

==t Press: Schechter halos
theﬁli%ellr;aglzus A spherical collapse

r|c3hness dlass A ;=18 2

SZ clusters
A |
.

Halosin N-body simulations Fz85 Xsrxa ,flzl%Stueer

friend-of-friend
linking length = 0.2




‘ Relation between dark halos and clustersl

Pzlf i€ nrleitief rlot gas

B Globally smilar
distribution, but
thelr precise
relation Is unclear
because definitions
of clusters
(especially at high z)
are very ambiguous.
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Zooming in the smulated structure




An example: multi-band observation of the most
luminous X-ray cluster RXJ1347-1145

B What do clusterslook like in different wavelengths ?

B Systematic observational campaign for RXJ1347-
1145: the most luminous X-ray cluster at z= 0.45
® optical (ESO, NTT)
® X-ray (ROSAT, ASCA)
® submm SZ (SCUBA at J.C. Maxwell telescope, Hawaii)
® mm SZ (NOBA at Nobeyama radio observatory, Japan)

B Collaborators. E.K omatsu (
T.Kitayama, M.Hattori, H.Matsuo, R. Kawabe
H.Matsuo, K.Y oshikawa, K.Kohno, N.Kuno,
S.Schindler




‘ Optical and X-ray images of RXJ1347-1145I

M the most l[uminous
high-z X-ray cluster
M strong cooling flow

z=0.45
L, hS = 2><1046erg s
M (< 2h;'Mpc ) =10®h M _,
N T =09. 3keV
' 0, =8".4 (57 hg'kpc )
® n_h.'°=0.094cm°
L = 0.57 Schindler et al.(1997)

Quilezl: ESO NI 500 |-gzine)
RSO SANISIRY

T =15.9",°keV  Ettori et al. (2001)



Radial profile via submm SZ effect

W first detection of the radial profile of a
cluster inthe submm SZ effect at 350GHz
(temperature increment)

350GHZ (Tpyy=15") : S50G 7z wiir) SCUBA
[ | rait J.C . Mlevawell telescoge
PSF(4 5miy)+DC(27mly) on Meay 20, gL, 1998

O R¥J1347-1145 (with 7 |
Do e e e | B8 cENLFal point source
- - with 3 SmJy

s B tended 2 profile

Lockman hole (Barger et al 1958)

Loppleiist] et |
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‘ SZ map of RXJ1347-1145 at 150 GHz I

(d) RX J1347-1145 /| NOBA vs ROSAT 150GHz with NOBA
| - (Nobeyama Bolometer
Array) at Nobeyama
45m telescope
In March, April, 1999
and February 2000
O ryhm=13"

® Globally smilar
morphology to the
X-ray image
B Substructure in the
central source subtracted South-East direction
(3.8mJy assumed) .

Right ascension - -
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Substructure
INn the 150GHzZ
SZ iImage

0=2.0mJy

RN ASAYI@MIS0IEIHIZ
NOIMEESHREINEN(ZO01)

mdivided in 4 regions
® mean observed flux: -6.4+ 1.0mJy
® predicted flux: -5.1mJy(9.3keV), -8.8mJdy(16.2keV)

M |arge asymmetry/substructure




‘ Confirmed by Chandra and BIMA observationsl
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‘ Conclusions I

@ We have developed an accurate model for clustering of
dark matter halos on the light-cone.
® gravitational nonlinear evolution
® redshift-space distortion
® mass-, time-, and scale-dependent bias of halos
® selection function
B The model can be applied to predicting the clustering of
X-ray/SZ-selected clusters, provided a good physical
model for halo-cluster connection beyond the unrealistic
one-to-one correspondence in the last century.

B The goal of the next generation cluster sur isnot
precision cosmolgg¥ independent check/confirmation of
the values of cosmological parametersisjust boring), but

isto understand what are the clusters of galaxies'.
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