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v GC = N-body + SA

Dark matter carries most of mass in the
Universe

— Galaxies are baryonic components accumulated
at the bottom of the potential well generated by
dark matter

— We can treat the evolution of dark matter
distribution (by N-body method) and evolution of
galaxies (by Semi-analytic model; SA) separately

Spatial distribution —N-body
Other observable guantities —SA
Kauffmann et al. (1999)



Parameters of N-body
simulation
Computer: VPP-5000 (@ ADAC/NAQJ)
Number of particles: 5123

Cosmological parameters:
0=0.3, A=0.7, 55=1.0
Box size: 70h* Mpc



Cluster Finding Algorithm

 Friends-of-Friends
method

— A pair of particles
separated within the
linking length belongs toli B
the same group A0« . |

— Percolation of spheres [HERSSESINRNER. V- 0N BN
whose radius is the |
linking length




Mass Function of Dark Halos

o Effective mass resolution
s several 101°M
(L = 70h-1Mpc)

o Well-fitted by Sheth-

Tormen type mass
function
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Merger Trees of Dark Halos
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loop = “tree
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e Major Merger

o (Mloop/Mtree>O-5)
—~1.6%

| = Minor Merger

o (Mloop/Mtree<O-1)
—~96%
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Semi-Analytic Model

 Nagashima et al. (2001)

GALAXY FORMATION SCENARIOC based on
HIERARCHICAL CLUSTERING SCENARIO
CLUSTERING OF DARK HALOS

DARK

HALO RADIATIVE COOLING PRESENT UNIVERSE
STAR FORMATION MEEEEESESDF GALAXY CLUSTERS
COLLAPSE OF SN FEEDBACK FIELD GALAXIES

DARK HALOS



Semi-Analytic Model

Mergers of Galaxies
When dark halos merge:

- Hot gas components merge immediately
- Dividing galaxies into CENTRAL and SATELLITES
CENTRAL: central galaxy in the most massive progenitor

satellite

central

hot gas

Criteria of galaxy mergers:

Lelapse>tnic (dynamical friction time-scale) satellite-central merger
At>teon (random collision) satellite-satellite merger

Types of mergers:

Merger of similar  STARBURST + BULGE FORMATION
mass galaxies: (MAJOR MERGER)

Otherwise: Smaller galaxy is incorporated into disk of larger galaxy
(MINOR MERGER)



Semi-Analytic Model

DIFFUSE GAS in dark halo
HOT GAS | |SOTHERMAL distribution with VIRIALtemperature

RADIATIVE COOLING fire="Teoot (7e001)

' SUPERNOVA FEEDBACK ey =B(V ). ]3(].’;)=( V. ]-ﬂu

Vhﬂ[
COLD GAS  STARFORMING GAS

0
‘ STAR FORMATION M. =Mesit % (2)=% (1+P)fA(2)
1= flz)=const. <1y, ,0r...
DISK
STAR "GALAXY"
1 MAJOR MERGER

BU LG E STAR Solving Chemical Enrichment consistently



3. Parameter normalization
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Semi-Analytic Model

,.(a}l H-Iband

o 2dF

= APM

i 1 i 1 e 1 & 1 &
-22 =20 -18 -18 -
My—5Log[h]

_ (b) K-band

0 388
B . & PMASS

u 2dF-2MASS

-4 | -Z8
M, —5Log[h]

-20 -—18

Luminosity Functions
(SN feedback parameters)

Log[(My;/Lg)/ (Mg/Lg)]

-0.6

Cold gas mass fraction

(SF time-scale)

| ﬂ'&

ST N T
Il.—ﬂrl.o:[hl



Semi-Analytic Model

Disk size
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Parameter set:
=0.3,Q2.=0.7,65=1,1=0.7

Vier=120km/s
Ohor =4 SN feedback

©’=1.7Gyr  SF time-scale
Juerge=1.8  Merger time-scale

fuee=0.5  Major merger criterion
(preliminary results)
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Galaxy Counts

K'—band

© Bubaru Deep Field

Minezakl et al. (1998)
Mcleood ot al. (1995)
Gardner el al. (1996)
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Distribution of Dark Matter and
Galaxies

e 7=0




Distribution and Colors of
Galaxies Iin the Cluster

e Cluster at z=0




Distribution and Colors of
Galaxies Iin the Cluster

e Cluster @z=0.5




Distribution and Colors of
Galaxies Iin the Cluster

e Cluster at z=1




Applications of v GC

» Angular correlation function of galaxies

— Yahagi, Nagashima, Miyazaki, Gouda, & Yoshi
» Extragalactic background fluctuation

— Nagashima, Yahagi, & Yoshii

» Cosmic string search
— Japanese Virtual Observatory groups



Angular Correlation Function
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Angular Correlation Function

e Fleld-to-field varlatlon
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Angular Correlation Function

. Integral Constralnts
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Angular Correlation Function

e Limitina maanitude
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Angular Correlation Function

e Subaru Suprime-Cam

—GTO 2.2 deg? field
e S. Miyazaki (Subaru telescope, NAOJ) et al.




Angular Correlation Function

o Comparison with observational data

@ Subaru R, < 25.5 ]
[ O UKSTr, < 20 |
[ 4« CFHT R < 25 ]
A HSTR < 28 -
I vGC Re=20
o1k c<25.5 ]

_ w(6)
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Cosmic Background Radiation

- E(eV =
Tk 10° }m“ 10~ "
q_ - . - . - -1 - T . -— . - . - T - . T - T




Cosmic Microwave Background

« WMAP
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Cosmic far-IR Background

¢ ISO

LHEX C_90
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Fig. 1. The left column shows 90 pm images of
LHEX (top) and LHNW (bottom). Each image is
3075 x 395 wide (23" /pixel). The right column
shows 170 um images (46" /pixel). The LHEX im-
age is 4076 x 4076 wide, while the LHNW one is
30°.1 x 39'.1 wide. The brightness shown in each
image is offset from its median brightness. Each im-
age is made of four 227 x 227 sub-fields. Roughly
the north is left and the west is top.
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Fig. 3. The residual PSDs of 90 gm (top) and 170 gm (bottom} im-
ages (open circles and filled circles, same as Fig. 2) are compared with
the simulated PSDs based on various number counts models: dashed
lines are PSDs of the simulated images by Guiderdoni et al. (1998)
scenario E, while the dotted lines are those by Takeuchi et al. (1999)
no-evolution. Thick gray lines are examples of the simulated images
produced by simple double power-law number count models (see text
for details).



Cosmic near-IR Background

e ISO

TABLE 2 Measurements of infrared background fluctuations

b i Sl b | vl 8
(pem) (aremin) (W m s (s h (oW m s Relerence
1.25 42 =19 =200 Kashlinsky et al. 199G
1.25 42 15.5+1F Fashlinsky et al. 2000F
1. 42 =56 Wright 200 1b
1.4 8 ~18 Maisumoto et al. 2000
2.2 (0205 <6 Boughn et al. 1956
2.2 1-5 4.1 Boughn et al. 1986
2.2 42 =7 T8 Fashlingky at al. 199G
2.2 42 5.9+ Kashlinsky at al. 2000F
22 42 2.5 Wright 200 1b
2.4 K] ~5 Matsumeto el al, 2000
35 42 2.4 w2 Fashlingky at al. 199G
35 42 2. 4tRs Kashlinsky et al. 2000F
4.9 42 1.3 13 Kashlinsky et al. 1996h
4.9 42 2.0 Kashlinsky et al. 20C0F
12-100 42 1-1.5 10-15 Fashlinsky et al. 199&h
12 42 1.0 15 Kashlinsky at al. 2000
25 42 0.5 =8 Kashlinsky at al. 2000
[ea] 42 0.8 12 Kashlinsky et al. 2000
100 42 =1.1 17 Kashlinsky et al. 2000
ol 04-20 1 30060 3000 -3-10 Patzuhara el al. 2000
(150 mly)
170 64 ~1 T (100 mdy) Lagache & Puget 2000
1703 (520 1 20000 + 2000 -0.9-2.6 Mat=suhara et al. 2000
(250 mly)
400-1000 420 3400 gy Burigana & Popa 1998

Upprosimate angular scale of luciuation measurements.,

Hagud JF is the variance of of,.

“Source power spactum, for sources finter than Aux shown in parentheses.

HReported limit on the CIR infamed from the fuctuation measurement.

“Limits give 92% confidence infe rval.

B0 confidence level.



Extragalactic Background
Fluctuation

 Two-body correlation function of galaxies
— Correlation function of galaxies brighter than
the limiting magnitude
« Edxtra-galactic background fluctuation

— Correlation function of galaxies dimmer than
the limiting magnitude



Extragalactic Background

Fluctuation

 Diffuse extra-galactic background light
(EBL)
— Superposition of unresolved galaxies ?(NIR)
* Expected outcome from EBL anisotropy
— Source of EBL
— Number of unresolved galaxies

o |IR Satellite projects

— SIRTF
— Astro-F, SPICA



Extragalactic Background
Fluctuation
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Extragalactic Background
Fluctuation

2D Map of K-band (~ 2um) intensity from galaxies
All Galaxies K>19

4. Results




nW/m?*/sr

Vq®P(q)/2nm

» Kashlinsky et al. (2002)

100

o

100

100§

Extragalactic Background
Fluctuation

3 23 38 37.
¢ $ i ¢ ¢ ¢ $ ¢
f . '\
& ‘- ‘t' %
Ll - r ¥
g.am g2 20.0™ 19,7 20.07 19.6™ 19,67
33 45 29 32, 33 37 40
t , ] ] t
“\
"'.‘ - - - . -,
H 19.1™ 187" 19.2™ 18.8™ 19.0™ 18.9™ 18.8™
22. ] 29, 20. 23, 21. 24, 26.
A\ all all - 1 all all all - all all
Fa10 — K19 — K10 — Fa10 — K19 — K10 —
L T\ \‘\._\__ +\ e T\ L +\ \‘\.___ +\\ L. +\
K., 18.9™ 18.6™ 19.0™ 18.7™ 19.0™ 18.8™ 18.7™
10 10%10° 10 10% 10° 10 10% 10° 10 10%10° 10 10% 107 10 10% 10° 10 10% 10°

q "(arcsec) a Warcsec) a 'farcsec) g Warcsec? a 'farcsec) g YWarcses) g farcsec)



PISCES project

CL0016+1609 | RX J0152.7-1357

o Suprime-CAM/Subaru
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Fig. 6. Roundness of iso-density contours [.% /{47 ) as a function of the threshold of the contours, where . is the length of the contour and § is the
area surrounded by the contour. Only the major clump near or at the cluster center (0. 0) is used. Observed data are plotted in the left panel. while the
model predictions are shown in the right panel. The data points and the associated error-bars in the right panel show the median and 16%—84% range of
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Fig. 1. —Sample completeness of the wGC mock LBG sample. The histo-
grams show the completeness of the colorselected (COL-selected) e0GC LBG
sample, while the lines show the completeness estimate of the observed SDF
LBG sample. Top: 24LBGs ind < 25.5 {solidling), 25.5 < (" < 26.5 {datted ling),

Fig. 2. —Comparisonof the rest-UY color distribution for LBGS atz ~ 4 (fop
and middle) and z ~ 5 {(bottom) between SDF observations {solid fines) and the
predictions of the wGC (histograms). The solid histograms denote the color

i E‘EE - ! :: -.2?'4 \edashed ﬁ“,{']- Baottom: 2SLBGs in 2’ = 25.75 1""”ﬁf! line) distribution of COL-selected eGC LBG samples, while the dotted histograms
and 35.75 e 26.6 1-{!?”“! h“{']'_ The ":“T”FI‘:I""_"“H"" of the SDF Lm’ AAI- are those of SF-selected GO LBG samples. [See the electronic edition of the
ple by Yoshida et al. (2005 was rebinned in magnitudes from the original plot Jowmal for a color version of this figure.]

taking the average with number weighting, [See the efectronic edition of the
Jowrnal for a color version of this fioure ]
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FALBG 100 o 4543 246 090000y 23140 469700 10
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* Mumber of sources in the sample. Fig, 6.—ACFs of z4L E('r {.I'e’:lp] and z_SL Bk (ot fomr) sumples. The :m_l'uJ li1_'|¢:.-i
* Contamination tate rebinned in magnitudes from the original estimate by Yoshida et al. {2005) aking the avermge show the power-law fts with IC corrections. Emor bars show the | o Poissonian
with number weighting, errors. The dotted lines show the ACF power law of the previous estimates in
© The ACF power-law fitting parameters defined ineq. (4) with contamination correction. SDF by Ouchi et al. {2004h). [See the electraonic edition of the Jowrnal for a

4 The correlation length inferred from ACF. color version of this fgure ]
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Fri. 7.—Luminosity dependence of ACFs in the 24LBG sample. The ACEs
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baols given in the legend. The dotted line is the nonlinear ACF of dark matter at
z = 4 calculated with the same observational selection function. Bostom: Our
defined bias parameter @) for each luminosity subsample with the same
symbol as indicated in the top panel. [See the efectronic edition af the Joumal
for a color versian af this figure ]
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Fri. B—Same as Fig 7, but for the SDF 25LBG sample. The ACFs of
2 2575and 2575 < 2 < 26.6 are represented by symbols given in the lezend,
[See the electmnic edition af the Jowmal for a colar version af this fgure. ]
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w(8)

Fiii.
COL-selected sample for 22LBGS (fop) and 25LEGs (bottom). The symbaols are
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color version af this fgure.]
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I3 —Luminosity dependence of ACFs in the GO prediction of the
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TABLE 2

ACF Parasieters oF pGC LBG Sasries

lli:J.
Sample N (%) g Ay
#4LBG total COL-selectad 12712 6 074755 it e
#4LBG total SF-selected. ..., 6653 00 0.74 £ 0.08 126703
ZALBG # S 255, e 44979 46 08075 Lg%
ZALBG 255 < 7 £ 2B e 10725 64 0.7670.5 0.7675:11
PALBG 265 < 7 € 2T e 11742 1] 0.8 095t
FALBG 12,0 = log (MM o) a1 | 1.39 4 0.01 4419 4 049
2ALBG 117 < log{My/M2) < 120 e 4556 | L3 13,324
FALBG 1LS < logiMiiM ) S LLT e 5174 il 092 0 20188
FALBG 113 < log (MM ) < LLS e 7201 | 0774811 0,600 14
FALBG log (MM < 113 083 | 064751 0.37784
#ALBG Thalo-1ILBG 12.0 < log My ML) e 1794 00 0.82 4 0.12 28811
#ALBG Thalo-1ILBG 11.7 < log My M. ) < 1200, 3783 00 (.88 + 0.12 200704
24LBG Thalo-ILBG 115 < log (My ML) < 10T e, 493 00 0.80°0 12 ﬂ.%-g;ﬂjg
#4LBG Thalo-ILBG 11.3 < log (My M. ) < 115 . 7135 00 0.8 + 010 0875
#ALBG lhalo-ILBG log (MM} < 103 060 00 0.8540.19 0.6740.3
25SLBG total COL-selected ... 2603 0s 0.8 0 206104
2SLBG total SF-selected...... 1690 00 080753 25600
ZSLBG 2 S 2578 e 1611 0.12 054812 374
ZELBG 25,75 <2 2 2 200 e 3101 12 0.74 £ 0.06 132708
ZSLBG 121 < lom{Mu/M ) 440 00 1244008 49, 70+18
ZSLBG 118 < log (MM ) < 120 17 00 1.04 4 0.06 13,4070
ZSLBG 115 < og{MyM_) < TLE e 2547 | (.90 + 008 z.m-gﬁj{
#SLBG Thalo-1ILBG 12,0 < log My ML) e 3RS 00 084703 e
Z5LBG Thalo-ILBG 118 < log (My M. ) < 120 e, 1029 00 0.6470 1 209t
#SLBG Thalo-ILBG 11.5 < log (My M. ) < 118 . 2486 00 072 0 133403

* Nand £ are averpe values for the random resampling process for the total and luminosity subsamples.

Vi,
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Fig. 14 —Halo mass dependence of ACFs in wGC for 24LBGS {top) and
25LECs (hottom). The halo mass subsamples of 120 < log {0y M0, 11T =
log (/A5 = 12,0, 115 < log (M) < 1LT, 113 < log (M) < 115,
and log (Mg /ML) < 1L ave represented by symbols as shown in the legend, from
top to bottom for @4 LBCGs. The mass subsamples of 12,1 < log (M0 TLE <
log M/ = 1200, md 115 < log (M) = TLE are are represented by
svinbols as shownin the legend, Som top tobottom for 25LBGs . [See the electronic
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Fig. 15.—Two-dimensional histograms of the dark halo mass and the LBG
occupation number in a halo predicted by the GC for 24LBGS (fop) and
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edition af the Jowmal for g color version af this figure ]
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Fi. 17.—Prediction of ¢0GC regarding the UV lominosity —dependence of
galactic halo mass. The magnitudes quoted are for the i bandin the 24 LBEG sam-
ple {top Teff) and the =" band in the 25LBG somple (fop i ghi). The straight lines
show the linear fit to the mean ridge of the distribution. Sotton: Halo mass
histograms for each Tuminosity subsomple with the same lines as indicated in
Figs. 7 and 8. [See the electronic edition af the Jowrnal for a color wersion afthis
fiure. |



Summary

 N-body + SAM = ¥ GC
— High mass resolution
 Parallelized AMR N-body simulation code

o Comparison with observation

— Angular correlation function
o Our catalog realizes the observational data

— Extragalactic background light
e Our catalog fits the 2ZMASS results quite well
 What is the origin of the excess at 10mins< ?
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