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A0 & Bh# 1
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KYIBEICENISEBIFIEETEICIES
IR RO >TULAEIRAF R
|IOK-01 2z=6.96 Subaru (lye+ 2006)
z~10 candidates HST (Bouwens+ 2009: Yan+ 2009)

FHEDEGRARE
HSC deep/ultra-deep survey
TMT (thirty meter telescope)

standard candle/siren N B &



Lima, Jain+ (2010)

HJIYRAI DN EREMA~ADEE
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101 T 1 T T T T T T 1] T T | R | E
1 %& A BLAST 500 um | 7§
O\X 2 SCUBA 850 um | 3
10-! @®AzTEC 1.1 mm |
. ASPT 1.4 mm 3
10-2 ® SPT 2.0 mm i
?:_
-3 ]
B, 1° E
S lensed
= 10
ﬁ T Unified curves
10-5
a=-1
10-8 - - --- Schechter
B Lensed, z,=3.0
10-7 P
\
10-8 unlensed
I 1 L II
1 10!



12b0 & EhiE 2

K BERIFF—HRFEZEETHIHEDOLANL—I0T

2aAL—30%F TS

L] {EEE+ (4K 2009-)

HSC cosmic sh

18 5%5 deg”?2

ealr A:

SME KYFELFELNZSAL—TaY

5 1x1 deg”?2

KIEARY E=RFDOKRES, 53

Blhansg

2<=3

2<=20

4]

RIKTF

AR TILEBA Y4 X (<10kpe/h) £THER




A hAEHE 3
*NEBEE

EMXXE FFEME THSCICHIF=RDL A a—T12 22— ay ]

W EEEEIER SR ERALN S — I RILT—DHE ]

HPMEEMEI DL A a—T1 3 aL—2a FANEEALOXRBRD
RABPLEDRFLY )




Ray-tracing simulation

KRBRBEPZEET OEDRBER

simulation box
/?Eﬁ 1% 1deg”2 /

P—

/ I

/
o |

z=0 2<=20 :
REHETERL

N-body simulation : Gadget2 (Springel)
Ray-tracing simulation : Raytrix (Hamana)

/
publicly available codes Z{#



Ray-tracing simulation

We use freely publicly available codes :

1. N-body simulation code of Gadget2 (Springel)

evaluate non-linear gravitational evolution of
dark matter particles

2. Ray-tracing simulation code of Raytrix (Hamana)

calculate light ray path in inhomogeneous mass
distribution



3D particle distribution is projected to 2D surface, and
calculate the gravitational potential on the lens plane.
(thin lens approximation)

lens plane




Lens planes

Vi i Vs V4

A light ray emitted from the observer is deflected
at each lens plane

calculate the ray path up to the source plane 0



Example 1  Contour map of convergencek at z=20

1.208
1.186
1167
1143
1128
1.110
1.0
1.073
1.054
1.0:55
1.016
0.997
0978
0.954
0.940
0822
0.903
0.554
0.865
0.846
0827

convergence K:
projected surface

mass density

2 deg

(RT, Oguri, Hamana

Sato, in preparation) grid size of gravitational potential = 0.83Mpc/h

angular resolution = 2 arcmin



Example 2  Contour map of magnification at z=20

1.555
1.551
1.508
1.465
1.422
1.378
1.335
1.292
1.248
1.205
1.162
1119
1.075
1.032
0.9549
0.946
0.902
0.559
0816
0.3
07249

2 deg

grid size of gravitational potential = 0.8Mpc/h
angular resolution = 2 arcmin



Ray-tracing simulation

3DDNEEZLBER (585 realization £~ 3)
AERERRYIRRDIKEFEEER

RYVAR  AFH fAFEE Jyok=24

A. 50Mpc/h 256" 3 6e+8Msun/h 8kpc/h
B. 100Mpc/h 512”3 6e+8Msun/h 8kpc/h
C. 50Mpc/h 51273 7e+7Msun/h 4kpc/h

A & B : ERERIT—#H RyIRARHIES
A& C: FEREITES RYIARIZAEL
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Ray-tracing simulation

Raytrix «— gAIFE M —KRIZHERIET
Image plane TO®ES M dP,(x)/dx
Source plane TOWEE S dP,(x)/dx

dRs(x) _ 1 dR(x)
dx o dx

X= 4, K,7,...

14



BEDHR:FICHBENELNSaL—Sa>
Wambsganss, Cen, Ostriker (1990s)

box size  # of particles 5 f&#E(PM sim.)
5Mpc/h 25073 10kpc/h

ZEHOFEE, P(u). SNIa ZffoT= g0 READEE

Hilbert, White, Schneider, Hartlap (2000s)

Millennium Simulation_
box size  # of particles softening

500Mpc/h 2160"3 5kpc/h

P(M). P(k). 2EBDHEE, N\)FUHETDEE.
standard candle/siren IZRTHE AL XRBEDHBEDOKRE

HRFNFTTRUVESBELRBFRSRREOHEEHD




1YL 3 (magnification) DEZES
2k tgrid ng=819222 — 6kpc/h

o
! s = =512
dP; (1) s ;-\ L=50Mpc/h =512
n,=8192" n =2048
d log u 2 [ 3 g r
10 .
i X z.=1
= . z.=3
D, o
O 107 §:ce
O o z.=20
0 $° o
o . .
© = $ooe -2
3l H
10°F 1.,
strong lens @
faint image :
10 e
10’ 10°

magpnification loguTE =4
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<K >

Convergence @ r.m.s (root-mean-square)

0.1

x L=50Mpc/h n,=256"

e L=50Mpc/h n,=512°

+ L=100Mpc/h n=512°  nr=1024> * - high resolution
— - X + : low resolution
————— theor. model
’ z=20
_________ B S
: oy - low resolution Tl shot
n | noise B TSH
¥ . . R
< z=3 RYIRAG A XDELERL
'__o___?___; _____________
x ey
8 X
=1
v —— % ——x—— g —————————3
2 * * * 2
" n;=8192 ng=256° 1
— 101 102 ' 2RFEEARTIUOIOXRILDT )R
gia (kpc/h) i = 50Mpc/h/ng o
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BAEZER TERIOXER

iHéQif dz (1+Z){r(z)r(z,zs)
87 H(z) r(z,)

x L=50Mpc/h n =256

0.1}

_____ theor. model

with Kk
z=20

2
} | dkk{P(k)+£}e‘(k’kwt)2
n

REESIZHhYNED

(Gaussian smoothing)

27

rgrid

K

caut — &

a~0.2
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Lops = 1L
o, (L,)dL . =d(L)dL
— %CI)(LobS/ﬂ)dl—obs
1 dP; (u)

(D( Lobs//u)

(Dobs(l—obs) — jdﬂ L d,Ll

Schechter function ®(L) oc L exp(—L/L.)
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Schechter Luminosity Function

O(L) =D, (L/L.) e "— o L® for L>>L.

lens |
iIndependent of a
CZ::-—l CZ=:-—2
E o T T T T - ]
10% L=50Mpc/h  Np=512° i L=50Mpc/h Np=512°
; ng=8192° nr=2048" 107 ng=8192 nr=2048>

3 Schechter LF .
Schechter LF =2

E a=1

(L) | ou

E e unlensed e unlensed
10°¢ lensed 105k lensed
i z=1 i z=1
z= z=3
z=20 z=20
R | . R | S AN e el . PP | N SN
10° 10’ 10° 10° 10’ 10°

L/L. L/L. 2



UV luminosity function of z-dropout galaxies

24

29

T

- SFR[Mer"]=3|O

| | | I | 1 1 1 l 1 1 I ] l I | |

-
-

-21 —-20 -19
My [mag]

~1.8

(Ouchi+ 2009)

Schechter func.

a=-1.72

M*=-20.1
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102§ v 1 ' 1 " | " I
L 50Mpc/h 512°
ng=8192°, nr=2048

z=7

| a=1.72
10°F r.=10kpc/h

Oy 1OF IO

with lensing

2

-23 -22 -21 -20 -19 -18

factor 2 f£3&> 22



F&H

* D Ray-tracing simulation ZLNT
YL (magnification) DIEEL HEHFT-

MNFETTx

=10k

iR HE (SRR —JL a few kpc)

NETTHEDAIR (2<=20)

s magnification, convergence, shear DEEL L

L IOh web 2B

K /N\UAUHRHBMHEDT, BRXOFHEHRIETR
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