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Gas Cooling
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"Cooling radius” prescription

A
_ o isothermal, AH/O\ER
Phot X T Tig A7 HH %
//gw a@&%hl?v??
og(por) =
— ~ log(r)
rcool RVir
Tcool(rcool) — tlife %0)94’A7\7_- v 7@[353 Lc_.'.;%i B*L%Eﬁ%

3 Phot (T) Ji’r']f";»ir‘ia’ili‘

t{:‘{'lﬂ r — 9
C l("}) ) }u-'ﬂrl ?’12( )X(ﬂrll Zh(lt)

COXERICE IR B . TR —LA\O—TRT CICLEE
B A (BRI FRIC fdxbfdxb\)bfﬂ/—_[ AT =)L TIEBE ARV,
IR B 24— )L IZAGN feedback CIRE IS

\




HADNERNICHSZA5NS/\0—
e EUTFZILEEN T>104K O/\O—THWESEZ I <L
o SRIAIEA R IEHROERTH S A TULERL

> J—=UV T T70-RBYE V3. =
L= TULVRWLH(ER) 0 Ryir

10° 10* 10° 10 10- 10°

» FILEROERIDT,pld1  o2sf i

DBASNBIEETR |
L/ TWBADIC, FIEBD o2t efficient cooling ]
mEMNHED TH>TWL _
fd\ v} 8 0.15
o [AIAINERL TWD? 3

o=
ok

» AGN? non-thermal
particles? or...

» CZCIFAGNT7 1 —R i
Ny o EEZB(EE) ol

0.05




coolingaJge/x/\O—DEBE I

« O™ approximation to cosmic star formation rate

g w X Mcold

10°

PPy s ch
E o L=
B
;?9
-~ i
é‘ 107" F —+— Hopkins 2004
-] —+— Pascale et al. 2009 (IR)

—#— Rodighiero et al. 2010 (IR)

Karim et al. 2011 (1.4 GHz)
—e— Cucciati et al. 2012 (UV) .
x| == Ouchi et al. 2004 (UV) voGC-HI
10  —a— Bouwens et al. 2014 (UV) v'GC-H2 =
1 1 1 | L 1 1 | 1 L 1 | 1
0 2 4 ] 10
Redshift z

0.1

0.01

cooling PIgE/X B EFEH D
J\H—0® fraction

redshift z



AGN feedback
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AGN feedback (Bower+00)
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Growth of SMBHs
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AGN cross-correlation functions

Telog(h) < 28.5 (| Wlslog(n) < 2ai T Wloa(n) < 245
100 ’_\1%.5 < :{[g—slug{h: < —23.0 100 ge-24.5 < H:E—Elu-gl[hj < -23.0 4 100 % ¥ E:—Elng{h} c _33.0 __
- =230 < Mp-5log(h) < -21.0 —— o .0 = Mzg-5log(h) < -21.0 F| M -5log(h) < -21.0
galaxy —— e galaxy [ % galaxy —— |
\ . dark matter —=-—-—- \‘.‘ dark matter ———- dark matter -—— 1
10 l,, 10 . \% ! 10 i
= N\ =2.5 N =4
o [ z= \ Z=L. =
1 ™, 1¢E e
Up ' ™
[~
0.1 0.1
0.01 ~l p.01 .
0.1 1 100 0.1 1 100
r[Mpc/h] r[Mpc/h]
5 Mg-5log(h) < -24.5 —5— ' Mz-Slog(h) < -24.5 —— | f " Mg-5log(h) < —24.5 —— |
10 |--24.5 < M -5log(h) < —23.0 —— - 10 |--24.5 < M;-5log(h) < -23.0 —@— - 10 [~24.5 < M -5log(h) < -23.0 —@— -
F —23.0 < M;-5log(h) < -21.0 —&— ] -23.0 < M;-5log(h) < -21.0 —&— ] F —23.0 < Mz-5log(h) < -21.0 —&— i
5 [2=1.0 s 12=2.5 Bl{z—e;.ﬂ 5
s 1 HH& ]
6 6 6 form— ]
Q@ | i 5
< | - 5
0 4 s i —‘-L—;:;-__—.—_-@-
2 2 :___
. n ﬂ &6 (1)
‘ . : 0 o (r)&pp (1)
\/EG F)Spm \I

r[Mpc/h]

r[Mpc/h]

courtesy of T. Ooqi




Biased Galaxy Formation

* “void” region --- dark matter exists but galaxies
Nnot

* galaxies cluster stronger than dark matter,
especially at higher redshift
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QSO bias

» QSO/\1 7 REFARE E & (TN

¢ IMAKJ\

—&BE : ~3x10"2Msun/h @ low-z,

>Hx10"”Msun/h @ z>3 (Shen+2009)

SDSS DR5 QSOs (Shen et al. 2009)

|.6x10'?

© o sxi0n
1 4x107
! 2x10m

1 1x10"

I [M
leo [ sun/h

H:)I)

Redshift

]

4



bias @ luminosity K74
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2009 and references therein)

» X UELR S D EVWSEHAEETETWS
SDSS photo-z QSOs (Myers et al. 2007)

11111111111111111

of z=1.92

o~ - -~~~
oMo OD

7=0.85

|

PR SR T TR T SR TR T S S L
-26 -25 -24 -23 -22 -21 g

45



B=, QSO mag, BHE=

Slog(h)

My,

]ﬂg(ﬂ!m] -'l”I - :|

log[ M,/ (h™" M )]

B.0

6.5
fo.0

10,5 11.0 11.5 12.0 12.5 13.0 13.5

log(M,,,./h~' M)

14.0

B-band Eddington ratio
fEdd.B = Lp/LEaq

Red: 0.1 <fcyys

Black: 102< f,, < 0.1

Green: 102 < f,, ;< 107

Purple: fgyy 5 < 107

* Eddington ratio Z[EE 9 © &. DM/\
00— & QSOFEMRICHEN R 5N D

—\\

* £5)LQSO [&. Eddington ratio DX
%z\ciﬁb\%d\é WESICEL LT
L)

e #EER & UT. kA 7% Eddington ratio
D QSO M [EEEDEED DM/\
O—ICHFEET S

46

|27z, DMN\O—EE & QSOFMRICHEENES AL |




QSO bias evolution
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Figure 1. Mass distributions of DM haloes hosting bright (red), interme
diate (green) and faint (blue) quasars at z = 1.0 (top), 2.5 (middle) and
4.0 (bottom). The vertical dashed lines denote the median masses of the
distributions.
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Figure 2. Evolution of normalized accretion rates for quasars.
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host halo mass @z=2.5
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