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Large-scale structure traced by LAEs at z-6
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COSMOLOGICAL HYDRODYNAMIC
SIMULATIONS

* model galaxy formation from first principles in a ACDM
universe

e GADGET?2 Smoothed Particle Hydrodynamics code (Springel '05)
radiative cooling/heating, star formation, SN & galactic wind feedback

e LBGs@z=3-6, massive gal@z=1-2, DLAs, .... (KN+ 04ab, 05ab)

Box size N, MpM M gas €  Zend Wind

10.00 2 x 1443 242 x 107 3.72 x 10 2.78 2.75 None
10.00 2 x 1443 242 x 107 3.72 x 10 2.78 2.75 Weak
10.00 2 x 1443 242 x 107 3.72 x 10 2.78 2.75 Strong
10.00 2 x216% 7.16 x 10 1.10 x 10 1.85 2.75 Strong
10.00 2 x324% 2,12 x 10 326 x 10° 1.23 2.75 Strong

3375 2x216° 2.75 x 108 4.24 x 107 6.25 1.00 Strong
3375 2x324° 8.15x 107 1.26 x 107 4.17 1.00 Strong

100.0 2 x324% 2,12 x 10° 326 x 108 8.00 0.00 Strong
100.0 2 x 486% 6.29 x 102 9.67 x 10’ 5.00 0.00 Strong
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Galaxy Stellar Mass Function

At z=3, things look good.

log dn/dlogM, [Mpc=3 (logM,) 1]
T

T ‘ T T ‘ T T ‘ T

log M, [M,]

Data: Drory+ 05
Fontana+ 06
Perez-Gonzalez+ ‘07

Rest-frame UV LF
L R A

o
z=3 E(B-V)=0.15

T

________ Q5 it
____D6 ,»"—,/
G6 /’
/ Lo
2
Ay}
AY
o
\/
/
/ N
|
‘ | ‘l | ‘ | | | ‘ | | | ‘ | | | ‘ |
—22 —20 —18 —-16 —14
M

UV, rest

Data: Adelberger & Steidel 00’




Ly LF
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Iwo simple scenarios

® “Escape fraction” scenario:

® all LBGs emit Ly emission, but uniformly

observed sim

attenuated by a factor of fLyo: Liya™"" = fiyaLive

frya = faust (1 = f222) fiam,

® “Duty cycle” scenario:

® only a fraction Cquty of starforming gals are
active as LAE
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Lyx LF @ z=3

Escape fraction scenario
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Escape fraction scenario
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Specific SFR vs. M+
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SF efficiency declines from z



M= vs. SFR @z=3
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This comparison favors the Duty cycle scenario.



log SFR [Mgyr~!]

M* vs. SFR @z=6
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UV LF of LAEs & LBGs

T ‘ T T T ‘ T T T ‘ T T T T T T T ‘ ‘ ‘
z=3 E(B-V)=0.15 E(B—V)=0.15
0 a=—-2.2 7 - e
———————— Q5 "",,- -7 ’_,,—,"}')
—_—— _D6 .""—// //_/
G6 . ‘ el a=—22
A - N
//,{ S 7oA Y
A 2T N /. ikl N
AS’00 7 N A l:@ v
\
LBGs /\/ . |
/ Vf Az O Bouwens+ ‘07 |
/
4t I O - A Ouchi+‘08
- 7
LAEs
T — X - X
X'} Ouchi+08 5O Cauy 5O Cauy
/ (C 44, =0.07) (C quty=0-2)
76 ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | ‘ | | | ‘ | | | ‘ |
—22 —20 ~18 ~16 ~14 ~18 ~16 ~14
MUV rest M

UV, rest

UV LFs of LAEs & LBGs can be described well, provided E(B-V)~0.15 for
both population. (But recent obs suggest Ebv<~0.05)

Again, duty cycle scenario is favored.

We might be overpredicting the bright-end of the UV LF @z=6.
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Duty Cycle Scenario
z=3

z2=206

Gawiser+ 07 (z=3.1)

ro=3.6"08Mpc b=17703

ro " 5.5
v P 1.67
b1 3.5 (< 6.0)

4.4
1.68
5.0 (< 8.9)

(3.2)
(2.30)
(1.6-4.6)

3.1
1.49

4.0

Ouchi+ '05b (z=5.7)
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Smaller ro and b for duty cycle scenario.

KN+’08: b=3.7



Summary of Parameters

Parameter Escape Fraction Scenario Duty Cycle Scenario
z=3 z=20 z=3 z=206
fLya © 0.10 0.15 — —
fiam ® 0.82 (1.0)  0.52 (1.0) 0.82 (1.0)  0.52 (1.0)
lon ¢ 0.06 0.20 — -
faust @ 0.13 (0.11)  0.36 (0.19) — —
Cduty © — — 0.07 (0.06) 0.2 (0.06)
log(M, /Mg) f [10.2,12.1]  [9.3,11.0] [9.2,11.3] 8.6, 10.3]
(My/Mg) 9 2.5 x 1019 1.9 x 10° 3.8 x 109 6.1 x 108
px fraction ™ 0.18 0.11 0.42 0.29
log(Mpu /Mg) * [7.7,9.7] (6.9, 8.7] 6.7, 8.8] 6.3, 8.0]
(Mpu/Mg) 7 1.0 x 108 9.5 x 10° 1.5 x 107 3.1 x 10°
log(Z/Zc) * [-0.7,0.1] [~1.3,—0.3] [—1.0,0.1] [-1.4,—0.5]
(Z]Zg5) ™ 0.39 0.17 0.21 0.11
ro ™ 5.5 4.4 (3.2) 3.1
v P 1.67 1.68 (2.30) 1.49
ba 3.5 (< 6.0) 5.0 (<8.9) (1.6-4.6) 4.0

Duty cycle scenario: lower M+, lower Z/Zs,
less clustered, smaller bias



Cosmic Variance

8 simulation sub-volumes

® LFsin FoV=0.2 deg?

show significant
scatter =

® Need FoV>Ildeg?
for a reliable LF
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Conclusions

® Duty cycle scenario is favored over the Escape

fraction scenario from the comparisons of
M:-SFR relation, UV LF of LAEs, clustering & bias.

® |f duty cycle scenario is correct, then LAEs would
be a population w/ lower M+, lower metallicity,
less clustered and less biased.

® Cosmic variance is strong, and can account for
the scatter seen in current LF data from FoV<|

deg?. (applies to both LBGs and LAEs)
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