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effects of radiation (stellar, UVB) & feedback



What
are

DI.As?

AN I Ve
< —/?\— quasar

Ny > 2 x 102° cm 2
(Wolfe+ ‘86)

Direct probe of Hi gas in high-z universe

DI As are heavy-weight champions of Hi absorbers

Need to understand these systems

in the context of CDM model
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I Column density distribution f(Nw)
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® No-feedback run
overpredicts at high Nhi.

Zz=3
® Strong feedback suppresses
the high Nni-end. (SHO3 SF

model) no feedback
. AN
® But under-estimate at i NLoE ]
NHi<~21 dex i ;‘\\i% N
. e f N
® Assumed optically-thin UVB - strong feedback [}, \;
_26 i | | | | | | | | | | | | | | | | | | | \i‘ | | | | |
20 20.5 21 21.5 22 22.5

log N, [em™2]

KN+ ‘O4a,b



Effect of UVB on f(Nui)
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® No-UVB run overpredicts.

® UVB sinks in too much oo
w/ opt-thin approx.

® Shutting off UVB at

p>0.01pwsr yields good
result.

log f(Ny)
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D ~103-102 cm-3

—26

(cf. Tajiri & Umemura ’98; Kollmeier+ ’09)
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Effects of UVB and Self-Shielding

Opt-thin approx.

Nuv
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1 Nuy ~ 6e-3 cm

gas L€ ?])

Gas density

Important for
DLA gas!
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ART method
.\/} \7&% Authentic Ray Tracing Method
y ﬁ;( (Nakamoto et al. 2001, lliev et al. 2006)

v //k* @®Radiation meshes are arranged radially
= | from each sources independently of fluid
« \z* meshes.
LY
g 3 @ The radiation field on fluid meshes are
estimated by interpolating from near

radiation meshes.

@® The order of calculation amount

*_—.;li:\) N X Nog XN, x N

source path
>

Long characteristic method: NV

sourcexNxxNyXNszpath

Basic equation: Cgv =-a, [ +€,
\Y

(from Yajima, '09)



Validating OTUV model w/ RT calculation

OTUV be.3 3 Yajima, Choi, KN ’12
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Validating OTUY model w/ RT calculation
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OTUV: nw ~ 6e-3 cm'3
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Effects of Local Stellar Radiation on DLAs
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Effects of Radiation on NH;

Halo A
Mh=7el | Mo
=300 kpc

Halo B
Mh=3el0 Mo
=80 kpc

no RT

UVB RT + coll. ioniz.

UVB+coll. ioniz.+star RT
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Halo A
Mi=7el | Mo
L=300 kpc

Mi=lel | Mo
L=159 kpc

UVB+coll. ioniz.+star RT

Opt-thin approx.
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Stellar
Mmass

Metallicity

(Circles: physical Ryir = 68, 37,23, | | kpc)
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DLA Cross Section vs. Halo Mass
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Effect of Hz on f(N H) L s e e
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Yajima, Choi, KN ’[ | Authentic Ray Tracing method

(Nakamoto+ '0l, llliev+ ’06, Yajima+ '09)
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fesc asS a function of Mhaio & redshift

® Choi & KN 09 cosmo :
SPH sims w/ MVV wind -1
feedback models I

¢ Decreasing fesc as a :
func of Mhaio --- 0 F
roughly consistent with
Razoumov+'09; but

different from Gnedin C
+09, Wise & Cen ’09 =
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Escape Fraction of lonizing Photons

Authors fesc,ion (Mhalo) MethOd
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Reionization of the Universe

Simulations suggest
that the Universe can
be reionized by the
star-forming galaxies at

z=6 if C<10.

High fesc for low-mass
gals helps.

Dashed line: possible
quasar contribution

Dotted line: Bolton &
Haehnelt 07

I |ll I I I I | I I
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Blue points: intrinsic emission rate density

Red points: escaped photons
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Reionization of the Universe

® Starforming gals can reionize
the Universe by z=6.

® Showing contribution from
diff. gal. mass ranges

® & results
from Munoz & Loeb ’| |

® dotted line: required SFRD
based on Madau ’99:
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Impact of H>-based SF model

[ | | | ‘ T T T ‘ —]
i - Chabrier IMF |
: | | | | | | T T T T 6 T
— —— N400L10 -
— —1 — S —
i - (d) ~o — N400L34
Y - NN —— N600L100 -
s [ \\ ........... DC NoDust_
- 5 - Y \ RREREE DC Dust
S . S - --- Fiducial -
w - —
b B _|
o N ]
A e S - E
(| 1 1 B |
- H, N40OL10 — ]
T H - —--  H, N400L34 B ]
0 i H, N600L100 B ]
(@) — 11 Kistler et al. 2009 [ ]
8 /""" Nagamine et al. 2006 — —
i M Bouwens et al. 2012 B ]
E Egizgﬁ eztoili 22%(12 i B R R B L
B HH Schiminovicl% 2005 6 7 8
~ 2 4 Log M, [M]
. ’ )
Implementation of Krumholz+ ’08,°’09
P , VO Thompson, KN+ 12
H; models into cosmo sims




Conclusions

e Shape of f(NHi): not fully understood yet -- Very rich
subject

® DLA cross section: OpLa~ 10’ kpc? for My=10"? Me
--- but slope and shape of 0(My); more study needed.

® Opt-thin approx is no good; the OTUV model is a good
approx. to the RT result. (KN+’10; Yajima+ ’12)

® fosct wide variety; not understood. Scatter and time
variation

e Future work: Improve SF and feedback (SN/AGN); H>
effect; Metallicity & radiation dependence







