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» When did reionization start and when did it end?
Fan et al. 2006; Barkana & Loeb 2001; Ciardi & Ferrara 2005

> How does the topology of the ionized regions look like? Inside-out? Minihalos?
McQuinn et al. 2007; Finiator et al. 2009; Kim et al. 2013; lliev et al. 2012; Ahn et al. 2012

» What are the sources for ionizing photons? Escape fraction of ionizing photons?
Meiksin et al. 2005; Bolton & Haehnelt 2007; Gnedin et al. 2008; Wise & Cen 2009; Razoumov & Sommer-Larsen 2010;
Ferrara & Loeb 2013
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__5__ Outline

AIP

> Epoch of Reionization
> Probing reionization using Lyman Alpha Emitters (LAES)

»Constraints on reionization, escape fraction of ionizing photons
and dust using LAEs
+  Lya luminosity

« Angular correlation function (ACF)
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AIP

A
i Lyman Alpha Emitters (LAES)

Lya radiation is...

In the galaxy:

> produced by H recombination radiation
- absorbed by dust

» escaping from the galaxy into the IGM

In the IGM:
- absorbed by HI
> redshifted

escaping to the IGM

LAEs can be used as tracers of

reionization i
HI absorption s |
' »
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__g; Lyman Alpha Emitters (LAES)
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A What influences the visibility of
—op Lyman a emitters (LAESs)?

Escape fraction of
ionizing photons f__
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SN
5 LAES as tracers of reionization?

—_—

AIP
X,, = 0.10 X,, = 0.50

Fraction T_ of the emitted Lya photons is transmitted through the IGM.
- Number of observed LAEs depends on the global ionization fraction.
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F Escape fraction of ionizing
p photons f__

Inside the galaxy:

lonizing photons are absorbed
and Lya is emitted
(recombination radiation)

lonizing |

photons |

Outside the galaxy: HI|

A fraction of ionizing photons
f .. leaves the galaxy and can

ionize the IGM
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SN
__gi_ Effects of dust on UV and Lya?

AIP

Galaxy

Dust is distributed within the galaxy

Lya:

scattering and absorption

— fraction of Lya photons escape
from the galaxy f_

uVv:

absorption

- fraction of continuum UV photons
escapes from the galaxy f_
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£ Lyman Break Galaxies (LBGSs)
e UV luminosity functions

galaxies with > & extinction f_ ——» with M <-17 as
STARBURST99 spectra for each galaxy LBGs
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i Simulating LAEs:
Reionizing the universe with pCRASH

Ciardi et al. 2001
' L yr ~o @ t =50 Myrs Partl et al. 2011
. - * & i

Reionization proceeds
faster with increasing f

esc

Reionization topology
determines the
transmission of Lya
photons T _

Equilibrium ionization
fraction increases with
increasing f

esc



Log N (>Lg) [Mpc?®]

Log N (>Ly) [Mpc?®]

Simulating LAEs: Identifying LAEs for

homogeneous dust
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Observed Lya luminosity:
Luubs — fu Tu Luint

N

dust transmission
through the IGM

LAE selection criteria:
Lo 210% erg s* & EW>20A

I B (N N IR S | N L (S SO 2 O O O O NN, TR TR N S O T
2 k. + =090 -~ -- -+ =090 -- --
2 o . intrinsic (without dust) | (b)  fesc =0.05 §§:1§=0_75 _____ 1 ©  fese=025 Ei::;ﬂl?fr ----- 1
T =i _Letkmy (A =050 - - - - - + (% )=050 - - - - - 1
'-”T--_-;'-. (A ?=0256 —-—-. ¢ (A ) =025 —-—-. 4
= Laa _, {2 ) =0.10 ! (tpy ) =010
-3 e + - (2 )= 0.01 +- ()= 0.01
Lo Rk L.d= () =10 == - - 45 () =10 =+ == 4
ey =4 1.4 A
@ g N S, = g @
af @ LS B R Ieng. @
¢ I boloELg S :
- W L8 T OB o 1
foge=0.05 - - - - - : 1 g = e =35 ---ﬁ._‘ & i
I fog = 0:25 somemm T "= T = iy .
fosc=0.50 - = - - - ! = Th s T R OF =t i
[ fosc =075 ] R o g
fose = 0.95 (@) b T 0 L.,
e S e S S B S S P WP N Yo
-2 _ () =090 -- -- 4 _ (Hy )=0.90 - -- o 425 43
@ =080 (0N T 0 feom075 TGRS Loat [ergs')
(A ) =0.50 = = = = - 1 (A1) =050 = = = - - ]
() =025 —-—-. 4 (=025 —-—--
&L (oo 1 o ] o Kashikawa et al. 2011
E . () =104 =~ - -~ - (=104 == - (z=6.6)
.. ® o
4| Y ® 4 ? -
- $ 1 : Assumption:
T = ._.' L . - .
= P R W O dust is homogeneously distributed
5[ S S B i r 1; L
gt 1 1 Low, - _
e JF-;H i 1o ~f /f =0.68
: s 1 | - 3 g
e N SN Yy X SR SR S S (SN extinction curve)
42.5 43 43.5 425 43 43.5

LogL, [ergs]

22 Augus

t 2014

LogL, [ergs™]

CLUE

S 2014 - LAE visibility




o Simulating LAEs: Constraints from Lya LF
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E Constraints from Lya LF at z=6.6

AIP

: 1-50 deviations from observations
: | by Kashikawa et al. 2011
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_g; Constraints from Lya LF at z=6.6
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Constraints:
X, <0.50 or 0.38 = T » = 0.50

and f__<0.50
and f If =0.6-1.8
(f... is compensated by f )

22 August 2014

CLUES 2014 - LAE visibility




A
j__ Constraints from LAE clustering
AIP
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I
M Conclusions

AIP

Constraints by Lya LF:
Observations at z~6.6 can be reconciled for <x,,> < 0.5 or <T » = 0.38-0.50

andf __<05andf/f =0.6-1.8

Constraints by LAE ACF:
Observed ACF at z~6.6 can be reconciled for <x, <0.1andf __<0.5 and

f/f =0.6-1

Three-dimensional degeneracy between f__, <x > or <T > and f /f_

> LAE LF evolution cannot be solely attributed to reionization since Lya
visibility also depends on the ionizing photon escape fraction and dust

- LAEs are not only tracers of reionization but also of the ionizing photon
escape fraction and of the dust distribution in the ISM
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