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Exploring 21cm - Lyman-a synergies for SKA
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The Epoch of Reionization

Which were the sources of ionizing radiation?

When did reionization start & end? . o
Escape fraction of ionizing photons?
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Constraining reionization & high-z galaxies
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Lyman o emitters (LAES) in the intergalactic medium

IGM

f .. = escape fraction of ionizing

es

galaxy photons ( A<912A)

HI_, Lyman a photons emitted
ISM (recombination radiation)

ISM = ilnterstellar.mediu.m Hutter+ 2014
IGM = intergalactic medium
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Lyman o emitters (LAES) in the intergalactic medium

IGM

f .. = escape fraction of ionizing

es

galaxy photons ( A<912A )
HI_, Lyman a photons emitted
ISM (recombination radiation)
ionized

neutral

ISM = |lnterstellarlmed|u.m Hutter+ 2014
IGM = intergalactic medium

2 1cmﬁ‘Lyma n-a lé'r"_r)itteii‘- synergies




Lyman o emitters (LAES) in the intergalactic medium

IGM

f .. = escape fraction of ionizing

es

galaxy photons ( A<912A )

N\ dust
. . | absorption

H_,. Lyman a photons emitted
ISM \ (recombination radiation)
. ® scattering
0&

f = escape fraction of Lyman a

ionized photons ( A=1216A )
neutral
ISM = interstellar medium Hutter+ 2014

IGM = intergalactic medium
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Lyman o emitters (LAES) in the intergalactic medium

IGM

f .. = escape fraction of ionizing

es

galaxy photons ( A<912A )

\ dust
. . H| absorption

. Lyman a photons emitted
ISM (recombination radiation)

. ® scattering

f = escape fraction of Lyman a

lonized . photons ( A=1216A )
absorption by Hi LAE selection criteria:
L °bs >10% erg st
neutral 1
EW > 20 A
ISM = ilnterstellar.mediu.m redshlfteql out of resonance Hutter+ 2014
IGM = intergalactic medium & transmitted through IGM
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21cm-LAE synergies
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Constraints from Lya luminosity function

& LAE anqgular correlation function at z=6.6 lonization fields differ for different f__
3D DEGENERACY between Differential 21cm brightness
reionization (), temperature:
escape fraction of ionizing photons f
- 0T, =T 1+8)(1+0
& dust f/f b 0 <XH/> ( ) ( HI)
Hutter+ 2014, 2015 Hutter+ 2016
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21cm-LAE synergies
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Constraints from Lya luminosity function | o LR
& LAE anqgular correlation function at z=6.6 lonization fields differ for different f__

Connection between

galactic & intergalactic 2 1 C ’ r '

properties imprinted in
3D DEGENERACY between 21cm-LAE cross Dpifferential 21cm brightness

reionization (x,,/, correlations? temperature:
escape fraction of ionizing photons f
- 0T, =T 1+8) (1+9
& dust f/f b 0 m, ( ) ( HI)
Hutter+ 2014, 2015 Hutter+ 2016
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Questions

> Which galaxies are identified as LAES?
Where in the IGM are LAEs located during reionization?
s this reflected in the cross correlations between LAEs and
21cm signal?

> Can we constrain galaxy properties by cross correlating LAE
and 21cm data?

> Can we learn something about reionization topology from
cross correlating LAE and 21cm data?
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Where are LAEs located in the IGM?
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Where are LAEs located in the IGM?

galaxies
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Where are LAEs located in the IGM?
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Where are LAEs located in the IGM?
21cm cross correlations with galaxies and LAEs

galaxies LAES
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Where are LAEs located in the IGM?
21cm cross correlations with galaxies and LAEs

galaxies LAES
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Differential 21cm brightness

temperature:
0T, =Ty (X (1+3) (1+0,) .
X,, decreases with increasing fesc 5
l )
21cm differential brightness &

temperature decreases
with increasing fesc
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21cm - LAE cross correlations

f .. increases X, In ionized regions decreases

es

f_=0.05 f_=0.25 f_=0.50
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Simulated 21cm-LAE cross correlation function depend on galactic properties.
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Topology of reionization

Kakiichi+ 2016
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Measuring topology using
21cm correlations with overdensities and voids

E{]_1IT|T1r||r|r1r[|-rr_ 20 TT T T T[T T T[T T T E[]_IT[-rlTIr1-1IT|-r|r|T_
E {d} ] (e) ] i (f]
= fesc = {]-5{] = fes.: — [}.5[} - 5 =
15 4 15 15
< I 1% e RSN T
E il 4= 10 10 | i
4 f 2 4
= B o B -
5 4 5 B [ e, S
1 - | |
B A= ] i
LE — or e, 4 0 =
NN T T O N T RN N T N O T N [N T TN O N N N A O A AN AN AN B IR TN A N N NNV RN A [N A O A
0 1 P 4 4 5 0 1 s 3 [} a o 1 s 3 4 &
B [arcmin] 8 [arcmin] 8 [arcmin]
SKA sensitivity =™ {x ¢ =050 7" (¥ =025 == Ay =040 7t {y? =001 T iy =104

overdense regions are ionized before underdense regions
- mean 21cm signal in overdense regions is lower than in underdense regions
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Conclusions - 21cm cross correlation with LAES

LOCATION OF LAEs IN IGM
> LAESs lie in the most overdense and ionized regions, where the 21cm signal is

strongly suppressed.

GALACTIC PROPERTIES
» 21cm-LAE cross correlations are sensitive to galactic properties, e.g. the

escape fraction of ionizing photons

TOPOLOGY OF REIONIZATION
> With the 21cm signal being significantly lower in regions containing LAES
than regions lacking LAEs, the corresponding difference in the 21cm signal in

overdensities and voids provides an “observable” for reionization topology.




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 20
	Slide 21
	Slide 22
	Slide 23

