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B A7 >4t (Epoch of Reionization)

From Nature (Ncik Spenser)
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B A7 >4t (Epoch of Reionization)

From Nature (Ncik Spenser)
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 Gunn-Peterson Troughs (high-z QSOs)

* CMB anisotropy

 GRB (Totani et al. 2006)

e Soft X-ray background (McQuinn 2012)
« B7RA{RILERA (Ouchi et al. 2010, Oesch et al. 2013)

etc.



Gunn-Peterson Troughs (high-z QSOs)
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 Gunn-Peterson Troughs (high-z QSOs)

Reionization completed by 26

* CMB anisotropy

 GRB (Totani et al. 2006)

e Soft X-ray background (McQuinn 2012)
o BHFRAIRFEERA (Ouchi et al. 2010, Oesch et al. 2013)

etc.



CMBEE A7 1L

HAAMLIZEYEREFHOEM — CMBEThomsonFLEL

INGA—R: T REEEL. NS K ETDThomsonERELDoptical depth

CMB anisotropy ~ D &£

o BELIZKY. BELRIDIEHRZELD (Primordial anisotropy H¥damp)

o BRELICKY. HT-ITIEHREFD  (e.g. large scale TD R Fbump)
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HAAMLIZEYEREFHOEM — CMBEThomsonFLEL

INDA—H T RIREELENSFE LK DECAETDThomsonELEL Doptical depth

CMB anisotropy NN &£
o BELICKYE->TULV=IEEREKS (Primordial anisotropy H¥damp)

o BELICKYFT-IHIEHREFSD  (e.g. large scale THD R Fbump)

WMAP 9 yr (2012): 7 =0.089 £ 0.014

Planck 2013 (only TT): 7 = 0.089 &£ 0.0031
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(112U, BRIBBEAA AL F1F)
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 Gunn-Peterson Troughs (high-z QSOs)

Reionization completed by 26

* CMB anisotropy

Reionization took place at z~10

 GRB (Totani et al. 2006)

e Soft X-ray background (McQuinn 2012)
o BHFRAIRFEERA (Ouchi et al. 2010, Oesch et al. 2013)

etc.
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Reionization completed by 26

* CMB anisotropy

Reionization took place at z~10
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We don’ t know
 How It occurs
* How long it takes

* How the ionized region evolves

To obtain new constraints

Redshifted 21 cm line signals
one of promising probing methods
for Epoch of Reionisation
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HI 21 cm Line

21cm transition : hyper fine structure of neutral hydrogen

E AE =5.9 peV, (A= 2lcm)

Line absorption or emission : Neutral hydrogen at z
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Redshifted 21 cm signal
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Redshifted 21 cm signal

CMB;RE M D ZE: differential Brightness temperature
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Redshifted 21 cm signal

CMB;RE M oD Z: differential Brightness temperature
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Redshifted 21 cm signal D Fl| &2

e Line absorption (emission)
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Redshifted 21 cm signal
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Global redshifted 21 cm signal
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Redshifted 21 cm signal
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Redshifted 21 cm signal
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21 cm signal DP 5=

Mesinger et al. 2013
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Power spectrum
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Power spectrum
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Power spectrum

Scale@MamplitudeDredshift evolution: 32DNDE—7
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Power spectrum
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Power spectrum

Scalef& M amplitudeDredshift evolution:

P,, (mK?)

~~

e

E-100
o

3

-200

-300

Mesinger et al. 2014

E]; i/: LS N B v;;;] l“““,vil T 1 11

10 E%

lllllu‘ L1l

lllllu[l L1l

= =
= . / =
— - —
- l 1 I l | 1 /l I | | 1 1 I 1 l\'\ 1 1 h’h;?’l" 1 | .
| I I 1 1 1 1 I -—l‘ -L l— l\l 1 I 1 I 1 1 I LI
o= = :
Y ]
- ‘. 3 -
[\ ]
-\ - M, =10° M, f,=1
Y Sy N e Mp,=10° Mg, fo=1 ]
- 5 —— Mypy=2 keV, fy=1 -
N \, ’ Mg, =10° Mg, f,=160
- M e My =10° Mg, ,=0.005

1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1

10 15 20 25

z k

3IDNDE—YH

32— ionization



Power spectrum

Scale@MamplitudeDredshift evolution: 32DNDE—7
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21cm line signals
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lmaging

21 cm#EDPHE - KAEEIRE (UV, XER)
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* Global signal
e Study of special areas
* Bubble sizes
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Imaging
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* QSO(Massive BH) (Zaroubi et al. 2007,
* Poplll SN (HT in preparation)

A7+ 2 HF iR CheatinglRIZE]

Ahn et al. 2014
—3 40 comoving Mpc T, E— AliF © = 2/ #1240 ik

HT & Sugiyama 2013, Yajima & Li 2014)

ZEN DA EETE



Difficulties
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SKA (Squgre Kilometer Array)
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Exploring the Universe with the world's largest radio telescope
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SKA (Phase | : 2020-)
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