R DR D21 cmigiERER Al

— w7

‘:J:%i'-ﬁlilnnﬂ
BAEMRAXERAE KEKFHUEIN-T

D3 KU

SKA-Japan7—%72av72015, 20158 3A3H



contents

1. 21cmiFEfR Y —~ 1 DFIE
2. -_1—pMUJE=
3. CDMDOFHRIVIXFIA

4. Summary



contents

/

. 21cmiBER Y — X1 ORI E
2. _1—bMUJES
3. EDMDFEH RN FIE

4. Summary



O #illNE S : Cosmic dawn-FBE Bt

What is the Reionization Era? S.G. Djorgovski et al. &
A Schematic Outline of the Cosmic History Digital Media Center, Caltech.
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& SKA (Square Kilometer Array)

SKA-low:
40 — 50MHz < v <190 — 240MHz

http://www.skatelescope.org/
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O Za—hUJERFRTD/INSA=S

Parameters of neutrino

- Known parameters
(Za— MY JIRENEERLD)

Ams5,, ‘Am%l‘, 023,012,013

- Unknown parameters

 BEOAZTT (BEOHXHME)
{ Dirac CP{if#8: 6, Majorana CP{i#H: «, B

Am5, DTS : B=EPEERGE
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Tritium beta decay

(Troitsk, Maintz)

m,, < 2.05 — 2.3eV (95%CL)

C. Kraus, et al., Eur. Phys. J. C 40 (2005) 447.
V.M. Lobashev, Nucl. Phys. A 719 (2003) 153.
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(Free-streaming)

BEREEICEY=a1—N)/BH
DEEPSZFILRET S

128y (X Horizon E£TED

10



O BEPSZTDRE 6, = ”lj)”
AAT—) (Free streaming scalel{ k)

P-----------

“a1—hJUJBEDKRECHIK 6, X a.
INZAS—)L  (Free streaming scalelATF)

O = Qepy + Qp : 0,

—a1— bhY MRS, DEAKRERICININE

3 P
1-=f =
O xa 5V, Jv=y
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MEBDEEWSETDINDT—ANRDI B P(k) = (|62

—_a1—M~JUJoD
Eree-streamir_lg
NR(ICKDF=E

— Im,=2eV

0.01 0.1

k [h Mpc—!]

SHKDEEF >m, = m; + m, + ms.
(& TEEm, = m, = m;&IRE) . O, h°
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Planck TT, lowP + lensing
+ BAO + JLA (SNe la) + H, (conservative limit)

Planck Collaboration : arXiv:1502.01589v2

Ym, < 0.23 eV (95% C.L),

21cmfEH—XAIc K- T,
JEFBICCDHIEEEL 52 EHOEE
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Y. Oyama, M. Hazumi, K. Kohri, in preparation.
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\<> 21cm line experiment q
\ |

& SKA (Square kilometer Array)

SKA low frequency
(Australia)

Construction of Phasel
will start in 2018.

http.//www.skatelescope.org/

Phasel &Phase2 & &/
(Phase2ldpahselD10EDENTEIE TH D c‘.‘.ﬂiiE)
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> SKADspecification

[ SKA baseline design |

P oTFTRAT—2320OBNHEIE © Az = 8) = 444 [m?]

'.“l“
[

17___\/3 >7§k& . Nstation —_ 911

p

iﬁfﬂﬁ%ﬁ Aefftotal(z — 8) = 4.04484 X 105 [ ]
3. fREF FOV(z = 8) = 13.12 [deg?]

212U arXiv:1210.0197, “Reionization and the Cosmic
Dawn with the Square Kilometre Array”

TIREZINTULA LS (CmultibeamZz=#HA T D EARE L.
4 beamZzBEE(CFERUIEETD (DEDEREF13.12 [deg?] x 4)
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http://www.skatelescope.org/wp-content/uploads/2013/05/SKA-TEL-SKO-DD-001-1_BaselineDesign1.pdf
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z=7-—10 (FBBEB{DIFHR)

ERRIBERI : 40008 ]

LV, ~ 129 — 178MHz

FHEim/ \SA—FDHIRICEDDSETDRAT—)L

Kimin = 6 X 1072h Mpc™!  (BISIHREDIZH)

kmax = 2 Mpc™?

(BEWSETDIFREMETEITDIZH)
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& S=H1Im, EBNEANEN, DFFEEOFIR
95% C.L. THAIF NS FIRDFE (Zm, = 0. 1eVDIES)

Simons Array
+DESE+SKA 2

_Planck - Sm, =0.1eV
with residual foreground
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Y. Oyama, M. Hazumi, K. Kohri, in preparation.
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Al kb
T. Jimenez, et al., JCAP 1005:035,2010 HEE r, <0
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¢ r,-2m, DRAFFESNSHIR (95% C.L.)

Normal case | ‘
Plar-.c’i‘c\ir Siméns Array + DESI + H, + SKAT |
lanck.+'Simons-Array + DESI + Hy + SKA2 —

Fiducial

V\_/_ifh residual foreground |
0.3

B=DIHN NSNS, SKA phase2 + CMBERAI
([CK> CREEBEZTRE CETDIMNE ULNIRL
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O TR FH imAY L FI AE

(1) PHERIZS 2P, (k) DRT — KT
(1> TL—>3 >EFILOHIRE)

SKA+CMBERE! : Running of spectral index o (as ) ~ 0(1073)

K. Kohri, Y. Oyama, T. Sekiguchi,
T. Takahashi, JCAP10(2013)065

(2) LT bEHBEWINE € =, /T,
(Za—kJU_JDIEFERT> 2 w)L)
§ ~0(0.01) IZETHNIL SKA + CMBERAI (C
KO CHETEZB0EEEN DD

K. Kohri, Y. Oyama, T. Sekiguchi,
T. Takahashi, JCAPO9 (2014)014.
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< Summary
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& Contours of 95% C.L. forecasts in r,-¥m,, plane.

Inverted case
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In this fiducial model, SKA phase?2

+ Simons Array has enough sensitivity to
determine the mass hierarchy.

~with residual foreground |
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< Cosmic Dawn-B EEf D EFHA
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ORlemipEEREDS = 2L —2

SKA white paper, arXiv:1210.0197v1&D

425Mpc/h

0.00086

\/

33



Future constraints of the neutrino mass

Tritium beta decay m, <0.23eV
(KATRIN)

A. Osipowicz et al, hep-ex/0109033

CMB + weak lensing 2m, <0.2eV

Galaxy survey Zm, <0.leV

K. N. Abazajian et al, arXiv: 1103.5083 (2011)

By using 21 cm line observation,

we can constrain the neutrino mass.
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K. Kohri, Y. O , T. Seki hi,
O HRDWER 7 120han iCArioorass

O MMEBEESE P, (k) DAF— MK

Spectral index Running Running of running
dIn P, (k) dng (k) dag (k)
—_— — ( p— S — S
ns() =1 ==k S = U=k

A27L—3VDFETFVICEDTRED

21 cmMEY—ARAT, ECFETINSZ=
HIRCEDh ?
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21cmEE—~NCICEBHIRDEE (95% C.L.)

CMBPoI - -
+ SKA phase 1 i
+ SKA phase 2 —— -
+ Omniscope ——

__-SKA1 + CMBPol |

-

- SKA2 + CMBPoI

10 error  Runnign of running B (34F (CHIFENRET B

SKA+CMBPol oa(a;):0(1073), o(Bs):0(1073)
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oo K. Kohri, Y. Oyama, T. Sekiguchi,
0 iﬁ yu(DiF& T. Takahashi, JCAP09 (2014)014.
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oo K. Kohri, Y. Oyama, T. Sekiguchi,
0 iﬁ ;n.(DH T. Takahashi, JCAP09 (2014)014.
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