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CMBERAI: @EDKEH
Discovery of CMB (1965)
“‘excess noise” of 3.5K

Discovery of the blackbody form and
anisotropy of the CMB (1992)
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COBE satellite  John C. Mather George F. Smoot
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W. Hu et al. astro-ph/0210096
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Bl : Standard Model Higgs+ Non-minimal Coupling A :

Tensor to Scalar Ratior

sTENE

(String Theory) N-flation, (many axion field)
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(String Theory) Fiber Inflation

| 4_|_" blue (Baumann
1 F | o TASI Lecture
Chaotic Inflation +Z D) before
RFE A
0.1
|large-held
0.01
small-field
Ifull success) after
0.001
WMAP
very small-field Inflation
0.0001
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Scalar Spectral Index ns
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(Stnng Theory) Warped D-Brane Inflation

(String Theory) Kahler Inflation
(Stnng Theory) Racetrack Inflation
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((near) completed: Bicepl, Boomerang, CBI, DASI, Maxipol, QUaD, WMAP, VSA)

Funded CMB Polarization Experiments

(Proposed: ACT-POL, several others)

Name Type/ Institutions NEQ Ell range Frequencies | #Detectors Resolution
location (uKVs) (arcmin)
Planck Bolo- ESA, IAS-Orsay, Bologna + | 80 2-2000 25-1000 22H+32B 8
HEMT/Space many (@100G) (# of pol. ch)

Spider Bolo/Balloon CIT/JPL,CITA, 4/3 (@ 2-250 96/145/225 | 288/512/512 60/40/30
CWRU,Stanford 96/145G)

BICEP2 Bolo/South Pole | CIT/JPL,CITA,Stanford 10-250 150 256 37

KECK array | Bolo/South Pole | CIT/JPL,CITA,Stanford 10-250 100/150/22 | 288/512/512 55/37/26

0

QUIET HEMT/Chile Chicago, CIT, JPL, KEK, 12/9 (@ 20-1000 40,90 119x2 10
Manchester, Miami, MPI, 40/90G) ~1000(P2)
Oxford, Princeton, Stanford

EBEX Bolo/Balloon Minn, Berkeley, Brown, 5 (@150G) | 20-1200 150,250,42 | 1406 8
Cardiff, Columbia, McGill 0
+8

PolarBeaR Bolo/Chile Berkeley,APC, 10 20-3000 90,150, 1274 3.5
Cardiff,Colorado, Imperial, | (@150G) 220
KEK, McGill,UCSD

SPTPOL Bolo/South Pole | Chicago,Berkeley, 14 20-10000 90,150, 1000-2000 1.1
Colorado, CWRU, Dauvis, 220

JPL, McGill,SAO

Everyone except Planck claims r=0(0.01) sensitivity and results in 5 yrs.

compiled by Adrian Lee + MH
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LiteBIRD

Lite (light) Satellite for the studies of B-mode
polarization and
Inflation from cosmic background Radiation Detection
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LiteBIRDT —X>2 55 JL—T A /1\—

fEREz. FEH, HAMA . SHEH (ISAS/JAXA).
EIES. £+ —. LHEZ (ARD/JAXA) .

AR, BHREF. =2 MR, ZER (BLXE),
WFHH1E (Caltech) . > Planck, BICEP, EBEX

William Holzapfel. Bradley Johnson. Adrian Lee. Paul Richards. Aritoki Suzuki, Huan Tran(UC
Berkeley/LBNL) . = POLARBEAR, EBEX, APEX, EPIC, BICEP, SPT

Julian Borrill (LBNL). = Planck

KERGEEX).
S HILE (INE2R/KEK) |

FILEE. EfkaH. £F—5. BRA. BEFXE. NEER. RE)I1Ht. O E#(
IPNS/KEK). = QUIET, POLARBEAR

LAY (BE#XK) .

= HE(FRX) .

AHBE. BHARE—. FIET(ERE/KEK) ., > POLARBEAR
INBE—ER (UT Austin) . > WMAP

R, BAMAE. FFOE (ATC/NAOJ) . 41%
R E . IREPE (RILKE) . > QUIET 2009412831 0¥E%
RAEH1T (EH)

aHILEU R INEEE (KEK), )11 (JAXA). )11 B F (NAOJ) 14



LiteBIRD: E}B&&Design Concept

RAEZ{Dih L/ [EKEERH AT - fF
T A)H/A—AvNTOCMBIRIALE EXRERRETT = KEEEEER(20205F%)
A=V DEEBRIECT—IE28NIE, D TREBOAIEH ATHE

> BE{EZERL. B (2020F LY OTH LITDEEZRS

LiteBIRD Design Concept

o NEMEB|ZEETH-HICTHERILRUVIVNIME
BHE <400kg, £F <1m

o RHBROBEIBOLMEIRELXTITS-ODEVERE
HH28% >1000, BEE = 30cm, fRE 30° x30°

o FMIRBHAZRHMTHODLEWNVFEHZENN—LEAFREVERE

B 60~250GHz

o RADRMREZROT-ODIUTIVIEHFER
2R EREBREST7 1 7EANS, HE <30cm 5
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LiteBIRDO) BE EE

Power Law . §
Chaotic p=1 Hm A5 o
Chaotic p=0.1 <4=mm Pagano-Cooray-Melchiorri

m1 SSB (N_=47-62) -Kamionkowski 2007
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QUIET #rifl:2008 ~ 2010, 2012 ~ 2014
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CMB{Rm St &8 : Scientific Shopping List
e BE—FK(low ) IZEAFIGE RDIEER
o FEHLUXIZLBBE—L(high) DFER
o ¥—YIR)F—
o —a—K)/EB=
e Beyond the Standard Model
o EN/N)TADBEN  (non-zero Cgg etc.)
o FHEBEEH(owl)
o AIRMHDHATUR

o BRHEHIE - ALTIL—Sau NG A—BDREEETILOER
(EBRENALE FHEOHERCTERREEXvIVEEDHELY)
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(TfundamentalZ#ERKR JIZE T HT—IHhH5HEMN?)
fAIhdYZES>MES I, PLEELTHZELT=

DM annihilations

— Exciting DM
* to explain PAMELA/ATIC/PPB-BETS/Fermi/H.E.S.S.

— Seen as “Haze”
TIOUFz?
Blazar as foregrounds

GRB aftergrow observation at ~100GHz ?
(HREASA~NDERE)




DM annihilations (1): Exciting DM (XDM)

Enhanced DM annihilation to explain PAMELA/ATIC/PPB-BETS/Fermi/H.E.S.S.
—> extra power injected around recombination
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-> broadning of last-scattering surface

Tests of XDM models

- Planck seems to be rather decisive

Ruled out by WMAPS

Flanck

forecast CVL

1 XDM p'p 2500 GV, BF = 2300
2 p e 1500 GV, BF = 1100
3 XDM p'p 2500 GaV, BF = 1000
4 XDM g e 1000 GeV, BF = 300
o XDM 4:41 1000 GeV, BF = 420
& e*e 700 eV, BF = 23]
Tpp 1500 GV, BF = 560
B XDM 12122 1500 GeV, BF = 400
O XDM u'p 400 GeV, BF = 110
10 u'p” 250 GeV, BF = &1
11 W 200 GeV, BF = &5
12 ¥DM e'e 150 GeV, BF = 15
13 e'e 100 eV, BF = 10

11 I

L1 LLIIT

100

DM Mass [GeV]

Slatyer-Padmanabhan-Finkbeiner 2009
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DM annihilations (2): “Haze”

Dobler-Finkbeiner-Cholis-Slatyer-Weiner :arXiv:0910.4583 and references therein

Residual Map

WMAP haze FERMI haze
5 GeV <E < 10 GeV residual (SFD) 5 GeV < E <10 GeV residual (1 <E <2 GeV)

90

45

0

458

-90 f
180 90 0 -90 -180 180 90 0 -90 -180

*Not easy to explain these (non-disky) residual maps with disky sources
*Quite similar morphology

DM annihilations ?

WMAP haze due to DM DM - e+ e- - synchrotron emission
FERMI haze due to DM DM - e+ e- - inverse-Compton for high-E photons

BAZAA L ENC B significantiZE D, X TEboEEHIEISN TUOVELY  ~
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E? x dF/dE [TeV cm~2 s71]
o
|

O
|

Hooper-Serpico-2007

“String Axiverse”

Axions ?

Arvanitaki-Dimopoulos-Dubovsky-Kaloper-March-Russel
arXiv:0905.4720 and references therein

4 w ID-ZB

Black Hole Super-radiance

!

Anthropically Constrained

3 w 10-15

2w 10720

Axjon Mass in eV
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9 % 10719
QCD axion

y—ray accessible
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-6 —4
logio(ma/eV)

24



Blazar&foregrounds

Giommi-Colafrancesco-Cavazzuti-Perri-Pittoni 2006

100

(aT) [uK]

- WMAP
41 GHz

10 iono ol

multipole 1

‘Planck® {85 %38

L L aiel Fi
10 100

sl
1000

(AT) [uK]

100 —

- WMAP

lu.lllll

94 GHz

il
10

DK RDIEMERILToNDD ?

multipole |

L1 |.";:. ]
1000

I CIEELBIZEHAWMAP LY severe

25



FED

o 5 ~5%MMDCMBREER
o PlanckiZ&k4 GREMZL) RERBLTEH A
o it -[IRICKDRABE—FERE
e Planckf®
o fRAEBE—FICFHELERZE > /NE!TRIEE

o HUTHBRIFELCMBNDIEFEXNE
o kA% (except several ideas)

e Fermi, Planck BT —42%Z 9 EAFI R
> T—ARIZKHRIAICEAFF

ARMEICEIRXXE TCCMBOAELELDIFELDT
DR —9ZEL=MEBLLETO

26



