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Extensions to 6-parameter ACDM

* No evidence for need to introduce an additional parameter
* May change w/ more precise measurements in the future

* Following are in particular interesting
— Tensor-to-scalar ratio (from inflation):  r»

— Dark energy equation of state parameters: w, w,

EE-BREELLTIE, $55A.
TRWVEFE-BNRAITPERNDER ]
ANCROEIL

B e
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Physics of Cosmic Inflation

» Inflation: primordial accelerating expansion
» successfully solve problems of naive big-bang model
» Underlying physics is unknown

» Leading hypothesis: new scalar field ¢ “Inflaton”
with potential V(@) =2 source of acceleration!

» In case of single-field slow-roll inflation
(stmplicity as guideline)

=
0.01

> (tensor-to-scalar ratio) is a key parameter

)1/ Gev

V4 = 1.04 x 106 x (

TS
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CMB B-mode as signal of inflation

CMB B-mode :curl patterns as
Primordial gravitational waves “fingerprints” of inflation

.1 Foregrounds

First stars

} . &
%) (o)
- ' \ /{ (;E—" ‘%
Beginning of SN "] - "]

_our universe \&FE
2, Xi A A
’ 5 mT x o -
S w3 7 i Q3
N - 3. 3
2 > 8 . .
0Q K ) S
v =]
Cosmic age 1073%ec? 380000yr 13.8Gyr

CMB B-mode is the best probe for primordial gravitational waves.
“Direct detection” of primordial GW w/ CMB as an experimental apparatus !

~———
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How 1 got excited about CMB B-mode
- a particle physicist’s experience in 2005-2007

1. Quantum fluctuation of the metric

.j_;i |A HHA n)) = e'(k n) 2(27)*8° (‘- K.

e.g. Dodelson “Modern Cosmology” Eq.(6.52)

2. Physics at GUT scale

1/4
V4 =1.06 x 10 x (ﬁ) (GeV]

3. Amazing technology matching w/ HEP

- TS
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the local determination
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On-going & future multi-frequency B-mode projects

]

LiteBIRD

b N
S

SPTPol
- SPT3G

BICEP1

/ BICEP3

s 1,

In addition,
AliCPT in Tibet,
QUIJOTE in Canary island,
GroundBIRD in Canary island,
QUBIC in Alto Chorillo (Argentina)

~————m
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5 CMB-S4
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10

his powerful duo is the best cost-effective way with great synergy

MoU between LiteBIRD and CMB-S4 for science and technology under discussion
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Why Measure from Space?

‘\A

* Superb environment !

— No statistical/systematic uncertainty due to atmosphere (cf. polarization due to
icy clouds in POLARBEAR obs., S. Takakura et al. 2018)

— No limitation on the choice of observing bands (except CO lines);
important for foreground separation

— No ground pickup

Rule of thumb: 1,000 detectors in space ~ 100,000 detectors on ground

* Only way to access lowest multipoles w/ or ~ O(0.001)

— Both B-mode bumps need to be observed for the firm confirmation of Cosmic
Inflation > We need measurements from space.

* Complementarity with ground-based CMB projects

— Foreground information from space will help foreground cleaning for ground CMB data

— High multipole information from ground will help “delense” space CMB data

2020/9/17 HAYEFS 11
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LiteBIRD:

Lite (light) satellite for the studies of

B-mode polarization and

Inflation from cosmic background

Radiation
Detection.

S—

2020/9/17

£ (201 9E5JEJ )

”2'5*& /T\

BAYEZER

12



JAXAERBE R P B FEHE FIvIaY

To be planned

BiETHITLERM

20 | 21 22 | 23 24 | 25 | 26 | 27 | 28 | 29 | 30 | 3l 32

AR B
1 SH%
Martian
Moons
eXploration

(MMX)

I L e
wegmE® (S
2 Sk I\
LiteBIRD &% - VE
(201945 B) iy
aaaaaa et Stage Engine LE9
2020/9/17 AAYBEF< 13




CMBO K BAAPlanckh 5 LiteBIRDA

Prof. Jean-Loup Puget
(Planck HFI PI)

LiteBIRD
FVIA 7
SUIRU L
July 1-2,2019
ISAS/JAXA
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LiteBIRD Joint Study Group
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Huge discovery impacts

* Direct evidence for Inflation, and knowledge on how it happened
* First evidence for quantum fluctuation of space-time

* Knowledge on the Inflation energy scale

“Detecting primordial gravitational waves
would be one of the most significant scientific
discoveries of all time.”

Final report of the task force on cosmic microwave background
research “Weiss committee report” July 11, 2005, arXiv/0604101

HERIER A DE A X5 HIR
RIIDERDHIIRT TS5 R RER ] (Obied- K ZE-Spodyneiko-Vafa 2018)
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3. B-mode from new source particle

I ———

O L
. The axion-SU(2) spectra (e.g.

green solid curve) contain a
contribution from source fields
and have an order-of-
magnitude enhancement for
the reionization bump
compared with the case of
standard vacuum fluctuations
(dot-dashed black curve).

Figure from
B. Thorne et al.,
Phys. Rev. D97, 043506 (2018).
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4. Large-scale E-mode

A cosmic variance limited measurement of EE on large angular
scales will be an important, and guaranteed, legacy for LiteBIRD!
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2m, with improved 7

* 6(Zm,) = 15 meV

e > 30 detection of
minimum mass for
normal hierarchy

e > 50 detection of
minimum mass for
inverted hierarchy

Caveat:
No systematic error
included yet.
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CMB B-mode vs. interferometer

S
Caprini, Figueroa, arXiv1801.04268 (line w/ nt = 0.2 removed as it is irrelevant)

) 3 (%) s a0

aLIGO (O1) mm
aL1GO (Design)

LISA

PGW w/ slow-roll consistency

40" 108 107!
f (Hz)
Discovery with CMB B-mode will provide a

clear target for a future space interferometer.
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