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CMB Power Spectra Today
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Circa. 2012
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Golden Age of Cosmology
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Five MYStGI‘iGS from Particle Physics Viewpoint
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Beyond the Standard Model is mandatory !
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Example Projects w/ Key Japanese Contributions

2) Antimatter Extinction_

3) Neutrinos
4) Dark Matter

XMASS**%WFB
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Quantum Gravity 1s Essential !

e Cosmic Acceleration 1s the clue

B : e.g.
Inlation Inflation models

motivated by

— Dark Energy  String Theory
can be tested !
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Inflation
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ACDM
The Standard Model of Cosmology
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E-mode and B-mode

Divergence,
even parity odd parity

Polarization map 1s decomposed into E-mode and B-mode.
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Probing cosmic inflation with CMB polarization

CMB B-mode :curl patterns

Primordial gravitational waves as “fingerprints” of inflation

First stars ° | Foregrounds

Beginning of
_ our universe
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CMB B-mode is the best probe for primordial gravitational waves
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Gravitational waves
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Physics of CMB B-mode

 Direct evidence for cosmic inflation

* GUT-scale physics

VY4 = 1.06 x 1016 x (

-
0.01

1/4
) GeV

* Arguably the first observation of quantum
fluctuation of space-time !
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Current Constraint
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Planck TT-+lowP+BKP
2 Planck TT-+lowP+BKP+BAO
2. Natural inflation
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Future large-area CMB surveys for studies of
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Lensing B-modes by Weak lensing

E-nﬁdes
/ \ B-modes at
Last Scattering Surface | sub-deg. scale

z~| 100

Better n, from E-mode
« Sum of neutrino masses
(Early) Dark energy

(image credit: ESA) now
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» 5)
LiteBIRD constraints on r vs. n_ plane (15 bands}*

Power law

/)]
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Why is LiteBIRD targeting o(r) < 0.001 ?

* Many models predict r>0.01 = >100 discovery.
* What 1f we do not see the signal ?

— Focus on the simplest models based on Occam’s razor principle.

— Single field models that satisfy slow-roll conditions give

N: e-folding, m,: reduced Planck mass

— Establishing a bound r < 0.002 (95%C.L.) will rule out large field

models. Setting this limit 1s a very significant contribution to
cosmology and fundamental physics.

* More model-dependent studies come to the same conclusion

2015/09/25 JPS Meeting Masashi Hazumi (KEK) 27



Non-Gaussianity

* Another important observable (bispectrum) to
distinguish between single-field and multi-field models
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Inflation Models
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Dark Energy
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Overview

Discovery of Acceleration

m Dark Energy or Modified Gravity?

Mod:ified Gravity Dark Energy
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Gravity from Contents
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Co smological Constant: Anti-Gravity
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130 80 M _
— Bk N. Sugiyama

©2005 Pearson Education, Inc., publishing as Addison Wesley
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Dark Energy Probes and Target

* Probes
— SNe
— Weak Lensing
— Baryon Acoustic Oscillation
— Sunyaev Zel’dovich Effect

* Target

p
= —=wo+ (1 —a)w,
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Hyper Suprime-Cam
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S. Miyazaki

@ Cosmology through WL (Forecast)

wCDM
B WMAP? = e 3 times
"l CFHTLonS + WMAP? + g improvement
06| compared with
oal CFHT Lensing
.- Y HSC+Planck Survey
-11-- - ““““““““““““““““““““ ( H eymans et
HSC+Planck+BOSS P(k) Gl. 13).

Il BOSS + WMAP7 + R11 154d692\

CFHTLenS + BOSS +
WMAP7 + R11
02 0.3 0.4 0.5 2003-2008
N Q m Miyazaki
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Spectrograph
system (SpS)

On the TUE floor

TR

PFS Overview ﬂb\e:.a@t A

e Subaru Prime Focus Spectrograph
— Wide field: diameter
— Highly multiplexed:
— Quick fiber reconfiguration: (TBC)
— Optical-NIR coverage:
* Developed by collaboration, under the
initiative of
, Galaxy/AGN evolution, Galactic Archaeology
as the key science areas in the PFS collaboration

* Aiming to start science operation from , as

Fiber cable

Wide-field
corrector

— :..

Metrology camera
as a Cassegrain
instrument

... in Prime focus unit

Prime Focus  upqyneo7 \ith Wide Field

Instrument

Corrector “WFC”.

2400 fibers
steered by
positioners

POpt2 & WFC will be
shared with Hyper
Suprime Cam (HSC).

Software system

(Calibration system)
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Impact of synergy
w recision in dark energy enanm

Sumire
PFS HSC+PFS
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Comprehensive study of accelerating Universe

udirect detection of
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Summary
We are 1n the Golden Age of Cosmology;

— Thanks Einstein and all who contributed !

Yet we have 5 mysteries from particle physics viewpoint.
—> New physics is mandatory !

Ultimately Quantum Gravity should be understood to solve the mysteries.
Two eras of acceleration, Inflation and Dark Energy, are the clue.

New projects (CMB polarization, Galaxy surveys etc.) will much improve
the current precision.

Exciting time is ahead of us !
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