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Effects of Dark Energy perturbation on
the formation of cosmic void
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Background, Motivation and Goal

v Is Dark Energy cosmological constant?
Vacuum energy: one of the most preferable candidate
for cosmological constant

v' Cosmological constant problem

Theoretically 10120 Observationally
Pvac  >>>  PA

v' My goal is to study the nature of dark energy
through large scale structure formation,
focusing on cosmic voids.



What | conduct

“*Dark energy: a fluid having negative pressure,

constant equation of state” w”

2
speed of sound "¢

***Spherical model[Basse et al. (2011) ]

1 d°R 47m(G >
= == [Pm(L+ 6m) + Pac(1 + bac) + 3(Pac + 0Pac)]

*>*Void size distribution[sheth & van de Weygaert 2004 ]
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Results

Spherical model
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P(k) [Mpc’]

The Primordial Magnetic Field in the CMB and
the matter power spectrum

The matter power spectrum | Dal G. Yamazakl
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P(k) [Mpc’]

The Primordial Magnetic Field in the CMB and
the matter power spectrum

The matter power spectrum | Dal G. Yamazaki
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The Primordial Magnetic Field in the CMB and
the matter power spectrum

The matter power spectrum | Dal G. Yamazaki
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Probing relationship between galaxies and
their surrounding gas with the HSC survey

Kavli IPMU Tomohiro Nozawa
WIth I\/lasahlro Takada Tlng -wen Lan et al

Motivation
- Understand the galaxy formation and evolution

- Key triggers = Outflows and Accretion of gas

But poorly unknown-:- '. # Outflows

To better understand te“

ch Jr,]c terize the rel,]rlorunr) between 3

galaxies and the surrounding gas



We get the correlation signhal across much wider
redshift range using
than previous work

HSC galaxy
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Hybrid Higgs Inflation

(OT Seiga Sato, *R.Easther, 'K.Maeda,& ¥ N.Musoke

tWaseda U. ¥ Auckland U.
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Inflation

the most of inflation models need a
scalar field “inflaton”

Standard Model s
Scalar field = Higgs field T e :

13.7 billion years

NASA(2006)

Inflaton = Higgs ?
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Inflation

the most of inflation models need a
scalar field “inflaton” .

Afterglow Light
Pattern  Dark Ages
400,000 yrs. /

Standard Model i a2
about 400 million yrs. v
Scalar field = Higgs field o emmees

13.7 billion years

NASA(2006)

Inflaton = Higgs ?
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GR + Higgs term + gravitational coupling of Higgs

@ Horndeski theory

Generalized Higgs inflation

S =3}, d*x/=gL

K.Kamada, T.Kobayashi, T.Takahashi,
M.Yamaguchi, & J.Yokoyama(2012)

L, = K(¢,X)
Ly = —G5(¢, X)Og

Ls = GS (¢; X)levﬂvvqb

Ly = Gy (6, XOR + Gay [@$)? — (7,7,)’]

= Gox [@0)* ~ 300 (770) + ((7%9)°)

Some approximation are needed.




/ Generalized Higgs inflation

(non-minimal coupling)
Higgs inflation

~

New Higgs inflation
N e e —

B.L.Spokoiny(1984) C.Germani&A.Kehagias (2010)
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Hybrid Higgs inflation ‘

/Disformaltransformation
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higher derivative terms
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[0.002

Cosmological perturbations
of the hybrid Higgs inflation
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In this region, our analysis is better
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Predicting Photo-z
using
Deep Learning

Jun Nakano
Kanazawa Institute of Technology




Predicting z from 5-Band Flux of Subaru HSC
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Degeneracy makes prediction tough!

K.L.T.

vyvy

» t-SNE plot of (G, R, I, Z, Y) data points

t-SNE Plot of Test Data (after 1,000 iterations)
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Predicting z from 5-Band Flux of Subaru HSC
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Predicting z from 5-Band Image of HSC
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By Using Deep Learning Machinery K.I.T.

vy

» Convolutional Neural Network (CNN)

fully
connected
Ia_j-,rer dropout
u photo-z
GRIZY ] 0.0
convolution / convolution / convolution / u o1
average pooling average pooling max pooling = )
"“ > > HH O SEE DD
x32 x64 x64 ] i
S : 4
Rt ot gt - -
44 150000 = =
for training m 50 bins
1,024
neurons

y VYV N

Why does the Universe accelerate? 8-10 March 2017 6



Result #1

K.L.T.

vy

Aggregated Flux

Random Forest on Test Data

photoz

Raw Image

Convolutional Neural Net on Test Data
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Result #2 K.I.T.

» Our CNN model outputs "probability distribution"” of z.

object: 43158747673006938 object: 43158455615233255 object: 43158455615249353
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Sunyaev-Zel’dovich Effect

Velocity (Cosmology)
01ksz7 (ﬁ ' 77)
—_ — T —
ITcmB C

Optical depth (Astrophysics)

CMB x Galaxy



Pairwise velocity

Planck x BOSS
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Joint analysis with RSDs
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GW150914 and primordial black holes
Teruaki Suyama (RESCEU, University of Tokyo)

Collaborators: Misao Sasaki, Takahiro Tanaka, Shuichiro Yokoyama

week ending

PRL 117, 061101 (2016) PHYSICAL REVIEW LETTERS 5 AUGUST 2016

S

Primordial Black Hole Scenario for the Gravitational-Wave Event GW150914

Misao Sasakj,l Teruaki Suyama,2 Takahiro Tanakaf'1 and Shuichiro Yokoyama4
'Center for Gravitational Physics, Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan
*Research Center for the Early Universe (RESCEU), Graduate School of Science, The University of Tokyo, Tokyo 113-0033, Japan
3Depef'.r."er:fz.?m of Physics, Kyoto University, Kyoto 606-8502, Japan
4D€]7£.H‘H’i1€ﬂ[ of Physics, Rikkyo University, Tokyo 171-8501, Japan
(Received 3 April 2016; published 2 August 2016)

We point out that the gravitational-wave event GW 150914 observed by the LIGO detectors can be
explained by the coalescence of primordial black holes (PBHs). It is found that the expected PBH merger
rate would exceed the rate estimated by the LIGO Scientific Collaboration and the Virgo Collaboration if

DD LA wtinea tha daminant cnmasnnnant af dads saattae adhiala it nas ha maada namanatilhlda (f DDLIA ~Aasatitiata A

We proposed a scenario that the detected GW was
caused by the merger of primordial black holes.



mni-workshop on “inflation” held by AO1 grouh
10 March, 2016, Yukawa institute

10:00 - 11:00 Tomo Takahashi "Probing inflationary models on small scales"

11:30 - 12:30 Teruaki Suyama
"Probing primordial perturbation on small scales"

14:00 - 15:00 Chris Byrnes
"CMB power asymmetry" coffee & discussion

15:30 - 16:30 Chunshan Lin
"Beyond GR and Beyond SM: two ideas about early universe"

16:30 - 17:30 Tsutomu Kobayashi
"Primordial non-Gaussianities of gravitational waves beyond Horndeski"

This work was ignited at this workshop!!
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Cosmological constraints on

Lorentz symmetry violation
FHARE R Z ALz LorentzX 3 i 4 D il D IREE

Shun Arai (Nagoya University C-lab, M2)

Shun Arai, S.Sibiryakov and Y.Urakawa in prep.
Shun Arai, D.Nitta and H.Tashiro Phys. Rev. D 94, 124048
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Lorentz symmetry violation



Cosmological constraints on

Lorentz symmetry violation

Electro-Magnetism Newton mechanics

Special Relativity (1905)



Cosmological constraints on

Lorentz symmetry violation

Electro-Magnetism Newton mechanics

Special Relativity (1905)

Lorentz symmetry

GR QFT String theory



Cosmological constraints on

Lorentz symmetry violation



Cosmological constraints on

Lorentz symmetry violation

Ground-based experiments

* Interferometer experiments




Cosmological constraints on

Lorentz symmetry violation

Ground-based experiments Astrophysical experiments

* Interferometer experiments

AT T

* GZK cutoffy




Cosmological constraints on
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Lorentz symmetry violation

Ground-based experiments Astrophysical experiments Cosmological experiments

* Interferometer experiments




Cosmological constraints on

Lorentz symmetry violation

Ground-based experiments Astrophysical experiments Cosmological experiments

* Interferometer experiments

———— ———pa ——inl o t"_,’;‘ **. )
- - 5 I -

How can Lonentz Violation be constrained
in the cosmological context?
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Lorentz symmetry violation



Cosmological constraints on

Lorentz symmetry violation

 Ultra high energy scale : Inflation

* initial density fluctuations « Smoking gun for Lorentz Violation (LV)
R, ¥ ¢ UJ/ a C, scalar graviton =
decoupled | (=R-3%
av2wr —_
om A tron, 1 ng = ——
¢ ™k mx= 7ZH>H 8(38
3_ 5 r
Horizon | _ : I —
s THo . ng X e o = 0 (z=3)
coﬁgeiravle,da'tjﬁ'me ,PC > a (M_P)
Isocurvature(Khronon)

but purely gauge mode of time foliation
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Cosmological constraints on

Lorentz symmetry violation

 Ultra high energy scale : Inflation

* initial density fluctuations

« Smoking gun for Lorentz Violation (LV)

A
R, ¥ UJ/ a C, scalar graviton
(=r-%
decoupled PR
Sl T
T ay/2w 5 PR
T nNg = ——
o7 e MK mx= ——H>H 8c
decoupled 3 —
Horizon |
n L g Ny X — | n: =0 (z=3)
crossing t
P ¢ ¢ . P 16 —_— t
Adiabatic  P¢ < | 32
conserved in time
Isocurvature(Khronon)

but purely gauge mode of time foliation

« Ultra long distance : CMB observations

« CMB distortions from LV « Observational constraints for LV in cosmological distance

4.0 - ]
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Cosmological constraints on

Lorentz symmetry violation

 Ultra high energy scale : Inflation

* initial density fluctuations

« Smoking gun for Lorentz Violation (LV)

A
R, ¥ w/ a C, scalar graviton
(=r-%
Pid
- 1 —i [ dnwr T
T 2wne PR
_ 1 —ifdr]w.\, nt - -
p= e
a 2(4)(9 —— m o LH H
v K mg 7 > 8@ s
3_ 5 p
Horizon . - -
crossing Hp C . i At nt CX - 1 6 ﬁ/ nt - (Z - 3)
Adiabatic  P¢ < - (M_p) <
conserved in time
Isocurvature(Khronon)

but purely gauge mode of time foliation

« Ultra long distance : CMB observations
« CMB distortions from LV

- Observational constraints for LV in cosmological distance
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Please come to my poster :-)



Scales set by the cosmological
constant

lvan Arraut
Tokyo University of Science.
JSPS Fellow.

Based on
1). Braz.J.Phys. 38 (2008) 425-430.
2). Class.Quant.Grav. 26 (2009) 125006.
3). Mod.Phys.Lett. A24 (2009) 2133-2137.
4). Central Eur.J.Phys. 9 (2011) 926-938.
5). Int.J.Mod.Phys. D23 (2014) 1450008.
6). Int.J.Mod.Phys. D24 (2015) 1550022 .
7). PTEP 2014 (2014) 023E02 with Hideo Kodama.
8). Phys.Rev. D90 (2014) 124082 .



Motivation

« Composition of the universe in agreement with the
standard model of Cosmology.

68.3% Dark
Energy . 9% nrl':-d'lzanti:e




Dark Energy

The easiest way for explaining the acceleradetd expansion of
the Universe, is introducing a cosmological constant

_ ' — 1
-E"-‘ffff — / fﬁlcir‘-.*,- —E,T{R — 241} :> Rli.!.u o HF_{H.‘IR — *"’1,’5;’;4.';

The theory is invariant under the transformation

f).ff,u;u — _2Tl,u§w

But then what's the problem with introducing the
cosmological constant? We should be happy with that.

What's going on?

The calculations from zero point quantum fluctuations
provide a huge value in comparison with observations.



Velocity

Dark Matter

A Galaxy Rotation Curves:
A = Predicted B = Observed
B :
T We do not have a satisfactory
explanation for the observed
T galactic dynamics.
_________ R
Distance

Path of undeflected Apparent path of
light from quasar light to Earth

We cannot explain the extra
effect in gravitational lenses.

The easiest explanation is
Dark Matter.

Galaxy close to line of sight
acts as gravitational lens




What are the relevant scales
Involved?

For Dark Matter scales, for galaxies, the cosmological
constant is related to the scales of Dark Matter.

m (”) i=F ‘ Geometric average.

(lp

For Dark Energy, the scale after which the accelerated
expansion of the universe becomes relevant is defined by

IIIIIII

;o a5 1/3
ro = (37s7%)



The BH temperature can be described in terms of the
surface gravity. The surface gravity is the acceleration of
a body near the horizon as it is perceived by a static
observer. In the Schwarzschild space, that observer is at
Infinity. (The normalization is in principle arbitrary).

r=2GM

This Is equivalent to normalize the time-like Killing vector as:
-2 - i/ 1% . . 'I'j
Ke=—-1 (=1 with K =~,—
ot



Let's take a look for the Schwarzschild de-Sitter
space in Static Coordinates.

— 1 'BH & Tg+
roH A2V Ary — ST
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A search for Low-Mass Black Holes via Optical Rapid Variability”
Tomokl Merokuma (The University of Tokyo, Instirute of Astronemy)

"A search for Low-Mass
Black Holes via Optical
Rapid Variability”
Tomoki Morokuma

(Univ. of Tokyo, IoA)

Morokuma«+20L6, PASY, €8, 40
Taniguehi, Y. 2017, master thesis

Abstrect We oresent a new metrod fo sffactively select conzide-es of ow-mass active clack hae (3K af galaxy cetlers Jsing
algr cadance oatical Imasing Zate and cur “r3t spectroscop ¢ identificat on of en actva 2.7 X I0° Mc 3H af 2«0.164. Trig cchive B4
was originclly seected by c criterion of 1apid oplival we-izhi 1y from o Few hzurs to © day based an Suba-u Hyper Suprme-Cocm
(&¢) gbend maging defa “aken ir 1<hour wedenca. Brozd ard nc-row H and many other emisson ines o' defecied in ou- ootical
spectra faker with Subare “CCAS ad thwe B4 mass is meas.mad with the brocd H emiss on line wizth and luminosi-y. We alse show
affactiwrass o7 our wrichility salestion or low-rass ochve BHS by comaining HSS & PFS wide-field capebd ties. 27 ad2iton, we
are evaluating oztical variablBty I a skort Nme secle (Thouss) of krawn low-z lew-mass 513 ef 27 <0, with LOS-m Kiso Schmid?t
telescope anz Feunz thet signihcant anz raped variability are cetected fram 2 of the 20 sample objects,

1. Intraduction 4. Initlal Result & Future w/ HSC & FFS
AGN 15 7 el tocl to stucy various kinds of astronamere Oelectad intronight & 1-day-scale wmrinbility of a golaxy w/' HSZ
fields incluzing wemy high recshil* uriverse (Martloske 2011 L et s ' ' "t aes

and casmelogy (Yachii+ 2014), _ow-mass b ack heles (Blis, < lea | - * eSS

Mpun) dre bullding Elocks of more maseva 3He and ¢ ey ; -....

papulation of saed SHs cnd chserved co-relotiors baiwaer 8H P

& galaxy (bulze) properties.

== An effecsive metrods 1o fird loa-mass B4 is desirec.

Prevows methods so far achde.

0 defcilez Arhirg of gelany soectre [SDSS) by Gieere-2007
Sanriolt

O Nearby low-mass (<1076 Msun) [Eimen i s | |
AGN could be a remnant of  WiEEseEmEE= s T o s e
seed black holes of very high- [T =~
redshift quasars. e byl

O Establish a new method to SR ey | TR S

effectively find low-mass AGN % Lt L

(candidates) w/ optical high-

L

»
= P —— % ¢

NS = e [

S Sape b -

2. Methedology Wi i Sveriiet
0 [Typa-1) A5N shaw optical varmciity 0 general. r § ! -

O €5 UMINGJs, Mare var ab € fverces terhe 2024 T e

cs

ﬁ{_um A Surwey fawer camparitan I:EDS'i RS, Sabeu/P=5). Du-

0 Barth+ 2004, Renes-20.L

O ineensitive fo rocshift [exies for azpaunt br ghtnoes) ws sur). Cur imoging pre-se.actizn will provize good fargets for a

O time dilatior effeck: a facter of (14z) syshemar ¢ swvey W' PFS PTS Blind survay (live 5D55) & clso powarlul
O other rmthods (Memy etc ] “equira an inifnl quess of a
dishence  (phaotn-7) fo estimabe umnasty ar 2 lags areurt

B e e 5. Low-mass 8ks ara really rapidly variable?

0 Thursers” (w) figh mass BHs] are Krown to ba varab @ (7300 mag) in
mortks-yeds hme scales, Kelly-2013 &te)

O No systeman: studies o7 Tme scales of catical variazidty for AGN w/
lew mross BH. wa> raec to worify their variabilities.

3. Subaru/HSC+FOCAS Observations
g-right tranzent survey EHUOT Tanake+2015, Apd)

O 4 3d

cadence wide-field imaging

data.

Rapid variability is expected.
Lets find the lowest-mass BHs.

Prepare PFS survey.

D 1-raur eadenes s.rvey W FEC(Tuly 2 & 3 2018)

0 g: 110 moures per vist] x [3 vislts per right] x &

rights]

QO r: [10 minutas per visit] x [L vsit per righ] = (2 nights|
0 anatie = sureey w' H5Z an Moy 26 2005 (Lsed as
refererces)
0 adept 4 image sustrection metsos te ~nd epicly
(in"renigrt and/er batwaen theto two nights) variable
SOUrcoe.

F-right follom=iLp speotnsmony w/ FODAS on Oy 77, 2010
0 VPHEOSIGE (17500) ta g2t Falpha
0 1200 see % 3
O 2 AGN Idantifiad
0 nerrzw “Eroac” HoGe=0 o4 == see $2
0 AGN w LINZR-Eke li-e ratic 8z™0.3
0 1 night 037 due to netrumert frouthe

FIRER (L Fic g F 503:7

O Cur Shudy
0 monit= 27 AGN W low-mass BHs (T10°(4.9)-107(£.) Msan)

0O o KWFG (2x2 dege) an LO5-r Kiso Schmidt telescope
Q nlgn zadenzo: G5 . ar: (KISS; TAV 2014, Taniguck 2017)
0 varichil ty datectoc “rom 9 of the tamp.a cbjacts
Q hicher variasility cmzlifuzes then quasars n « day time scce.

Flaurs 4 {left): "et~ucture functior” (encomele variatllity amplitude ac a
functior of timo ccals) of AGN w. lew'h gh maee B, Figure & ["ignt):
tructure functios arplitude os a funclion of block hole mass.

WEEpt a0 k {0 HEN - |, 2017/03/08-10, KEK



Subaru/HSC

wide-field, 1-hour cadence

<€
™
° g Subaru/FOCAS spectroscopy
] ==> 2x10"6 Msun@z=0.16
TF (TM+2016, PAST, 68, 40)
o
I
0 100 200 300 0 05 1 1.5 2
MJD — 56840 |d
oy Subaru/ PFS
. :SIDISIS Slelcl ) | I l/l) =1 l 1 'Il l:i l 1 1 l.i‘-.l’.—l_.-l ..... daw — ’ :
o~k (spec)_ SDss(deeper) B J, HSC,LSST .
5 / . = — 7
I et S c%;' e aa T - 10-minute exposure assumed -
:"o .‘ P 0“0 Dot o aae - 1-hour exposure ==> improvement
oot p © _-="7  PFS + by a factor of ~2.5 in mass. .
. « 7 -
ECH o - E3 E
s <+ Ly 10% variability assumed T Lb°|/LEdd=O'1 E
-Ill/l 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 I-T I 1 1 1 1 I 1 1 1 1 I 1 1 7
0 0.1 0.2 0.3 0.5 1 1.5

redshift
O Blind galaxy survey (as done in SDSS, Greene+2007 etc.)

O fargeted survey for objects showing rapid variability in HSC data.



Low-mass BHs are really rapidly variable?

High-Cadence Monitoring w/ 1m Kiso telescope for “known” low-mass AGN

1

log SF? (magz)

4 L
-2

Taniguchi 2017, master thesis

2.4
hrs

]
day

I

1
log At (day)

known high-mass
~quasar (”10“7—9 Msun)

2

known low-mass AGN (~10"5-6 Msun)

3

4
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~——  Hunting for Early-Phase Type Ia Supernovae in Subaru/HSC Era

The Iti-band urvey with ubaru for arly-phase Ne Ia ( ) 1S @ new supernova survey project
which aims to systematically investigate the early photometric/spectroscopic behavior of Type Ia supernovae
(SNe Ia) with Subaru/HSC and other 2—10 m class telescopes. In the first MUSSES observing run (Apr-Jun,
2016), several early-phase SNe have been discovered successfully.

Observational Strategy of MUSSES

e Instruments: Subaru/HSC + 2—10 m telescopes

e Observation mode: HSC survey+ follow-up observations

X 1.0 e Filters: g- and r-band for the Subaru/HSC observation
E e Time Allocation: 2-nights Subaru/HSC per observing run
% e Limiting magnitude (S/N = 5): ~26.0 mag in g-band
§0.5 e Survey area: ~60 deg? per observing run
= 2~4-m telescopes photometry e Cadence: 1 day
4~10-m telescopes spectroscopy
0.0 20 |

tots

tPeak
Time from to (days)

MUSSES Early-phase SNe

Apparent Magnitude
N
)

RN ” April to June, 2016. Five
early phase SNe have been

N
~

g-band (obs-frame)

o LA . early-phase light curve. -15 0 15
= e Days since the maximum (rest-frame)
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(Tightest upper-bound on Ihiabundance of

primordial black holes with querﬂSuprlme-
Cam dense-cadence observatlo ' ._:stars)

| Hiroko Nukura (UTokyo/KIPIVIU)

Collaborators: Masahlro Takada, Naoki~Yasuda (Kavll’IPMU)
Robert Lupton (Princeton), Takahiro Sumi (Osaka),
Surhud More, Anupreeta More, Masamune Oguri (UTokyo),
Masashi Chiba (Tohoku)




Dark matter search by HSC-M31 transient survey

e HSC—M31 observation P ,W;%‘/:‘,:“-A ; :c"oscg'l'\;'glne
for 7-hours, taking images A More than
every two minutes by r-band B Ai/‘i?'«,/‘f; i ':'A:“‘Z/ - 10,000 transient

* Target: microlensing effect o Sk m/‘ 7 ;s;:;:f;e\je'\z

by PBH, a candidate of dark " L of HSC.

fakes (inc. RR-Lyrae cand.)

matter (or put constraint on

A Cepheid variable

¢ )A A /)‘_IA I//A

[ ]
' A
A A /A A ©  asteroid
the abundance of PBH. ) i o wienid
l A A A ,,:, » ‘/A B eclipsing binary
HSC @’ = O  contact binary

one remaining candidate..

1000

08 . . - & .,;" i ok
{3 Microlensing e . T
g ; % (simulation) 3 so0g e g i 3 - |
<214 2 d 4
216 k- _’IOOO il ii i
m.?.,,./ - -y +

T R T T T 0% 5000 10000 15000 20000 25000

time [sec]



The tightest constraint on the abundance of
10%°g PBHs from HSC-M31

PBH
10717 1077 10°
we /o
0.100 mLQ
LSS
DF

HSC-M31 constraint (95% C.L.)

1075 -

— + one remaining candidate
- w/o one remaining candidate

PBH mass fraction: Qppy/Qpm

MpgH 9]
* From null-detection of microlensing events from PBHs, we can put constraint

on the upper limit on the abundance of PBH to the total dark matter



Irradiation tests of the LiteBIRD optical components
using a 160 MeV proton beam at HIMAC

K. Komatsu, H. Ishino, A. Kibayashi, S. Uozumi, Y. Yamada, Y. Kida, T. Funaki, N. Hidehira, T. Matsumura”,
N. Katayama?, K. Hattori*, M. Hazumi®, Y. Minami®, Y. Sekimoto®, T. Hasebe®, K. Karatsu®, S. NakamuraP, H. IrieP,
T. Fujino®, T. YamashitaP, H. Kanai®, Y. Horif, A. Suzukit, B. Westbrookt, O. Jeongt, I. Shirleyt, J. HubmayrF,
and LiteBIRD Working Group
Okayama University, IPMU”, KEKB, National Astronomical Observatory of Japan¢, Yokohama National UniversityP,
University of California, Berkeley Physics Departmentt, NIST Boulderf

Irradiate 160MeV proton beam at HIMAC Milli-meter wave intensity

measurement system

Hole with a diameter of 3 cm

Mirror F / Mirror
millimeter waves H i / :

Sample holder Wire grid
Pyramidal hone

"/ Pyramidal hone
Multiplier

Diode detector

Linear
stage

Lock-in
amplifier

Copper CW generator

controller

red arrow : proton beam



Refractive indexes and tand

Sapphire ordinary axis Sapphire extraordinary axis
é 3.070 : : : Ej 3.408 : . , x
'g 3.068 | 'g 3.406 |-
'G_J 3.066 |- 'q__, 3.404 |
E 3.064} E 3.402}
S 3062} & 3400}
‘-E 3.060 % 3.398|
“~ 3058 s ' - 3306 ' ‘
Ooorggn |rrad|ated 10krad 20krad 30krad non |rrad|ated 10krad 20krad 30krad
0.00045 | 0.00025 |
‘-<C3 0.00040 | ‘8 0.00020 |
5 000035} B ]
0.00015 +
0.00030 +
0.00025 s . 0 00N10 . 5
non |rrad|ated 10krad 20krad 30krad non |rrad|ated 10krad 20krad 30krad

Refractive indexes and tano of the samples with and
without irradiation are consistent within the error.
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“Superconducting Mirror”’ towards
ultimate measurements of CMB B-modes

Motivation — Drastic mitigation of fake B-modes due to
* " fake” polarization caused by instrumental imperfection

Fakes-pol. is source of big syst. bias | Pie X oV X (Twirror — Tradiation)
10° In principle, R L B B B
- ——— o - = P s o ;
10° e T T NN it’s unavoidable Q2 : = 5
i resistivitypz0  §
i ©
X - E Fake signal due to :é TH o
D L fake polarization = S 8
Q u TP fraction = 0.1% < 7R "'6
10 3 - with mitigation by cross—link = E -
i NS 8 E T N T
- W =1
10-7 1| \\\H‘ | 1| 1l | 1| \\\H‘ 50 100 150 200 250
10 100 1000 Frequency (GHz)
Multipole | £53H) B 2 (v)

We can make an effort to be lower fake polarization !
From ~ normal” to * "super’’ conductive mirror
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“Superconducting Mirror”’ towards
ultimate measurements of CMB B-modes

We plan to confirm by using infrastructure for superconducting sensor
and high-sensitive spectrometer for next-generation meteorology

RAEAZE
blackbody =&z
N\

| Ty

\%ﬁs 50 K

SV,  Super-m
S5 R ERES Prototype Super-mirror

High-sensitive spectrometer = " KUMODeS"” and

H H H H T T T T T
its measured spectra of atmospheric radiation Yo%k
N E
£ FTILERI=S5—
= _ — = I . : Forecast of measured
SET X, 20 - 30 GHz band 7%T X, 50 - 60 GHz band # S 10EF  Aluminum mirror _
M g spectra by using
. P Measured data | 300 . " s N r .
@ N ' ot elr' 8 4L KUMODeS. Its high
g g ¥ | o g e
o § > / T i . sensitivity allows us to
\ i 4 v/ Oxygen 5, © Super-mirror _ _
J 5 { EIE e 107} =S — measure faint signal
£ 00 A “aes 3 " IIE = a 7 [ =
2 "'. B LA :‘{: 150 ” = - E‘K}\? for three days
10 v Water vapor | mo..’"u' ¢ ,: aaaaaaaa ta <E: 102 ?
T TSR S R A |
o= 22 % % = w0 = T I U 20 30 40 50 60

Fi GH;
Freguency (GHz) requency (GHz)

Frequency (GHz)



For the evaluation of cosmic ray
effects on LiteBIRD detectors

Yuto Minami on behalf of LiteBIRD team
KEK



In Planck experiment

» High level of data loss from cosmicray 2 [ [ [[ITII[IT1T 1]
interaction with detectors P

» They modeled it with ballistic
phonons and thermal diffusion

. . Glitch events and fitted templates
In LiteBIRD, two things are targeted

» Mitigation of the cosmic ray effects by

attenuating the phonon propagation Cosmic ray

N\ | TES

» Cosmic ray simulation to make a glitch \(J\phonon

templates



Reduce the phonon transmissivity from Si wafer

By inserting metal layer between Si and
TES bolometer

—
(g/cm®)  |(m/s) (g/m?/s) against Si
2.328 8433.0 1.963 1.000 ., e
Au 19.320 3240.0 6.260 0.727 i Si->W
W 19.250 5200.0 10.010 0.548 ™
Pd 12.000 4540.0 5.448 0.779 o e
Calculation with impedance mismatch model Calculation with diffusive

: ) . ) mismatch model
Cosmic ray simulation for overall LiteBIRD system

Esol 025
4 N £ f ?;
Cosmic ray and phonon simulations “
» Proton flux at L2
> Spherical satellite around detectors ] "N
Prospects w e
4 N
» Phonon attenuation in metals Energy leakage at the

surface of Si wafer

» Phonon propagation to the TES bolometer
_» Comparison with TES radiation test )




Prospects of direct search for dilaton / axion
fields with extreme high-intensity lasers

Kensuke Homma
Hiroshima Univ. / IZEST, Ecole Polytechnique

PHIRES COl aporation




Plural pNGBs in the wide mass range
can be a test of string-based theories ?

ASIMINA ARVANITAKI et al. PHYSICAL REVIEW D 81, 123530 (2010)

Anthropically Constrained

3 X 10-18

2 X 1020 3 x 1010

; D axi
Axion Mass in eV QDaion



Stimulated photon-photon collider
- four-wave mixing process in vacuum -

(2-u)w=Tw+1w-uw
l=<1|a"|0>

dilaton (\‘\N

J = axion e
M M-

e '{/—g

&
et

2

N~10?3 = 200kJ
« N*uN,,

Cubic dependence

arXiv:1006.1762 [gr-qc]

2017/03/08 K. Homma Y. Fujii

and K.Homma

Prog. Theor. Phys., 2011



Sensitivity below sub-eV mass domain

Coupling gmri/Gevi
% .333

— —
S 3
w0 (=]

N Y — —
-t =} (3] N

—
o <
© N

in Quasi-Parallel-Collision

shima search

ﬁfﬁfﬁﬁlﬁiﬁﬂiﬁiﬁifﬁfﬁf% Z)

— Gravitatior

al coupling

Dark field mass

) axions



Sensitivity in sub-eV-10 keV mass domain
In Asymmetric Head-on Collision

CAST+Sumino

QCD Axion modeis

a/M [1/GeV]
=

3
2

10728

arXiv:1701.04282v1 [hep-ph] 16 Jan 2017

0.1 1 10 100 1000 10* 5
mass [eV]
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Exp. start from 2019

2 x 10PW

2x1PW

2x01PW

0.2-19.5 MeV gamma
beam produced by
~700 MeV e- + laser’



POLARBEAR-2 Receiver system

Daisuke Kaneko, IPMU, UTokyo

B-mode polarization in CMB by primordial gravitational wave
is a strong evident for the inflation at the early universe.

POLARBEAR experiment
is searching for B-mode polarization in CMB at Atacama in Chile.

has already found the high- ¢ B-mode which is made by
gravitational lensing by large scale structure.

will be upgraded to POLARBEAR-2
with 6 times more numbers of element sensors (TES),

and then, extended to Simons Array
of three PB-2 type receivers.

100 1000 aiming at r resolution less than 0.01.
multipole moment ¢



| calibration tool R&D |

PB-2 Receiver Dev

Readout mtegratlon test

TES (sensor) wafer

characteristic test receiver beam measurement
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