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In modern cosmology, the statistical magnitude of the density fluctuations
generated in the early universe is measured at different epochs of the universe to determine the
cosmological model. In recent years, detector noise has become less of an issue in these
measurements, and instead, the sample variance, where there is only one universe to observe,
determines the limit of the power of the test. We explored the possibility of choosing the
cosmological model by directly following the growth of the fluctuations rather than the statistics
of the fluctuations. We found that the growth of the fluctuations can be separated from the size of
the initial fluctuations by assuming that the distribution of the initial fluctuations is Gaussian
and that the growth of the fluctuations can be estimated directly by observing the polarisation of
the cosmic microwave background radiation produced in a galaxy cluster at each time.



X C—19. F—19—1, Z2—19 (58)

1. WHEBHAR SO 5

IHEOFEH~ A 7 a2 (CMB) IRERE S MM OREE 2B X 0, FHEOMK
BRSFHEMTEHMR ST A X)) BN 10%FOBETIREL>2H5(1], ZOWREDTBEAT
I, FEHMNCAR SN & SNAWMIEERES JICEK T2 CMB RER O EO840040 O
INU =2 ML) ZHIEL, EF /L EDRKZIT-> TWD, ITEOBREMOERE L
WREBIZED, ZOREIZBWTHREZED /A XEHEICZ2 5370 | e LABRIT 2 FHM
—OLDRNEWNIFEENSLZPF T NARY T UA(AI v 7 RNY T U R) BRE S ORR
RO TND,

Bz X, KAERA 7 —iZB8iF 5 CMB RERED X ORESIEEFTHET LOTEHE LI AA
RITNENE W ENA DN TNDN, KAERA T —IVORLEDHBOWENIAI v
WY T UATRESTWDEZD, TN EREEZED D Z LN TE RV, £, FHBTT VO
BT EICHHIBER D XOBMBREOENE 2> THNAT O, ELXONHOKE S 2F
ORI AL THRKT A2 L2 L 5T, ZORKMBEARIET 5 ON 2 E TCOREMER e F
EThDH, 22TH, FRATOOBOHEEREIZIAI v 7R TR LTIy bah
TLEI, EVWIHIREERDH D, T T, ZOIAI v I AN T U ADBERAEY | BIEOBIHITF
Him B SOR TEMICRELSUET D ENTEXEN?2 LWVWHMENZ ZTo THv] Th
%,

EEBUN

[1] Planck Collaboration, Ade, P. A. R., Aghanim, N., et al. 2016, A&A, 594, A13

[2] Meyers, J., Meerburg, P. D., van Engelen, A., & Battaglia, N. 2017, arXiv:1710.01708

[3] G.-C. Liu, K. Ichiki, H. Tashiro and N. Sugiyama,MNRAS Letters 460, issue 1, p.L.104-
L108, (2016)

2. EDHB

DRI I NY T UADEBERKY & LICHEBERFEmZREET 720121, ot Eofk
FHERICHE DTS, FHBEERS TORMBENEENIBEZ VT L, ZoZ tx#HLL LT
BIRK O—21%, RICERINFRRIFN M #E EICBREIND G Th D, T4 Meyers HId, 1=
7R CTHRGEL S 72 CMB Y+ DR IEICIE. Z ORI DML E S 772 CMB O KA JE A /7
— VDR EDRER., THROBHRIEDOT L ITLE > TONMHE L2 B EEN -5 T O HRA Kk X
NHZEZHNT, a2 v I RN T U REBZEFHEOEFHELOBRINTRETH D &
ELIER 2T 52l

ABFFEEHE TILZ OB 2 23RS E, 3 T HUIME R b 25k~ 75| £k~ 27 iE CHE
EL, TORFRIRELZ RERIR Y BEEHERET 2 E2MERNE T 5, 2 E T, BN THE
PO TERMERIF & U THHR T — 227 b EZORFBFERBAAVLNTE 7208, AF
BTIHMHBREH N NWZ ETaAI v I N T U R =T EHGEENT 280607 H
%, & ACE TR THELE 72 CMB e+ DR &2 AW TZrZ2 iz o0V, [2] 12488k T
HEEE L ERAED TV, EmH( k) ) ORFHOBNE s Z 8T, T8E] OFkx D
NLEIZHIT D CMB {BERES EOFBENRETH I 2R T /Rl MATHLWAREZE
2205 5[8l, BRI, ZOFEEL-FHOMBERS TORFMBEEZE) 2 LI2X0,
Ay IR T U ADRER A T LWEBETER A AR T S 2 L2 BT,

3. WHEDTTE

FHOBEERED X4 SIWTHICHEET 2 HiEE LT, RbEENTZ LB LN LN, BE
FEOLEZ ML —ALTWND EEINLRMON %S ETHNTL2ZEThD, GE% LT
D, AE x, Rt & LT 1+ WoTOFHmMSIEEEIEGR A2 5 2 5 L BN S 2 B EY;
SITBMAZ (=12, ,N) DN 8L LT, 8(x;, t;) = XD()8(kj)e ™ iThzbnsb, =2
T, DEDITFHMET M Lo THA BRI A 5257 n—R7 7 7 8 —T, §,(k;)I%
ARXAI Y INY T UADRRE 72D T VX LRPIEEROEO 7 - = E— N Th o, HHE
HELZWbOE, DG =12,+,N)E8(k)( =1,2,+,N) ® 2N HOETH Y, BHIRIE
(i t) (i=12,,N) ON HTHHDOT, TEFANLEL D, ZOREET, RICFEOBE
DN LICRES NSO TH D, ZOWRBEEE 2D HFEFTN Db 2503, FTHT



NEFEL LT, D) =th eV ) NS BIOBFRELZE L THEEEZ N D L ~HLT 2L
NEZOLND, ZL DFHMTT NV CTEERED ZORFBFERBIIREBANIGEY Z ENmbT
WHDT, ZNEEMARETMEE B Z BID, KT8, (k) DHEEIC DOV C IR 72 HE 03
5 (1) EFMEEERIOAMAETHHEE, (2) FEERMELZE/NMNITHHE, BIOQ) BERELE
DZEMEACICKT T D ANR—AEEZFR LTEHETE 21T > TH D,

Fz, BlOJEE LT OB YT ORGELE WD HIENRE 2 b, CMB Y61 O —ERIZ R H o
BFICL o THEBLI NN, ZORBRICEOIRIHOIEHME LICH DR ERE S TN E
Wy 2t > TIRIET D 2 EDRHMBILTND, 15T, £ < O G OfFE Sz OB Y
TR0, ST 2lem BPMRIEEZBLAIT 2 2 & T, Fox OXMHE L L ITRIOEFTTO 3 RITHIEE
BOLEXOPBEMTZDIIT THD, FEEEZITo TROTERKATF— LV TOBEERLE L EE
WCHEHBEBN SN IBOLE AT LICLD, FERETADENS DWHEE LI IRD S Z
LR TEDENEFND,

4. WFIERLE

)= ~H—NKEKVI=2L—varT
— X &Il P SIRILEERE D X O FEAE —

EERITOMRTIZ, WU T o Faan 12 o .
EFEL T o R EZ T TND 2] === desSitter
Bz It D FiE 29 2 LT o 7208,
D’ Agostino’ s K-squared test &9 IEN
T AMDOREE EF WD Z LIz L D,
VSR LEERS X2 FEET &
DA THDHZ xR L, BEEmIC
X, BERLINTEX DT T A5G
o koic, EBAHICLAMELSIERST 2 08
Lo T 3R TEERES &5 0930 035 040 045 050 055 060 065 070

Random Gaussian simulation

._.
I

D[1/(1 + z)]
A S

2 f
@
"

WET DLV HIETH D, WROFIZX 1/(1 +2)

LR 1 GBI & 2 03 0 A Clho I &

(2) W14 3 YOTH R & & D FFEEL D Jids & @’ﬁ??‘: S bﬁ%ﬁﬁ%gﬁ?ﬂ é; <&
W13 IOCHE IR D & OISO 7] ELfzn—27 5 7 B — e LI THET

L CL s T 4 @il L T< 5 OB KT | ¥ %@égﬁgﬁg L< é%)ﬂi%f%fc'; SR

O EE DI EFT LT D & o A = °

DHEE AT 5 12012, T v X AT S

TEAERL, TORLINOHFEINDHE 20 T ‘
WA TOA h—2 ZANFTA—BETE L, w="0.90 [
EBHIZEDA N —7 AT AR5 iR ]
ELTELEEHET D, tWnH Tl 15 .
AL FEE LB FE =2 — NEB% L
77 |

WIZ, B LR Ea—FE2EITTH 2L . —
LY, MR R LF—DREFREA T '
A —F NI DGR E CMB fRYEEHIB Z & S I W ]

TENLS DVOREETRDLZ ENTED —
NE D ITONTHAT, = DOfE R, WF7E B T ||

BIChH DB S DN OHEE TIER ' T
<, BoEoRME(bEZEEND Z &N T
XAHZEnb, ZHETO OMB IS5 Ax?

—
u

o

(=]
—ry
o
(=]

BTV AR R F— BT A HRE —
P A R LN S I C I e S et il Rt Eh Ty 4
2B, — 7, RATTRI Dot b X 0% | 77 gggfoﬁ% 23 ECPICS £
—_ e SlZ2 D N z vy /\g e r ERYP] | ﬁ t \J‘ /\\‘ﬂ‘é

A B R s DI | R Eaie 2 oG B Lo n 1 7h
{Tote & 25, FATHIFEIC 7| R L KRR (1 7 &
IR T U ADERNTFIZAY B BT, ¢ ,gg%%%?%g%%?ﬁgwmﬁggﬁ%g
ROFETHMBREL S0 25 2 b | ZBARIEND 50 w=1 SEROB
Ko g mCHRIRERC MRS 2L | GREVIE T 2o L T cu e
Lt (H=099.0.95.090) 1o, EORIENHITE 3




13 12 8 0

Ichiki, Kiyotomo ; Sumiya, Kento ; Liu, Guo-Chin 105

Measuring the cosmological density field twice: A novel test of dark energy using the CMB 2022

guadrupole

Physical Review D d.063507
DOl

10.1103/PhysRevD.105.063507

Villanueva-Domingo, Pablo; Ichiki, Kiyotomo -

21 cm forest constraints on primordial black holes 2022

Publications of the Astronomical Society of Japan -
DOl

10.1093/pasj/psabl119

Matsuo, Taro; Greene, Thomas P.; Qezlou, Mahdi; Bird, Simeon; Ichiki, Kiyotomo; Fujii, Yuka; 163

Yamamuro, Tomoyasu

Densified Pupil Spectrograph as High-precision Radial Velocimetry: From Direct Measurement of 2022

the Universe®s Expansion History to Characterization of Nearby Habitable Planet Candidates

The Astronomical Journal 1d.63, 27 pp.
DOl

10.3847/1538-3881/ac397b

Minoda Teppei Ichiki Kiyotomo Tashiro Hiroyuki 2021

Small-scale CMB anisotropies induced by the primordial magnetic fields 2021

Journal of Cosmology and Astroparticle Physics 093 093

DOl
10.1088/1475-7516/2021/03/093




Cooray Suchetha Takeuchi Tsutomu T Akahori Takuya Miyashita Yoshimitsu Ideguchi Shinsuke 500

Takahashi Keitaro Ichiki Kiyotomo

An iterative reconstruction algorithm for Faraday tomography 2020

Monthly Notices of the Royal Astronomical Society 5129 5141
DOl

10.1093/mnras/staa3580

Shimabukuro Hayato Ichiki Kiyotomo Kadota Kenji 102

21cm forest probes on axion dark matter in postinflationary Peccei-Quinn symmetry breaking 2020

scenarios

Physical Review D id. 023522
DOl

10.1103/PhysRevD.102.023522

Shimabukuro Hayato Ichiki Kiyotomo Kadota Kenji 101

Constraining the nature of ultra light dark matter particles with the 21cm forest 2020

Physical Review D id. 043516
DOl

10.1103/PhysRevD.101.043516

Kadota Kenji Ooba Junpei Tashiro Hiroyuki Ichiki Kiyotomo Liu Guo-Chin 100

Cross-correlation between 21-cm radiation and CMB B modes from the cosmic birefringence in the 2019

presence of a light scalar field

Physical Review D id. 063506

DOl
10.1103/PhysRevD.100.063506




Minami Yuto Ochi Hiroki Ichiki Kiyotomo Katayama Nobuhiko Komatsu Eiichiro Matsumura 8

Tomotake

Simultaneous determination of the cosmic birefringence and miscalibrated polarization angles 2019

from CMB experiments

Progress of Theoretical and Experimental Physics 1d.083E02
DOl

10.1093/ptep/ptz079

Ichiki Kiyotomo Kanai Hiroaki Katayama Nobuhiko Komatsu Elichiro 2019

Delta-map method of removing CMB foregrounds with spatially varying spectra 2019

Progress of Theoretical and Experimental Physics 1d.033E01
DOl

10.1093/ptep/ptz009

Yoshiura S Ichiki K Pindor B Takahashi K Tashiro H Trott C M 483

Study of systematics effects on the cross power spectrum of 21cm line and cosmic microwave 2018

background using Murchison Widefield Array data

Monthly Notices of the Royal Astronomical Society 2697 2711
DOl

10.1093/mnras/sty3248

Gangopadhyay Mayukh R. Mathews Grant J. Ichiki Kiyotomo Kajino Toshitaka 78

Explaining low ell anomalies in the CMB power spectrum with resonant superstring excitations 2018

during inflation

The European Physical Journal C article id. 733

DOl
10.1140/epjc/s10052-018-6218-x




Endo Takao Nishizawa Atsushi J Ichiki Kiyotomo 478
Effect of dark energy perturbation on cosmic voids formation 2018
Monthly Notices of the Royal Astronomical Society 5230 5239

DOl
10.1093/mnras/sty1292

11 11 5

Measuring the cosmological density field twice: A novel test of dark energy using CMB the quadrupole

CmB

2022

2021

2021




21cm forest constraints on primordial black holes

Brain-storming workshop on Primordial Black Holes and Gravitational Waves

2021

The Epoch of Reionization and the Square Kilometre Array

4  CMB JSPS

2021

2021

Kiyotomo Ichiki

Cosmology with CMB Quadrupoles

7th Korea-Japan Workshop on Dark Energy: Maeda®s Universe

2020




SKA

Testing Gravity THXOBS Japan kickoff meeting

2020

Cosmology with CMB polarization: current status and future prospects

2019

Kiyotomo Ichiki

LiteBIRD mission and Japanese activities related to the CMB foregrounds

the Rencontres du Vietnam

2019

Kiyotomo Ichiki

Current status and future prospects of CMB and 21cm cosmology

Second international workshop "Particles, Gravitation and the Universe" (PGU 2018)

2018 2019







