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•  インフレーションモデルと原始重力波からのBモードCMB偏光	
•  LiteBIRD計画の概要	
•  測定系統誤差を抑えるためのscan	strategyの研究	



Goal： Verification of inflation using CMB 
•  Inflationary universe theory predicts generation of primordial gravitational 

waves.  
•  Primordial gravitational waves leave a large vortex-like patterns “inflation 

fingerprint” called B-mode on the CMB polarization map.  
•  LiteBIRD observes the CMB polarization by precisely scanning all sky in 

space. 
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Why	the	B-mode	polarizaJon?	

Density Fluctuations 

Decompose the all-sky CMB 
polarization into two patterns 

E-mode	
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B-mode polarization makes it possible to probe primordial 
gravitational waves! 



LiteBIRD 
Lite (Light) Satellite for the studies of B-mode 
polarization and Inflation from cosmic background 
Radiation Detection (http://litebird.jp/)	

LiteBIRD is a next generation scientific satellite aiming to measure 
polarization of Comic Microwave Background (CMB) at 
unprecedented sensitivity. 
 
Mission Requirements: 
•  Measurement of B-mode polarization spectrum of large angular 

scale ( by three-year observation of all sky.  
•  Measurement of the tensor-to-scaler ratio r, that represents 

primordial gravitational waves, at  precision. （w/o subtracting the 
gravitational lensing effect.） 
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LiteBIRD	Measurement	Precision	(at	r=0.01） 

Y.	Chinone	

LiteBIRD 

@95%C.L.	
PRL	116,	031302	(2016)	

B-mode spectrum due 
to gravitational lensing 
～5µK・arcmin 



Why the δr < 0.001 goal? 
•  Many models predict r>0.01. à Discovery at >10σ.   
•  In case primordial gravitational waves are not seen: 

–  Focus on models with less parameters（Occam’s Razor） 
–  Most single field slow-roll says 

 
 
–  If LiteBIRD achieves δr < 0.002 (95%C.L.), those that satisfy 
Δφ > mpl　in the typical inflation models are rejected.  

•  Important milestone in the goal to identify the correct 
models. 

•  Possible to obtain similar results in more model-
dependent analyses. 
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N: e-folding,   mpl: reduced Planck mass 

Lyth relation 



Observation Apparatus Overview 

Solar array paddle 	
Bus module	
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LFT and HFT	
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Lenslet	
TES	

HGA：X band data transfer to the ground	
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spin 
rate	

Line of sight 
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•  Mission module benefits from heritages of 
other missions (e.g. Hitomi) and ground-based 
experiments (e.g. POLARBEAR). 

•  Bus module based on high TRL components 

Cryogenics 
n  JT/ST and ADR  

HFT	

LFT	

HFT	



Scan	Strategy	

•  地球-太陽軸に対して、歳差角α, スピン角βで回転する 
•  全天スキャンからの条件 : α+β>90o 

•  太陽からの光流入を避けるための条件 : α+β<95o 

•  歳差時間・スピン回転数もある程度の自由度がある 
•  半波長板無し（最悪のケース含む）を仮定して、Bモード偏光

測定を最も有利にするパラメータセットは何か？ 

Scheme	of	the	sky	scan	



First	important	parameter	:Cross-link	
Vary	α, β under	condiJon	α+β=95o,	precession	Jme=1.51	hrs,		

spin	revoluJon	rate=0.3	rpm	

α > 45o seems to be OK 
concerning the cross-link. 

α = 45o α = 45o  

arXiv:1604.02290v1	

“Cross-link”	
hn	=	<cos	nθ>2+<sin	nθ>2	
Relates	to	many	systemaJc		
UncertainJes	
Smaller	hn	is	Beger!	

Temperature-to-Bmode	leakage	:	



Two	current	candidates	of	(α,β)	
Large-α (α>β) option 
(current LiteBIRD nominal): hitmap 

Small-α (α<β) option : 
hitmap 

α=65o,	β=30o,	α+β=95o,	
precession	Jme=1.51	hrs,		
spin	revoluJon	rate=0.1	rpm	

•  It is also important to consider “re-visit” to remove possible 
time-dependent effect 

•  Studies to decide the scan parameter is currently ongoing 
    using realistic simulation & data analysis tools.  

α=45o,	β=50o,	α+β=95o,	
precession	Jme=1.51	hrs,		
spin	revoluJon	rate=0.1	rpm	

Smaller	hole	(α~β)	



Summary	
•  The	LiteBIRD	is	next-generaJon	satellite	project	aiming	to	

probe	very	early	stage	of	the	universe	through	measurement	
of	the	CMB	B-mode	polarizaJon.	

•  It	has	sensiJvity	to	scalar-tensor	raJo	of	δr<0.001	which	
proves	inflaJon	scenario,	and	even	idenJfy	right	model	in	
many	inflaJon	models.	

•  To	eliminate	systemaJc	uncertainJes,	definiJon	of	certain	
scan	strategy	to	suppress	cross-link	is	important.	

•  There	are	also	many	factors	(e.g.	revisiJng,	satellite	structure)	
which	are	affected	by	the	scan	strategy.	

•  Considering	those	factors,	study	for	determinaJon	of	scan	
strategy	parameters	is	extensively	ongoing.	

•  The	scan	strategy	parameter	will	be	segled	soon	(Sep~Oct).	



Backups	



spin-2	cross-link	
(Nominal	values	:	α=65o,	β=30o,	α+β=95o,	precession	Jme=1.51	hrs,		

spin	revoluJon	rate=0.3r	pm)	

(rpm)	

(rpm)	
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Parameters/strategies	which	(may)	need	to	be	
considered	for	the	scan	opJmizaJon	

•  All-sky	scan(α+β=95o)	
•  Cross-link																				　　　　　  those	had	been	dominant	targets	so	far	
•  Hit	uniformity	
•  How	useful	is	it	for	destriping?		
•  Stepped/conJnuous	precession?		　　　　　  Revisit	Jme	opJmizaJon	
•  Jack-knife	availability	
•  ADR	cycling	(30	hrs)	and	its	dead-Jme	(15%)	
•  Galaxy	masking	(fsky~0.5)	
•  Heat	issues,	mission-part	structure	…	need	assesment	from	opJcal	/	

structure	viewpoint		
•  Any	synchronous	effect	with	other	devices	
•  Any	others	(e.g.	data	transfer	rate)?	



Foreground	separaJon	by	mulJ-band	
measurement	



Scan	strategy	comparison	
WMAP	 Planck	 Litebird	(fast	

spin)	
EPIC	 ESA	M5	

(arXiv:1604.02290)	
Concept&	
Priority	

Scan	a	pixel	with	
many		
azimth	angle,	
Comparison	with	
COBE	

Simplicity	:	
Sun	aspect	angle	
constant	to	
minimize	thermal	
variaJon	

Cross-link	&	
Hit	uniformity	
(+Jack-knife	test?)	

Cross-link	&	
Jack-knife	test	

Cross-link	
(mulJ-spin)	

Scan	
parameters	

α=22.5o	
β=70o	
Prec	=	1	hr	
Spin	=	0.45	rpm	
	

α=7.5o	
β=85o	
Prec	=	6	months	
Spin	=	1	rpm	
	

α=65o	
β=30o	
Prec	=	1.51	hrs	
Spin	=	0.3	rpm	
	

α=45o	
β=55o	
Prec	=	3.2	hrs	
Spin	=	1	rpm	
(opJon-?)	

α=45o	
β=50o	
Prec	=	40	hrs	
Spin	=	0.4	rpm	
etc.	

Cross-link	map	

References/notes	 hgp://
map.gsfc.nasa.go
v/mission/
observatory_scan
.html	

hgps://
wiki.cosmos.esa.i
nt/planckpla/
index.php/
Survey_scanning_
and_performance	
et	al.	

ADR	heat	cycle	
~	30	hrs	

arXiv:0805.4207	
0906.1188	

arXiv:	
1604.02290	



αに関連するハードウェアなどの事項	

•  衛星の構造。特に熱的なもの。	
– 太陽光からの照射	
– 排熱板	
– 開口近辺の影	

•  光学系	
– サイドローブへの太陽・地球・月からの漏れ込み	

•  太陽電池パネルのサイジング	
•  テレメトリーアンテナ	

–  X/S	バンド両方	
•  スラスターの位置・推薬の量	
•  RWへの要求	

基本的に衛星と外部との
インターフェース	



βに関連するハードウェアなどの事
項	

•  HWPの設置位置・角度	
•  光学系とその支持構造の設置位置・角度	

– 衛星の筐体の大きさ	
– シェル内部熱構造	
– シェル内部迷光・反射	

•  サブK冷凍機の配置	
–  JT/ST冷凍機の配置・配線	

•  焦点面検出器配置	
– ハーネスの長さ	
– 熱流入	


