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What	is	LiteBIRD	?	
•  A	focused	satellite	mission	aiming	at	high	precision,	reliable	

detection	of	the	primordial	B-mode	polarization	with	a	
precision	δr	(total	uncertainty)	<	0.001	(for	r=0)		

•  An	international,	Japan-led	(PI:	Masashi	Hazumi,	KEK/IPMU)	
collaboration	of	~200	researchers	from	12	countries	(3	
continents)	working	to	making	this	happen.	
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(Selective)	history/status	
•  2008	-	first	LiteBIRD	proposal;	

–  Basic	concept	of	a	focused	mission	established;	

•  early	2015	– LiteBIRD	US	MO	proposal	submitted	and	granted	(July	2015):	
–  extended	frequency	range	(HFT)	proposed;		

•  mid-2015	– LiteBIRD	selected	as	one	of	the	two	candidate	projects	for	JAXA’s	Large	
mission;	

–  LiteBIRD	and	SolarSail	(more	recently	known	as	Okeanos);	

•  fall	2015	–	an	‘invitation’	letter	to	the	European	CMB	community	by	Satu	Tsuneta	(ISAS);	

•  mid-2017	– LiteBIRD-Europe	established;	
–  first	meeting	in	Cardiff,	UK,	Aug	2-4;	

•  mid-2018	–	ESA-JAXA	CDF	study;	
–  LiteBIRD-Europe	collaboration	representatives	invited;	

•  mid/fall	-	2018	–	selection	for	the	phase	A	in	Italy	and	France;	

•  May	2019	– LiteBIRD	downselected	by	JAXA	for	the	L3	large	mission	with	a	launch	in	FY	
2027.	
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2008:	

2019:	



LiteBIRD	globally	
•  ~200	members;	

•  12	countries;	

•  3	continents;	

•  Governed	by	Interim	Governance	Board	(IGB)	coordinated	by	4	PIs	(M.	
Hazumi,	A.	Lee,	L.	Montier,	M.	Dobbs);	

•  Organized	in	5	Joint	Study	Groups.	

•  BTW.	lots	of	info	about	LiteBIRD	in	the	proceedings	of	the	LTD	
conference	in	Milano	this	year	…	
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LiteBIRD	in	Europe	

•  ~100	people;	

•  9	countries	(France,	Germany,	Ireland,	Italy,	Netherlands,	
Norway,	Spain,	Sweden,	UK);	

•  Coordinated	by	11-person	Steering	Committee	made	of	
national	representatives;	
–  Spokespeople:	L.	Montier,	E.	Calabrese;	
–  Chair:	P.	Natoli.	
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Science	goal	
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Statistical	
uncertainty		

<0.00057	

Systematic	
uncertainty	
<0.00057	

Margin	
0.00057	

Statistical uncertainty includes 
•  foreground cleaning residuals 
•  lensing B-mode power 
•  1/f noise 

Systematic uncertainty includes 
•  Bias from 1/f noise 
•  Polarization efficiency & knowledge 
•  Disturbance to instrument 
•  Off-boresight pick up 
•  Calibration accuracy 

Full Success： 
•  δr < 1 x 10-3  (for r=0) 
•  >5σ observation for  

each bump (for r≥0.01) 

δr	:	Total	uncertainty	



LiteBIRD	-	the	basics	
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•  JAXA’s	L-class	mission	(selected	in	May	2019)	
•  Expected	launch	in	2027	with	JAXA’s	H3	rocket.	
•  Observations	for	3	years	(baseline)	around	Sun-Earth	Lagrangian	point	L2.	
•  Millimeter-wave	all	sky	surveys	(34–448	GHz,	15	bands)	at	70–20	arcmin.	

JAXA	
H3	

4.5m	

Mass: 2.6t 
Power: 3.0kW 
Data: 10GB/day 

Medium/High-Frequency 
Telescope (MHFT) (5K)	

Low-Frequency 
Telescope (LFT) (5K)	

V-Grooves for radiative 
cooling (30K/100K/200K) 

Service Module  
(SVM)/BUS	

High-gain antenna	
TES focal planes (not seen) 
with 100mK base temperature 

Active cooling with 
PT/ST/JT/ADR (not seen) 



Frequency	coverage	and	sensitivity	

APC,	09/12/19	 European	CMB	coordination	workshop	2019	 8	



APC,	09/12/19	 European	CMB	coordination	workshop	2019	 9	

Operation	
Orbit:  
Sun-Earth L2 Lissajous 

91	minutes	1	day	1	week	1	month	6	months	1	year	



Payload	
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2K	
cooler	



Telescopes:						LFT	(Japan)	
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l  Crossed	Dragone	
l  Aperture	diameter:		400	mm	
l  Angular	resolution:		20	–	70	arcmin.	
l  Freq.	coverage:									34	-	161GHz	
l  Field	of	view:													20	deg	x	10	deg	
l  F#3.0	&	crossed	angle	of	90	degree	
l  All	5K	parts	are	made	of	Aluminum		è	less	than	150	kg	
l  New	mirror	design	(anamorphic	aspherical	surfaces)	



Telescopes:						MHFT	(Europe)	
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•  Two	F/2.3	refractive	telescopes:	
•  89-270	GHz	
•  238-448	GHz	

•  Apertures:		
•  30mm	
•  20mm	

•  FoV:	
•  Φ	20mm	

•  Transmissive	metal-mesh	HWP	
•  Silicon	lenses	



Continuous	polarization	modulator	(1)	
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LLLFT:	Φ	40mm	,			46-83rpm		



Continuous	polarization	modulator	(2)	
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MHFT:		
	
Φ	30	mm	and	39-70rpm;	
	
Φ	20	mm	and	61-110rpm.	

	

(Rome)	

(Cardiff)	



Cryogenic	system	(Japan,	US,	Europe)	
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Focal	Planes	(US)	
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Sinuous Antenna  
for broadband  
trichroic pixels 

Silicon lenslet 

672 J Low Temp Phys (2014) 176:670–676

Fig. 1 Left design of a single horn coupled multichroic polarimeter with labels on the major components.
Center a photograph of a cross-section of a broad-band ring-loaded corrugated feed horn fabricated by gold
plating a stack of etched silicon platelets. Right a photograph of a prototype 90/150 multichroic detector with
the major components labeled. A description of these components is in the text. For clarity, the path light
follows to reach the bolometer corresponding to Y polarization in the 150 GHz band has been highlighted
(Color figure online)

choke to prevent leakage of fields from the waveguide. The detector chip (see Fig. 1,
right) uses a broad-band orthomode transducer [6] (OMT) to couple the incoming light
from the waveguide onto high impedance coplanar waveguide (CPW) lines. The OMT
separates the incoming light according to linear polarization. The Y-polarized light
is split onto the two vertically oriented OMT probes and propagate through identical
electrical paths that have been highlighted in the figure. Along each path, a broad-band
CPW to micro-strip (MS) transition comprised of 7 alternating sections of CPW and
MS is used to transition the radiation onto MS lines. Next, diplexers comprised of two
separate five pole resonant stub band-pass filters separate the radiation into 75–110
and 125–170 GHz pass-bands. The signals from opposite probes within a single sub-
band are then combined onto a single MS line using the difference output of a hybrid
tee [7]. Signals appearing at the sum output of the hybrid are routed to a termination
resistor and discarded.

These detectors operate over a 2.25:1 ratio bandwidth over which round waveguide
is multimoded. However, the TE11 mode (which has desirable polarization properties)
couples to opposite fins of the OMT with a 180◦ phase shift while the higher order
modes which couple efficiently to the OMT probes have a 0◦ phase shift. This fact
allows the hybrid tee to isolate the TE11 signal at the difference port and reject the
unwanted modes at the sum port. This ensures single moded performance over our
2.25:1 bandwidth. For testing purposes, the prototype pixel (shown in Fig. 1) included
additional bolometers connected to the hybrid tee sum port. The architecture described
above offers excellent control over beam systematics of corrugated feeds, a frequency
independent polarization axis defined by the orientation of the planar OMT, and a
metal skyward aperture to minimize electrostatic buildup that is useful for future
space applications.

123

Silicon platelet 
Corrugated horn	

OMT 

HFT	

DfMUX	readout	(Canada)	



LiteBIRD	science	
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1.  Full	success	è	design/requirements	driver	…	
	
2.  Characterization	of	B-mode	and	search	for	sources	fields	

(e.g	scale-invariance,	non-Gaussianity,	parity	violation)	
3.  Power	spectrum	features	in	polarization	
4.  Large-scale	E	mode	and	its	implications	for	reionization	history	and	the	

neutrino	mass	
5.  Cosmic	birefringence	
6.  SZ	effect	(thermal	and	relativistic	correction)	
7.  Anomalies	
8.  Galactic	science	

+	a	unique	legacy	data	set.	



LiteBIRD	extra	success	
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Baseline	
	
+	delensing	w/	Planck	CIB	&	WISE	
	
+	delensing	as	above		and	extra	
foreground	cleaning	w/	high-
resolution		ground	CMB	data	

~5σ	for	the	Starobinsky	model	



Summary	
•  LiteBIRD	is	here	and	(likely)	to	stay	as	a	key	feature	of	the	European	

CMB	landscape	on	the	horizon	of	the	next	decade	and	beyond.	

•  LiteBIRD	is	a	focused	mission	designed	to	exploit	all	the	advantages	
provided	by	space	to	do	what	is	difficult,	or	impossible	to	do	from	
elsewhere	(large	angular	scales,	broad	frequency	coverage).	

•  LiteBIRD	is	complementary	to	the	ground	efforts	even	when	the	
science	goals	overlap.	

•  Numerous	exciting	(and	natural)	synergies	between	LiteBIRD	and	
the	planned	ground	efforts.	LiteBIRD	will	help	to	extend	the	science	
of	the	ground	efforts	and	potentially	benefit	from	them,	bringing	
unique	inputs	to	the	table.	
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