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LiteBIRD Collaboration

k¥ —, #HEZ (ARD/JAXA)
A% %0 (Caltech)
BREZ, WEEH, HEMA, SHEH (ISAS/JAXA)

FULBE, £, inAkE—, FF—5 BSE AT NEEL, RA)IHM, BOEH,
SHEJA (§TRE)

KHR GEEX)

FREERE BAABMAKE, 08 (AiIXXR)

Julian Borrill (LBNL)

BEHRM, #BMAF, ZBR, =R (FILXE)

HBZY (#BFX)

FiR#a], RERE (RILKHE)

William L. Holzapfel, Bradley R. Johnson, Adrian T. Lee, Paul L. Richards,
Huan T. Tran (UC Berkeley)

INAZE—ER (UT Austin)

OV ILEU R
INE R (KEK), &)1 &1 (JAXA), 132 BT (NAOJ)

FEHEAZ DT ILI7RVME
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LiteBIRD Collaboration

k¥ —, #HEZ (ARD/JAXA)
#2140 (Caltech) = Planck, BICEP, EBEX
BREZ, WEEH, HEMA, SHEH (ISAS/JAXA)

FILEE, EEEHE, BRE—, FE—5 HER, #LET HEER, EAIHG, EOEE,
SHA}*A (BETARH) = QUIET, PolarBear

KHR GEEX)

FREERE BAABMAKE, 08 (AiIXXR)

Julian Borrill (LBNL) = Planck

BEHRM, #BMAF, ZBR, =R (FILXE)

HBZY (#BFX)

FRMAE, R (RIELKE) = QUIET

William L. Holzapfel, Bradley R. Johnson, Adrian T. Lee, Paul L. Richards,
Huan T. Tran (UC Berkeley) = PolarBear, EPIC, BICEP, SPT
INDAZE—ER (UT Austin) = WMAP

OV ILEU R
INE R (KEK), &)1 &1 (JAXA), 132 BT (NAOJ)

FEHEAZ DT ILI7RVME
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COBE (1989) WMAP (2001) Planck (2009)

CMBAARJNIL BEELE DR BERELSE DFHERR
BEELE BEESTICKDRADEA IRyt D HBELA

RXEKITHF N ACMBEAIZ AWV -HFrH B/

A27L— 30 D EERRIIREE
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> CMBf E5HE

COBE (1989) WMAP (2001) Planck (2009)
32—90GHz 23—94GHz 30—857GHz (353GHz)
BHERIRRE
6 radiometers 20 radiometers 11 radiometers + 52 bolometers
g |-|:|- /ﬂ\ﬁnﬂ "‘Eb
~7° ~0.22° ~0. 1°
A
H#h K [E] [B] 808 L2 L2
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Science goals

Expected Measurement errors

e ATL—IaU|Z&kBB-modeANY 10°
L (1<200) %Ei%ﬂil:ﬁﬁiﬂ'lo ‘ V}{1 =33x10" x r%‘ GeV EE
\\:30arcmin. T+5!
10° | h .
10 |
107 5
10
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Science goals

Expected Measurement errors
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ML (1 <200 ) ZEEHAIZER A, V% = 33%x10% x 1% Gev

EE

N

“.~30arcmin. T+4% !

10° |
N
N

VI+1)/27.CFE (uK)
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Science goals

Expected Measurement errors
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A
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Design Concept

TA)DZFZL DM L~ [IKEERA IR 7 B

7 A)A(EPIC) ~3—Aw/X(B-pol) THLCMBIR A F ERERZ{RIE

=>KEHEXRRK

LiteBIRDTI&

INBIGEICHE T H-HICEERRU/\IME

BHE <400kg, £k <1m

AR EELSIKEODLEWVFEENN—LEAFRRVERE

i 60-~250GHz (5+1.2mm)

BRHEBROUEIE ORI REZTITA-ODLENVERT
E—LH A4 X—>—0. 5°, f&H 2% >1000

RADRRREZRBOT OO T IVERESR
128 BARERRIEY T7 1 7EMA 5, B < 30cm

T—REREEEHRSAD
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FEDERR: BIRERE

1 | g
< m Ci/An’ti-Sun direction/Spin axis
- <
/ Boresight
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Lenses

——

Focal plane 2KIZH AL - E5= R
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100mKDE S E
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SQUIDs > Radiation shields
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BUS unit

(including readout electronics, attitude control system, telemetry)
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ZemaxE{Fof=-HFETHF A0

LR PR BT L= R

BRE: 30°x30° IR blocker\a"‘. I/ i1/

] \ f

i il \

Strehl ratio > 0.8 (EI4fIRF) % s Aperture B =30cm i !

E&iE @ 300GHzTEH, V2R &R —>

L= 7; REERTFLY HDPE st X — 0 IV ) !

SEEATFL L QRS B~ N\
DEE(ZE->TIESILUYXZERALVS, ) & /

'|, ‘ ij | \ / |
KEZRDEEII2KIZED VW |

/
1255 FRE AR ER FeRNeae
- BRAEEEE LY

—
wog/

A VIV
AMUE—LDRHfRE HDPE #&£BRL > X \ ) ‘
HARA—J%avbO—)LT % |

— §‘  \ ;"lll i ‘I"r, v
TUT A RRHE — ,

<
£ RE EZE =30cm

BAMEES

2010%3A22H. ELXKE
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[ &S IR

y

Bl

X5

< 3.3m >

BAMEES 2010%3A228. BAILXKZE



BED2FG: RFLRE

[ &S IR

T INF— NV )L N

A5
1/2iE FAR \ /
HFRERZT-2KIZRD

< 3.3m >

BAMEES 2010%3A228. BAILXKZE




BED2FG: RFLRE
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El ki
SEDRANEE
off-axisZ& BT A FA—T D E DL, T INFr—
EAEE—LDT I$Fr—A LE3F—2avht
HEBOE—LIZESEEST BN, 48 Eaom

BAMEES 2010%3A228. BAILXKZE




ERET MO RUELE

HAYEES 20104£3H22H. @ILKZE



y 4
VAN AANY ﬁ

ERENEEMFAL60—250GHzE /3 — g

90-150-220 Ghz Triplexer

osf

( sEcom A
1TEZ®IL—1/30F |

03k

Relative Power

LiteBIRD Tl

1E9€I)L—-N/IAUR orl |
/ o

-

DA AN R L ABARS

50 200 250 300

Frequency [Ghz]

BHIL D= D35 A—4
EoILDHAX ;

EVtIL D 104 4.5
EROEY 51 |

i 4.0
AEREILT 5D =
NREEYD /4 X (uK-arcmin) :

10} 3.5}

_éi;“ 10 0 10 ; ..... 0

5Mal:  60-100GHz. 130E /4L, 2603FFxN/ SR
PIfEl: 100-250GHz, 210E 9t )L. 4205 Fx N/ K

WD [I,H. CrcmmJ

--------- A e e e e L A B Al ]
<&
<
©
©
A_»_"\
‘\'/.
O
<
\/_‘, 4
......... Q.O.:".....A.........J
100 200 A00

Frequency [GHz]
20

BAMEES 2010%3A228. BAILXKZE




» R
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Development at UC Berkeley
A. Lee, R. O’Brient, A. Suzuki

Relative Power
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STJ (Superconducting Tunnel Junction)
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STJ (Superconducting Tunnel Junction)
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BEDAX YU RUENE

Ik B EIEIE., HEUL2R TOEBIZRE
BEESNDRF v

North Ecliptic Pole

« AXVYUENDEFEREZFARALGSCAE
- N, D—FktE

Sky coverage for 1 spin (Pink) South Ecliptic Pole
centered on X (Blue)
~ ~ N ~ Precession path of Spin Axis (Red) - _
« REEOTERIEHAGAENSER (FORYLY) Frni.,

MAFE90055

— ¢ =<sin2a>2 + <cos2a>2 << 1

- FERETKE

Reference line (Lat. in Galactic coord.)
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Pixel i
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LEO scan ver1: 1 day
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LEO scan ver1: 1 vear
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Npix

ARV,

1.5%x10*

1.0x10*H

5.0x103H

Black: EPIC-Ic at L2
Red: COBE
Blue: LiteBIRD LEO ver1

The LEO scans and L2 scan

show similar cross link performances.
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BE: ~2000 kg
I8 : 30 -850 GHz
AENHRRE: 28—1 arcmin

EAEYA4X: 1.5mx1m
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FTH LITHEFEE: 2020 L& (?)

B-POL
B=: 164 kg
Wi 45 - 353 GHz
ﬁfiﬁ]\ﬁgﬁﬁ 150—40 arcmin O 45 GHz 45
HA4X: 2mx1m — 0
ST L2 » .:.:...
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{ J
{2
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COBE (1989)

BEiE#®
32—90GHz

- fark ]

6 radiometers

g |-|:|- /ﬂ\ﬁnﬂ "‘Eb
~7 °

LB
Hb 23K fE] B #E

WMAP (2001)

23—94GHz
20 radiometers
~0.22°

L2

LiteBIRD (2018)

Planck (2009)
30—857GHz (353GHz) 60-250 GHz
11 radiometers + 52 bolometers O ~ 2000
~0. 1°
30 arcmin
L2
L2 vs HhEk/E [E]
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COBE (1989) WMAP (2001) Planck (2009) LiteBIRD (2018)
. LiteBIRDIZA> 7L —3av (& BB-mode AR I MLEEEIT B, .
AT, B AR, FEETE ELox) | OXERCMBHE
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SRR 1 B 7h£sz 73%;?»
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e BES 5% ISIFEFNBITER M
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

i (A 00 AT

Inflation ‘,'i R ﬁggﬁ
DX ! AP x J :

"‘,-"

Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.
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Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

i (A 00 AT

Inflation m’
b

DALY RO

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years
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Beam characterization
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Beam characterization

"

QO

"

From Shimon et al.

Systematic Error Description Aznmuthal. Potential Effect
Symmetry
Main Beam Effects — Instrumental Polarization
—> A Beam Size FWHM, # FWHM,, Monopole: spin 0 T-»B
Mismatched gains, ; .
. = N o »
A Gain Mismatched coatings Fomopeie enn g S
—> A Beam Offset Pointing E # Pointing H Dipole: spin 1 VT - B
< —> A Ellipticity er ¥ ey Quadrupole: spin 2 VT - B
—> Satellite Pointing Q and U beams oflset Complex VT +B,E—-B

MEESNTVORMRELELUADE —LDOFHEZFEONGH ?

FFERUIaL— 3y — yes

A E—L:
H4A4rKO0—7:

1/ 2RRREEIFICKYE—LDEREHST

REMGL XD HRE RS FLEER

BAMEES

From EPIC report Bock et al.

— BICEP. QUITE. EBEX, PdarBear
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Focal plane

[ |1
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Aperture E# = 30 cm ".,"‘.J‘ Il f
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~
Development at UC Berkeley 81
3
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v

< e S| > \
YENERE - -
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£am B =30cm
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Optics telescope

ZemaxxFo1=-HET T, | |
VL
\

o FERGFDIEITE =R IR bIocker\ \l
- fH¥: 30°x30° Aperture E#E = 30 cm | I |
Strehl ratio > 0.8 (EITRER) #Fm 12 RR —> = =
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. LUR: BEERYIFLY HDPE x1#L> R
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Broadband coverage
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Foreground and focal plane real estate

« HIEMESIZZELSIKEOICELE R HEIEL ?
— IN\UFR#H
— N\RDLALE

> > - - |
L RAURDRE CMB-pol, EPIC-LCO

Freq Beam L\ NET (uKv | w05 (uK-
(GHz) (arcmin) ) arcmin)
30 155 8 80 87

40 116 54 71 29
60 77 128 60 16
90 52 512 52 7.0
135 34 512 49 6.6
200 23 576 54 6.9
300 16 576 92 12

Inside: 90, 135, 200, 300 GHz, D=23cm

Outside: 30, 40, 60GHz, D=31 cm total 2366 3.6
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Reflective telescope

R & E 2R iR

+ LUX%GL « REFPFLEEREZBESLLGND
+ a2 /\Jk

- F eI
- T INFr—DRHEET AKX \

- far sidelobe N /

e ) \'\_
9 \
C . \
s .
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XK HWP
/
,0,_/ .07,’
0/1/

From “Study of the Experimental Probe of Inflationary Cosmology - Intermediate Mission
for NASA'’s Einstein Inflation Probe ”

BAMEES 2010438208, BILXZE



Science goals

Search for r=0(0.01) is well motivated
Search for r=0(0.001) is comprehensive

Pagano-Cooray-Melchiorri-Kamionkowski 2007

10 ¢ ' '
: Current
upper limit
107k :
Y ]
E r=T/S
' (T IL-AH5—LL)
“ 107 ENEOEREAEE)
| |
inflation potential
- V()
10 ’ i [ p—
(b) J o
10™ . y 6 4
0.95 1 V*=33%x10" xr"* GeV
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LiteBIRD

Lite (light) Satellite for the studies of B-mode polarization and
Inflation from cosmic background Radiation Detection

— BHH: CMB®B-mode® {7 S &5 H

- YAIVR: AVTL—2aVDIRLF—RT—)L. [RIBENEK
OHR. FHBERH

— ToybTr—L: INEREEREE ]
2008F9 A JAXAN BRI 2R EWGCEL THER
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Power and weight guesstimation for near-earth orbit option

Focal plane (detector,optics) 60
Mission part electronics (for detector) 20 100
Baffle, structure 40
Cryo-harness 5
Sub-Kelvin refrigerator (ADR) 20 20
2K refrigerator (JT+starling) 30 160
Total for mission part 175 280
Structure, thermal control, etc. 50 30
Solar panel, electronics 30 20
Data acquisition, telemetry 20 60
Attitude control (AC) 50 100
Total for bus part 150 210
Total (mission + bus) 325 490

0
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Lifetime
Orbit

AC
Telemetry
Weight
Power

Cooling
Focal plane
Sensitivity
Frequencies

Modulation

LiteBIRD Specifications

> 2 years ( 5 years for the mission part)

S-E L2, or near-earth sun-synchronous orbit
< 5 arcmin (i.e. < 1/10 x beamsize)

2Mbps

Mission part < 200kg, total < 400kg

Mission part < 200W, total < 500W

100mK w/ SPICA-type JT+starling (+ He3 sorption) + ADR
Superconducting detector (TES or STJ)
Total NET < 1uKvs

90GHz and 150GHz with a sufficient number of pixels and angular
resolution (< 1 deg), + 45GHz + 300GHz as much as possible

Satellite rotation + more modulation methods
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Foreground and focal plane real estate

- Bonf-£amEyA4XIZHEEE(N>1000)IZEL

|
Multi-chroicZ7 o7+ #BW RSB IEZ—DDE I TEHD B R M FE R TES,

From A. Lee (UC Berkeley)

Freq Beam Nyet NET (uKvs) | w05 (uK-
(GHz) (arcmln) arcmln)

110 36 600 34 3.2
250 18 200 110 10.1
total - 1200 - 2.3
Center: 250GHz, 4.2 cm
Center: 250GHz, D=4.2 cm

1string: 110GHz, 15¢cm

4— 2nd ring: 60 GHz, 24cm 1st ring: 60 + 110GHz, D=20cm
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