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2. JAXAZE{HiESsE -~

Basic facts

* JAXA roadmap

— Probing inflation from B-mode listed as one
of top scientific objectives

* JAXA prefers focused missions for strategic
large mission program. LiteBIRD 1s exactly a
focused mission.

LiteBIRD BONEYI NV LUAIDFEERERT A FEVAMVOEE SRS RASAEE 10
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“Current Status of LiteBIRD in JAXA” by Toru Yamada |y

Current Status

» A serious candidate for the Strategic L-class slot
in middle 2020’s.

Proposal submitted to ISAS 1n response to a call
for a strategic large mission in 2015.

One of the two missions selected for Phase-Al
study (The other is Solar-Power-Sail Trojan mission) .

Phase-A1l studies started in September 2016 and will
continue to August 2018 (24 months). Down-
selection for the slot 1s then expected after that.

Progress in key technology development was shown
in the LB phase A1 Interim review in April, 2017
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“Current Status of LiteBIRD in JAXA” by Toru Yamada % o
(Former ISAS Director of International Strategy and Coordination) L:teBIRD

Space Science Mission Roadmap

FY2020 2024

Strategic L v Strategic L Strategi
gic L
XARM 2020—2 2020—3 2020—4

Martian Moon eXplorer LiteBIRD or SPICA
(MMX) SPST.orother

Competitive M (Epsilon) under selection

2022 2024 ~2026 ~2028

WFIRST
2024-25

: ARIEL
CHEOPS Euclid PLATO THOR ATHENA

2017 2021 2024 XIPE 2028
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3. EIfRIEE L EF17 77 LiteBIRD

HEETEIZEAT A1 ERIOEFES
e LiteBIRD

« JAXA-led strategic large mission (EiB&H9H %) candidate
* Strong US and European participation

* The only project in Phase-A (ISAS/JAXA)

* Target launch in 2026-2027

* PIXIE

* NASA small PI-led mission proposal Feb 2011, not selected
* Re-proposed MIDEX AO (2016 Dec)

e COrE

 Mission for ESA M5
* Proposal submitted in Oct 2016
* Planned launch date 0f 2029-2030

LiteBIRD BONEYI NV LUAIDFEERERT A FEVAMVOEE SRS RASAEE 13
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* LiteBIRD S
« JAXA-led strategic large mission (EiB&H9H %) candidate % e
» Strong US and European participation "
* The only project in Phase-A (ISAS/JAXA)
* Target launch in 2026-2027

COrE&PIXIE(Z.
AR ITEGEEES =M
JAR(COrE) 13y EDNFER (PIXIE) IZXKY AR

LiteBIRDAY2020F X D AR— X EH| D ME—fEZ
FIEHEWKELGTFP R !
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.BﬂTnan@%LL‘ ERE ! Lt%IRD

KE :NASADIOZ YA FTDetector Technology Development (2017411

A&Y) . bLEHIZ, ARMeH>TLDEEE

DT :CSADAZSYRANTHFFDZEAHELIL OO XADERR
TEET DRI (2018F1A KY)

A2 7 ASIOAZYRAV R THFTDTH A2 (2018451 A KYRBR)

J—AvN (A BT EL) : LiteBIRDAY —2 7 LE &, HFT & U Sub-
KA EBDOTH A2 Q017FE8A KY)

ESA:JAXAR U I—Av/\OY—2 7 L& B TConcurrent Design
FacilityZ FAULNf=HFT&Sub-Kim B D& 5T (201853 A KVY)

External Collaborators: Space AgencyMaAZ YA M ZE{TH LiteBIRD
DIREFZTHFR/\—k (PlanckiREREB G E) NS M TE HLHE A
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LiteBIRD
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Laboratory, USA; °Radio Astronomy Laboratory, Berkeley, USA; RIKEN, Japan; 7Saitama University, Japan; *®Cardiff
University, United Kingdom; *°Space Sciences Laboratory, Berkeley, USA; *°°SOKENDAI, Japan; 5! University of Manchester,
United Kingdom; %2 University of Tsukuba, Japan; ®*University of Wisconsin-Madison, USA; ®*Yokohama National University,
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Launch Vehicle: H3 Yt

LiteBIRD

To be replaced with

l H-111 in 2020
40m }
i
2m
;
P
2 P 5
iom ' 3
o[l
§J J‘ln § E
On & -“: ‘o - ilﬁ
H-lI H-ll B
» First Flight in 2001 * First Flight in 2009 '« First test launch in 2020
* 23 successful launches/24 * 4 successful flights/4 of . s
» Latest one: GPM 16.5ton HTV to ISS ‘ /2 cost w/ same Capablllty

(comparison w/ H-11 B)

» GTO 4-6 ton class capability ~ * GTO 8 ton class capability Larger envelope
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Scan Strategy s.uozuri (RS

LiteBIRD

Orbit: L2 Lissajous

Boresight CMB

)

Precession J«

(90min., ‘31'5
~1day as ‘ff, R
an option) ~3" P!

Precession angle a = 45 degrees
Spin angle = 50 degrees

A
'
1
[
'
[
|
\
\
1

\
1
|
|
' Anti-Sun axis R
|
|
|
|
|
|
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# of observations for each sky pixel

LiteBIRD

w/ a single detector

Mollweide view 1 year

4110 21194
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Ground Station (GREAT) o

LiteBIRD

for Deep Space Exploration and Telecommunication

Summary of Ground Stations

Antenna Bands Comments
diameter

GN (Ground Network) 10m S up/down/range 3 stations in Japan, 4 outside
Japan
usc 34m S up/down/range
X up/down
Ka down
20m S up/down/range
X down
KTU4 20m S up/down/range
X down
uDSC 64m S up/down/range Will be replaced with the
X up/down/range 54m antenna.
54m X up/down/range Under construction.
Ka down Operational from 2019.

Antenna available for L2 mission in 2020s.
Only the limited data transfer is possible at L2.

Larger datalink capability

LiteBIRD BWNEYI NV LURIDFEERERT AFHEIMORESSREHRALE G2 22



L iteBIRD T 7752 5T -~

Y. Sekimoto

Specification
LFT 34 ~ 161 GHz

Frequency
HFT 89 ~ 448 GHz -
Sensitivity 3 uK -arcmin ;)“‘
Uncertainty of r or < | x 107(-3)
Observation period 3 years
Scan L2 Lissajous, precession angle 45 deg, spin angle 50 deg (0.l rpm)
angular resolution less than 70 arcmin at any freuquency
field of view LFT (>20 deg %10 deg), HFT (> 20 deg x10 deg)
cold aperture stop Temperature <2 K
pointing knowlge < 3 arcmin
beam calibration sidelobe -60 dB
rotational HWP LFT ~ 80 rpm,HFT ~ 170 rpm, temperature< [0 K
NETParray = 1.7 pKVs@ 100 mK
focal plane array Number of detectors ~ 3100

f {knee} <20 mHz
data sampling rate LFT ~ 22 Hz, HFT ~ 46 Hz

data transfer 7 GByte/day
mass 2.6 ton
electrical power 3 kW

LiteBIRD BONEYI NV LUAIDFEERERT A FEVAMVOEE SRS RASAEE 23



[LiteBIRD Product Tree

B

\

LiteBIRD

Y. Sekimoto

CSA JAXA LiteBIRD
1
I 1
Service Payload
Module (SVM) Module (PLM)
|
l | |
Data C Low Frequency
Acquisition ryo system Telescope

I
| | |
Active Cooling Passive

|
Chain Cooling Chain LF focal plane

HF focal plane
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Payload Module

B TES arrays

B LFT+ HFT

Low Frequency Telescope (LFT)

Mitsubishi
Electric

. Low Frequency Telescope
(LFT)
Incident
radiation /
Rotating HWP Y,
ataperture (~5K) > "y

B (.1 K cooling system
(ST/JT/ADR)

B Polarization modulators

%

LiteBIRD

// g

Continuous rotating
half-wave plate

LF/MF-FPU
530 mm

sQuiD
amplifiers

Sub-Kelvin -7 Al )

cooler

LiteBIRD

BOEYT NV URIOFEERFZT SFEY /0]

uuuuuuuuuu

Hde &2
B3

High Frequency Telescope
(HFT)
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Focal Plane Configuration

LiteBIRD

Ty Frezir::;ies BW I[_GOV|.V| ?Cl;g: pixel dia. Nl(J)rfn' [ES crannels
e GHz] 0S| MM | rers| OPYWE| Total LFT HFT
40 0.30| 34 | 46 | 30 3 14 | 42
1 60 0.23| 53 | 67 | 30 3 14 | 42
78 023 69 | 87 | 30 3 14 | 42
50 0.30| 43 | 58 | 30 4 14 | 56
2 68 0.23| 60 | 76 | 30 4 14 | 56
34L_F1TS1 89 023 79| 99 | 30 4 14 | 56
GHz 68 023/ 60|76 | 18 3 38 | 114
3 89 023 79|99 | 18 3 38 | 114
119 |0.30{101 [137| 18 3 38 | 114
78 023 69 | 87 | 18 3 | 38 | 114 @ 30 ~ T
4 100  |0.23| 89 [112| 18 3 38 | 114 “’
140 |0.30{119 [161| 18 3 38 | 114 X 20 " HFT ¥
100 0.23| 89 [112| 12 3 74 | 222 "(‘; O LFT+HFT
5 140 |0.30{119 [161| 12 3 74 | 222 l_E 2016 Baseline
195  |0.30[166 [224 | 12 3 74 | 222 w 10 f f
HET 119 |0.30[101 [137| 12 2 74 | 148 <
89-448 | 6 166 |0.30[141 [191| 12 2 74 | 148
GHz 235 0.30/200 |270| 12 2 74 | 148 6
. 235  |0.30/200|270| 5.4 1 i
337 |0.30|286|388| 5.4 1 | 338 | 338 \
o 280  |0.30|238|322| 5.4 1 | 338 | 338 3 X g
402  |0.23|356 448 | 54 1 | 338 | 338 RN
Total 3102 i2 © ) )
LFT 978 20 30 40 50 60 10 2X10Freaﬁ1e%cy [GHZ]
HFT 2124
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Foreground Removal e

LiteBIRD

Team of world experts !

Can reach bias on r less than varations of (3, B, Td} on this healpix resolution _ independently on s healos resoltion

0.001, considering input sky 10 spatial vaiation on ,, = 16//50%21iaftc?qn:d;}: 16

simulations with spatial S T e 1w 1)

variations of spectral indices LN T eamme

over nside=16 o \ oo e

— A multipatch approach, _ R < oomierziis T modeled

combined with a deprojection of g“”z N | statistical |
the statistical residuals, leads to % | « | | o1 Creduals |
r~0.0004 +/-0.0005 (ell >=2) 3 | [ | [|iioa e R

Complicating the sky (spatial QU WEWEW e

variations on nside=32 with
synchrotron curvature) leads tor s
= 0.0007 +/- 0.0007 (ell >= 2)

— Synchrotron curvature leads to a

larger bias if not fitted for in the 3 5 1'o£ % 0
modeling
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LiteBIRD Development in Japan [

Keys to the success and Phase-A1 goals Thermal design o
B Successful R&D on critical payload components T. Hasebe o
200K
B Polarization modulator (achieving TRLY) A
B Thermal design L p.4m —L
B Sufficient systematics and foreground mitigations ‘
B Thorough studies by Joint Study Gro
o u_g u Y uey up Passive cooling 200K shield
B Sufficient calibration strategy and AIV plan Passive cooling 100K shield
: o 1
B Reliable cost estimation 2ST_ I
B Clear international interfaces 55T
Polarization modulator |  mitigation of 1/f noise differential systematics 5
¢ 400mm flight representative - Anti-Reflection (AR) %
demonstration model -5 ©
Achromatic HWP (AHWP) o

AlV plan )

Cryogenic Synchronous Motor

Encoding System

)

P;‘E JAXA 6-m diameter space chamber 28
Superconducting Magnetic Bearing |

Lit




Rotation mechanism demonstration #& Iy %,F;D
ite

Y. Sakurai
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New Mirror Design for LFT A~

LiteBIRD

S. Kashima, H. Imada

Paper submitted ~ arXiv:1712.05139

SCS: Simple off-axis conic surface

ys [degs]

ACS: Anamorphic conic surfaces
without higher-order terms

ys [degs]

AAS: Anamorphic aspherical surfaces _. °

with terms up to the 10t order

Strehl Ratio > 0.95 over 32 x 18 degrees?

0

y. [degs]

-15 -10 -5 0 5 10 15
z, [degs]
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i A (KEK)

s FHEODIRILFT—IEL Cosmic ray
[CKYHIRBIIZTH /D [TES |
R, b ERAY T \(<‘/’U
B TIETRFHEDL— Si phonon
ME<, BEEH B, substrate ¥

Cosmic ray Cosmic ray
| TES | | Metal | TES
Si p?\;ﬁé N Si @W
substrate \ substrate phonon
XE1:)avEhYk X R 2: & E TR

DA/ IO ZF)T D—iE
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THGTELTESROA—S o

A A (KEK) Control —
S%mwgo:rrﬁe of phonons SOM
T4 /22 al—~A 2
(GACMP) [Z & B H&EE T,
Sensitive areas (5 um) Metal with 500 um
N é i [ ) :mrcl E E . B s Z _ A 5
AN B N AR X7 LEH S
el o -

| \
™
.

HZEE P
2K BRI ] ﬁ 1
FeyE:0 |

: il I ! I ! | A 4 I il il I - | ! d 'l ]
0 0.005 0.01 0.015 0.02 0.025 0.03
Energy (eV)
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Simons Array (Ongoing) e

LiteBIRD

First receivef’ sy\stem ‘
“POLARBEAR-2”

in‘preparatien at KEK & /3

e J;ﬁ
BIRD. 10 years of

8 collaboration b/w Japan,US, Canada, Europe. Stepping-stone for LiteBIRD.
LiteBIRD BOEYTNVLURIOFHZRRT AFEYMVORERBSHRAHRAEE




1.8K and 4K Cooling system [

ESA-JAXA joint development of
Stirling coolers and
Joule-Thomson coolers

I GSEAKI 15K PT ALAT 2K JT JAXA
bt
P
, 2K
S1 HS2 :
= Hybride
cooler
CEA

4K HE

— ICS (5K-30K

i — 16K =

i ES — ! OCS (100K}
90K

2 ST Stirling JAXA 4K JT JAXA
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Science Outcome
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Outcome of LiteBIRD L;;:%,,;D

Success Criteria
* System requirements are determined e 5(r)<0.00! (for r=0)
from the focused mission of LiteBIRD. « 2 <ell <200

* LiteBIRD will produce lots of science
results (collectively called “outcome™) |

thanks to its great precision. System Requirements

 These science results however should
have no influence on system

. Outcome
requirements.
*Full & Extra Success
. . . *Lots of other science results
i In thls Way, theBIRD Wlll keep *Large-scale E mode,implications for reionisation history and neutrino mass
. . *Birefringence . =
system requirements simple, and 157 efoce(harma and relai s comection)
*Anomaly
make great outcome at the same time. | SEemire
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Science Outcomes aal

LiteBIRD

o R AW

Full success
Extra success

Characterisation of B-mode
(e.g scale-invariance, non-Gaussianity, and parity violation)

Large-scale E mode and 1ts implications
for reionisation history and the neutrino mass

Birefringence
Power spectrum features in polarization
SZ effect (thermal and relativistic correction)

Anomaly

Summary document in preparation
Cross-correlation science Y

10. Galacticscience FEHHDAIENYED T, 10ABNTT , RAETAZEBED

LiteBIRD
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i & &) LiteBIRD

+ 2020F XD AR—ACMBE A DME—E,
REQGF Y AMNEELTLNS,

- EffBADELIVER !
« BfEFHIETOLES IO TE LT
¢ 201848 B £ TPhase-Al, FMi£&final selection.

¢ 2000FERFEIXDITBEITEZFE(RARZ—T 522020
(LM Z2 2 | *LTULNDERETE)

FEMH. UIAL—arh iR ET. BEAVHEA
F<EABYET, RUHAAHSINAELD,

=

2020 EITHMEER ., 2021FEEICTO U IMEEBIELTLS, [RAIIZIEEMN ?
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