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The imprints of gravitational waves on CMB
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LiteBIRD Mission

History

2015 Official Invitation from ISAS JAXA Director
General S.Tsuneta to the European CMB

Community
September 24, 2015.
20 I 6 JO | nt Stu dy G rou P cO ntrl b utio NS as Dear European Cosmic Microwave Background Colleagues,
exte r‘nal mem be rs Institute of Space and Astronautical Science, Japan Aerospace Exploration
Agency (ISAS, JAXA) considers its <strategic L-class missions> as the main
pillar that sustains its space science activity. The strategic L-class missions
2017 Building a European collaboration

program, when materialized in a solid manner. I am looking forward to a
nice Europe-Japan teaming-up for a reasonable size CMB mission that will
fly timely.

European collaboration takes lead of the

2018 MHFT design

May 2019 Selection by JAXA for L-Class 2027
/ Gk T

Saku Tsuneta

July 2019  Kick-off Symposium JAXA Director General

Institute of Space and Astronautical Science
Japan Aerospace Exploration Agency

Building a European contribution to LiteBIRD
2019 with ESA and National Space Agencies
(in progress)
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Overview
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Overview

LiteBIRD Expectation
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LiteBIRD Mission

Mission Challenges

High Sensitivity
Detectors

Large frequency

Mitigation and
coverage from

Statistics Control of

Space Systematics
Foreground Continuously
Goal Rotating HWP
or < 0.001
Observer
bias
Focused on All-sky
largest multipole
survey

scales
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Boresight
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L-Class JAXA Mission
Selected by JAXA May 2019

Launch 2028

L2 orbit

All-sky Survey during 3 years

Large frequency coverage
|5 bands 34 - 448 GHz

Resolution:
LFT MHFT
69’ - 20.7° 27.6’-9.7

Sensitivity: 2.8 uK.arcmin
after component separation

more than 100 times better
than Planck/HFIl in P
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LiteBIRD Mission

Payload
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An international collaboration

More than 200 researchers from Japan, Europe & North America

Y. Sekimoto437 | P. Ade?, K. Arnold??. J. Aumont!2, J. Austermann??. C. Baccigalupi“,
A. Bandaylg, R. Banorji*"G. S. Basak™11. S. Beckman?®, M. Bersanelli*#, J. Borrill?°,

F. Boulanger! M7
Y. Chinone!
Petris®®, M. [
T. Elleflot®
K. Ganga', J.R.
T. Hasebe!
C. Hill2'47 v,
H. Ishino®
T. Kawasaki!”
Y. Kobaya
N. Krachs
A.T. Lee?l47,
S. Masi¥6, 1
L. Montier'2,
S. Nakamura
H. Ochi®, H
F. Piacentini*®
M. Remazeille
M. Shiraisl
A. Suzuki?
Y. Terao™,

Ravrvrrndd A Rarahasel

US/ CA
40

JPN
79

M. Tristram!, M. Tsuji?, M. Tsujimoto'*, S. Uozumi®, S. Utsunomiya'®, N. Vittorio®,
7 7 7 56 T A7 T* 32 g 4 r 7 * 14
N. Watanabe!”. I. Wehus®®. B. Westbrook?”. B. Winter®. R. Yamamoto'. N.Y. Yamasaki'?.
M. Yanagisawa®®, T. Yoshida'?, J. Yumoto®®, M. Zannoni®®, A. Zonca®,

APC -

r (—‘r\]r\l‘\i'lxﬁr\

EU
|08

l') -
2 T Macasll hallinor

50,60,64

rdis?®, M. de
K. Ebisawal?,
“uskeland®®,

"I P. Hargrave?,
i-Versille!?,

“ H. Imadal®,
itaya.mam.

T. Kisner?948,
Konishi®?,
amagna’®,
z-Gonzalez!?,
Molinari®26,

°. R. Nagata®,
O’Sullivan®®,
Patanchon!,
'7_S. Realini™,
{. Shinozaki'®,
ugiyama®?,
0. Taylor®®,

\. Trappe®,
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LiteBIRD Collaboration

LiteBIRD-Europe

~100 external members, including scientists experts on instrument and data analysis:

France

APC (Paris)
CEA-DAp (Saclay)
CEA-SBT (Grenoble)
ENS-LERMA (Paris)
IAP (Paris)

IAS (Orsay)

Institut Néel (Grenoble)
IPAG (Grenoble)
IRAP (Toulouse)

LAL (Orsay)

LPSC (Grenoble)

Spain

IFCA, IDR/UPM, DICOM/UC
ICCUB, IAC

Universidad de Oviedo
Universidad de Salamanca
Universidad de Granada
CEFCA

Overview

ltaly

Universita di Roma “Tor Vergata”
Universita di Milano
Sapienza Universita di Roma
INAF/IASF, Bologna
INAF/OATS, Trieste
Universita di Milano-Bicocca
Universita di Genova
INFN-Sezione di Pisa
Universita di Ferrara
Universita di Padova

SISSA — Trieste

Holland

SRON
RuG

Sweden

Stockholm University

LiteBIRD-Day -

UK

Cardiff University
University of Cambridge
Imperial College London
University of Manchester
University College London
University of Oxford
University of Portsmouth
University of Sussex

Norway

University of Oslo

Ireland

Maynooth

APC - 10 July 2019

Germany

Max Planck Society (MPA, MPE,
MPIfR)
Ludwig-Maximilians-Universitat
Muinchen

Universitat Bonn

RWTH Aachen Universitat

European Meetings
06/19:Toulouse

04/19: Munich

| 1/18: Cardiff
10/18: Toulouse
04/18: Munich
02/18:Turin
10/17: Paris
07/17: Cardiff




LiteBIRD-FRANCE

46 chercheurs
|2 ingénieurs

‘i (33 External Members)
PYVC [ APC ul

Paris

psLx O

ENS

L

Toulouse
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LiteBIRD-FRANCE

46 chercheurs
|2 ingénieurs

\ﬂ (33 External Members) - INP

PV C
pse LP=-
; AP" ‘ Paris Lo e i
' On-gomg discussions with new 7

potential institutes:

AL A o LESIA & LAM
/ / 7
/[
IAS - - Endorsement for LiteBIRD:
- 165 people
ENS 50 institutes
R | PSLx both in CMB, Astrophysics, and Theoretical Physics

o0, R

Toulouse
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LiteBIRD Collaboration

Consortium JSG PI-JP: M. Hazumi 16 | .
~200 personnes EU :L. Montier! LiteBIRD i Inte rn at|0na|
PI-US: A. Lee™® ‘
PI-CA: M. Dobbs'®
Interim Governance Board
Data_ Mngt LFT MHFT Cryo-chain
38 personnes (7 Francais) ik T
[US/AJP/IT...] JAXA'6 Responsable instrument JAXA16
B. Mot!
Calibrations Foreground Payload Systematics
T. Matsumura'é E. Komatsu' Y. Sekimoto'® H. Ichino'® MHFT WG V-Grooves 4K-JT
N. Haverson'® R. Flaugger's B. Mot! J. Borril'3 G. Pisano . JAXA'6 K. Shinozaki'®
S. H. Versille® | | C. Baccigalupi' G. Patanchon’ P Bernardlg
B. Maffei 20K-PT 2K ADR
ESA/AirLiq P. Shirron'3
Gestion projet Gestion
documentaire Sub-K coolsgr
M. Cloup? QM Lee! JM. Duval
Thermal straps
T. Prouvé?®
Architecte Architecte Architecte AIT/AIV Calibrations Assurance
Electronique Optique Meca- Qualité
thermique
D. Rambaud J. Gudmunsson4 R. Mathon' F. Columbro'! IRAP S. H. Versille®
| | Plan Focal Lenses Architecte Architecte HWP | RAIT/V RF model tests Data Centers
B. Westbrook™3 P. Hargrave!2 Mécanique Thermique Mechanism CNES/IRAP B. Maffei®
F. Columbro™ | | J. Gudmunsson'#
C. Franceschet!"
| Cold Readout E G G. Roudil' J. Bonis® HWP AIT elec CNES
K. Arnold L. Lamagna G. Pisano? — V. Waegebaert! Cold RF tests
—_— - S. Maestre!
Warm | Filters ” Design Modeling End to End cold
B Readout C. Tucker G. Roudil R. Mathon MGSE EGSE calib
JF Cliche'® L. Bautista' D. Auguste8 D. Auguste® = W. Marty' N LAL/IAS
D. Auguste8 J. Bonis® J. Bonis® S. Maestre'
| | Baffles
I B. Winter' 1 IRAP 9Lpsc
B. Winter'? Analyse . In:_egralt fd + Hall Cosmic Rays 2 10
R. Mathon'’ unctional tests || | pintegration @ accelerator APC Canada
Absorbers B. Dubois’ LALNAS/IRAP/ IRAP/CNES —|  B.Maffei 3 11 peap
Drivers L. Lamagna'" ’ CNES ) CEA Italie
- Mecanismes 4 IAP 12 UK
iell
P. dBernardis AIT meca- 5|AS 13 ysa
thermique 6 14 s
G. Roudil? NEEL Suede
N DPU R. Mathon'’ 7 1PA 15 1
M. Tsujimoto'® : , G emagne
- — L. Bautista' 8 16
Magnetic 1 LAL Japon
e L. Nogues P
Shielding v
FGrupp | b Rambaud!
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LiteBIRD Collaboration
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Focal Plane

Cold Readout
Electronics

Warm Readout
Electronics

Sub-K cooler
HFT + LFT

/ @fl Q\SBJL cea ’o

Overview

CNES Phase-Al: 2018-2020

Baffle HFT (5K)
HWP HFT (5-20K)

Cold stop HFT (2K)

/
“—Cold stop MFT (2K)
1st Lens MFT (5K)

2¢d Lens MFT (5K)
Filters (5K)
Focal Plane Unit HFT
(0.1K) Hood MFT (2K)

/ N
0.1K
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Overview

Building the European Contribution
ESA Payload-CDF Study 2018

Aimed to be a first step towards an ESA Mission of Opportunity

CDF Team
ESA Mission of Opportunity (<50M€) US CA
Contribution to well defined and high TRL sub-systems J'IDIS\' {h
L*ﬂ--‘ EU
ESA =
8 one-day sessions from 15/03/18 to 21/06/18 o
—

Goals: [ cor oo [l = [ =l
e Study the feasibility of HFT § -
® Optimisation of the cryo-chain i I -
® Study ESA Mission of Opportunity | | | | ﬁf:'?]z; —— , |
® Study ESA contribution | e | | Eeames || S || e ,, ”W"' W cilion |

Main Outcomes: 1
® Refinement of HFT requirements
® HFT Design Trade-off: 2 options
® Sub-K trade-off
® Procurement Philosophy = it EnC = Il -
® Cost estimates

APC -
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Building the European Contribution

Further steps

ESA  ESA’s Science Programme Committee meeting on the 15/11/18 Under MoO

“The study showed that provision of the complete instrument is not feasible .
iy . N Full HFT: NO
under the Mission of Opportunity scheme, for a number of reasons

“The Executive believes that components of the telescope (e.g., optics, Sub-Systems: OK
structure, half-wave plate) could be provided under an MoO scheme.” ooy :

“Whether a more comprehensive package could be assembled depends also on the readiness
of interested Member States to contribute additional elements. The Executive would like to

o ¢ . o o 99 o o « 99 IO/I2/|8
call a meeting of “Potential Participants” in the near future to discuss this.

Invitation by ESA to LiteBIRD-Europe Collaboration for a CDF follow-up Meeting 10/19

CNES Phase-Al started since June 2018 up to end of 2019

Study of the possibility to take the lead of the HFT, in coordination
: 11/19
with European partners & ESA

Overview LiteBIRD-Day - APC - 10 ]July 2019




European Partners
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Deep involvement of the French Community since 2 years

Instrument Design Optimisation
JSG activities
Data analysis

Support to JAXA Phase-Al exit review and down-selection process
Support to US MO

Waiting for CNES decision for commitment into a MHFT Leading Phase-A by end of 2019

Further steps to build ESA MoQ, including all other European partners

Milestones
Phase-A 2020 - mid 2021
DM 2021
Livraison EQM 2023
Livraison FM 2025
Launch 2028
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Conclusion

Following talks:

Overview

Science Obijectives
Instrumental Design

Challenges |: Foreground Removal

Challenges Il: Systematics

Challenges lll: Calibrations
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Matthieu Tristram
Baptiste Mot
Josquin Errard
Eric Hivon

Sophie Henrot-Versille
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