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Strategic L-class missions at JAXA

N

« Flagship science mission with HIIA/H3 vehicle -
« 30B yen cost cap (300M USD for 1 USD = 100 yen)
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Moons
eXploration
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LiteBIRD
(selected in
HIIA May 2019) H3
rocket rocket
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LiteBIRD Collaboration

: . N
LiteBIRD kick-off symposium
July 1-2, 2019 at ISAS/JAXA
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Team experience in CMB
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Main scientific objective: test of cosmic inflation

Cosmic inflation
Primordial accelerating expansion that successfully solves problems of the naive big-bang model
Particle physics idea: a new scalar field ¢ “Inflaton” with potential V(¢) as a source of acceleration.
In case of single-field slow-roll inflation — VY4 =1.04 x 10'%GeV (ﬁ)“
Tensor-to-scalar ratio, r, is a key parameter. > need an order of magnitude better sensitivity than before

Prlm-OrC!Ial | First stars
gravitational S

.1 Foregrounds

Beginning of
~our universe _
CMB B-mode :
curl patterns as
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Cosmic age 103%sec? 380000yr 13.8Gyr

2022/5/27 LiteBIRD From Planck to Future CMB



Foreground Removal
Extraction of B-mode

The primordial B-mode power is proportional
to the tensor-to-scalar ratio “r”.

Spectrum
analysis

r < 0.032 (95% C.L.) (M. Tristram et al. 2021,
combining Bicep2/Keck 2018 and Planck PR4 data set)

LiteBIRD will improve the sensitivity

by more than the order of magnitude
(see the next page.)

Variance in CMB maps [1:K?]
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Top-level mission requirements will be satisfied!

— —— —

¢ dr<1x10=3(forr=0)

€ Detailed foreground cleaning studies
yield o(r=0) = 0.6 x 103

* >bo observation for each bump (for r = 0.01) | & Thorough systematic error studies

||||||||||||

BICEP2/Keck

ce in CMB maps [11K?

Varian

= Inflat

Multipole ¢

Rationale

(D Reionization bump
(2 Recombination bump

€ Large discovery potential for 0.003 < r <0.03

€ Clean sweep of single-field models with characteristic field-variation-scale
of inflaton potential greater than m,, (A. Linde, JCAP 1702 (2017) no.02, 006)
€ Simplest and well-motivated R+R? “Starobinsky” model will be tested.

yield total uncertainty dr < 1.0 x 103
€ Achieved without delensing

I

/1 SO |
B LiteBIRD |

For Starobinsky model (r=0.0046)
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Tensor-to-scalar ratio (r)
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Primordial tilt (72:) nS
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Why measure from space?

« Superb environment !

— No statistical/systematic uncertainty due to atmosphere (cf. polarization due to icy
clouds in POLARBEAR obs., S. Takakura et al. 2018)

— No limitation on the choice of observing bands (except CO lines);
important for foreground separation

— No ground pickup
Rule of thumb: 1 detector in space ~ 100 detectors on the ground
« Only way to access lowest multipoles w/ dr ~ O(0.001)

— Both B-mode bumps need to be observed for the firm confirmation of Cosmic
Inflation > We need measurements from space.

« Complementarity with ground-based CMB projects

— Foreground information from space will help foreground cleaning for ground CMB data

— High multipole information from ground will help “delens” space CMB data

2022/5/27 LiteBIRD From Planck to Future CMB 8
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LiteBIRD Spacecraft Overview

* JAXA’s L-class mission selected in May 2019, with expected launch in late 2020s 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 71-18 arcmin angular resolution

\
IRy A\ NIH\ IR
T

Mass: 2.6 1 \ LFT: low frequency telescope * 3

Power: 3.0 kW Od\) MFT: middle frequency telescope---~""

Data: 17.9 GB/day Bus system \036(0 HFT: high frequency telescope -
(or Service Q‘Aﬂ MET -~
Module, SVM) RS V-grooves :

(for radiative cooling) A B

Solar panels

Sun shield &y High-gain antenna
(for data transmission) Star tracker
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LiteBIRD scanning strategy

g
Boresight ': \\ Spin axis =
@ 3-year survey, Sun-Earth L2 ) (period 20 min) o g\
Lissajous orbit
€ Precession angle: a = 45°
€ Spin angle: p = 50°
Sun

~
Precession (anti-Sun) axis
(precession period, 3.2058 h),
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Low Frequency Telescope (LFT)

PMU

Frame Optical

axis

Front hood

Aperture stop .
(5K)

Secondary
reflector
(5K)

Primary reflector

(5K) Focal plane

® Polarization Modulation Unit (PMU) as the first
sky-side optical element

design
® Mirrors and aperture stop at

® Made of aluminium
® Field of view:

® Strehl ratio > 0.95 (@ 140 GHz)
® Aperture diameter:

® Frequency range:

® Angular resolution:

® F#3.0 & cross angle of 90°

® Cross-polarization <

® Rotation of the polarization angle across the FoV
<x15°

® Weight < 200 kg

Sekimoto+ SPIE 2020

2022/5/27 LiteBIRD From Planck to Future CMB 71‘



Middle-High Frequency Telescopes (MFT/HFT)

Montier+ SPIE 2020

. SpIE Spin axis
amagna+
2020 ("‘ﬁ 28° EoV/
Baffle HFT : Y
HWP HFT , -

Cold stop HFT A" 28° FoV
15t lens HFT 7
2" lens HFT
(5K) Baffle MFT
HWP MFT
C(<18K)
HF-FPU (0.1K) GK)
(5K)
2d lens MFT

'(5K)

MF-FPU (0.1K

Tm

< >

2022/5/27

LiteBIRD

® Refractive optics

® Each telescope has PMU with a half-wave-
plate (HWP)

® Optics at
® Field of view:

'Simple and high heritage from ground
experiments

® Compact (mass & volume)
'Simplified design for filtering scheme
® PP lenses + ARC

® Weight 180 kg

MET
v (GHz) 100-195 195-402
Ap. diameter (mm) 300 200

Ang. res. (arcmin)  38-28 29-18

From Planck to Future CMB



Focal plane configuration

B
* Transition-Edge Sensor (TES) arrays: “variable registers’ sensitive to input power
* Multichroic detectors
* Number of sensors: 4508 LFT MFT HFT
« 15 bands including overlap '
between instruments

Lensed coupled detectors
Lenslets

Horn coupled detectors
Platelets

89GHz MFT (2.5:1) 225 GHz

2075 detectors
366 Trichroic TES
588 Dichroic TES

W o [~

—

Bl 0 BN s B o 00 [0 [0 105 (285 (280 (3w [402
1355 detectors
12589ct0r3- 2 x 255 Dichroic TI_ES
34GHz 2 x (65 + 155) Trichroic TES 161GHz = 166GHz <38 Monochromatic TES 445 gy,
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LiteBIRD frequency bands and sensitivities

-~
—MEL__, HET
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A
=
210
s
= °
MFT g °|CMB
5
4.
4 50 60 70 100 200 300 400
Frequency [GHZz]
* Projected for a
HFT

* Best of 4.3 uK-arcmin @ 119 GHz (Hazumi+ 2020)
« Combined sensitivity to primordial CMB anisotropies:
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LiteBIRD readout system

FPGA: Control —| Carrier DACl
Demodulation
and Synthesis
e
ADCH—< :@
< b¥w
B =

Cold Readout LC
filters for MUX

—{ Nuller DAC ; AN

® Frequency multiplexing readout technology to readout multiple TES with less components
® Assign unique frequency channel to TES sensors via superconducting resonators

® Low noise SQUID amplifier and FPGA controller readout the signal

® Saves mass, volume, power consumption and cost

® Heritage from ground based CMB experiments

SQUID controller SQUID controller ~ Digitizer Signal
assembly assembly Processing Unit

Digitizer assembly

2022/5/27 LiteBIRD From Planck to Future CMB




Polarization Modulation Unit (PMU)

® Rotating a birefringent plate to modulate polarization Sakurai+2020 Komatsu+2020
® The first sky-side optical element

m Toda+2020 (] A
HWP birefringent axis Columbro+2020 Sugiyama+2020
L Ouwp ° : .
Polarization LFT PMU BBM at Kavli IPMU:
angle
Input light Output light

Unpolarized signal

220 1&6‘

Demodulated signal

® Rotation test of superconducting magnetic
bearing system in the 4K cryostat

® Stable rotation at cryogenic temperature (< 10 K)

Power spectrum

Frequenc
2022/5/27 LiteBIRD From Planck to Future CMB 13‘




Foreground cleaning

Foreground modeling

¢ . curved spectrum (AME is absorbed in 107 ;
the curvature)
2\ Ps (M) +Cs(R) In(v/v°) 1072
Q.0 () = QU ) - ()
10°3

® Dust: modified blackbody

v

)

Vs

1Qu, Ul (i, v) = [Qa, Us] (i, 1) - (

\4

In each sky patch

®. technique" (extension of xForecast), to

account for spatial variability. 12)((Nsige)? patches =
6144 parameters with Nside = 8

Impact of foregrounds residual

«+= primordial BB r=0.00461, T=0.0544
== lensing BB
| = total BB

1000 simulated statistical foregrounds
residuals + noise after fgs cleaning

{ ——- foregrounds residuals bias
I LiteBIRD error bars
Cosmic variance-limited error bars

20 30 40 50

[

10

100
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Foreground cleaning

2001 Averaged bias : : :
~~" r=0.00033 | L
® “Multipatch technique” (extension 1754 Averaged Fisher | o
=~ 0,=0.00052 | .
of xForecast) . . Pl
150 - Fisher from | Lo
® Distribution of the recovered r in -~ averaged residuals | Lo
. . . . [ r=W. | | 1
1000 simulations with input r = 0, 2 125 Fisher o, : Lo
with and without foreground S | I
: £ 100 | [
residuals @ | o
Bias from foreground (PySM dis1) #* 754 '| .
residuals is found to be small : L
207 I Lo
® Final value: : o
25 ]
| | |
| I I
0 +— . —1 , B I —
10-* 103

Tensor-to-scalar ratio r
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PTEP Invited Paper

All fields Al Search

Help | Advanced Search

.

ar (1V > astro-ph > arXiv:2202.02773

Astrophysics > Instrumentation and Methods for Astrophysics Download:

« PDF
Probing Cosmic Inflation with the LiteBIRD Cosmic Microwave Background Polarization Survey -+ Other formats

(license)
LiteBIRD Collaboration: E. Allys, K. Arnold, J. Aumont, R. Aurlien, S. Azzoni, C. Baccigalupi, A. J. Banday, R. Banerji, R. B. Barreiro, N. Bartolo, L. Current browse context:
Bautista, D. Beck, S. Beckman, M. Bersanelli, F. Boulanger, M. Brilenkov, M. Bucher, E. Calabrese, P. Campeti, A. Carones, F. J. Casas, A. Catalano, ai‘;"r;sh'"\;‘ Hext >
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P. Diego-Palazuelos, T. Dotani, J. M. Duval, T. Elleflot, H. K. Eriksen, ). Errard, T. Essinger-Hileman, F. Finelli, R. Flauger, C. Franceschet, U. Change to browse by:
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Herman, E. Hivon, R. A. Hlozek, A. L. Hornsby, Y. Hoshino, J. Hubmayr, K. Ichiki, T. lida, H. Imada, H. Ishino, G. Jaehnig, N. Katayama, A. Kato, R. References & Citations
Keskitalo, T. Kisner, Y. Kobayashi, A. Kogut, K. Kohri, E. Komatsu, K. Komatsu, K. Konishi, N. Krachmalnicoff, C. L. Kuo, L. Lamagna, M. Lattanzi,  INSPIRE HEP
A.T. Lee, C. Leloup, F. Levrier, E. Linder, G. Luzzi, J. Macias-Perez, B. Maffei, D. Maino, S. Mandelli, E. Martinez-Gonzélez et al. (87 additional * NASAADS

+ Google Scholar
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[Submitted on 6 Feb 2022]

LiteBIRD, the Lite (Light) satellite for the study of B-mode polarization and Inflation from cosmic background Radiation Detection, is a space mission for Export Bibtex Citation

primordial cosmology and fundamental physics. The Japan Aerospace Exploration Agency (JAXA) selected LiteBIRD in May 2019 as a strategic large-class (L- Bookmark
class) mission, with an expected launch in the late 2020s using JAXA's H3 rocket. LiteBIRD is planned to orbit the Sun-Earth Lagrangian point L2, where it YRS S

will map the cosmic microwave background (CMB) polarization over the entire sky for three years, with three telescopes in 15 frequency bands between 34
and 448 GHz, to achieve an unprecedented total sensitivity of 2.2uK-arcmin, with a typical angular resolution of 0.5° at 100 GHz. The primary scientific
objective of LiteBIRD is to search for the signal from cosmic inflation, either making a discovery or ruling out well-motivated inflationary models. The
measurements of LiteBIRD will also provide us with insight into the quantum nature of gravity and other new physics beyond the standard models of
particle physics and cosmology. We provide an overview of the LiteBIRD project, including scientific objectives, mission and system requirements, operation
concept, spacecraft and payload module design, expected scientific outcomes, potential design extensions and synergies with other projects.

Comments: 155 pages, submitted to PTEP
Subjects: Instrumentation and Methods for Astrophysics (astro-ph.IM); Cosmology and Nongalactic Astrophysics (astro-ph.CO)
Cite as: arXiv:2202.02773 [astro-ph.IM]

(or arXiv:2202.02773v1 [astro-ph.IM] for this version)

https://doi.org/10.48550/arXiv.2202.02773 o

Submission history
From: Hirokazu Ishino [view email]
[v1] Sun, 6 Feb 2022 13:17:44 UTC (53,502 KB)
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Overall schedule

;
_ 2. Cosmic Microwave Background Polarization Satellite “LiteBIRD”
Public document 5 7 Schedule
Cabinet Office By reorganizing the procurement mgnagement plan and incorporating the
C ittee on Space Polic results of the Technology Front-loading, we expect to be ready for
ommi P Y development consistent with the Baseline Space Plan Process Chart.

Subcommittee on Space Science
and Exploration

| 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029-

48th Meeting Reviews A A A
MDR SDR PDR COR Launch
Nov 12 (Fri.), 2021 Service module | conceptdev. | Concept | Base | Detail - | PFMFAIVC
14:00 - 15:30 : : ! - z 3
Mission Desi h
: : : Concept dev. esign phases .
https://www8.cao.go.jp/space/comitt instrument ' ' ' fAIVE:
EM Design, FAIVC PFM Sulbcrch
ee/27-kagaku/kagaku- ! FAIVC Assembly,
dai48/siryoul_1.pdf 7 Jri 7 it Incegration
- Verification,
Technology front-loading Calibration
| 4
International
i collaboration 12
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Strong endorsements from communities
and evaluations in the world

.

Japan

B Strong endorsement from radio astronomy
community = one of flagship projects of Japan
in SCJ Master Plan 2020 and MEXT roadmap
2020

B Strong endorsement from HEP community
- reflected to KEK-PIP 2021

- Canada

First-priority mission in Canadian Astronomy Long Range
Plan 2020-2030 :

Priority Anticipate | Estimated
d cost to Launch Time
Canada Scale

LiteBIRD $25-$40M Late 2020s
2

Recommended Space Astronomy Missions:
Large ($25M-$100M) Investments

France

“LiteBIRD is the most advanced space
mission proposal, ... LiteBIRD
represents a unique opportunity to
take a lead on an imaging CMB
instrument by CNES and the French
community.” in French roadmap on 1
CMB science (2018 update)

French roadmap for Cosmic
Microwave Background science

2022/5/27 LiteBIRD

USA

Decadal 2020 report

The US LiteBIRD contribution is too
small in scale to be listed, but the
need for satellite CMB observations is
clearly stated.

From Planck to Future CMB



« LiteBIRD focal plane detector system development is QUP’s flagship project,

with ~10 people (researchers and engineers) for LiteBIRD.

- QUP Director is the global PI of LiteBIRD.

 QUP will set up a satellite laboratory at UC Berkeley.
‘ KEK Director General | External Advisory Committee
o | | 1 |

QUP

Deputy Director: Director: Masashi Hazumi Administrative Director:
Kazunori Hanagaki 1 Katsuo Tokushuku
- A \ :‘ :
R = g 4
" e ¥ ﬁ
S Ng.‘ X | =
Systemology Support , Researc‘h Core QUP Administrative Office
Se<|:t|on | 1 Management‘_l KEK
i Foreign Accounting cee Administration
Engi e 1
Engin--- l | | Pl Research Promotion I s
‘ Engineer } L QUP Strategy Office (URA)
' External Out h KEK
— Co-Pls utreacl N
Techn = l Ol section
Technician i
£ Berkeley F JAXA ' “TOYOTA International

niversity- n
Technician i Satelllte ' Satellite ﬁ Satellite vammen: Collaboration

@ Berkeley %%{A
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Huge discovery impacts

« Direct evidence for inflation
« Knowledge on the inflation energy scale

« First evidence for quantum fluctuation of space-time

¥

Insight on quantum gravity, including String Theory

“Detecting primordial gravitational waves would be
one of the most significant scientific discoveries of all

- /77
time. Final report of the task force on cosmic microwave background
research “Weiss committee report” July 11, 2005, arXiv/0604101

2022/5/27 LiteBIRD From Planck to Future CMB 25




Reviews and technology readiness levels (TRLS)

. . . AW

relevant environment.

- At the end of the mission definition phase®), the — T AL~ 3
LiteBIRD team underwent a review by the Institute of s trnstonreview  TRL> 5 TRL> 4
Space and Astronautical Science (ISAS). _

« The _schedule, budggt plan, personnel plan, and 3 bl R
readiness (e.g., equipment development) were (ground or space)

SCI‘utinized by eXpertS OutSide the LiteBIRD team. 7 Sys_tem prottotype demonstration in a space
Our project was feasible enough to pass that rigorous e
= System/subsystem model or prototype
review. 6 demonstration in a relevant environment
(ground or space)
*) In the mission definition phase, we constructed a 5 Component andior breadboard validation in

requirements flow consisting of "science objectives,"
"observation requirements derived from science
objectives,"”

and "instrument (system) requirements derived from
observation requirements.” The ending review focuses on
the higher-level requirements.

We prepared approximately 1000 pages of documents.

Technology Readiness
Level(TRL)

2022/5/27 LiteBIRD From Planck to Future CMB 2“




Global procurement management

Integration
Management
diagram

.

Procurement
Management
diagram

Shield cooler

JAXA CNES | JAXA | CSA
MoU - KEK IPNS
MoU MoU *‘ MHFT FPA AIV '—
QUP/KEK  |4— <>  CNES QUP/KEK —
D3 D1 dout MDPU MHFT ‘—
contract A contract B NDRIOTR E—
assembly AlV
MoU Subcontract Sub K therma inks
IPNS/KEK dab company A0 company B0 - H
LFT AIVC System prime PLM MoU chamoer
«&4—» Canadian SA
D2 KEK dedicated chamber
Syt
MoU . , LFT
IPMU/U. Tokyo | €— Integration o
. Lot |
- Cryo GSE
LFT-PMU SVM/BUS Cryo
Structure ’
2ST H 2K-JT ’7
Initial .
. Cryo-coolers LSt B B e e T A
operatlon JAXA 6m chamber -
Task (JAXA cost) S
Electronics | i
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Impact on Fundamental Physics (1)

Scalar particle responsible for inflation 0.1

1
55 [dtev=g| -5 000.0-v0)| (o

0.01

. 1/4
V14— 1.04 x 106GeV (L)
8 “Y\oo1

GUT scale for no reason!
Measurement of r is GUT physics! 0.003

The inflaton looks like the Higgs.
Are they the same? 3107
— Higgs inflation:

Higgs with a coupling to gravity ~R¢?

2022/5/27 LiteBIRD

o LiteBIRD

LiteBIRD/Planck )
BKI5/Planck
m’¢’  47<N,<57 S
o 47<N.<57
W g7 N, <57 :
R}  42<N,<52

Poincaré disks

@ Hggs N.=57

0955 0960 0965 0970 0975 0980 0985 099 0995 1.00

fg
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Impact on Fundamental Physics (2)

New particle(s) beyond SM

Ex) Axion-SU(2) model

The example on the right figure
shows that the spectrum can
change due to the new gauge
field. Large-angle correlations
with multipoles smaller than 10
are where LiteBIRD's all-sky
surveys are most powerful.

If you see such a non-standard
spectrum, it is a great discovery.

2022/5/27 LiteBIRD

101
-= Single-Field Slow-Roll BB, r=0.00461, ny= —r/8, T=0.0544
— = Axion-SU(2) BB, ry,c = 1074, r. = 0.00461, k,=0.01, 0=1
10-2 Axion-SU(2) BB, ryoc = 1074, r.=0.041, k, =9 x 107, 0= 3.2

I LiteBIRD error bars
Cosmic variance-limited error bars

1077

multipole [
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Sum of neutrino masses

&~ 4
* 6(Zm,) = 12 meV o 0065

S

®

. . . N 4
* 5c detection of minimum £ 0.060
- 'O
mass for normal hierarchy! - |

S 0.055 {

= «
The heavier the neutrinos are, the slower the o
structure formation is. We can thus determine = 0-050
the sum of neutrino masses by comparing the 0
fluctuations at recombination and in the late ‘6_0 45 | /I I - - Planck+CMB-54+DESI
universe. However, there is a degeneracy O 0.045 L Planck+CMB-54+L55T
between the fluctuations at recombination and e il tfteg:ﬁg
the optical depth (z), limiting the precision. —_ rHte
LiteBIRD can determine t precisely from the E- 0 2'0 4'0 6'0 8‘0 1(')0 léO
mode, and as a result can improve the

xm, [meV]

precision of the sum of the neutrino masses.

2022/5/27 LiteBIRD
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Impact on Fundamental Physics (4)

Tests of Quantum Gravity

B Example of recent progress . .
"Swampland Hypothesis” E;mggiﬂ ;251018
(Obied-Oguri-Spodyneiko-Vafa 2018) (iNSPIRE)

Most cited papers

B Swampland: a parameter region not allowed

in superstring theory _
— restrict inflationary models |
— LiteBIRD can test the hypothesis 5

B A case study using the modified Swampland _
hypothesis (Chiang-Leedom-Murayama 2019) C oil

0.1 'min

B Restrictions on the parameter c(c'),

(second derivative) of the inflation potential '

{0.01

which is related to the first derivative

0'01 s a =2 b 0.001

B Allowed region is in white in the right figure.
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Vision for the future

Sun-Earth L2

Atacama £

LiteBIRD /il

We need three locations!
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L

iteBIRD main scientific objectives

from

Definitive search for the

In the CMB polarization

« Making a discovery or ruling out well-motivated
Inflationary models

90°

103 i

Angular scale

(:?2717

* Insight into the quantum nature of gravity
The inflationary (i.e. primordial) B-mode power is
proportional to the

 Current best constraint: r < 0.032 (95% C.L.) (M. Tristram
2021, combining BK18 and Planck PR4)

=
o
—
L
-
&
—_——

@ BICEP2/Keck .
| ® LiteBIRD (" ®

._.
2
L

« LiteBIRD will improve current sensitivity on r by a
factor ~50

» Top requirements (no external data): .

« Forr =0, Py

« Forr =0.01, 5-0 detection of the reionization 10751

(2 < ¢ <10) and recombination (11 < £ < 200) peaks

independently 2

Variance in CMB maps [uK?|
i

°
°

150 500 1000

Multipole ¢

pate  confeence AP

2000



LiteBIRD other science outcomes

® The mission specifications are driven by the required sensitivity os0f
onr '

® Meeting those sensitivity requirements would allow to address
other important scientific topics, such as:

0.08

o
=
=

1. Characterize the B-mode power spectrum and search for
source source fields (e.g. scale-invariance, non-Gaussianity, _
paritiy violation, ...) ooz

2. Power spectrum features in polarization :

» Large-scale

(improve (1) by a factor of 3) e e
(6(>m,) = 15 meV) S drecion o minimum mas

. '
. !
’ l
. ’
. ‘
’
. . 4
, ’
’
0.055 2
x
’
’ ’
’ — ’
. L
’ ,
’ .

C 21 Planck+CMB-54+DESI

» Characterizing the foreground SED m B
« Large-scale Galactic magnetic field = Plnde B 5414557

+LiteBIRD
0.040 :

« Models of dust polarization 0 2 w0 © @ 10 10 0

Im, [meV]

pate  confeence Y

Thomson Optical Depth ¢

o
(=]
A

[ adapted from Robertson+2015

7_
o
=3
=
($2]

3. Constraints on
(thermal, diffuse, relativistic corrections)
5. Elucidating

o
=]
=3
=]

o
o
(52
o

~
—
=}
IV
+
@
172
(<]
S
G
<
O
=
<]
=
il
j<]
2
o
<
il
IS
1
=

Optical depth to reionization,




Science at LiteBIRD: Summary

€ Detailed foreground cleaning
studies yield
5(r=0) = 0.6 x 103

€ Thorough systematic error
studies yield total uncertainty
or<1.0x103

€ Achieved without delensing

T
3 so

107!

Starobinsky model

e

1072

Tensor-to-scalar ratio (r)

0-*

1

Bl LiteBIRD

10~

L . L L L
0.955 0.960 0.965 0.970 0.975
Primordial tilt (7s)

1.

Tensor-to-scalar ratio, r, from top-level
mission requirements

Items (2.-9.) have nothing to do with misson/system
requirements, but will be guaranteed if 1. is achieved.

2.

Further improving sensitivity on r with
external data

Characterization of B-mode and search ‘

for source fields

(e.g scale-invariance, non-Gaussianity,
parity violation)

Power spectrum features in polarization

Large-scale E-modes
- its implications for reionization history
and the neutrino mass

Cosmic birefringence

SZ effect (thermal and relativistic
correction)

Elucidating anomalies
Galactic science

L7 g

€ Non-standard B-mode power spectrum due to a

new gauge particle (SU(2) example)

107!

==+ Single-Field Slow-Roll BB, r=0.00461, ny= —r/8, T=0.0544
== Axion-SU(2) BB, ryac =107%, r«=0.00461, k,=0.01, 0=1
Axion-SU(2) BB, ryac =107%, r=0.041, k,=9x 1075, 0=3.2
I LiteBIRD error bars
Cosmic variance-limited error bars

1072

10!
{
€ Cosmic-variance limited measurements of
the low-multipole E-mode
— Improve t measurement — improve Xm,

0.070

* 0.065
g

]
B 0.060
c

20055 |, 5 £ )
’1 {I’
i

| depth to reio

@
0.050
a

Optic:

0.045

W LiteBIRD
teBl

0.040
0 20 40 60 80 100 120 140

Zm, [meV]
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Systematics and Calibration

« One of the largest study groups at LiteBIRD

« Systematic approach for systematic uncertainties
| |

List sources | | Allocate Sum on

14 categories | B\ special map base

70 items Assign each 1% Define method budget for » total o(eys
of total budget (incl. calib. meth.) || outstanding teration

o(Ngys < 5.7 X 10° estimate of o(Ngs || items /

« Example: studies of systematic errors

due to HWP imperfection T VA ]
T oot e B
Realistic HWP for Mueller matrix M Nb:< 10_5 _ng§}9fé--"' Mﬂw
different frequencies [} from RCWA sim. = N = e
and incident angles 1Mo, My, ~ 10 & U~ )
(worst case) B_ ‘”8 I T
10° F -
~L - = . |
] 10 F total (incl. -55dB sidelobe) A
All known Obtain leakage -E 010 | HWP I2P 41 5.7x10™ |
systematics will be Eﬂspso\?vr;? Tt} l po?:ﬂs 3:2;22:2 |
adequately mitigated! —pig(r) 10 100
Sys /
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LiteBIRD cryogenic system

B
Jrooves .
LFT MHFT 30K
5K
1 /I
/\
Shield cooler
Cooler estal

Sun shield
Upper part of SVM

90K

160K

4K-JT/2ST

2K-JT

4K-JT
15K 20K V-groove 3

| | [
L1 | | | 1 | | 1 Cooler pedestal
|JTCH | JTCM | JTCLt | JTeL2 || pC | P | lJtcH | JtoL || PC | PC | | PC | PC .
ompressors
] ] | | ] o

. ADRdriver | | JTD-2K | | JTD-2K |
i

. PCD | JTD-4K .~ pCD | - PCD |

[

[ [ [ I

| Synchronize electronics ‘

® Continuous cooling at 100 mK
® High stability on telescopes at all stages

Conference




