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Looking for Primordial Gravitational VWaves
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-> primordial power on small scales (TE, TT, EE)
=> primordial bispectrum (fn via TTT,TTE,... + lens/kSZ)
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Looking for Primordial Gravitational VWaves

The imprints of gravitational waves on CMB polarisation signal

E-Modes B-Modes
s |
— — / /
/ | N\ | \
/7 \ | 7
| | \ \
\N__/ — |
Curl-free Div-free

LiteBIRD Astroparticule Symposium - Institut Pascal - 19/11/2024



Looking for Primordial Gravitational VWaves

... as tracers of the Inflation period

Gravitational waves Inflation
et T
22 T T T S
Lol == % Quantum fluctuations of
. EE Ty Spacetime

Wﬁm _J;..= = -;\
v" 7 | L A
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e | ] ||

Primordial Gravitational
Waves

Vortex in CMB polarisation

E-Modes E-Modes B-Modes map (B-modes)
N/ N/ /—\ y
71\ 71\ | \— Opportunity to probe the Cosmic Inflation
_ _ but also to shed light on GUT-scale physics
/7N /TN |/ —
| | | | NN
N/ N/ — /| Observational test of quantum gravity
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Looking for Primordial Gravitational VWaves

g

... as tracers of the Inflation period

. nes—1
Pr(k) = A, (k_0> scalar

» r = A;/As gives direct constraints on the shape of the Inflation potential:

k™
Pr(k)=A: | — ro\/4
7(#) ko tensor Energy scale of inflation:  V'/*(¢) ~ 10'° GeV (m)
—
S - one 20 L (M) (YA
= Inflation field excursion: T N ( : ) ~ (0.001)
2
’ . . . ) ng
Derivatives of potential: r = 8Mj, (7)
0\ i
|::T;:|g:| S | = dIn%, ~ _3M2 Ve M2 Voo
infiation ST T dme - Ty TV
e Many open questions:
inflation o i Where did field come from ?
¢ Why did the field start in slow-roll ?
<_A¢_) reheating Wh)’ is the potential so flat ?
How do we convert the field energy into particules ?
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Imprints from // ’i ‘
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Imprints from // " |

Big Bang are really J/ N
everywhere

even B-Modes
may be detected
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Imprints from /I "’ | From Shibuya

Big Bang are really g/ %o
everywhere

even B-Modes

Noise

may be detected o .
e = VAN

_— 2 2 . -

but you have to ,. |
deal first with... (N ; { NS
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From Shibuya

Imprints from

/s

Big Bang are really Noise
everywhere
Instrumental
even B-Modes Effects

may be detected
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Looking for Primordial Gravitational VWaves

—
The Challenge of detecting the CMB B-Modes
* The B-mode signal is expected to have an low-frequency noise and galactic and extra-galactic - A
amplitude at least 3 orders of magnitude instrumental systematic effects  foregrounds tore iy
. . clus BN L 8%
below the CMB temperature anisotropies white o
instrumental atmosphere gravitationay
. lensing
noise

* LiteBIRD is targeting a sensitivity level in

polarization ~30 times better than Planck CMB
polarization
instrument
|
* This extremely good statistical uncertainty
must go in parallel with exquisite control of: B-modes
g P g - CMB AT/T ~ 10-7-8
. uncertainties intensity
anisotropies
2. contamination CMB AT/T ~ 10
, monopole CMB dipole CMB E-modes
3. induced by T=27K  AT/T~103 AT/T ~ 106

gravitational lensing

4. Observer biases

Credits: Josquin Errard
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Looking for Primordial Gravitational VWaves

.

The Challenge of detecting the CMB B-Modes
e The B-mode signal is expected to have an | low-frequency nois-e and galactic and extra-galactic
ampli tude at least 3 orders of m ag nitude instrumental systematic effects foregrounds Ctore

below the CMB temperature anisotropies white L

instrumental gravitational
) lensing
noise

* LiteBIRD is targeting a sensitivity level in

polarization ~30 times better than Planck CMB
polarization
instrument
|
* This extremely good statistical uncertainty | CMB
must go in parallel with exquisite control of: s B/-Tmodes
| _ AT/T ~ 10-7-8
. uncertainties ‘ ar:ir:jt’:zg'es
A e
2. contamination ‘@ CMB AT/T ~ 10
, - @ monopole CMB dipole CMB E-modes
3. induced by T=27K  AT/T~103 AT/T ~ 106

gravitational lensing

4. Observer biases

Credits: Josquin Errard
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LiteBIRD Joint Study Group

Over 400 researchers from ,
and

Team experience in CMB experiments,

X-ray satellites and other large projects
(ALMA, HEP experiments, ...)

LiteBIRD Global F2F meeting
Sep 28 - Oct 1, 2023 at Elba
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LiteBIRD overview

* Lite (Light) spacecraft for the study of B-mode polarization and Inflation LI LiteBIRD collaboration
from cosmic background Radiation Detection PTEP 2023 :
* JAXA’s L-class mission was selected in May 2019 to be launched by
JAXA’s H3 rocket. |
. , from Sun-Earth Lagrangian point L2 _ s
* Large frequency coverage ( , |5 bands) at _ s e
angular resolution for precision measurements of the CMB B-modes o
* Final combined sensitivity: L Rl e,

B EREBET D
First Stage Lox Tank

Na—

BIRBREKET D
First Stage LHz Tank

abeis 15114

Bis
Oswhk
T—2%
j SRB-3
|

|

|

Solid
Rocket

Booster
SRB-3

I BIRIVIVLES
H3-32L First Stage Engine LE-9
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LiteBIRD overview

LiteBIRD reformation phase LLJ LiteBIRD collaboration
o N | | | PTEP 2023 y
* After the ISAS/JAXA mission definition review, LiteBIRD is under
rescope studies to consolidate the mission's feasibility with the same
scientific objectives. |
* The LiteBIRD collaboration will spend approximately one year (~ late B ;
2025) on the studies of the reformation plan. N

B EREBET D
First Stage Lox Tank

B
1
13
B BREKETVD
= First Stage LH2 Tank
43
wv
&
Q
o

Bl
Oswk
TJ—25
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| Solid
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e
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LiteBIRD overview: Technical Challenges

g

Scanning Strategy s -

Spin axis > RN
(period 20 / \
min.) / \

* 3-year survey, Sun-Earth L2
Lissajous orbit

 Precession angle: o = 45°

e Spin angle: f = 50°

Nhic map for a

. 3-year survey,
~(Galactic projecti

-
-

N 7

Precession (anti-Sun) axis
(precession period, ~3.2 h)
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LiteBIRD overview: Technical Challenges

g

Cryogenic Chain

V-grooves
| Sub-KQ 0.1K
pr | B, )
M 160K
L 2KAT :

: KT Pulse tube
15K ‘ ‘ 20K cooler
Shicld : 4K-JT/2ST | T L 1T 17 11 '
ie : \
Cooler pedestal Sun shield |
C | — B — S I I R
Upper part of Nun (JTCH | JTCM | JTCL1 | JTCL2 || PC | PG (JTCH| JTCL || PC | PC | | Gompressor |
| S .--.....-@L _ | |
ADR driver JTD-2K JTD-2K PCD JTD-4K PCD PTCD

I | | , . . |

| Synchronize electronics

Continuous cooling at 100mK and 350mK

High stability on telescopes at all stages

LiteBIRD Astroparticule Symposium - Institut Pascal - 19/11/2024



LiteBIRD overview: Technical Challenges

g

Polarisation Modulation Unit (PMU)

* Rotating a birefringent plate to modulate polarization

|| Sakurai+2020 1| Komatsu+2020

* The first sky-side optical element

WP || Toda+2020 1| Columbro+2020 || Sugiyama+2020
birefringent axis Orrwp
i tion — « LFT PMU BBM at Kavli IPMU:
angle : N Zpn :
q 4 - HHWP ) \
Input light Output light
‘4,
056 Unpolarized signal

Demodulated signal

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

Power spectrum

" * Stable rotation at cryogenic temperature (< |10 K)
requency
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LiteBIRD Forecasts

g

How to extract r from the data ?

r
tensor-to-scalar ratio
estimate
Time Ordered Data el oo
IKEIINOO
(TOD) / detectors =,
Cleaning from ey ¥ e L B R 4 »-
systematics ij »xg%?@{ J\@ 35 : o S CEF A '\
effECtS ; ’ | gml :gg:XiiBEAR bigted 4 o MTV‘
& | ® BICEP2/Keck L " BBJens. |
g 0 * LiteBIRD K ] : ’
| _~* cpPPmm (r = 1072)
Cleaned & Calibrated AT
TOD / detectors |
Map All sky maps A e Power
. isati Spectrum
Making of. polarisation Component " EPt. : Spectrum
inl5 bands Separation ap stifmator
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LiteBIRD Forecasts

Foreground Cleaning

Foregrounds modeling Dust Spectral Index Dust Temperature Synchrotron Spectral Index
Bd
| N B ()
[QS) US] (n7 V) — [QS) US] (na V*) ) (V_>
*
° : modified blackbody Ba(f)—2 S
1/ BV (T d (ﬁ)) Multiresolution independent patches
Qd Ud ’fl V) = Qd Ud ’fl 1 . — — Ba: [64, 64, 64] Tq: [8, 4, 0] Bs: [4, 2, 2]
Qa, Ua] (7, v) = [Qa, Ua] (7, 1) - { - B, (Ta(1) _
" technique” (extension of xForecast),
to account for spatial variability.
» => Adapt resolution on each patch for each parameter : o Systermatio relative orror : o0
ABd/Bd ABs/ﬁs
Resolution Fit S/N
High Local | Low =9 Statistical Noise
LOW GIObaI ngh _> Systematics NOise 0.1 0.1
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LiteBIRD Forecasts

Impact of Foregrounds

Foregrounds
T T T
1071 - 200 A : | I
| «--- primordial BB r=0.00461, T = 0.0544 S A\ie(;aog:&glas : |
| == lensing BB / ket . | "
| = total BB 175 - Averaged Fisher ! |
1072 F 1000 simulated statistical foregrounds 4 77 0,=0.00052 : |
: residuals + noise after fgs cleaning o ) |
{ —~-- foregrounds residuals bias > g 150 - Fisher from _ !
| W LiteBIRD error bars --- averaged residuals :
1073 1 Cosmic variance-limited error bars o - - o,=0.00062 !
~ = waw Fisher o, |
\¢ > |
3. 10°¢ £ 100 - !
~ — l
Q o |
+ il
10-5 - 75
50 -
10-° -
25 -
10—7 T T T T T T T T 0 . r
2 3 4 5 10 2£O 30 40 50 100 10-4 10-3

Tensor-to-scalar ratio r

Final value on statistical uncertainty: r = (2.3 = 6.2)x10-4
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LiteBIRD Forecasts

Impact of Foregrounds

* Development of new foreground cleaning methods to handle particularly complex foregrounds:

Multi-Clustering Needlet ILC

Foreground cleaning with ILC method in
regions of similar foreground characteristics

1072 v 10-1
—— dlsl —— d7s1 —— MC-NILC — dlsl] —— d8sl
~—— d4sl —— d8sl === NILC 102} — d4sl —— di1s3
10-3} —— d5s1  —— d1s3 ref[10-3,4-1073] —— d5s1 —— foregrounds
—— d6sl lo-3] — d6sl  -=- noise
— r€[10-3,4-107]
107
A4
=
@
10
1076}
1077 107 107 107 107 107
/ /
Ideal case Realistic case

|| Carones+2023

LiteBIRD
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LiteBIRD Forecasts

Impact of Foregrounds

* Development of new foreground cleaning methods to handle particularly complex foregrounds:

1| Vacher+2022

Moment Expansion

Based on Taylor expansion Ba—2
! ° [Qa, Uql(W, v) = 2 2vi7a) ([Qa, Ugl(@,v.) + w'(R)In )+ e )
around the standard SEDs v, B, (Ty) ’ ’ v,
1.0 dec a 1.0 diTc 1.0 dic f
i
A 1 i
0.8 i 0.8 08 i ||
o [
Ak - I
0.6 i 0.6; 0.6 - |
"1 S |
F|! l i ‘
0.4 F:! 0.4 0.4 : |
it I |
! A
0.2 iy 0.2 0.2 | :
i\ A\
0.0 -t J-.‘ .................. 00 --------------<-# - P . : 0.0 ———————l . L4 \ -
~0.010 —0.005 0.000 0.005 0.010 0,010 —0.005 0.000 0.005 0.010 ~0.010 —0.005 0.000 0.005 0.010
r r r
Simple dust > Complex dust
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LiteBIRD Forecasts

Impact of Systematics
Instrumental Systematics

HWP position
Time variation

Category Systematic effect Type
Beam Far sidelobes R ,
Near sidelobes R — ,Lin(flg(i
Main lobe E : IGPai”
Ghost R — HWPh
Polarization and shape in band R B :xi ‘;
Cosmic ray Cosmic-ray glitches E — FSL5-10
HWP Instrumental polarization E - E:t ig:io
Transparency in band R Pol. Ang.
Polarization efficiency in band R I . Ez;::ﬁ,zss
Polarization angle in band R ﬁ — Sum of Syst.
Gain Relative gain in time R — — =
Relative gain in detectors R S
Absolute gain E
Polarization Absolute angle E
angle Relative angle E
E
I
E
R
E
R
R
R
R

Pol. efficiency Efficiency
Pointing Offset 1011 | |
Time variation 10* 107
HWP wedge Multipole moment /¢
Bandpass Bandpass efficiency
Transfer Crosstalk
function Detector time constant knowledge
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LiteBIRD Forecasts

Impact of Foregrounds and Systematics

Foregrounds Instrumental Systematics
1071 - -1
««++ primordial BB r=0.00461, t=0.0544 10 — Tensing
{ == lensing BB 2 — r=0.001
| == total BB 107 — I‘:)a'“
1072 3 1000 simulated statistical foregrounds 3  hweh
: residuals + noise after fgs cleaning 10} | HWP
{ ——- foregrounds residuals bias . ' | — HWP¢
| W LiteBIRD error bars 10-4'_ — FSL5-10
107 4 Cosmic variance-limited error bars - — FSL10-15
5 osmic —  FSL 15-180
— -5 Pol. Ang.
N C'\1_' 10 i —— Bandpass
¥ M —  Pointing
3. 1074 3 10 -6 — Sum of Syst.
] (— o AP — CR
< NS
&) S WWEE e LT R
1 O Zd - /) N M WV AN VAVAN J\‘vv\A_ﬁ/v AMAAVICAA AN
10—5 . \_ ‘vm " ‘"“ "".‘,. ’T. ‘ m ' "l" W"'
10| | ﬂ i
-9
105 107
10719
1077 10-11

2 3 4 5 10 20 30 40 50 100

/

101 10°
Multipole moment /
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LiteBIRD main scientific objectives

g
* Definitive search for the from in the CMB polarization
 Making a discovery or ruling out well-motivated - Angularscale T o
inflationary models - crr e
* Insight into the quantum nature of gravity 10°- . :
* The inflationary (i.e. primordial) B-mode power is ® Planck R h
proportional to the !l AAAL
) a "N % '(ﬁ' ::l’]
* Current best constraint: r < 0.032 (95% C.L.) " y v T
(LLI Tristram et al. 2022, combining BK 18 and Planck PR4) e bt g
= | ® BICEP2/Keck ‘. ‘
o 10 | ® LiteBIRD b °
* LiteBIRD will improve current sensitivity on r by a < T‘ o 4 | ¢ gt
factor ~30 : | t 8
= ® ®
* Ll-requirements (from PTEP): =107 o |
* Forr=0, * P (r =107%)
* For r = 0.01, 5-0 detection of the reionization T '
107° -
(2 < £ < 10) and recombination (11 < £ < 200)
peaks independently 2 150 500 1000 2000
Multipole /¢
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LiteBIRD main scientific objectives

g
Constraints on Inflation
LT S 1
: : : : : R |
* Huge discovery impact (evidence for inflation, knowledge of | 7 teBIRD |
its energy scale, and distance traveled by the inflaton...) 003 F - e
BK18/Planck S
. . . 001 f = @==mmmm——— eeeese 1712¢2 47< N. < 57 :|
* A detection of B-modes by LiteBIRD with r > 0.01 would |y 090909090 W areN<sT 2y
. . . . . L Y eeeeee u ¢~ 47<N,< 57 ’
imply an excursion of the inflation field that exceeds the o - — # e ]
Co— Poincaré disks
Planck mass 0.001 F o His N5 |
) |
. 3x10 ' F
* Such a detection would ' ‘
h . ) theorles 0955 0960 0965 0970 0975 0980 0985 0990 0995 1.00
such as superstring
|
« e . o . 0.1F -
* An upper limit from LiteBIRD would disfavour the simplest |
inflationary models, with M > M, 0.03 f LteBIRD ) -
B LiteBIRD/Planck ; |
o . . 0o1 k BK18/Planck él -
* This includes the monomial models, a-attractors with a - | V(g2 -
. . . . . 0003 F | WEm ¢’ 4<N<5T 7,
super-Planckian characteristic scale, including the - ok arenes
and models that invoke the Higgs 0001 | O e M=T o
field as the inflaton y |
3x10 I | | l_-
0955 0960 0965 0970 0975 0980 0985 0990 0995 1.00

LiteBIRD

ng
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LiteBIRD main scientific objectives

g

Constraints on Inflation

* Characterize the B-mode power spectrum 1071

« Single-Field Slow-Roll BB, r=0.00461, nr= —r/8, T=0.0544

Ex. Spectator axion-SU(2) gauge field inflation | == AXion-SU(2) BB, fiec = 10%, r. = 0.00461, k= 0.01, 0= 1
Axion-SU(2) BB, ryac =107%, r~=0.041, k, =9 % 107°% 0=3.2

_2 |
1 1 2 107 Bl LiteBIRD error bars
2 ~ | Cosmic variance-limited error bars
—r. . _ _ _ pa papv 4 a pauv
L= me 2 (auX) V(X) 4Fva + 4fXFqu
i
" 250 -+ : mmm  Reonization bump only
CC> i Recombination bump only
-(.:U 200 - i Full £ range
= : --=-= Starobinsky model
E i
" 150 - |
[v— |
< |
c |
2 100~ :
3 :
LD 1 |
= :
@ 07 | '
0 |
1
1
0 1 - ) |
0.000 0.005 0.010 0.015 0.020 0.025

lNvac

1| Campeti+2023
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LiteBIRD other science outcomes

—
Optical depth, deionisation & neutrino masses
* LiteBIRD will provide a cosmic-variance limited measurement of the L =
< g < | S S
power spectrum at large scales (2 < £ < 200) NI E]
S [ Sa=
: : : : g . 2 0
* This will lead to improved constraints on: 5 oo fmmim— == = = i 5
s>
o E ol P, Truncated at z>8 =[ M
* Cosmic-variance measurement of the | to "~ _
reionization = o(7) = 0.002 = x3 improvement with respect to ool ’
Planck (Planck Int.Res. LVII, 2020) _ _
* Improved constraints on reionization history models: 35% 20
improvement on the uncertainty of A(zreion) 0070
o t 0.065 _
5 el oy =
* X2 improvement on G(2 my) Somo =
E =
* 0(2my) = 12 meV = 50 detection for a minimum value of > my 2005 O gz
B . ? ao T
: : : 5 0.050 el
= 60 meV (allowed by flavour-oscillation experiments) or larger f ' g
. N . . Somsi [ 7 =] -
* Potentially allow us to distinguish between the inverted neutrino = LD
mass ordering and the normal ordering T e o ww m e
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LiteBIRD other science outcomes

g

LiteBIRD

Cosmic Birefringence
could be seeded by parity-violating

processes in Universe.

Could occur if dark matter or dark energy are a pseudo-scalar
field coupled to electromagnetism that changes sign under
inversion of spatial coordinates.

Induces non-zero TB and EB and also a B-mode signal
Constraints from the CMB must account jointly for i) a
possible detector angle miscalibration (LLI Minami et al.,2019) and
ii) a positive EB signal from Galactic foregrounds (LL

Palazuelos et al., 2022)

Recent measurements show a tentative detection of a
birefringence angle of (LLJ Eskilt & Komatsu
2022, from a combination of WMAP and Planck PR4)

LiteBIRD has the potential to:

* Reduce the error bar on a global 3 leading to a

Diego-

* Produce a map of 3 to test for

100 5

] —— BB from EE with B =0.35 + 0.14
| REEERTY BB, slow-roll, Starobinsky

4 —-- BB, slow-roll, r=0.001

] —— Lensed scalar BB

LiteBIRD error bars

o
o

l—l
o
N

=
o
W

l—l
o
IS

lllllllllll
L4
L4
L4
L4

L(£ + 1)CPP/(2m) [uKEyg]
\
\
/

=
o
>

1077 -

101 102

Multipole /£

L LiteBIRD collaboration PTEP 2023
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LiteBIRD other science outcomes

g
Mapping the hot gas in the Universe
.|Input y-map (10') Y ,.Plan'cky—map (10') . _'. _|LiteBIRD-Planck y-map (iO')

* The effect provides a mean to map the e Y, B O S SR I Ot

distribution of hot electrons in the Universe e A e i
* Improved sensitivity and frequency coverage of LiteBIRD

crucially contributes to improve these studies : FOY SRl |
« Combination with Planck adds the benefit of angular resolution . (1200400 (120040 " (120,-40)

: : -100 -33 33 100 -100 -33 33 10.0-100 -33 33  10.0

° L|teBIRD W|” wrt | .y><106. | y x 10° | .y><106. |

Planck .

, , | == Input SZ :

* This will allow us to: | = NILC SZ LiteBIRD-Planck

10 = - : :
E Galactic residuals

CIB residuals

100_: == 5Source residuals

] == CMB residuals

] == Noise residuals

F PR2 noise residuals

* Produce a high-fidelity SZ map over the full-sky essentially

* Test theories of structure formation via
from SZ x galaxy surveys correlations

* Search form in filaments connecting clusters

* Study an process via
cross-correlations of SZ x CMB optical depth

* Measure the mean gas Te via the relativistic SZ
* Improve constraints on Sg = 0g({2m/0.3)%> by 15%

10122(0 + 1)C/2m
LI Remazeilles+ JCAP 2024

o 12w
multipole /
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LiteBIRD other science outcomes

g
Primordial magnetic fields
1071
* Primordial magnetic fields (PMFs) affect the CMB via different ? e[ r=0.00461
effects: 10-2 - : '+ Lensing ‘
. . . — g — Gravitational ng = -29  ,.°
. with magnetically-induced T - — Gravitational ng =2 ..’
perturbations = 10
* Impact on the of the Universe due to 5
their post-recombination dissipation o 107
* Induce a of the CMB polarization R
° ° ° ° - =5 -
. induced in the CMB polarization - i
anisotropies X
= 107° 4 :
e LiteBIRD: i L Paoletti+ JCAP 2024
* |sa to PMFs through all these effects, 107 e SR
thanks mainly to its remarkable sensitivity in polarization 4
e Wil improving current upper Upper limits on PMF amplitude for ng = -2.9
limits by a factor of ~ 3 Gravitational effect Bivpe < 0.8 nG
* Will'be able to o lonization history V<B2> < 0.7 nG
by joining all these effects ~ ,
together Faraday rotation Bimpe<3.21nG
* Will allow a detection of with high significance Non-Gaussianities Bivpe = 1 nG
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LiteBIRD other science outcomes

g

* Various so-called anomalies have been found in YWMAP and Planck
temperature data that exert a mild tension against the ACDM

cosmological model:

* a lack of power on large angular scales

* the alignment of the quadrupole and octopole moments

* a hemispherical asymmetry in power on the sky

* a lack of correlation at large angular scales

* parity asymmetry in the power associated with even/odd mode
* an anomalous "Cold Spot" on a scale of ~ 10°

Elucidating spatial anomalies with polarisation

* anomalously low temperature variance

Given their modest statistical significance, these could simply be statistical flukes
However, they may also be hints of beyond the standard model

e 100.0 1K
Credit ESA/Planck Collaboration

Polarized CMB anisotropies provide independent information on the fluctuations that source the

temperature anisotropy

spatial anomalies at close to the cosmic-variance level of sensitivity

LiteBIRD
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LiteBIRD other science outcomes

g

Galactic astrophysics

* LiteBIRD will provide 15 high-sensitivity polarization full-sky maps from 40 to 402 GHz
* Sensitivity improved by a factor of 5 at 40 GHz and 10 at 402, with respect to Planck
* Gain in spectral resolution

0.14
° : Planck 353 GHz LiteBIRD 337 GHz -
* Geometry of the Galactic magnetic field = 5 -
* Interstellar turbulence 01
* Dust composition : : 0.08%
* Grain alignment : .- 2
* Cold clumps = = 0.06 £
* Geometry of synchrotron-bright loops ) OM%
& o ol

* SED of the synchrotron emission
* Nature of AME and spectral variations...
* ... and many others!

28°
28°

130° 125°00700” 120° 130° 125°00'00” 120°
[ [
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Take-home Message

g

Phase-A started in Japan, US, CA and EU

Selected by ISAS / JAXA in May 2019
Launch by beg 2030’

The most-mature CMB Space mission in 2020’s

Expected science outcomes | Constraining detection of Including statistical noise, without
primordial gravitational waves at systematic effects and o
a level of r close to 10-3 de-lensing

component separation

Broad range of science outcomes on top of inflation

International collaboration o | N

'T'\‘ y:= Great enthusiasm within this international team
t.—-"ﬁ\'l- with lots of positive diversity !
LI——

Looking for more ? LiteBIRD Overview Paper in Progress of Theoretical and Experimental Physics (PTEP) Journal

Reformation study to be concluded in about | year
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Back-up
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Back-up

Neutrino Sector

0.070 . . I

Improvement of Optical depth determination: Region to exclude for
> 30 detection of minimum mass

7_
.O
o
o)
&

Determination of

o(Zmy) = 12 meV neutrino hierarchy S
(normal versus inverted) +
N 0.060 } 1
. . c
Measurement of minimum mass O
> 30 detection NH > 50 detection |H v
S 0.055 ¢ 1
> m, >0.06eV > m, >0.10eV c
m> m? -Ié'
A [ Ve A
= © 0.050 1
— S
m.2 | | ms? = - =
BT — Mz J"ZZ 8- 0.045 N ,/ L - ! Planck+CMB-544-DESI
atmosp_};erig Iy : I ! - . Pla.nck—I—CI\/IB—S4—|—LSST 1
2 ~3x10-%V — ] +L!teB|RD
my? | ~3x103V +LiteBIRD
’””12 solar~ 8x10eV?2 _mgz O 040 | . | ! | !
1 T _ T - .
9 0 20 40 60 80 100 120 140
O ! . > m, [meV]

Normal Inverted
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LiteBIRD other science outcomes

N
Anisotropic CMB spectral distortions

o~

* LiteBIRD will be sensitive to any X 10t

, beyond the SZ effect ~ -3
O

. . LiteBIRD will have sensitivity to Tg 1077
measure at (L Beringue et al. 2021) the frequency- L

dependent CMB anisotropies due to Rayleigh scattering by
HI at the LSS

= Such a detection would allow us to derive improved
constraints on and

. . LiteBIRD can detect an anisotropic [
distortion induced by non-Gaussian fluctuations induced
during inflation

= This would offer a power test of inflation at its onset

—— 95GHz  —— 220GHz —— 345 GHz
. . LiteBIRD can look for polarized spectral 150 GHz ~—— 285 GHz —— Primary

distortions produced by resonant conversion of axions into
photons by the Galactic magnetic field

LI Dibert+ PhysRevD 2022
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LiteBIRD other science outcomes

g

Galactic astrophysics

102-
-14 > 42 GHz

-13 > 53 GHz
-12 > 60 GHz
-11 > 69 GHz
-10 > 79 GHz

-9 > 88 GHz

. 3> 143 GHz

-8 > 101 GHz O o
D_: 7 ¢

oM T2 > 217 GHz

[} XE

1

-6 > 141 GHz.-
1 > 353 GHz

-7 > 119 GHz

Ny [10%° cm 2]
Planck

-5 > 165 GHz
-4 > 199 GHz
-3 > 238 GHz

-2 > 286 GHz
-1 > 356 GHz

id
o
.

102 T
6 [arcmin] "

.
- -
e T T T T T T T TS T T T T T T TS T T T 3 T ITTTTITTTTTTTTTTTNTY s =
.

Broad Multi-Frequency Broad Multi-Frequency
analyses in bright regions . analyses in diffuse regions |
@ degree scales @ larger scales :

.
.
.
.
i3
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
o
L3

. Exploration of
- diffuse medium @
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Back-up

g
100 : I
: I I data from Encyclopaedia Inflationaris,
* I Martin, Ringeval & Vennin,
Phys. Dark Univ. 5-6 (2014) 75-235
- & Q 2
X II ]
®
. !
= I current limitation from instrumental x astrophysical systematics
©
-2
LURJ 10
O
S e B e
B Starobinsky-like models )
I oo A S ——
Q
-+
1073
SR
P | CMB-S4
10—4 T T T T T — 1 T T T T
2010 2015 2020 2025 2030 2035 0.2 0.4 0.6 0.8

year of publication Posterior distribution on r
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LiteBIRD
JAXA-led
focused
mission
c(1)<0.001
2<¢<200

focused but still with
many byproducts

I1+1)C.28/(2n) (uK?)

Powerful Duo

OAQI OUIET W —-

10" ;aoo’::sxr;p(é;i(; v BICE;%E% —-— - v;“ . .‘vv":’ T

| e T e = 5 Ground
107k QUIET-Q v LteBIRD ~—e— e “v 1
o nflat T ~ 1 US-led telescopes

3 —T___ ~
2l 4 a, Ion « o |[1 on ground

| 30 <¢<~8000
10 .
» €.2. S1Imons
1

Observatory and
10° Ground ry
o | ——— ) CMB-S4
10 100 1000

Multipole Moment, ell

This powerful duo 1s the best cost-effective way.
Great synergy with two projects

LiteBIRD
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Tensor-to-scalar ratio ()

10—3

Aiming at detection with >5¢ in case
of Starobinsky model
Baseline

+ delensing w/Planck CIB & WISE

+ extra foreground cleaning w/ high-
resolution ground CMB data

10-1

102

Primordial tilt (ns)
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PTEP
Setup

for the record
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LiteBIRD: PTEP Setup

. The 3 LiteBIRD Eyes
S I HFT

28" FoV

e MFT

HWP HFT (<18K)

Cold stop HFT (5K) \\.

1st Lens HFT (5K)

perture stop _

N\ 2<d Lens HFT (5K)\ \? \ L

l A —  Baffle MFT (5K)

| N L S\ coldstop MFT (50 * Mass: 2.6 t

: HEEP~U ©-10 NG \1st Lens MFT (5K) e P :

~< ower: 3.0 kW

| S

| S~ | * Data: | 7.9 Gb/day
L F T : ~ 2cd Lens MFT (5K)

: axis MF-FPU (0.1K) N

I front hood ” 1m

;

* Multi-chroic transition-edge sensor (TES)
cooled to

secondary
reflector

* Polarization modulation unit (PMU) in each telescope with
(HWP), for |/f noise and systematics

reduction

primary reflector
focal plane

* Optics cooled to
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LiteBIRD: PTEP Setup

International Task Sharing

— Payload Module

H3
Rocket

A

Cooler

LF-
Focal
Plane

53 m

LF-
Sensors

Service Module

Warm
Readout
Elec.

LiteBIRD

Cryo-chain

Passive : :
Cooling Active Cooling
LFT | .8K

MFT + HFT

MF + HF
Focal
Plane

MF + HF
Sensors

Warm
Readout
Elec.
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LiteBIRD: PTEP Setup

Focal Plane Configuration
* Transition-Edge Sensor (TES) arrays.

* Multichroic detectors. LFT M FT H FT Rule of thumb:

* Number of sensors: 4508 I—OlogodOe;(e)czlors in space
* |5 bands including overlap = etectors on

between instruments. ground

Lensed coupled detectors
Lenslets

Horn coupled detectors
Platelets

89GHz MFT (2_5; 1 ) 225 GHz

2075 detectors
366 Trichroic TES
588 Dichroic TES

o E -

LFT (5.7:1)

B - B i 195 25 280 37 402
- - | 355 detectors

68
2 x 255 Dichroic TES

258 detectors 338 M H cic TES
. . n rom
34GHz 2x (65 + 155) Trichroic TES 161 GHz 166 GHz PnoTTomate 448 GHz

HFT (2.7:1)

| Westbrook+ SPIE 2020
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LiteBIRD: PTEP Setup

Readout System

FPGA: Control t+—| Carrier DAC T ] ~ ::m
Demodulation L T
and Synthesis é ¥ | UL A
L q | A5 et TR
: /_/ : : °y W\Li}]. ,f;.'ll’l’.;Jx'f il J.IUL ; kd ‘k L
4DG \—\ )G( é o ' lv hw}‘n\l ’MW\QI. .ulll'\‘uuth',lu‘atu‘j. WAL U'JU»[ b‘v
[ w [ l _l_ N A6 e _— NI £ ()1}
| |
— Nuller DAC ’\/I\I/\r COld Readout LC
filters for MUX

* 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
board assembly assembly Processing Unit

why = - / = 7
e y 5,4 oF
TR B N
b coB, D\
A \

Digitizer assembly

Y-

RNy Ty ey v v

s T I
’ .

N
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LiteBIRD: PTEP Setup

Sensitivities

AN
-

IS
=

o
-

20 )
N
2, S
2, Q
C
2

| | Hazumi+ SPIE 2020

[
0 O
| L1

Sensitivity [pK.arcmin]

|CMB :
4 50 60 70 100 200 300 400
Frequency [GHZ]

MFT

* Projected for a

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

19808
rix"l 11

A,
.::,[171” X1 X
AN e e e
-... .y . b A

HFT

LiteBIRD Astroparticule Symposium - Institut Pascal - 19/11/2024




LiteBIRD: PTEP Setup

Low Frequency Telescope (LFT)
PMU * Polarization Modulation Unit (PMU) as the first

Frame \ Optical sky-side optical element
" axis * design
R A Front hood * Mirrors and aperture stop at
Aperture stop : . * Made of aluminium
(5K) = * Field of view:

* Strehl ratio > 0.95 (@ 140 GHz)

Secondar ,
4 * Aperture diameter:

reflector

(5K) * Frequency range:

* Angular resolution:
* F#3.0 & cross angle of 90°
* Cross-polarization <

* Rotation of the polarization angle across the
FoV < %£1.5°

* Weight < 200 kg

Primary reflector

(5K) Focal plane

|| Sekimoto+ SPIE 2020
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LiteBIRD: PTEP Setup

Mid-High Frequency Telescopes (MFT | HFT)

| | Montier+ SPIE 2020

Spin axis;

|| Lamagna+ SPIE 2020

Baffle HFT (5K)
HWP HFT (<I8K)

Cold stop HFT (5K)
|st lens HFT (5K)

2nd lens HFT (5K)
Baffle MFT (5K)

PR 0— HWP MFT (<18K)
~ Cold stop MFT (5K)

~ |t lens MFT (5K)

HF-FPU (0.1K)

2nd lens MFT (5K)

MF-FPU (0.1K) N

* Refractive optics

* Each telescope has PMU with a half-wave-
plate (HVVP)

* 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

MFT HFT
v (GHz) 100-195  195-402
Ap. diameter (mm) 300 200
Ang. res. (arcmin) 38-28 29-18

LiteBIRD
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