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dark energy
tSZ, lensing 

➔ σ8 at z=2-3 (lensing, tSZ)

➔ growth of structure (kSZ)

galaxy evolution
tSZ, kSZ 

➔ non-thermal pressure (tSZ+kSZ) 

➔ feedback efficiency (tSZ+kSZ)

neutrino mass
lensing potential 

(TT+EB), tSZ 
➔ Σmν

reionization
sources 

➔ duration of reionization (kSZ)

➔ mean free path of photons (kSZ)

relativistic species
damping tail 
➔ Neff (TE, TT, EE)

primordial fluctuations
large scale B-modes 
➔ tensor-to-scalar ratio (BB)


damping tail

➔ primordial power on small scales (TE, TT, EE)


➔ primordial bispectrum (fNL via TTT,TTE,… + lens/kSZ)
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The imprints of gravitational waves on CMB polarisation signal

Looking for Primordial Gravitational Waves
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Gravitational waves

E-Modes

Density fluctuations

E-Modes B-Modes

Inflation

Quantum fluctuations of 
Spacetime

Primordial Gravitational 
Waves

Vortex in CMB polarisation 
map (B-modes)

… as tracers of the Inflation period 
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Opportunity to probe the Cosmic Inflation 
but also to shed light on GUT-scale physics

Observational test of quantum gravity
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Looking for Primordial Gravitational Waves
… as tracers of the Inflation period 

��

MP
' N⇤

⇣r⇤
8

⌘1/2
'

⇣ r

0.001

⌘1/2

2.1 The early universe 7

Figure 2: Existing and expected constraints on nS and r. The orange and yellow contours show the 68% and
95% confidence regions expected from the baseline configuration of COrE+. The possibility to improve the error
bars by delensing is not included in this forecast. The fiducial model is the Starobinsky R2 model [7]. The blue and
cyan contours show the Planck 2013 constraints, while the gray contours show the WMAP 9-year constraints. The
symbols show predictions of a few other well known inflationary models. The violet, yellow, and red regions show
vacuum-dominated convex potentials (V �� > 0), convex potentials vanishing at their minimum, and concave potentials
(V �� < 0; hilltop or plateau inflation), respectively.

parity ‘E mode’ and an odd parity ‘B mode’ [9, 10]. The scalar fluctuations produce only E modes, whereas
the tensor fluctuations produce both E and B modes. Thus B mode polarization o�ers a sensitive and highly
model-independent probe of tensor fluctuations.

Detection of the long wavelength, nearly scale-invariant tensor fluctuations is considered as an observa-
tional tell-tale sign that inflation occurred at energies a trillion times higher than the ones achieved by the
Large Hadron Collider (LHC) at CERN. At such high energies we may also see hints of quantum gravity.
Consequently, the main science goal of COrE+ will give us a powerful clue concerning how the Universe
began and the precise character of the fundamental laws of nature (i.e., how gravity and the other forces in
nature are unified).

Inflation is thought to be powered by a single energy component called ‘inflaton’. The precise physical
nature of the inflaton is unknown but it is often assumed to be a scalar field, just like the Higgs field recently
discovered by the LHC [11, 12]. The simplest models of inflation are based on a single scalar field � with
a potential energy density V (�). We can easily generalize to models involving more fields. The potential
energy drives the scale factor of the Universe to evolve as a(t) � exp(Ht) where H2 � (8�G/3)V (�). As a
result, the Universe is quickly driven to a spatially flat, Euclidean geometry, and any memory of the initial
state of the observable Universe is e�ectively erased, since a patch of space that undergoes inflation becomes
exponentially stretched and smoothed.

According to inflation, the large patch of the Universe that we live in originated from a tiny region in
space that was stretched to a large size by inflation. The original region was so tiny that quantum mechanics
played an important role. Namely, the energy density stored in the inflaton field � varied from place to
place according to the laws of quantum mechanics. This scalar quantum fluctuation is the seed for all the
structures that we see in the Universe today [6]. This is a remarkable prediction of inflation, which agrees
with all the observational data we have collected so far [8]. The only missing piece is the existence of tensor
quantum fluctuations, which would appear as long-wavelength gravitational waves propagating through our
Universe [7]. We wish to detect this using the B mode polarization of CMB.

An important prediction of inflation is that the scalar and tensor fluctuations are nearly, but not exactly,
scale-invariant—namely that the variance of fluctuations depends only weakly on the spatial length scale.
More specifically, the variance of fluctuations decreases slowly toward smaller length scales [6]. This behavior
in the scalar fluctuations has now been convincingly detected by WMAP [13, 14] and Planck [8]. While
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Figure 4: Existing and expected constraints on nS and r. The orange and yellow contours show the 68% and 95% confi-
dence regions expected from the baseline configuration of a typical next generation medium size CMB space experiment
(specifically CORE+, as was proposed at ESA for the M4 call). The possibility to improve the error bars by delensing is
not included in this forecast. The fiducial model is the Higgs inflation model (or equivalently Starobinsky R + R2 model,
see text). The blue and cyan contours show the Planck 2013 constraints, while the grey contours show the WMAP 9-year
constraints. The symbols show predictions of a few other well known inflationary models. The purple, yellow, and red
regions show vacuum-dominated convex potentials (V�� > 0), convex potentials vanishing at their minimum, and concave
potentials (V�� < 0; hilltop or plateau inflation), respectively. Taken from Martin et al. (2014b).

of a quantum gravitational wave, clearly a breakthrough for quantum gravity (moreover, the amplitude of these
primordial gravitational waves cannot be seen by experiments such as LIGO or VIRGO, even by eLISA). In
fact, inflation is probably the only case in physics where an e↵ect based on general relativity and quantum me-
chanics leads to predictions that, given our present day technological capabilities, can be tested experimentally.
As a consequence, if any experimental signatures of quantum gravity is ever obtained, it is very likely that this
will be through the study of inflation and its cosmological predictions. Probing B-polarization precisely exem-
plifies the idea of using inflation as a tool towards a better understanding of the theoretical and observational
aspects of quantum gravity. In other words, our ability to see through the inflationary window has turned the
early universe into a laboratory for ultra-high energy physics at energies entirely inaccessible to conventional
experimentation.

Another crucial aspect related to a detection of the B-modes is that this would lead to a determination of the
energy scale of inflation which is, as recalled above, still presently unknown. More precisely the energy scale
of inflation is

V1/4(�) ' 1016 GeV
✓ r
0.01

◆1/4
, (2)

where V(�) is the potential of the inflaton field �. This determination of the energy scale is the primary goal
of any CMB missions. Determining the value r would undoubtedly be a major discovery, re-enforcing the
inflationary paradigm and it would set the stage for any subsequent theoretical attempts to build global models
of inflation. We would know how far from the Planck or string scale inflation proceeded.
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Detecting tensor perturbations would also give us a measurement of the inflaton field excursion since
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In this generic formula (known as the Lyth bound), MPl is the reduced Planck mass and Ne is the number of
e-folds probed in the observational window (in practice, Ne ' 7). This implies that the field excursion during
inflation can easily be of the order of, or even larger than the Planck mass depending on r. In fact, this leads
to a “natural” value of r, namely r ' 10�3, corresponding to a field excursion of the order of the Planck mass.
From an e↵ective field theory point of view this means that the higher order operators that are the “remnants”
of quantum gravity at the inflationary scale can become crucial and can a↵ect the shape of the inflationary
potential. This inflationary Ultra-Violet (UV) sensitivity can be turned to our advantage and used to probe
quantum gravity if one can reach the limit r ' 10�3.

Another consequence of a detection would be a measurement of the first derivative of the inflaton potential.
Indeed, the tensor-to-scalar ratio can be written as

r = 8M2
Pl

 
V�
V

!2

, (4)

and, hence, a detection of the B-polarization would allow us to infer the first derivative of the inflaton poten-
tial, V�. This is important because, today, we only have a measurement of the second derivative, V��, and no
significant constraint of the higher derivatives. The constraint on V�� is derived from the measurement of the
scalar spectral index

nS � 1 ⌘
d lnP⇣
d ln k

' �3M2
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+ 2M2
Pl

V��
V
. (5)

Planck has shown for the first time at the 5� level that nS , 1 (a crucial prediction of inflation) and has obtained
nS ' 0.96. Further improving the precision of the determination of nS , and possibly a detection of its variation
(the so-called running index), is of key interest for constraining models of inflation. Next generation can extend
the lever arm for nS , particularly in the polarization spectrum (EE-modes). It may indeed be possible to extend
the primary E-mode spectrum to multipoles of a few thousands because of the very low level of polarized
foregrounds at high ` (see § 3). It allows a direct determination of the primary metric fluctuation spectrum of
wave-modes of about k = 0.35 h/Mpc for an ` of about 5000 (the maximum values of ` and k are proportional).

A measurement of r would also significantly impact model building and model selection outlook since
precise observations of nS and r can bring constraints on specific models of inflation. In other words, with a
detection of B-polarization, our understanding of the shape of the potential would drastically improve, opening
the possibility to learn about the physical nature of the inflaton field. Of particular interest, the minimal Higgs
inflation (HI) model introduced before predicts r ' 10�3, see Fig. 4, a target already encountered before. As
a consequence, checking observationally whether the inflaton field is the Higgs field is within reach of – and
therefore an exciting goal for – future CMB experiments.

Of course, many other models than HI can also be constrained. This is also illustrated in Fig. 4 where
the predictions of a small field model, SFI4, have been displayed [The corresponding potential is given by
V(�) = M4[1 � (�/µ)p] where µ and p are two free parameters]. In fact preliminary studies on model selection
indicate that the next experiments should be able to exclude more than 4/5 of the vanilla scenarios (Martin et al.
2014c), as opposed to 1/3 for Planck which gives an idea of the constraining power of those observational
projects. It is very important to stress that this conclusion is true if a detection of B-modes is achieved but also
in the situation where only an upper bound on r is obtained.

Finally, the next generation of experiments will allow us to significantly improve our knowledge of reheat-
ing (the phase that concludes inflation). Again, this is illustrated in Fig. 4. For a given potential and for fixed
values of the free parameters characterizing the shape of the potential, di↵erent reheating histories lead to dif-
ferent points in the (nS , r) space. Those points can be inside or outside the experimental contours thus opening
the possibility to probe the reheating phase. We have already seen that Planck has obtained model-dependent
constraints corresponding to prior-to-posterior reduction of about 40%. Preliminary studies show that an ex-
periment such as CORE could raise this number to 90% (Martin et al. 2014c). Again, this conclusion is true
even if only an upper bound on r is obtained. In any case, obtaining relevant constraints on the reheating epoch
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Observations are already in remarkable agreement 
with single-field slow-roll inflation:

• super-horizon fluctuation

• adiabaticity

• gaussianity

• ns < 1 

inflation ɸ Planck

•dynamics of an homogeneous scalar field in a FLRW geometry is given by

• inflation happens when potential dominates over kinetic energy (slow-roll)

scalar field. The energy-momentum tensor for the scalar field is

T
(�)

µ⌫ ⌘ � 2p
�g

�S�

�gµ⌫
= @µ�@⌫� � gµ⌫

✓
1

2
@
�
�@�� + V (�)

◆
. (62)

The field equation of motion is

�S�

��
=

1p
�g

@µ(
p

�g@
µ
�) + V,� = 0 , (63)

where V,� = dV

d�
. Assuming the FRW metric (1) for gµ⌫ and restricting to the case of a homogeneous

field �(t,x) ⌘ �(t), the scalar energy-momentum tensor takes the form of a perfect fluid (20) with

⇢� =
1

2
�̇
2 + V (�) , (64)

p� =
1

2
�̇
2 � V (�) . (65)

The resulting equation of state

w� ⌘
p�

⇢�
=

1

2
�̇
2 � V

1

2
�̇2 + V

, (66)

shows that a scalar field can lead to negative pressure (w� < 0) and accelerated expansion (w� <

�1/3) if the potential energy V dominates over the kinetic energy 1

2
�̇
2. The dynamics of the

(homogeneous) scalar field and the FRW geometry is determined by

�̈ + 3H�̇ + V,� = 0 and H
2 =

1
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◆
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For large values of the potential, the field experiences significant Hubble friction from the term H�̇.

6.2 Slow-Roll Inflation

The acceleration equation for a universe dominated by a homogeneous scalar field can be written as

follows
ä

a
= �1

6
(⇢� + 3p�) = H

2(1 � ") , (68)

where

" ⌘ 3

2
(w� + 1) =

1

2

�̇
2

H2
. (69)

The so-called slow-roll parameter " may be related to the evolution of the Hubble parameter

" = � Ḣ

H2
= �d ln H

dN
, (70)

where dN = Hdt. Accelerated expansion occurs if " < 1. The de Sitter limit, p� ! �⇢�, corresponds

to " ! 0. In this case, the potential energy dominates over the kinetic energy

�̇
2 ⌧ V (�) . (71)
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• where did V(Φ) come from ?
• why did the field start in slow-roll ?
• why is the potential so flat ?
• how do we convert the field energy 

into particules ?

gives direct constraints on the shape of the Inflation potential: 

Energy scale of inflation:

4

Inflation field excursion: 

Derivatives of potential: 

Where did field come from ?
Why did the field start in slow-roll ?
Why is the potential so flat ? 
How do we convert the field energy into particules ?

Many open questions:
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clusters

The Challenge of detecting the CMB B-Modes

Credits: Josquin Errard

• The B-mode signal is expected to have an 
amplitude at least 3 orders of magnitude 
below the CMB temperature anisotropies

• LiteBIRD is targeting a sensitivity level in 
polarization ~30 times better than Planck

• This extremely good statistical uncertainty 
must go in parallel with exquisite control of:

1. Instrument systematic uncertainties

2. Galactic foreground contamination

3. “Lensing B-mode signal” induced by 
gravitational lensing

4. Observer biases
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LiteBIRD Global F2F meeting 
Sep 28 - Oct 1, 2023 at Elba

Over 400 researchers from Japan, 
North America and Europe

Team experience in CMB experiments, 
X-ray satellites and other large projects 

(ALMA, HEP experiments, …) 
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LiteBIRD overview
• Lite (Light) spacecraft for the study of B-mode polarization and Inflation 

from cosmic background Radiation Detection
• JAXA’s L-class mission was selected in May 2019 to be launched by 

JAXA’s H3 rocket.
• All-sky 3-year survey, from Sun-Earth Lagrangian point L2
• Large frequency coverage (40–402 GHz, 15 bands) at 70–18 arcmin 

angular resolution for precision measurements of the CMB B-modes
• Final combined sensitivity:  2.2 μK·arcmin

📖 LiteBIRD collaboration 
PTEP 2023

E modes

B modes
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LiteBIRD overview
LiteBIRD reformation phase

• 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 
2025) on the studies of the reformation plan.

📖 LiteBIRD collaboration 
PTEP 2023

E modes

B modes
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Nhit map for a 
3-year survey

(Galactic projection)

C
M

B

Precession (anti-Sun) axis
(precession period, ~3.2 h)

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

• Precession angle: 𝛼 = 45°

• Spin angle: 𝛽 = 50°

Sun

Boresight Spin axis
(period 20 

min.)

𝛼

𝛽

FoV

10

Scanning Strategy

LiteBIRD overview: Technical Challenges
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Sun

4K-JT/2ST

160K

90K30KLFT MHFT

5K

Sun shield
Shield Cooler pedestal

Upper part of 
SVM

V-grooves

Cryogenic Chain

Continuous cooling at 100mK and 350mK

High stability on telescopes at all stages

PLM
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1/f noise Unpolarized signal
Modulated polarized signal
Demodulated signal

✓HWP

4 · ✓HWP

Polarization 
angle

HWP 
birefringent axis

Input light Output light

• Rotating a birefringent plate to modulate polarization
• The first sky-side optical element

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

• Stable rotation at cryogenic temperature (< 10 K)

📖 Sakurai+2020

📖 Toda+2020 📖 Sugiyama+2020

📖 Komatsu+2020

📖 Columbro+2020

• LFT PMU BBM at Kavli IPMU:

Polarisation Modulation Unit (PMU)

12

LiteBIRD overview: Technical Challenges
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How to extract r from the data ? 

Time Ordered Data
(TOD) / detectors

r

CMB 
Map

Power 
Spectrum

tensor-to-scalar ratio 
estimate

Cleaning from 
instrumental 
systematics 

effects

Cleaned & Calibrated 
TOD / detectors

All sky maps 
of polarisation 

in15 bands

Map 
Making

Likelihood 
Estimate

Power 
Spectrum 
EstimatorComponent 

Separation

LiteBIRD Forecasts
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Foregrounds modeling

• Synchrotron:

[Qs, Us] (n̂, ⌫) = [Qs, Us] (n̂, ⌫?) ·
✓

⌫

⌫?

◆�s(n̂)+Cs(n̂) ln(⌫/⌫
c)

• Dust: modified blackbody
[Qd, Ud] (n̂, ⌫) = [Qd, Ud] (n̂, ⌫?) ·

✓
⌫

⌫?

◆�d(n̂)�2 B⌫ (Td(n̂))

B⌫? (Td(n̂))

• “Multiresolution technique" (extension of xForecast), 
to account for spatial variability.

• => Adapt resolution on each patch for each parameter

Foreground Cleaning

14

LiteBIRD Forecasts

Systematic relative error

Final setup, parameters, maps, residuals

22

Multiresolution independent patches

15

Dust Spectral Index Dust Temperature Synchrotron Spectral Index

Systematic relative error

Final setup, parameters, maps, residuals

22

Multiresolution independent patches

High Local Statistical Noise

Low Global Systematics Noise

Fit S/N

Low

High

Resolution
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LiteBIRD Forecasts
Impact of Foregrounds

Foregrounds

Final value on statistical uncertainty: r = (3.3 ± 6.2)×10-4
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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 

📖 Carones+2023
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LiteBIRD Forecasts
Impact of Foregrounds

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

Moment Expansion
Based on Taylor expansion 
around the standard SEDs 

📖 Vacher+2022
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LiteBIRD Forecasts
Impact of Systematics

Instrumental Systematics
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LiteBIRD Forecasts
Impact of Foregrounds and Systematics

Foregrounds Instrumental Systematics
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• Definitive search for the B-mode signal from cosmic inflation in the CMB polarization

LiteBIRD main scientific objectives

• LiteBIRD will improve current sensitivity on r by a 
factor ~30

• L1-requirements  (from PTEP):
• For r = 0, total uncertainty of 𝛿r < 0.001
• For r = 0.01, 5-𝜎 detection of the reionization 

(2 < ℓ < 10) and recombination (11 < ℓ < 200) 

peaks independently 2 150 500 1000 2000

Multipole `

10°5

10°3

10°1

101

103

V
ar

ia
nc

e
in

C
M

B
m

ap
s[

µ
K

2 ]

CMB- TT

CMB- EE

CMB- BB

Primordial
r=0.004

Lensing

WMAP
Planck
ACT
SPTpol
POLARBEAR
BICEP2/Keck
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Planck
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POLARBEAR
BICEP2/Keck

CTT
`
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`

CBB,lens.
`LiteBIRD

CBB,prim.
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• Making a discovery or ruling out well-motivated 
inflationary models

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

proportional to the tensor-to-scalar ratio, r
• Current best constraint: r < 0.032 (95% C.L.) 

(📖 Tristram et al. 2022, combining BK18 and Planck PR4)

20
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• Huge discovery impact (evidence for inflation, knowledge of 
its energy scale, and distance traveled by the inflaton…)

• A detection of B-modes by LiteBIRD with r > 0.01 would 
imply an excursion of the inflation field that exceeds the 
Planck mass

• Such a detection would constrain theories of 
quantum gravity such as superstring theories

• An upper limit from LiteBIRD would disfavour the simplest 
inflationary models, with M > Mp

• This includes the monomial models, α-attractors with a 
super-Planckian characteristic scale, including the 
Starobinsky model and models that invoke the Higgs 
field as the inflaton

21

LiteBIRD main scientific objectives
Constraints on Inflation
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📖 Campeti+2023

• Characterize the B-mode power spectrum  
Ex. Spectator axion-SU(2) gauge field inflation 

LiteBIRD main scientific objectives
Constraints on Inflation



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

LiteBIRD

Planck 2018

Planck 2015

WMAP 9-year

• LiteBIRD will provide a cosmic-variance limited measurement of the  
E-mode power spectrum at large scales (2 < ℓ < 200)

• This will lead to improved constraints on:

• Reionization
• Cosmic-variance measurement of the optical depth to 

reionization ⇒ 𝜎(𝜏) ≈ 0.002 ⇒ ×3 improvement with respect to 
Planck (Planck Int.Res. LVII, 2020)

• Improved constraints on reionization history models: 35% 
improvement on the uncertainty of Δ(zreion)

• Neutrino masses
• ×2 improvement on σ(∑mν)

• σ(∑mν) = 12 meV ⇒ 5σ detection for a minimum value of ∑mν 

= 60 meV (allowed by flavour-oscillation experiments) or larger

• Potentially allow us to distinguish between the inverted neutrino 
mass ordering and the normal ordering
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Optical depth, deionisation & neutrino masses

LiteBIRD other science outcomes
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• 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 (📖 Minami et al., 2019) and 
ii) a positive EB signal from Galactic foregrounds (📖 Diego-
Palazuelos et al., 2022)

• Recent measurements show a tentative detection of a 
birefringence angle of β = (0.34±0.09)° (📖 Eskilt & Komatsu 
2022, from a combination of WMAP and Planck PR4)

• LiteBIRD has the potential to:
• Reduce the error bar on a global β leading to a ∼10-

sigma detection
• Produce a map of β to test for cosmic-birefringence 

anisotropy

📖 LiteBIRD collaboration PTEP 2023

24

Cosmic Birefringence

LiteBIRD other science outcomes
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• The Sunyaev-Zel’dovich effect provides a mean to map the 
distribution of hot electrons in the Universe

• Improved sensitivity and frequency coverage of LiteBIRD 
crucially contributes to improve these studies

• Combination with Planck adds the benefit of angular resolution
• LiteBIRD will improve ×10 the noise in the SZ map wrt 

Planck
• This will allow us to:

• Produce a high-fidelity SZ map over the full-sky essentially 
free of contamination at ℓ < 200

• Test theories of structure formation via hot-gas 
tomography from SZ × galaxy surveys correlations

• Search form WHIM in filaments connecting clusters
• Study an inhomogeneous reionization process via 

cross-correlations of SZ × CMB optical depth
• Measure the mean gas Te via the relativistic SZ
• Improve constraints on S8 = σ8(Ωm/0.3)0.5 by 15%

25

Mapping the hot gas in the Universe

LiteBIRD other science outcomes
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📖 Paoletti+ JCAP 2024

• Primordial magnetic fields (PMFs) affect the CMB via different 
effects:

• Gravitational effects with magnetically-induced 
perturbations

• Impact on the ionization history of the Universe due to 
their post-recombination dissipation

• Induce a Faraday rotation of the CMB polarization
• Non-Gaussianity induced in the CMB polarization 

anisotropies

• LiteBIRD: 
•  Is a sensitive probe to PMFs through all these effects, 

thanks mainly to its remarkable sensitivity in polarization
• Will break the nG threshold improving current upper 

limits by a factor of ~ 3
• Will be able to univocally identify the PFMs 

contribution to CMB by joining all these effects 
together

• Will allow a detection of nG fields with high significance

Upper limits on PMF amplitude for nB = -2.9 
Gravitational effect B1Mpc < 0.8 nG
Ionization history √<B2>  < 0.7 nG
Faraday rotation B1Mpc < 3.2 nG
Non-Gaussianities B1Mpc ≲ 1 nG

26

Primordial magnetic fields

LiteBIRD other science outcomes
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• Various so-called anomalies have been found in WMAP and Planck 
temperature data that exert a mild tension against the ΛCDM 
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°
• anomalously low temperature variance Credit ESA/Planck Collaboration

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

• Polarized CMB anisotropies provide independent information on the fluctuations that source the 
temperature anisotropy

• LiteBIRD E-mode polarization sky maps will allow further tests on the nature of these 
spatial anomalies at close to the cosmic-variance level of sensitivity

27

Elucidating spatial anomalies with polarisation

LiteBIRD other science outcomes
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• 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

• Wealth of Galactic science possible:
• Geometry of the Galactic magnetic field 
• Interstellar turbulence 
• Dust composition 
• Grain alignment 
• Cold clumps 
• Geometry of synchrotron-bright loops 
• SED of the synchrotron emission 
• Nature of AME and spectral variations... 
• … and many others! 

28

Galactic astrophysics

LiteBIRD other science outcomes
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Take-home Message

The most-mature CMB Space mission in 2020’s Phase-A started in Japan, US, CA and EU

Selected by ISAS / JAXA in May 2019

Launch by beg 2030’

Expected science outcomes

International collaboration

Including statistical noise, 
systematic effects and 
component separation

Broad range of science outcomes on top of inflation

without 
de-lensing !

Looking for more ? LiteBIRD Overview Paper in Progress of Theoretical and Experimental Physics (PTEP) Journal
 
Reformation study to be concluded in about 1 year

Great enthusiasm within this international team 
with lots of positive diversity !

Constraining detection of 
primordial gravitational waves at 
a level of r close to 10-3
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Back-up
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Fig. 4 Two-dimensional marginalized contour levels at 68% C.L. for the optical depth to

reionization and the sum of the neutrino masses as measured by future combinations of CMB

and large-scale structure data (including BAO from DESI or galaxy lensing and clustering

from LSST). The contours are centered on fiducial values ⌧ = 0.054 and ⌃m⌫ = 60 meV, as

indicated by the cross. A cosmic variance limited measurement of ⌧ is reached with LiteBIRD

(�(⌧) = 0.002). This ⌧ limit then enables a better neutrino mass measurement, reaching a

5� detection when combined with DESI or LSST. The shaded gray region shows the region

to exclude around the fiducial model needed to achieve a detection of significance greater

than 3� and highlights the importance of having the LiteBIRD data. [Figure adapted from

Ref. [96].]

will also enable a � 3� cosmological detection of the sum of neutrino masses, even for the

minimum, 60 meV sum of masses [102]. Figure 4 shows that a cosmic variance limited

measurement of ⌧ from LiteBIRD will be necessary to reach a significant detection of the

neutrino mass from cosmological data.

To complete the picture on the neutrino sector, the expected error bar on the e↵ective

number of relativistic species, Ne↵ , from LiteBIRD alone is of the same order of magnitude

as the one obtained by Planck [103]. Still, it would give an independent measurement, and

an important cross-check, as it has been shown for instance in [104] that the Ne↵ value

depends on the modelling of the foregrounds in the high-` Planck likelihoods. More accurate

value of Ne↵ would also help constrain the energy density of the stochastic gravitational

wave background ⌦GW [105], as the gravitational waves behave as radiation.

Beyond a cosmic variance limited measurement of the optical depth, the E-mode measure-

ments by LiteBIRD constrain the precise reionization history [106]. In particular, the “dip”

in the E-mode power spectrum at ` ⇡ 20 in Fig. 3 can distinguish between instantaneous

reionization at a redshift of zreion and a reionization history extending to z > zreion. A recent

analysis [107] shows that an extended reionization history out to z & 10 may be preferred

11/27

Neutrino Sector

𝜎(Σmν) = 12 meV

≥ 3𝜎 detection NH ≥ 5𝜎 detection IH

Determination of 
neutrino hierarchy

(normal versus inverted)

Measurement of minimum mass

Improvement of Optical depth determination: 

Back-up
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📖 Dibert+ PhysRevD 2022

• LiteBIRD will be sensitive to any spatially-varying CMB 
spectral distortion, beyond the SZ effect

• Rayleigh scattering. LiteBIRD will have sensitivity to 
measure at 25-sigma (📖 Beringue et al. 2021) the frequency-
dependent CMB anisotropies due to Rayleigh scattering by 
HI at the LSS

➡ Such a detection would allow us to derive improved 
constraints on Neff and ∑mν

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

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

• Axion decay. LiteBIRD can look for polarized spectral 
distortions produced by resonant conversion of axions into 
photons by the Galactic magnetic field

25

Anisotropic CMB spectral distortions

LiteBIRD other science outcomes
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Galactic astrophysics

LiteBIRD other science outcomes
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Back-up

Josquin Errard (APC/CNRS), colloquium@CEA, October 4th 2021
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Back-up

Aiming at detection with >5𝜎 in case 
of Starobinsky model 

Baseline 
+ delensing w/Planck CIB & WISE 
+ extra foreground cleaning w/ high-
resolution ground CMB data 

0.945 0.960 0.975

Primordial tilt (ns)

10
�

4
10

�
3

10
�

2
10

�
1

T
en

so
r-

to
-s

ca
la

r
ra

ti
o

(r
)

Fig. 2 (Top) B-mode power spectra from primordial gravitational waves (purple lines) and

gravitational lensing (orange line), and the expected constraints from LiteBIRD (error bars).

The top to bottom lines show r = 0.01, 0.003, and 0.001. The solid lines show the sums of the

purple and orange lines. (Middle) Joint marginalized 68% and 95% CL constraints on the

primordial tilt ns and the tensor-to-scalar ratio r from LiteBIRD. The gray contours show

the current limits. The top blue contours show LiteBIRD’s constraints when the underlying

inflationary model is a Starobinsky’s R
2-like model [9] with rtrue = 0.004, whereas the bottom

contours show those for rtrue = 0. The yellow band shows the predictions of the ↵-attractor

class of inflationary models [35] for ↵ > 1/3. The Starobinsky model corresponds to ↵ = 1.

(Bottom) The improvement with delensing by Planck CIB+WISE data (which already exists,

denoted by green lines), and with delensing by CIB+WISE combined with high-resolution

ground-based CMB data at 3µK·arcmin (red line) are compared with the no delensing case

(blue line).

Model-dependent studies [39, 40] however arrive at the same conclusion when we redefine

�� as the characteristic scale of the inflaton field, which is defined as a range in which the

inflaton potential changes in a significant way. With �(r = 0) < 10�3 for 2  `  200, there-

fore, LiteBIRD would provide a fairly definitive statement about the validity of the most

important class of inflationary models, i.e. single field slow-roll models with �� exceeding

the Planck scale, which would constitute a milestone in cosmology.

Initially, when large-field inflationary models, which include m
2
�

2
, ��

4
, or more generally

V ⇠ M
4
pl(�/Mpl)n

, to give just a few examples, were in vogue, the expectation was that r

5/27
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PTEP
Setup

for the record



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

The 3 LiteBIRD Eyes

LFT

HFT

MFT

• Multi-chroic transition-edge sensor (TES) bolometer arrays 
cooled to 100 mK

• Polarization modulation unit (PMU) in each telescope with 
rotating half-wave plate (HWP), for 1/f noise and systematics 
reduction

• Optics cooled to 5 K

• Mass: 2.6 t
• Power: 3.0 kW
• Data: 17.9 Gb/day

LiteBIRD: PTEP Setup
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International Task Sharing
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LiteBIRD: PTEP Setup
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Focal Plane Configuration

280 337 402235195

1355 detectors
2 x 255 Dichroic TES 
338 Monochromatic TES

166 GHz 448 GHz

HFT (2.7:1)

40 50 60 68 78

LFT (5.7:1)

34GHz 161 GHz

89 100 140

1258 detectors
2 x (65 + 155) Trichroic TES

68 89

119

78

100 119 140 166 195

MFT (2.5:1)89GHz 225 GHz

2075 detectors
366 Trichroic TES 
588 Dichroic TES

• Transition-Edge Sensor (TES) arrays.
• Multichroic detectors.
• Number of sensors: 4508
• 15 bands including overlap      

between instruments.

Rule of thumb: 
1000 detectors in space 
= 100 000 detectors on 

ground 

Horn coupled detectors
Platelets

Lensed coupled detectors
Lenslets
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LiteBIRD: PTEP Setup
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SQUID controller
board

SQUID controller 
assembly

Signal 
Processing Unit Digitizer assembly

Digitizer 
assembly

• 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

Readout System

LiteBIRD: PTEP Setup
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• Projected polarization sensitivities for a 3-year full-sky survey
• Best of 4.3 μK·arcmin @ 119 GHz (Hazumi+ 2020)
• Combined sensitivity to primordial CMB anisotropies : 2.2 μK·arcmin 
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LiteBIRD: PTEP Setup



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

aperture stop
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📖 Sekimoto+ SPIE 2020

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

• Crossed-Dragone design
• Mirrors and aperture stop at 5 K
• Made of aluminium

• Field of view: 18°╳9°
• Strehl ratio > 0.95 (@ 140 GHz)
• Aperture diameter: 400 mm
• Frequency range: 40-140 GHz
• Angular resolution: 70-24 arcmin
• F#3.0 & cross angle of 90°
• Cross-polarization < -30 dB
• Rotation of the polarization angle across the 

FoV < ±1.5°
• Weight < 200 kg

Low Frequency Telescope (LFT)

LiteBIRD: PTEP Setup
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• Refractive optics
• Each telescope has PMU with a half-wave-

plate (HWP)
• Optics at 5 K
• Field of view: 28° 
• Simple and high heritage from ground 

experiments
• Compact (mass & volume)
• Simplified design for filtering scheme
• PP lenses + ARC
• Weight 180 kg

MFT HFT

ν (GHz) 100-195 195-402

Ap. diameter (mm) 300 200

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

📖 Montier+ SPIE 2020
Spin axis

Baffle HFT (5K)

Baffle MFT (5K)

HWP HFT (<18K)

Cold stop HFT (5K)

1st lens HFT (5K)

2nd lens HFT (5K)

HF-FPU (0.1K)

MF-FPU (0.1K)

2nd lens MFT (5K)

1st lens MFT (5K)

Cold stop MFT (5K)

HWP MFT (<18K)

28° FoV

28° FoV

📖 Lamagna+ SPIE 2020

Mid-High Frequency Telescopes (MFT / HFT)

LiteBIRD: PTEP Setup


