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LiteBIRD is a space mission selected by JAXA as its Strategic Large Mission scheduled for launch
in 2027. LiteBIRD represents the next generation of CMB mission after COBE, WMAP, and Planck.
The science goals of LiteBIRD are to detect the primordial gravitational waves through the measure of
the tensor-to-scalar ratio, r, and to characterize the CMB B-mode and E-mode spectra down to degree
scales with an unprecedented sensitivity. With a sensitivity after component separation which reaches
σ(r) = 10−4 on the tensor-to-scalar ratio, the mission defines “full success” for a final precision better
than σ(r) = 10−3 including the post-cleaning contributions of residual foreground and systematic effect
residuals. This will be achieved using LiteBIRD data only, without applying any correction for lensing.
A further improvement in the B-mode sensitivity will come from the combination of LiteBIRD and
ground-based data (including delensing). This creates the possibility for the first detection of a quantum
gravitational wave or, at the very least, will considerably improve the current upper limits by more than
one order of magnitude.

In addition, LiteBIRD will provide an ultimate measurement of large scale E-modes polarisation which
will allow constraining the reionization models as well as breaking degeneracies in determining other
cosmological parameters. LiteBIRD will also give access to unprecedented polarization maps in mul-
tiple frequency bands in mm-domain allowing for constraints on possible spectral distortions of the
primordial blackbody, testing parity violation in the early Universe as well as constraining the physics of
post-inflationary reheating.

This paper is tightly coupled with the proposals ”Cosmic inflation - theory” and ”Cosmic inflation from
ground based CMB polarization experiments”.



1 Background and current status
According to the hot Big Bang cosmology, the Universe started in a very dense, hot state, cooling down
due to adiabatic expansion and ultimately reaching its present state observed today. It is believed that
small initial perturbations assumed to have been generated early on grew owing to their own self-gravity,
thus giving rise to the current cosmic structures: filaments, clusters of galaxies, and the galaxies them-
selves. The initial perturbations also left an imprint of tiny fluctuations on the otherwise homogeneous
and isotropic background of primordial photons that we today observe as the CMB. Nearly all current
observations can be explained within this model, qualitatively and quantitatively. In its minimal form,
this model is referred to as the ‘concordance model’ and is specified by only six parameters. One of the
great challenges now is to understand the origin of these initial perturbations.

Cosmic Inflation [1–4] currently offers the best framework for explaining the origin of these initial con-
ditions. We refer to the companion paper ”Cosmic inflation - theory” for a detailed review on the
inflationary models which we will be able to constrain with LiteBIRD. Perhaps the most striking predic-
tion of inflation is that these ‘scalar’ perturbations should be accompanied by a stochastic background of
gravitational waves also generated during inflation. This prediction has not yet been tested. Their typical
amplitude on large scales is quantified by the so-called tensor-to-scalar ratio r. The current upper limit
on r is 0.07 at 95% confidence [5] which tightens to r < 0.06 (95% C.L.) in combination with Planck
temperature and other datasets [6].

from a ground or balloon observatory, Litebird will make a definitive statement on the detection of
the signal and greatly improve the quantitative constraints on the physics of inflation. The forecast
for Litebird’s ability to measure the primordial B-mode power spectrum is shown in Fig. D.1

FigureD.1: CMBB-mode polarization power
spectrum for tensor-to-scalar ratio r = 0.01.
The red and orange lines show the primor-
dial and lensing B-modes, and the black line
shows their sum. The blue line shows the noise
level after component separation, the red band
shows the total foreground power at 90 GHz
over 60% of the sky. Litebird is 40 times
more sensitive to primordial B-mode polariza-
tion than current experiments after account-
ing for foreground removal. In this simulation,
Litebirddetects both the reionization peak (at
ℓ ≃ 4) and the recombination peak (at ℓ ≃ 80)
at > 5σ for r = 0.01 which is an L1 requirement
(see § D.2)

The New Worlds, New Horizons Decadal Survey wrote “Detecting the B-mode polarization
pattern on the Cosmic Microwave Background impressed by gravitational waves produced during the
first few moments of the Universe both would provide strong evidence for the theory of inflation that
is so crucial to our understanding of how structures form, and would open a new window on exotic
physics in the early Universe in regimes not accessible even to the most powerful particle accelerators
on Earth.”

A detection of primordial gravitational waves with Litebird would indicate that inflation occurred
near the energy scale associated with grand unified theories, and would provide additional evidence in
favor of the idea of the unification of forces. Additionally, the energy scale of inflation has important
implications for other aspects of fundamental physics, such as axions and, in the context of string
theory, the fields that control the shapes and sizes of the compact dimensions.

There are only two classes of models that naturally explain the observed value of the scalar
spectral index ns and are consistent with current data. The two classes consist of models with
potentials that (during inflation) are well approximated by a monomial, V (ϕ) ≈ µ4−pϕp, and models
in which the potential density V (ϕ) approaches a plateau, either polynomially or exponentially over
a characteristic scale M in field space. For a particularly well-motivated sub-class the characteristic
scale M and the gravitational scale share a common origin so that the characteristic scale is Planckian,
M ≈ MP . This class includes the well-known Starobinsky model [5] and Higgs inflation [6]. An upper
limit from Litebird would disfavor both monomial models and plateau models with a Planckian
characteristic scale.

To summarize, Litebird is designed to discover or disfavor the best motivated inflation models,
that is, monomial models and all models in which the gravitational scale and the characteristic scale
share a common origin. Representative models and constraints achievable by Litebird are shown in
Fig. D.2

On the largest angular scales, the polarization anisotropies are generated by scattering of photons
during the reionization epoch at z ≃ 6–10. The large-scale polarization anisotropies measured by
Litebird carry information on the nature of the epoch of reionization and will constrain models of
the first stars. Beyond information about reionization itself, the optical depth to the surface of last
scattering is a key parameter that currently limits any constraints that rely on comparisons of the
amplitude of CMB anisotropies and clustering of the matter distribution, such as the measurement
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Figure 1. CMB B-mode polarization power spectrum for tensor-to-
scalar ratio r = 0.01. The red and orange lines show the primordial
and lensing B-modes, and the black line shows their sum. The blue line
shows the noise level after component separation, the red band shows
the total foreground power at 90 GHz over 60% of the sky. LiteBIRD is
40 times more sensitive to primordial B-mode polarization than current
experiments after accounting for foreground removal. In this simula-
tion, LiteBIRD detects both the reionization peak (at ` ' 4) and the
recombination peak (at ` ' 80) at more than 5σ for r = 0.01.

Although these gravitational waves leave their
trace on all CMB temperature and polarization
anisotropies, the B-mode of the CMB polariza-
tion offers the most sensitive way to detect large-
wavelength primordial gravitational waves of the
sort generated during inflation. This is because the
ordinary ‘scalar’ perturbations cannot excite the B
mode at linear order, and thus any confusion in the
primordial gravitational wave detection can come
only due to the B-mode signal generated through
the higher-order corrections (such as from grav-
itational lensing). The statistical weight of the
primordial B-mode signal is concentrated in two
windows: the reionization bump, on very large
angular scales; and the recombination bump, on
scales slightly exceeding 1 degree, at least for suf-
ficiently large values of r. LiteBIRD aims at de-
tecting both these features which would unequivo-
cally demonstrate the primordial nature of the de-
tected signal (see Fig. 1).

2 Science Objectives
LiteBIRD is a satellite mission selected by the JAXA as its Strategic Large Mission scheduled for launch
in 2027. The LiteBIRD’s design will permit achieving the science goals described in this section focusing
on those aspects of the B-mode science, that can be reliably delivered only from space and that can be
achieved without a removal of the small-scale lensing signal.

Inflation. The primary scientific objective of LiteBIRD is the discovery of primordial gravitational
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Figure D.2: Litebird constraints for a fiducial model with r = 0. The lighter and darker green
regions show 68% and 95% confidence level upper limits. Also shown are representative individual
models within reach of Litebird. The monomial models are shown with a blue band that extends to
the furthest right [7]). They are nearly ruled out by current data. The remainder of the models are of
plateau type. These include Starobinsky (R2) and Higgs which are shown as orange dots [5, 6]. The
purple lines show the Poincare disks (α−attractors) [8, 9]. The yellow to red lines also show plateau
models. Both of the last sub-classes of model are parameterized by the the characteristic scale M
parameter, and the models are detectable by Litebird when M ! Mp, the Planck scale.

of the sum of neutrino masses. Litebird will provide a cosmic-variance-limited measurement of E
modes at low multipoles and will enable cosmological measurements of the sum of neutrino masses by
high-resolution ground-based CMB experiments such as the South Pole Observatory (SPO), Simons
Observatory (SO), and CMB Stage-4 (CMB-S4).

Finally, the Litebird all-sky polarized maps in 15 frequency bands will be a rich legacy data set
for understanding the large-scale magnetic field structure in the Milky Way Galaxy, and have 5 times
greater sensitivity to primordial magnetic fields than Planck.

In summary, the deliverables of the Litebird mission are:

• An all-sky search for the fingerprints of inflation in the CMB sensitive to models in which
inflation occurs at high energy and large field range;

• A cosmic-variance-limited measurement of the large-scale E-mode polarization, enabling cos-
mological measurements of the sum of neutrino mass, and improving the determination of when
the Universe was reionized by the first stars;

• A full-sky map of dust and synchrotron polarization, giving measurements of the large-scale
magnetic-field structure of the Milky Way.

WhySpace? The ultimate measurement of polarized CMB anisotropy at degree and larger angular
scales will be made from space due to advantages in (i) the ability to characterize and subtract
Galactic foregrounds, and (ii) a benign environment giving stringent control of systematic errors.
It is these advantages that create the possibility of detecting both the recombination peak at ℓ ≃
80 and the reionization peak at ℓ ≃ 4, whereas only recombination-peak measurement has been
clearly demonstrated from the ground. As highlighted earlier, high-significance detections of both
peaks would provide firm evidence that we have detected the signature of inflation. Space-based
measurements also have advantages for foreground subtraction and systematic errors: all frequencies
are accessible unlike on the ground where water and oxygen lines block access and reduce the ability
to build a detailed model of the foreground emission; detector sensitivity is higher in space than on
the ground, the disparity increasing rapidly with frequency, giving much better per-detector leverage
on Galactic dust measurements from space; and the absence of atmospheric emission and its large
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Figure 2. LiteBIRD constraints for a fiducial model with r = 0. The lighter and darker green regions show 68% and 95% confidence level
upper limits. Also shown are representative individual models within reach of LiteBIRD. The monomial models are shown with a blue band
that extends to the furthest right [7]. They are nearly ruled out by current data. The remainder of the models are of plateau type. These include
Starobinsky (R2) and Higgs which are shown as orange dots [8, 9]. The purple lines show the Poincare disks (α-attractors) [10, 11]. The yellow
to red lines also show plateau models. Both of the last sub-classes of model are parameterized by the characteristic scale M parameter, and the
models are detectable by LiteBIRD when M &Mp, the Planck scale.

waves predicted to have been generated during the epoch of Cosmic Inflation. LiteBIRD will be capable
of constraining with high precision the total B-mode spectrum in the multipole number range up to
` ∼ 200 (see Fig. 1). This shows that LiteBIRD will have be capable of detecting two bumps of the
primordial spectrum if r is high and of setting marginal constraints on r as low as r ≈ 0.001.

Indeed, LiteBIRD’s constraint on the total B-mode spectrum will be cosmic variance limited up to ` ≈
200 independently on the value of r with a potential exception of the lowest multipoles, which will be
affected by extra uncertainty due to the foreground removal, in particular if r is low. These levels of
sensitivity are certain to shed new light on our understanding of physics of the very early Universe in
general and of inflation in particular. They will also start to restrict significantly the parameter space
available for viable models of inflation. Indeed, a precision on r of order 10−3 will permit a robust
detection of the ‘next-order’, ‘natural’ expectation for r, and would entail important repercussions for
a number of existing models. For instance, setting an upper limit on r of order O(10−3) would falsify
large-field models as well as the popular Starobinsky model, as shown in Fig 2.

These forecasts include extra uncertainty due to gravitational lensing induced B-modes present on the
large angular scales, demonstrating that LiteBIRD can achieve its stated science goals without any de-
lensing. However, LiteBIRD will be well matched to the next generation of the ground efforts as planned
for the next decade, allowing for follow up and joint analyses, which will further extend LiteBIRD’s
impact and its legacy (see also the complementary proposal ”Cosmic inflation from ground based CMB
polarization experiments”).

Large-angular scale CMB E-mode polarization. LiteBIRD will address many other science goals
requiring large or intermediate resolution. Notably, this will include mapping the E-modes of the CMB
polarization with exquisite precision. At low `, the measurement of E-modes by LiteBIRD will be limited
only by unavoidable cosmic variance, thus constraining the reionization optical depth with unprecedented
accuracy of σ(τ) = 2 × 10−3 (where the Planck value τ = 0.055 is assumed). This measurement
will not only provide constraints on reionization models, but will also greatly reduce the degeneracies
in determining the cosmological parameters from the CMB, in particular removing the degeneracies
in the overall amplitude of the B-mode lensing signal, and thus help enabling absolute neutrino mass
determinations.
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Multi-frequency polarized sky maps. High precision large-scale measurements of the CMB polarized
anisotropies taken in multiple frequency bands will constitute the true legacy of LiteBIRD. Exploiting
these full-sky polarization maps will provide important clues about the physics of Galactic foregrounds,
which will directly inform Galactic model building, in particular concerning large-scale magnetic fields.
Such measurements will also set limits on possible distortion of the energy spectrum from the perfect
blackbody form, producing high-fidelity maps of the µ and y parameters and thus constraining energy
generation by exotic process as well as the physics of the cosmological reionization. In models where the
dark matter consists of axions, the conversion of CMB photons into axions by a magnetic field can also
imprint a recognizable spectral distortion, turning the large angle CMB sky into a probe of dark matter.

Exotic physics and non-standard models. In addition to these primary science objectives, a clean map
of the primordial CMB polarization on large scales will also shed light on more exotic physics possibly
at play in the primordial universe, on departures from the standard paradigm, and on new phases in the
early universe, which are poorly constrained. These maps will allow new searches for non-Gaussianity,
possible couplings of the inflaton to a spectator field (including EB correlations, letpon and baryon
asymmetry, etc.), parity violation (either at a fundamental level or through primordial magnetogenesis),
and constraints on the physics of post-inflationary reheating.

3 Experimental approach
A reliable detection of the B-mode signal poses numerous outstanding challenges for the instrument, its
operations as well as data analysis, which a successful experiment will have to address. LiteBIRD has
been specifically designed to overcome them in order to deliver the science goals defined in the previous
Section.

SENSITIVITY. The noise of modern CMB detectors is limited by the intrinsic fluctuations of incident
photons, which generate noise many orders of magnitude higher than the sought after signal.
B LiteBIRD will employ kilo-pixel arrays of very sensitive detectors, operated in a very low background
environment at L2 and with the cooling of the optics down to 5K. LiteBIRD’s operations over 3 years
will result in a uniform sky coverage ensuring the required on-the-sky sensitivity of ∼ 2.5µK·arcmin
(more than an order of magnitude deeper than Planck-HFI).

LONG-TERM TRENDS. The time drifts and long-term correlations are particularly relevant for observa-
tions of large-angular scales, which can be scanned only over long time periods.
B LiteBIRD’s one-axis stabilized satellite, operated from L2 (the most stable environment accessible
for CMB observations), permits complex scanning strategies, which will be optimized to mitigate any
residual long term drifts and correlations, ensuring that any beam-size pixel will be revisited on multiple
time-scales and crossed from different directions. LiteBIRD’s active polarization modulator, a half-wave
plate (HWP), will move the polarized sky signals to frequencies sufficiently high that any contributions
from long-term effects will be negligible.

INSTRUMENTAL EFFECTS. The B-mode signal has to be detected in the presence of much larger signals,
such as total intensity and E-mode polarization of the CMB. Any spurious B-mode contribution resulting
from conversion of these signals via instrumental effects is likely to dominate the primordial signal.
B LiteBIRD’s HWP placed as the first optical element will permit a robust differentiation of the spurious
polarization generated by the instruments optics. The HWP will also facilitate the reconstruction of the
sky signal separately from the data of each LiteBIRD detector, minimizing the effects due to beam or
band-pass mismatches between the detectors. LiteBIRD optics will be designed to minimize the stray-
light using high quality lenses, anti-reflection coating and proper shielding.
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fluctuations give much higher gain stability of the instrument and measurement and therefore higher
fidelity maps, especially on the largest angular scales ℓ < 30.

Litebird’s ability to measure the entire sky at the largest angular scales with 15 frequency bands
is complementary to that of ground-based experiments which will focus on deep observations of
low-foreground sky to search for an inflationary signal. Litebird can provide valuable foreground
information for ground-based experiments and ground-based experiments can improve Litebird’s
observations with high-resolution lensing data.

From now until Litebird’s 2028 launch, SPO and SO will be the most sensitive ground-based
CMB experiments in the search for inflation. SO and CMB-S4 plan wide, high-resolution surveys
in addition to the deep inflation surveys. They will measure 60% and 70% of the sky respectively
with data that will be effective for delensing Litebird data. CMB-S4 has comparable raw sensitivity
to inflationary B-modes as Litebird, but it will focus on the recombination peak alone. CMB-S4
is scheduled to be fully operational in 2028 with a seven-year data-taking period[10]. Litebird is
scheduled for launch in 2028 and has a nominal three-year mission duration. The Litebird and
CMB-S4 collaborations are exploring a Memorandum of Understanding to enable both experiments
to enhance their reach using elements of the other’s data.

D.2 Investigation Requirements and Baseline Investigation The Litebird instrument &
mission requirements are derived from the focused goal of detecting or constraining the gravitational
wave signal from inflation, characterized by the tensor/scalar ratio r, as described in Section D.1.
The translates to two Level 1 (L1) science requirements: L1.1: The mission shall measure the tensor-
to-scalar ratio r with a total uncertainty of δr < 1 · 10−3. This value shall include contributions from
instrument statistical noise fluctuations, instrumental systematics, residual foregrounds, lensing B-
modes, and observer bias, and shall not rely on future external datasets; L1.2: The mission shall
obtain full-sky CMB linear polarization maps for achieving > 5σ significance using 2 ≤ ℓ ≤ 10 and
11 ≤ ℓ ≤ 200 separately, assuming r = 0.01 and a fiducial optical depth of τ = 0.05. While the
successful Litebird mission will also deliver other exciting science such as a cosmic-variance-limited
measurement of the optical depth to reionization and an unprecidented map of Galactic structure,
the strategy of the focused mission is to derive all mission requirements only from the above L1
requirements.
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Figure D.3: Left: Frequency band position and sensitivity. Right: RMS polarized intensity
smoothed with a 2◦ beam, in units of antenna temperature. The cyan and red dashed lines show
synchrotron and thermal dust emission, respectively. “EE” , “lensing BB” , and “tensor BB” show the
RMS values of E-mode polarization, B-modes from lensing, and B-modes from gravitational waves
with Litebird’s target tensor-to-scalar ratio of r = 10−3, respectively. The black solid line shows the
sum of synchrotron and dust over 56% of the sky. The dotted line shows 1% of the black solid line.
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Figure 3. Left panel: Frequency bands and their sensitivity, compared with the main diffuse foregrounds emissions. Frequency bands and
associated sensitivity are optimized to ensure a good signal-to-noise across frequencies, therefore ensuring the best performance in cleaning the
astrophysical components and extracting the primordial signals. Right panel: Foreground amplitude in the CMB channels prior (gray shaded
area), and after component separation compared to CMB signal (E-modes and B-modes). The foreground signal is suppressed by nearly five
orders of magnitude. The red area shows statistical residual only, 1σ, and no systematic effects have been accounted for.

NON-COSMOLOGICAL SIGNALS. The Galactic emissions are recognized as one of main limiting factors
in the quest for the primordial B-mode signals. These so-called foregrounds are poorly known in par-
ticular as far as their polarization is concerned. One has to rely on either their frequency scaling being
different from that of the CMB or differences in morphology between the two signals.
B To remove the Galactic emissions, LiteBIRD will use 15 frequency bands spanning a broad range of
frequencies which will permit separating signals of different origins using variety of different and com-
plementary data analysis techniques. The optimization of the frequency bands of LiteBIRD as well as
the per band sensitivities is an on-going process, where progressively more complex Galactic emission
models as well as data analysis techniques are developed and applied to forecasting (see Fig. 3).

4 Design

Figure 4. LiteBIRD Low, Medium and High Fre-
quency Telescopes. Three telescopes are needed to
achieve the LiteBIRD science goals.

LiteBIRD will observe the sky in 15 overlapping frequency
bands spanning the range from 50GHz up to 402GHz
(Fig. 3). The frequency range is achieved using three tele-
scopes actively cooled to 5K (Fig. 4): a reflecting Low-
Frequency Telescope (LFT), and two refractive Medium-
and High-Frequency Telescopes (MFT & HFT). The three
instruments will include overlapping frequency coverage in
the CMB bands from 100 up to 140 GHz for LFT/MFT and
at 195 GHz for MFT/HFT. The instrument resolution will
range from 70 to 18 arcmin (24 arcmin at 140 GHz). Lite-
BIRD will include 4600 transition edge sensors (TES) de-
ployed on the three telescopes cooled to 100mK.

Each LiteBIRD telescope will have its own continuously ro-
tating half-wave plate (HWP) as the first element of its opti-
cal chain to modulate the polarization. This choice ensures
a measurement of polarized signal for each individual detec-

tor on all sky positions, without requiring for scanning redundancy, by suppressing the 1/f noise and
mitigating systematic errors (including beam and polarization non-ideality, gain variation, and bandpass
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mismatch).

LiteBIRD will operate over 3 years, observing the full sky multiple times. Its scanning strategy will
combine multiple simultaneous motions of the telescopes, each with a different characteristic time scale,
capitalizing on the flexibility of the one-axis stabilized spacecraft.

5 Project Organisation
The project has been selected by JAXA on may 2019 for the second Strategic Large mission. The JAXA
budget covers the launch as well as the payload and the Low Frequency Telescope. The US scientists are
involved in LiteBIRD with a proposal sent to NASA during the summer 2019 dedicated to the provision
of the 3 focal planes together with the cold electronics. Europe is studying taking the responsibility of
the Medium- and High-Frequency Telescope with a potential leading role of CNES.

The French CMB community is heavily involved in LiteBIRD both on the hardware and software prepa-
ration. Both the European spokes-person and the MHFT system engineer are french. The LiteBIRD-
France team was composed of 54 people from 11 institutes during the CNES phase-A1 (2018-2019).
About 30 people are already official LiteBIRD external members. The project is actually supported
by the French CMB community. An endorsement letter has gathered more than 178 signatures. This
demonstrates the level of interest and the support of the community for the project.
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