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LiteBIRD overview

Date Conference1/N

• Lite (Light) satellite for the study of B-mode polarization and Inflation 
from cosmic background Radiation Detection
• JAXA’s L-class mission 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

Oct 16th-18th, 2024 X Meeting on Fundamental Cosmology
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LiteBIRD Collaboration.

● Unlike cluster catalogues, which only capture thermal Sunyaev-
Zeldovich (SZ) emission from massive, well-resolved clusters, the 
Compton y-map probes the entire hot gas distribution over the sky.

● The Planck Compton y-map is the first and unique all-sky map of
the thermal SZ effect to date.

● Despite low angular resolution for galaxy cluster science, LiteBIRD
offers enhanced sensitivity, full-sky coverage, and multiple
frequency bands compared to Planck.

● LiteBIRD is well-positioned to deliver the next all-sky thermal SZ
map, with reduced foreground contamination compared to Planck.

➔ Important legacy data from LiteBIRD
➔ Important impact on cosmology and astrophysics

● We propose to combine both LiteBIRD and Planck channels to
leverage the advantages of each experiment for optimal y-map
reconstruction and improved constraints on σ8.

arXiv:2407.17555
M. Remazeilles

https://arxiv.org/abs/2407.17555


•  Comprehensive sky simulations

•  Both LiteBIRD and Planck instruments

• Including 1/𝑓 noise
 

Sky simulations for LiteBIRD and Planck

M. RemazeillesarXiv:2407.17555

https://arxiv.org/abs/2407.17555


LiteBIRD + Planck Planck

Combining LiteBIRD and Planck channels 
for component separation with NILC

Needlet 
windows

NILC enables the combination 
of multi-resolution frequency  

data from different experiments

Remazeilles, Aghanim, Douspis 
MNRAS (2013)
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LiteBIRD channels enhance foreground 
cleaning, while Planck channels provide 
resolution beyond LiteBIRD beam limits

arXiv:2407.17555

https://arxiv.org/abs/2407.17555


red spots are galaxy clusters

Thermal SZ y-map reconstruction
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red spots are galaxy clusters

Thermal SZ y-map reconstruction
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After component 
separation
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red spots are galaxy clusters

Thermal SZ y-map reconstruction
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After component 
separation
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red spots are galaxy clusters

Thermal SZ y-map reconstruction
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After component 
separation

arXiv:2407.17555

https://arxiv.org/abs/2407.17555


Improvement in SZ map quality from Planck to LiteBIRD, 
and from LiteBIRD to joint LiteBIRD-Planck

M. Remazeilles

Comparison of y-maps around Coma

arXiv:2407.17555

Background 
RMS=0.64

Background 
RMS=0.35

Background 
RMS=0.32

https://arxiv.org/abs/2407.17555


Residual noise contamination 

M. RemazeillesarXiv:2407.17555

Reduction in noise contamination from Planck to LiteBIRD, 
with further reduction in the joint LiteBIRD-Planck y-map

https://arxiv.org/abs/2407.17555
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Reduction in CIB contamination from Planck to LiteBIRD, 
with further reduction in the joint LiteBIRD-Planck y-map

Residual CIB contamination 

https://arxiv.org/abs/2407.17555
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Residual Galactic foreground contamination 

Reduction in Galactic contamination from Planck to LiteBIRD, 
with further reduction in the joint LiteBIRD-Planck y-map

https://arxiv.org/abs/2407.17555


Significant contamination 
in the Galactic plane

98% sky

Reconstructed y-map over 98% of the sky
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After component 
separation
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98% sky

Reconstructed y-map over 98% of the sky
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After component 
separation

arXiv:2407.17555

LiteBIRD channels enhance
foreground cleaning, revealing

clusters in Galactic plane

https://arxiv.org/abs/2407.17555


y-map power spectrum and residuals

M. RemazeillesarXiv:2407.17555

SZ power spectrum
and residuals

Planck

https://arxiv.org/abs/2407.17555
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y-map power spectrum and residuals

arXiv:2407.17555

Noise and foreground residuals 
reduced by an order of magnitude 
at large and intermediate scales 

SZ power spectrum
and residuals

LiteBIRD + Planck

https://arxiv.org/abs/2407.17555


One-point PDF of y-map and residuals

M. RemazeillesarXiv:2407.17555

Reduction of noise and 
foreground residuals from 

Planck to LiteBIRD, with 
further reduction in joint 
LiteBIRD-Planck y-map

https://arxiv.org/abs/2407.17555


LiteBIRD 1/f noise reduced below
the SZ signal at all multipoles after
component separation with NILC

1/𝑓 noise (𝑓!"## = 100 mHz)

white noise

1/𝑓 noise (𝑓!"## = 30 mHz)

Impact of LiteBIRD 1/𝑓 noise

M. RemazeillesarXiv:2407.17555
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15% reduction in 
uncertainty on 

S8 = σ8(Ωm / 0.3)0.5

from the combined
LiteBIRD-Planck y-map

Non-Gaussian
contribution to SZ 
cosmic variance 

included

Cosmological parameter constraints

M. RemazeillesarXiv:2407.17555

https://arxiv.org/abs/2407.17555


Thermal SZ effect from patchy reionisation
Cross-correlating the LiteBIRD SZ map with the CMB-S4 optical depth map

(following Namikawa, Roy, Sherwin, Battaglia, Spergel, PRD 2021)

M. RemazeillesarXiv:2407.17555

LiteBIRD will provide preliminary
evidence of the faint thermal SZ 
signal from pachy reionisation

with a modest SNR of 1.6

https://arxiv.org/abs/2407.17555
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• Relativistic SZ effect and gas temperature (capitalizing on LiteBIRD’s high frequencies > 300 GHz)

• ISW-SZ cross-correlation at large angular scales

• CMB monopole y-distortion

• Two-halo contribution to SZ power spectrum at low multipoles

• Testing theories of structure formation via hot-gas tomography from SZ-LSS cross-correlations

• Quadrupole-like SZ effect from structures in local Universe such as the Milky Way or local supercluster

• SZ-coloured dipole-modulated CMB anisotropies via SZ-CMB cross-correlation as an alternative 
measurement of the dipole with higher significance than Planck Collaboration LVI (2020)

• Testing decaying dark matter models with SZ

Perspectives on diffuse SZ science 
from a clean all-sky LiteBIRD y-map



• Capitalizing on LiteBIRD + Planck 
high frequencies above 300 GHz to 
disentangle the relativistic SZ effect

• LiteBIRD narrow bandpasses will also 
help detection

𝐼! "𝑛 = 𝑦 "𝑛 𝑓(𝜈, 𝑇"( "𝑛))

Relativistic SZ effect

M. Remazeilles

rescaled 
amplitudes
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Fig. 2.—Effects of subtracting the clusters resolved in the X-ray and sub-
millimeter bands. Circles show the angular power spectra without the sub-
traction. Dashed and solid lines are the spectra after removing the X-ray clusters
above the flux limit of 10!12 and 10!13 ergs cm!2 s!1 in the 0.5–2 keV band,
respectively. Dotted and dot-dashed lines represent the subtraction of the SZ
clusters at 350 GHz above and 50 mJy, respectively.S = 100350 GHz

Fig. 3.—Dependences on j8 of angular power spectra at in threel = 100
representative cosmological models: LCDM (solid lines), OCDM (dashed),
and SCDM (dotted). The upper panel shows the Poissonian (thin lines) and
clustering (thick lines) power spectra separately, while the lower panel illus-
trates ratios between them. Triangles indicate reference lines proportional to
and in the upper and lower panels, respectively. Circles in the lower6 !1.5j j8 8

panel represent the j8 value inferred from the cluster abundance in each cos-
mological model (Kitayama & Suto 1997).

3. RESULTS AND DISCUSSIONS

3.1. Poissonian and Clustering Contributions to the
Sunyaev-Zeldovich Fluctuations

Figure 1 shows the predicted power spectra of the y-param-
eter in the SS and three ED ( , 0, 1) models. Theyy(P, C)C e = !1l
correlation term amounts to around one-fifth of the Pois-yy(C)Cl
sonian term at , and we will show later thatyy(P)C l ! 100l

even dominates in some practical situationsyy(C) yy(P)C Cl l
(Fig. 2). For comparison, the primary anisotropy expected in
units of the Rayleigh-Jeans temperature is overlaid on the same
figure. The SZF signals are shown to be subdominant except
at . However, the simulations of Hobson et al. (1998)l " 2000
indicate that the SZF can be separately reconstructed from the
CMBR map by the Planck satellite with great accuracy, es-
pecially at large angular scales ( ). This is fully due tol ! 500
the specific spectral features of the SZ effect in contrast to the
primary signal and other secondary sources. The angular res-
olution of the Planck, on the other hand, seriously limits the
accuracy of reconstruction at small angular scales ( ).l " 1000
The SZF spectra at is quite insensitive to the detailsl ! 500

of core evolution models. This feature can be understood by
looking at the angular Fourier transformation of y(v) (see
eq. [1]):

!lvcn r v e /l, lv k 1,e0 c c cy ∝ (6)l 2{n r v , lv K 1.e0 c c c

The spectrum at large angular scales is solely determined by
the gas mass ( ), while the small-scale spectrumy ∝ M!1Kl v gasc

depends on the core radius [ ]. In what!lvcy ∝ M e /(lr )!1kl v gas cc

follows, therefore, we focus mainly on the large-scale spectrum
and consider only the SS model.
In practical observations, one will be able to remove from

the reconstructed SZF map bright clusters already resolved in
X-ray observations or via the SZ effect itself. Figure 2 illus-
trates the expected SZF spectra after excluding the clusters
above some threshold X-ray fluxes, and!12S (0.5–2 keV) = 10X
10!13 ergs cm!2 s!1, or submillimeter fluxes at 350 GHz,

and 100 mJy. These values roughly correspond toS = 50350 GHz
the limiting fluxes in the ROSAT All-Sky Survey (Ebeling et
al. 1997) and the ROSAT Deep Cluster Survey (Rosati et al.
1998) and expected 3 j and 6 j noise levels in the Planckmap,
respectively. To compute the X-ray and submillimeter fluxes
of clusters, we have used the same methods described in Ki-
tayama & Suto (1997) and Barbosa et al. (1996), respectively.
We find that the Poissonian term is greatly reduced afteryy(P)Cl
the subtraction of bright clusters, and the correlation
term indeed dominates at . This reflects theyy(C)C l ! 200l
greater contribution of the correlation term at higher zyy(C)Cl
and smaller l, since yy(C) yy(P)C /C ∼ n(M, z)P[k = l/r(z)] ∼l l c

, where on cluster scales.2 2 !1n(M, z)b (M, z)D (z)r(z)/l P (k) ∼ km
We should therefore take into account in the analysis ofyy(C)Cl
the SZF, and it will possibly be detected by removing the

• Masking massive clusters in the 𝑦-map 
to “gaussianize” it and enhance the 
two-halo contribution over the one-halo 
signal in the diffuse SZ power spectrum 
at low multipoles

Two-halo contribution to diffuse SZ effect

M. Remazeilles

Komatsu & Kitayama (1999)

(one-halo)

(two-halo)

See “Rotti, Bolliet, Chluba, and 
Remazeilles, MNRAS (2021)”
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FIG. 3. Left: The cross-correlation power spectrum between the ISW and SZ effects. For comparison, we also show the
power spectra of ISW and SZ effects and the CMB anisotropies. Right: The cumulative signal-to-noise for the detection of
the ISW-SZ correlation with Planck and MAP data and using spectral dependence of the SZ contribution to separate it out
from thermal CMB fluctuations. The maximum signal-to-noise is when the ISW effect is separated from the dominant primary
fluctuations at the last scattering surface.

B. ISW-SZ Correlation

Following the derivation of the ISW-large scale
structure correlation, we can also consider the cross-
correlation between the ISW effect and the Sunyave-
Zel’dovich thermal effect [8] due to inverse-Compton
scattering of CMB photons via hot electrons. The tem-
perature decrement due to the SZ effect can be written
as the integral of pressure along the line of sight

y ≡
∆T

TCMB
= g(x)

∫

dra(r)
kBσT

mec2
ne(r)Te(r) (31)

where σT is the Thomson cross-section, ne is the elec-
tron number density, r is the comoving distance, and
g(x) = xcoth(x/2)− 4 with x = hν/kBTCMB is the spec-
tral shape of SZ effect. At Rayleigh-Jeans (RJ) part of
the CMB, g(x) = −2. For the rest of this paper, we
assume observations in the Rayleigh-Jeans regime of the
spectrum. Due to the spectral dependence of the SZ ef-
fect when compared to CMB thermal fluctuations, the SZ
signal can be extracted from CMB fluctuations in multi-
frequency data [34]. Here, we use expected results from
such a frequency separation with Planck and MAP data,
and consider the ISW-SZ cross-correlation by correlat-
ing the CMB and SZ maps. When calculating signal-to-
noise, we will use the noise power spectra calculated in
[34] for the Planck SZ and CMB maps.
Following our discussion on the ISW-large scale struc-

ture correlation, we can write the relevant window func-
tion for the SZ effect as

W SZ(r) = g(x)
kBσT bg(r)n̄e

a(r)2mec2
(32)

where, at linear scales corresponding to the ISW effect,
the pressure bias, bg, relative the density field follows
from arguments based on the halo approach to large scale
pressure fluctuations [25,33]:

bg(z) =

∫

dM
M

ρ̄

dn(M, z)

dM
bhalo(M, z)Te(M, z) . (33)

Here, Te(M, z) is the electron temperature, which can be
calculated through arguments related to the virial theo-
rem. In Eq. 32, n̄e is the mean density of electrons today.
In figure 3, we show the cross-correlation between the

ISW and SZ effects. For comparison, we also show the
ISW and SZ power spectra. The correlation coefficient
for the ISW-SZ effect ranges from 0.3, at l ∼ few tens to
0.1 at l ∼ few hundred suggesting that ISW and the SZ
contributions are not strongly correlated. This could be
understood based on the fact that contributions to the
SZ effect primarily comes from the so-called 1-halo term
of the halo models of non-linear clustering and not the
2-halo term that tracers the large scale correlations and,
thus, the linear density fluctuations responsible for the
ISW effect.
In the same figure, we also show the signal-to-noise for

the detection of the ISW-SZ cross-correlation. For an
experiment like Planck, we find that the signal-to-noise
ratio is at the level of ∼ 4, while for MAP, it is at the
level of 0.3; this is understandable as MAP has no high
frequency information for a reliable separation of the SZ
effect. In order to investigate what limits the signal-to-
noise for the detection of the ISW-SZ correlation with a
mission like Planck, we decided to set the noise contri-
bution to the ISW effect as simply due to the ISW effect

6

• Expected y-T cross-correlation at 
large angular scales between SZ 
and CMB temperature anisotropies 
due to the ISW effect

• LiteBIRD all-sky SZ map provides 
access to largest angular scales

ISW-SZ cross-correlation at large scales

M. Remazeilles

Cooray (2001)



Conclusions
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• An all-sky map of the thermal SZ Compton y-parameter probes the entire hot gas 
distribution across the Universe

• LiteBIRD’s enhanced sensitivity and frequency coverage outperform Planck's SZ mapping 
results over the entire sky

• The combined LiteBIRD-Planck SZ map leverages both Planck's angular resolution and 
LiteBIRD's sensitivity

• Noise and foreground contamination reduced by a factor of 10 at large and intermediate 
scales in the combined LiteBIRD-Planck SZ map compared to the Planck  SZ map

• Constraints on 𝑆! = 𝜎! ⁄Ω" 0.3 #.% improved by 15% compared to Planck SZ map

• Many perspectives on diffuse SZ science from the all-sky LiteBIRD y-map

arXiv:2407.17555

https://arxiv.org/abs/2407.17555

