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Where do we stand (biased view & not exhaustive) ? 

Where do we go and how ? 
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Planck 2018 results. I. Overview and the cosmological legacy of Planck - Planck collaboration 

CMB spectra state of the art: Temperature & Polarisation 

curl-free even-parity 

divergence- free odd-parity 
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Planck 2018 results. I. Overview and the cosmological legacy of Planck - Planck collaboration 

The TT Planck spectrum 
is cosmic variance limited 
up to l=1600
It cannot be improved ! 

CMB spectra state of the art: Temperature & Polarisation 
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CMB spectra state of the art: Lensing 

> CMB photons are gravitationally deflected by large scale 
structures
> The amount of lensing deflection depends on the projected 
(dark+neutrinos..) matter density in that direction

credit: J. D
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CMB spectra state of the art: Lensing 

> CMB photons are gravitationally deflected by large scale 
structures
> The amount of lensing deflection depends on the projected 
(dark+neutrinos..) matter density in that direction
> Inferred from the correlations between temperature
and its gradient (or cross-correlation with other probes)

credit: J. D
elabrouille &
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Lensing potential
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and only one massive neutrino

What do we mean by ΛCDM ?  
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● Flat universe
● Gaussian, adiabatic fluctuations
● no primordial gravitational waves, 
● no running of the spectral index
… 

…

and only one massive neutrino
(sometimes 3 with equal masses..) 

Minimal ΛCDM ID CARD 

3 neutrinos not fully decoupled before 
electron-positron annihilation

, introduced to test the lensing 
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Primordial spectrum 
parameters 

Reionisation 
optical depth

Matter & Dark Energy Content, H0

10

ΛCDM: where do we stand ? 



Astroparticle symposium 2023 11

ΛCDM: where do we stand ? 

CMB TT data dominate 
the error bars 

TT and EE have ~ same weight 
in the error budget TODAY !   

will be improved 
in the future 
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Beyond ΛCDM…AL  

=> depends on the 
likelihood
=> points to something 
that is not fully under 
control ? 
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Beyond ΛCDM…Neutrino Mass, AL   

Planck 2018: 

Camspec: 

Sum of neutrino masses

PR4: 

=> depends on the 
likelihood
=> points to something 
that is not fully under 
control ? 
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Beyond ΛCDM…Neutrino Mass, AL..& Systematics !    

Planck 2018: 

Camspec: 

Sum of neutrino masses BUT !

The problem is…

high value of AL artificially tighter the constraints on the neutrino masses 

=> depends on the 
likelihood
=> points to something 
that is not fully under 
control ? 

PR4: 
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Inflation predicts the existence of two types of perturbations:
- fluctuations of the scalar inflaton field: scalar perturbations
- fluctuations of the gravitational field: tensor perturbations 

The so-called primordial gravitational waves ! 

“Tensor to scalar ratio”
Amplitude of the CMB Bmode 

spectrum at large scales

In slow-roll inflation (favored by current data): 
given it is generated by one scalar field:

First and 
second 
derivative of the 
potential 

Polarisation

17

Beyond ΛCDM…primordial Universe



Astroparticle symposium 2023 18

Beyond ΛCDM…r and nt  

primordial signal

Lensed
B modes
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Beyond ΛCDM…r and nt  
r0.05 < 0.032 at 95% CL

slow-roll single-field prediction
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Beyond ΛCDM…primordial Universe ? 

r0.05 < 0.032 at 95% CL

nt in [-1.21,3.54] @95%CL

+ updates
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What are the next steps & what to measure ?  
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Planck 2018 results. I. Overview and the cosmological legacy of Planck - Planck collaboration 

From present…



Astroparticle symposium 2023 23

TT

EE

BB

Into the future…
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Into the future…

TT

EE

BB

SPACE

We need to go to space
for the larger scales
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Into the future…

TT

EE

BB

SAT

SPACE

GROUND

We need to go to space
for the larger scales

To significantly increase 
the # of detectors, we 
need to be on the 
ground 
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Into the future…

TT

EE

BB

SAT LAT

SPACE

GROUND

We need to go to space
for the larger scales

To significantly increase 
the # of detectors, we 
need to be on the 
ground 

We need to be on the 
ground for the large 
telescopes required to 
study the small scales

=> Best TradeOff as up 
now
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credit: Josquin Errard

LAT &  SAT 

Simons Observatory in a nutshell
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Simons Observatory: SAT -  the instrument 
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April 2023

Simons Observatory: SAT - baffle and installation 
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Simons Observatory: LAT -  the instrument 
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Simons Observatory: LAT -  the instrument 
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Simons Observatory: LAT -  the instrument 

june
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Simons Observatory: detectors 
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From
 Josquin E

rrard, C
S

 IN
2P

3 July 2023

…a French SAT is also discussed 

Simons Observatory: SAT - TimeScales  
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• 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
• Expected launch ~2030 with 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, after component separation

35

LiteBIRD: overview 

• final targeted sensitivity is > 100 times 
better than Planck-HFI in polarized 
intensity.
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• 3 telescopes are used to provide the 40-402 GHz 
frequency coverage
1. LFT (low frequency telescope)
2. MFT (middle frequency telescope)
3. HFT (high frequency telescope)

• 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

36

The instruments and the payload 
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LiteBIRD focal planes 
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LiteBIRD sensitivity

Frequency [GHz]
• 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 (after 

foreground removal): 2.2 μK·arcmin 
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LiteBIRD full success / extra success 

 Fiducial model with r = 0

 Fiducial model = Starobinsky

LiteBIRD will also provide a cosmic variance 
limited measurement of the E modes 

39
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LiteBIRD full success / extra success 

40
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CMB-S4: the ultimate ground based ? 
R

. S
tom

por C
S

 IN
2P

3 July 2023

> Last years:
Tremendous effort 
on an
Analysis Of Alternatives

> In late 2022 : 
a new baseline 
design and a revised 
schedule 



Astroparticle symposium 2023 42

Timescales…
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Forecasts…
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Forecasts…

arbitrary single massless particle, which 
decouples from the SM at a temperature TF

freezeout temperature 
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Forecasts…

=> will provide a 2 to 4 σ determination of the 
neutrino mass ordering
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Outlook 

The coming years will be (continue to be) 
the golden age of the CMB !


