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The context: ESA science in 2035-2050

From Voyage 2050 web site



This process will
decide what science 
will be done by the 
three next L-class 
missions!

But we are not 
asked for mission 
proposals!

The context: ESA science in 2035-2050

From Voyage 2050 call



The context: ESA science in 2035-2050
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Spectral distortions
Jens Chluba et al.

CMB Backlight
Kaustuv Basu et al.

High redshift structures
Marta Silva et al.

Microwave survey
Jacques Delabrouille et al.

A coordinated microwave observation programme

3 SYNERGISTIC DESIGN-DRIVING SCIENCE CASESL-CLASS MISSION



Slide from Eiichiro Komatsu
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CMB fluctuations
at z≈1000

CMB interactions at z<10

NEW

NEW

CMB spectral distortions
0 < z < 2,000,000

NEW

Observe the Universe in the Microwave

Atoms, molecules, dust at z<10

Im
age credit: ESA



CMB fluctuations
at z≈1000

CMB interactions at z<10

NEW

NEW

CMB spectral distortions
0 < z < 2,000,000

NEW

Observe the Universe in the Microwave

Atoms, molecules, dust at z<10

Im
age credit: ESA

A microwave spectro-polarimetric 
survey to probe matter and radiation 
across space, time, and scales in the 

entire observable Universe



Why microwaves?
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1- Most of the radiation in the 
Universe is in the microwaves!

2- The most distant objects 
emit in the microwaves

3- Complement planned observations in the 2030+ time frame 

SKA

(figure from
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ole et al. 2006)



Microwave Imaging and Spectroscopy Telescope

1. A broad-band, multi-frequency polarised imager
• Reference model: PICO instrument at the focus of 3.5m cold telescope
• 21 bands from ~20 to ~800 GHz

2. A sensitive spectrometer with R ≈ 300
• Reference model: Extended Deshima at the focus of the same telescope
• Frequency range ~100-1000 GHz (goal 50-2000 GHz)

3. An absolutely calibrated FTS
• Reference model: a three-module version of PIXIE / PRISTINE
• Frequency range ~10-2000 GHz

A space telescope / mission with 3 instruments
PICO focal plane

Deshima

PIXIE FTS

(S. H
anany

et al. 2019) 
(A

. Endo et al. 2019)
(A

. Kogutet al. 2019)

CONTINUUM EMISSION

LINE EMISSION

INTEGRATED EMISSION



Science highlights : The build-up of structure 

CMB "backlight" probes
• Hot gas with thermal Sunyaev-Zeldovich effect  (>106 clusters)
• Gas temperature with relativistic corrections to SZ spectrum
• Velocity flows with kinematic and polarized SZ effects
• Dark matter and halo masses with CMB lensing
• Atoms with Rayleigh and resonant scattering

• Map entire cosmic web
⇓

• Dark Energy 
• Modified gravity
• Distribution of early atoms
• Neutrino masses...

Similar Concept but with CMB



Science highlights : Dark Energy

Cosmological exploitation of 
106 galaxy clusters

Dark Energy Equation of state: 
! = !#+ (1 − ')!)
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Dark Energy parameters
Dark Energy homogeneity



Full sky Dark Matter maps

Planck f
S/N ~ 1, at 7°

Future f
S/N ≫ 1, at ~10'

From
Planck

Transformative progress for DM mapping 

to
Voyage 2050
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High redshift weighted
(z = 1-3)

Individual clusters +

Analogy

COBE/DMR DT
S/N ~ 1, at 7°

WMAP DT
S/N ≫ 1, at 20'

From
COBE/DMR

to WMAP
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>9 orders of 
magnitude

6 orders of 
magnitude

Cosmic Variance Limit

(figure from Eleonora di Valentino)

• DT & DP CMB sensitivity
≈ 5000 × Planck
≈ 10 × CMB-S4 (polar.)

• Impressive constraints

Science highlights : LCDM under scrutiny
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Inflation
Voyage 2050

New constraints!Tensions?
⇕

New Physics?
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Neutrinos



Science highlights : Structure tomography

Galaxy surveys

• Matter power spectra; 
• Knots in the cosmic web, from protoclusters to clusters; 
• Different gas phases in structures;
• History of star formation, molecular gas, dust in structures



Science highlights : Structure tomography

(figure from Garrett K. Keating)

• Integrated emission fluctuations
• Unimpeded frequency coverage

Unique in this frequency range!

Integrated

1 deg.

1 deg. sensitivity



(figure from
 M

atteo Bonato

Individual sources / halos
+ redshift information

100s of millions
of sources

10s of thousands
of sources

Mostly

un-blended !!

Science highlights : High-z sources



• Inflationary model
• Axion detection in galactic or intra-cluster magnetic fields
• Primordial black holes
• Variations of the constants of physics across spacetime
• Cosmic birefringence
• Primordial magnetic fields
• Cosmic strings
• >108 sub-mm galaxies up to high redshift, with redshift information
• >105 high redshift galaxy proto-clusters up to z=3 (before hot ICM!)
• >105 high redshift strongly lensed dusty galaxies (ordinary high-z galaxies!)
• Integrated hot gas in the universe
• Circumgalactic medium
• Cosmic Infrared Background tomography
• Cross correlations between matter tracers
• Isotropy and homogeneity on the largest scales
• Galactic astrophysics – ISM, magnetic field
• Multi-wavelength astronomy ...

And much more!



• Large cold telescope (req. 2.8m, baseline 3.5m, ~8 Kelvin) ⟺ L-class mission 

• Three cryogenic instruments
• Two at the focus of the large telescope
• One separate (could be on another platform)

• Three modes of observation for a ~6-year mission
• Survey 1 – full sky, ~2 years Go Broad !
• Survey 2 – deep patches, ~2 years Go Deep !
• Observatory – open time, ~2 years Be Flexible !

• Builds on previous proposals (with international collaborators)
• PRISM White Paper for L2-L3
• CORE proposal, PICO study (NASA)
• PIXIE (NASA), PRISTINE
• ECHO / CMB-Bharat (ISRO)

Implementation?

PIs are co-authors of the Voyage 2050 
microwave spectro-polarimetry white paper

+



• The Microwave Background remains a key observable to understand the Universe

• In 2035+, an ambitious space mission can harvest a fantastic data set for 
Cosmology – very rich science case

• Observational objective : sensitive spectro-polarimetric full sky survey in 10-2000 
GHz at all scales down to 1’

• Get involved and/or give support !!

• ESA recommendations expected mid-2020

Summary



Read the papers (available on arXiv)



Backup slides



Why from space?

Atmospheric
Transmission

and
Emission !

VOYAGE 2050



Science highlight 4: Cosmic thermal history

• Track all energy exchange with CMB at z<2,000,000
⇓

• Probe decaying or interacting dark matter
• Probe primordial black holes
• ...



One or more small Fourier Transform Spectrometers modules
• For zero-level of intensity maps and CMB spectral distortions
• Can be on a separate platform 

• Can be an independent M-class mission, e.g. a revision of PIXIE / PRISTINE

Absolute spectrometry : instrument



Science highlight 3 : Inflation

Voyage 2050 goal

CMB Polarization

CMB spectral distortions

BICEP-Keck + Planck

Stage 3

CMB-S4 + LiteBIRD

Voyage
2050
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• Energy scale; Stationarity;
• Primordial spectra
• Non gaussianity ⟺ Multi field ?

NG: fNL local from CIB or correlations


