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The Context : ESA science in 2035-2050
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Senior Committee appointed

Call for Membership of Topical Teams issued

Call for White Papers issued
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The Context : outcome of the process

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 Director of Science has appointed the Senior Committee to guide the Voyage 2050
process. This Committee, composed of scientists working in institutions in ESA Member
States, is tasked to:

y Recommend to the Director of Science the three science themes of the three L
missions that will be part of the plan.

2.  Identify a number of high-impact science themes that could be implemented through
an M mission during the plan’s time span. The actual M missions will be decided through
open calls for missions issued in due time to retain flexibility in the Science Programme.
However, the early identification of themes of interest will help the Agency in, e.g.,
developing key technologies.

White Papers are not proposals for specific missions; they should rather argue why a
specific scientific theme should have priority in the Voyage 2050 planning cycle. At the
same time, and to ensure realism in the resulting Programme, applicants should briefly
illustrate possible mission profiles.



The Context : Ongoing and proposed eftorts
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Requirements / goals

If primary B-modes are not
detected it must make the

The proposed science programme ultimate attempt...
must be attractive in 2035 for any ~ ==
scenario | But this cannot be the main

science goal (too uncertain)

- Go deeper than CMB-54 over the full sky
- Get better angular resolution than PICO

- Do high angular resolution spectroscopy

- Do full-sky absolute spectroscopy

- Survey the full sky and ultra-deep patches




Four coordinated "CMB" white papers

MICROWAVE SPECTRO-POLARIMETRY
OF MATTER AND RADIATION
ACROSS SPACE AND TIME

Contact

Jacques DELABROUILLE

Microwave survey

Jacques Delabrouille et al.

ESA Voyage 2050 Science White Paper

A Space Mission to Map the Entire Observable
Universe using the CMB as a Backlight

Colead
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Jean Raposte Metin (IRFU Sactay

ESA Voyage-2050 White Paper

Mapping Large-Scale-Structure Evolution over Cosmic Times

CMB Backlight

Kaustuv Basu et al.

High redshift LSS
Marta Silva et al.

New Horizons in Cosmology
with Spectral Distortions of the
Cosmic Microwave Background

ESA Voyage 2050 Science White Paper

Contact:
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Spectral distortions
Jens Chluba et al.



Four coordinated "CMB" white papers

Microwave survey CMB Backlight High redshift LSS Spectral distortions
Jacques Delabrouille et al. Kaustuv Basu et al. Marta Silva et al. Jens Chluba et al.



Read the papers (available on arXiv)

2019arXiv190901593C 2019/09 @ =

New Horizons in Cosmology with Spectral Distortions of the Cosmic Microwave
Background

Chluba, J.; Abitbol, M. H.; Aghanim, N. and 27 more
2019arXiv190901592B 2019/09 @ —

A Space Mission to Map the Entire Observable Universe using the CMB as a Backlight
Basu, Kaustuv; Remazeilles, Mathieu; Melin, Jean-Baptiste and 22 more

2019arXiv190901591D 2019/09 B =

Microwave Spectro-Polarimetry of Matter and Radiation across Space and Time
Delabrouille, Jacques; Abitbol, Maximilian H.; Aghanim, Nabila and 77 more

2019arXiv190807533S 2019/08 B =
Mapping Large-Scale-Structure Evolution over Cosmic Times
Silva, Marta B.; Kovetz, Ely D.; Keating, Garrett K. and 6 more



Large telescope for imaging and spectroscopy

Large (~3.5m) cold telescope with 2 focal plane instruments
A broad-band polarised imager optimised for CMB lensing and SZ science

PICO focal plane

CMB sensitivity (uK.arcmin) SZ sensitivity (y.arcmin)
full-sky 2 years 0.66 1.7 x 10”7
5% sky 6 months 0.29 7.7 x 108

* A spectrometer for mapping line emission

Filter at line frequency

Aluminium absorber
MKID

* Possibility of an additional guest instrument

NbTIN ground pIanem,

49 spectral channels

377 GHz

e Must be an L-class mission Sl S

Antenna

== SKy signal (line frequency)

- 5K




Absolute spectrometry

One or more small FTS modules
e Zero-level of intensity maps
e CMB spectral distortions

 (Can be on a separate platform

Table II: Multi-module absolute spectrometer; The mission sensitivity in the last column assumes 70% useful
data and a 6-year mission.

Module Vmin (GHz) Vmax (GHz) Av (GHz) Sensitivity (Jy.y/s) Mission sens. (Jysr—!)
LFM 9.6 38.4 2.4 1435 0.12
MFM 20 600 20 6200 0.54
HEFM 406 2000 58 2520 0.22




Observation modes

Optimize the spread of observing time
* Full sky survey for part of the mission lifetime
 Deeper survey of selected wide areas for part of the time

* Deep patches in observatory mode for part of the time



Backlight

The CMB is a backlight
that interacts with structures

in many different ways,

and probes the distribution

of mass, of atoms, of electron gas,
and of velocity flows

in the full Hubble volume.
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SZ and CIB confusion (even at 150 GHz)

Clusters and CIB
> 10" Mgy,

Clusters only
M > 10 Mgy,

Clusters and 20% CIB
M > 10 Mgy,

Clusters and CIB
10 Mgy > M > 5.10% My

Clusters only
10% Mgy, > M > 5.10%3 Mgy,

Clusters and 20% CIB
104 My, > M > 5.1013 Mg,

Need to reduce the level of CIB
contamination by a factor of 5 at
least (better for kSZ and for rSZ)...

+ Multifrequency signals of interest
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Requirements

We need sensitive channels

above 300 GHz mm)  Possible only from space !

We need many frequency channels



Measuring cluster velocities and masses
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Mapping the Dark Matter
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CIB tomography, Line Intensity Mapping

LIM gives access to "emission shells" for
cosmological constraints across cosmic time.
(e.g. handle on cosmic expansion at high redshift)

EPOCHS Recombination PROBES
Dark Ages

Cosmic Microwave Background

Cosmic Dawn

Line Intensity Mapping ' e,
Reionization B e

Growth of
Structure

1100

2200 Galaxy Surveys

Spectroscopy on large
sky areas (tens of %)
allows inversion v — z

C+, CO across cosmic time
CIB in redshift shells
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CIB tomography, Line Intensity Mapping
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On-chip spectrometers

Channel Transmission

&~ Readout signal
(5.1-6.0 GHz)

=

Filter at line frequency

Aluminium absorber
MKID

NbTiN ground plane

49 spectral channels

377 GHz
Sky signal line
Antenna

Silicon lens

Line signal == SKy signal (line frequency)

== Sky signal (other frequencies)

* Q v A ‘ l ,
\ ' v, \‘\‘jg‘v \'

330 340 350
Frequency (GHz)

e Alternatives

370 380

e Grating spectrometer with an array of detectors in the 20-2000 GHz range ?

 FTS in the focal plane ?



Constraints on extended ACDM

cvL] Cosmic Variance Limit
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Spectral distortions
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FIG. 1: Evolution of spectral distortions across time. Distortions probe the thermal history over long periods
deep into the primordial Universe that are inaccessible by other means. The distortion shape contains valu-
able epoch-dependent information that allows distinguishing different sources of distortions.
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Spectral distortions

Spectral distortions and foreground emission

108 i f,ky=50% -
Thermal dust
10720 CIB =
N | CMB dipole FIRAS 10 ek J
N
-22 —_
» 10 B C-ll
o, Low freq. )
& " Radio PS N—I .
= 10-24_ y=1O'6 .
CO laodder
i relatSZ i
10-28|-# =2x107% - .
3 FTS 6 YEARS A
10-28 . Reclomt.)ingtilor: !irllels . . T
10 100 1000

Frequency (GHz)

Constrain / observe

Inflation (small scale spectrum)

Total amount of hot gas in clusters
Average group/cluster gas temperature
Lines from primordial atoms

Foreground emissions

Jaded a1y 050 23eAop “|e 19 eqny) 995

Small demonstrator along the way ?



Next steps : get ready !

* Based on the proposed instrumental performance, forecast the
capability of the mission (in particular for emerging science cases)

* Instrument definition and design

* Inputs from the community (i.e. you) needed
* For the October 29-31 workshop in Madrid
* For follow-up publications
* For optimization — suggestions welcome |
* For support and advertisement of this science.



summary

The Cosmic 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 give support

ESA recommendations expected mid-2020



