-France#/ 2025

Optimisation and Forecasting Studies for
CMB Spectral Distortion Experiments

X.COULON

N.AGHANIM
B.MAFFE

14th of October, 2025



My work - Method

Sky model

Sensitivity
estimation

Instrument model




Method - Sky model

Sky model

Other astrophysical signals

Cosmological signals




Sky model - State of the art

For CMB spectral distorsions studies/forecasts:

* Average foreground emission over /0% of the sky
° |In particular for missions PIXIE and PRISTINE

Abitbol+2017

More realistic forecasts through a new sky model:

* A more realistic sky model for future experiments (FOSSIL, BISOU)
> with spacially varying foregrounds



Sky model - Sky maps

* Galactic (PYSM?}) Zonca+2012, Thorne+2017 - CMB (moment eXPda NSIion mode\) Chluba+2017
o Thermal dust ("d1" model) o CMB temperature difference
o Synchrotron ("s1" model) o y-distortion monopole
o . . only ACDM sources
o Free_free (”f’l” mOdel) © RQIthVlSth y-dIStOI‘tIOn
o Anomalous Microwave Emission (AME) ("a1" model) ° u-distortion monopole

* Extragalactic rianckCollab+2014, Mashian+2016 i
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o Cosmic Infrared Background (CIB) (moditied blackbody)

e

o Extragalactic CO lines emission (Mashian+2016 model)

 Zodiacal rianckCollab+2014
o Thermal zodiacal dust (modified blackbody)

S R B, e SR 5 e
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o Zodiacal scattering (modified blackbody)



Sky model - Parameters

Foregrounds Model Parameters CMB Model Parameters
Galactic dust | Modified blackbody AT, B, CMB temperature| expansion | ATCMB
difference
Synchrotron Power law As, bgs C
y-distorsion Moment expansion y
Free-free Power law Agps Py Gy
Relativistic . T
. . Moment expansion e
y-distortion
AME Power law AT, vy, AFTE
-distortion Moment expansion H
CIB Modified blackbody Acivs Teins Peib 4 -
Extragalactic Template A
CO lines (Mashian+2016) o Moment expansion : decomposition of CMB
spectral distortions into a series of moments
Zodiacaldust | Modified blackbody | €(1), Ty by around a reference spectrum (a blackbody at 7))
Zodiaca Modified blackbody | €es Ty Byc
scattering




Sky model - Foregrounds

Average foreground emissions over 70% sky fraction

Foregrounds Model Parameters 10%°
Galactic dust Modified blackbody AT, P,
108_
Synchrotron . Power law . Ay, s, C é CMB
Spatially varying =106
Free-free Power law Ag, Prps Ciy O ,
[s Synchrotron Galqgetic
S 10 dust
AME Power law AT, vy, AFT Nt
Ej N -
. O
CIB Modified leCkbOdy Aciba Tcib9 ﬁcib C5_102 ‘ ‘
N
Extragalactic Template A
CO lines (Mashian+2016) €O 100 -
Zodiacal dust Modified blackbody e, (V), T, Py,
Zodiacal 10_20 | e S
o e . T 10 10 10 10
scattering Modified blackbody ser Tser Pac Frequency (GHz)




Sky model - Foregrounds

Average foreground emissions over 70% sky fraction

Foregrounds Model Parameters 10%
Galactic dust Modified blackbody A, T, P,
108 i
Synchrotron Power law As, bgs C %
=
\5‘106 1
Free-free Power law Agp Py O
O
jS 4 _
AME Power law Aame y Agme | D10
O
O
Modified blackbody Acis Teins Peib Q102
o o )
Extragalactic ! ‘et%la!e ’ ’ .
. . ACO " ’ L}
CO lines (Mashian+2016) 100 - R s .
o’ ’ '
'l 0 : |
/odiacal dust Modified blackbody €, (V), Ty, P, Lo’ N Extragalactic \
,° (] CO |
Zd | 10_2r ! ! l""'I' ! ! L L ! ! ll"""I
odiaca 0 1 2 3
e e . T. . 10 10 10 10
scattering Modified blackbody ser Tser Pac Frequency (GHz)




Sky model - Foregrounds

Foregrounds Model Parameters 10+
Galactic dust Modified blackbody Ay Ty By
108 -
Synchrotron Power law Ag, Py, C, 5
=
\5‘106 :
Free-free Power law Agp Py O
O
S 10°-
AME Power law Adme y, Agme | 2
O
~ &
Modified blackbody Acivs Leivs Pein | B 102 -
N
Extragalactic Template A
CO lines (Mashian+2016) ¢o 100 -
Zodiacal dust Modified blackbody e, (V), T, Py,
(@) ® O
T 10~
Z0d1dC c T

scattering

Modified blackbody

SC? © §5C?

Average foreground emissions over 70% sky fraction

CMB
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10?

102
Frequency (GHz)
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Sky model - Foregrounds

Foregrounds

Galactic dust

Model

Modified blackbody

Parameters

Ad’ Td’ :Bd

Synchrotron

Free-free

Power law

Snatiall :

Power law

A, p,, C

\)

1010

—

o
o
I

Ages P> Cr

AME

o o
Extragalactic ! ‘e!%la%e

CQO lines

/odiacal dust

/odldcC
scattering

Power law

Modified blackbody

(Mashian+2016)

Modified blackbody

o

Modified blackbody

[qfnne,l/l,[aéﬁne

Acib’ Tcib’ ﬁ cib

ACO

€n(V), Typs P,

€ .1

SC? © §5C?

Spectral radiance (Jy/sr)
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Sky model - CMB spectral distortions

Spectral radiance (Jy/sr)

, CMB spectral distortions
10 CMB Model Parameters
m— (CMB = \/-distortion = (-diStortion
wmes Total foreground emission === relativistic y-distortion === CRR
CMB temperature .
AT cus ermp Morment expansion | ATCMB
108 - difference
CMB
y-distorsion Moment expansion y
106_
Relativistic . T
. . Moment expansion e
10° - y-distortion
y-distortion P Re|CItIVIStIC' u-distortion Moment expansion H
102 _o”
o y-distortic
o’ [
AL~
[ aee=" . | CRR Cosmological Recombinaison Radiation (CRR )
| u-distortion s negleted
10" . —_ — |
10° 101 102 103 10°

Frequency (GHz)




Sky model - Parameters

Foregrounds Model Parameters CMB Model Parameters
Galactic dust Modified blackbod
/ Aa La> Pa CMB Lemperature |y o ent expansion |  ATCMB
difference
Synchrotron Power law Ay, s, C
y-distorsion Moment expansion y
Free-free Power law Agps Py Gy
Rzlgnvgtm Moment expansion I,
AME Power law Adme ) Adme y-aistortion
CIB Modified blackbody A Toirs B u-distortion Moment expansion H
Extragalactic Template A
CO lines (Mashian+2016) CO
Zodiacal dust Modified blackbody €., (V), T, By, => 26 parameters
Zodiaca Modified blackbody Eser Tyes Py
scattering




Method - Instrument model

Instrument model

Mission profile (duration,
scanning strategy, ...)

Spectro-photometric model
(optics, detectors, ...)

13



Instrument concept - Fourier Transform Spectrometer (FTS)

Internal reference at 2.725 K SKY Instrument cooled down to ~3-5 K
for differential measurement Ascent Cover int * To reduced internal emissions
el oL — Detector cooled down to ~100mK
. | * To be photon noise limited
FTS beam dividers (polarisers) Blackbady Secondary
| Calibrato .
Also act as beam combiners ~ Telescope
primary  signal propomonol to difference with internal reference-
PL-’E — /(Ez sky + Ey cal) (EZ sky Ey cal) 005(420')/(') dw
F S SCanlng mlrror PL'y - /(E.g,cal +E§,sk\) (EZ cal Ey sk\)COS(4zw/C) dw

for interferogram 22 ETS Mirrors
o % PR::: —

4

/(E.g,cal + E;,Sk}) + (E:;Z:,cal Ey sky ) COS(4zw/C) dw

B | = DN = DN = N -

/(Eg,sk} + Ey cal) (Ez,sk) Ey Cal) COS(4ZW/C) dw

|

>

|ch roic Dichroic

S Multi-moded detectors at .

O s 0 """ each output of the FTS

Lo-Freq Hi-Freq Hi-Freq Lo-Freq
(L) (L) (R) (R)

INTENSITY (arbitrary units)

14

Maffei+2024

0o 200 400 600 800
DATA POINT




Instrument model - Main sub-systems

Sub-systems FTS Cryogenic Chain Focal Plane Array (FPA) Optics
Maximal mirror . .
Instrument under vacuum and at ~4 K Detector time response Filter bandpass
stroke length
Minimum mirror . . . .
Internal emisisons Detector and feedhorn sizes | Optics transmision
Main step
instrumental ol
constraints Vechanism Absolute tem.perature qnd | | |
soeed temperature stability of the internal | Feedhorn-detector coupling | Optics element size
P reference
Absolute temperature and
FTS size temperature stability of all optical Temperature Stability Primary mirror size
elements
Instrument
model => 13 to 61 parameters .
parameters




Instrument model - Parameters

° Instrument model

° 10 parameters
= (5-days transatlantic flight)

° Internal emissions
> 3 to 51 parameters (Modified blackbody)

= 3 X (number of optical elements considered)

Instrument & mission Parameters

Minimal frequency Vinin

Maximal frequency Vinax

Splitting frequency Vsplit

Spectral resolution Av

Detector efficiency eff .;

Number of detectors per FPA N ger
Effective observational time T
Number of mode at the minimal frequecy N
Primary mirror diameter A
Line of sight p
Number of optical element K

Transmission of each optical element ( k>1§k§K
Temperature and emissivity of optical element (Gk(’/)v Tk) o

1<k<K




Method - Fisher Forecasts

Forecasts
(Fisher)

17



Fisher forecasts

* Fisher matrix

. Z o(AD), - o(AD),, 0. : CMB and foreground parameters
iy 6(91 2% a‘?] C

/ 1%

- Instrument noise covariance matrix
Ul

* Assume priors on sky parameters
o Gaussian priors on CMB parameters (4 parameters)

> 20% uniform priors on all foregrounds parameters (22 parameters)

> Marginalised over all internal emission parameters (~-50 parameters)
= Assumed to be prefectly known / number of parameters depends on intrumental configuration

=> Signal Noise Ratio (SNR) estimate on sky parameters (in o)

18



Method - Optimisation

Optimisation of instrument

parameters depending on
science goals

19



Applications - BISOU & FOSSIL

Foregrounds Parameters CMB Parameters Foregrounds Parameters
Galctic dust ATy Py Minimal frequency .
CMB Maximal frequency Vinax
Synchrotron Ay, P C Splitting frequency
E T J Spectral resolution Av
Cree-free orecasts are perrormead on T
26 sky parameters, while  ~"" Detector efficiency €/ de
AME the SpectrO_phOtOmetriC Number of detectors per FPA Ndet
model parameters are fixed v Effective observational time T
CIB at chosen fiducial values Number of optical element K
Extragalactic A o Transmission of each optical element (tk>1<k<K
cO CcO Relativistic ==
Nes y-distortion L, Temerature and emissivity of optical element | (€x®): Tk)lskg{
Zodiacal dust | €W Lo Py Numbre of mode at the minimal frrequecy N
| 4 - Primary mirror diameter A
Zodiacal e T..J. distortion u S
scattering Line of sight P




BISOU - Optimisation w.r.t. Ugplit

* Dichroic
o assumed perfect (no effect other than splitting the observed band in two / no overlap)

y SNR evolution vs. v,

Acyp SNR evolution vs. v,

I I Y 1.1 , ,

v 2.00f <
c Z CC) O 10F
O @ q 75} ° o L
— O O
B Fe R
O O 1.50F 8 Q oot
g8 2 £
-IE o 1.25} c O
O & qé D o.8f
C  ~ 1.00f 5 2
O O > Q
> 5 o 2
O 5 0.758 1 5 5 07f
O + .
£ 2 os0f ® Initial BISOU concept| | & D% % Initial BISOU concept
- . — 0.6F _

>\. 0.25_ | | l | | Q | | | l

10 200 300 400 500 600 100 200 300 400 500 600

USPlif (GHz) Coulon+2024 Vsplit (GHz)



BISOU - Optimisation w.r.t. Ugplit

* Dichroic
o assumed perfect (no effect other than splitting the band in two / no overlap)

y SNR evolution vs. v,

Acyp SNR evolution vs. v,

I I Y 11 I |

v 2.00 <
C = CC) D OF
o @ 175 C o b
o = S 2
O 8 1.50 8 rel 09k
E CC) j: E ...............................................................
= O 1.25 c O
D E GE) D 0.8F
C = 1.00 C 9
O O . ) Q.
> 5 : 3 @,
O 0.75F : 1 = C 0.7F
5 B - o O ™ :
- % 0.50 I_* New splitting frequency | | & o% Y New splitting frequency
T E — 0.6 = :

>\' 025' | E | ] | | Q | E | | l

10 200 300 400 500 600 100 200 300 400 500 600

USPlif (GHz) Coulon+2024 Vsplit (GHz)



BISOU - Sensitivity w.r.t. v, ;;

* |[mpact on sensitivity

o No dichroic

Spectral radiance (Jy/sr)

1012

1010_

Residual atmosphere emission

Y

Total foreground emission

FIRAS

y-distortion

eoc "~
+f Relativistic®,

y-distortion

Frequency (GHz)
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BISOU - Sensitivity w.r.t. v, ;;

* |[mpact on sensitivity

o Dichroic (

v split

= 500GHZz)

Spectral radiance (Jy/sr)

1012

1010

10°

104

Total internal emission _ . =*

' [ ] [ ] ,
o1 Relativistic,
f : .10

Residual atmosphere emission

Total foreground emission

FIRAS

' y-distortion

‘.‘-..

102

10°

Frequency (GHz)

24



BISOU - Sensitivity w.r.t. v, ;;

L 10+
* Impact on sensitivity Residual atmosphere emission

> Dichroic (v ,;; = 250GHz)

1010_ + e AT i

Total internal emission _ ., = *

108 dule = =70 Total foreground emission

106 -

104 o, 56 0 ¢ o
‘ *eclecaefes FIRAS

~\
107 \‘ y-distortion

1Relativistic®,
g . R
o0 /ﬁ: y-distortion

Frequency (GHz)

Spectral radiance (Jy/sr)

25
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FOSSIL - Optimisation w.r.t. v,

+ FOSSIL: v, . = 30GHz

y SNR evolutionvs. v, .. 1 SNR evolutionvs. v, ..

o2 5 5 Y 1.2-
o O o N
- D — O
O L1l O 5 10-
4+ 4+
O O O O
O O o O
: C 1.0 - : C 0.8 -
c © c 2
O & O C
C  C0.9- -
O O O O 06-
= 5 > 5
2 5 ° 5
ol 4(750.8 5 S
5 8 FOsSIL £ = %1 |% FOSSIL

I>\O.7 | | | | | | | | Ii | | | | | | |

0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175
26



FOSSIL - Optimisation w.r.t. v,

* SNR evolution : depend on sky model / instrument model / assumptions
° Marginalised over all AME parameters

y SNR evolutionvs. v, .. 1 SNR evolutionvs. v, ..
v, % 1.8 -
= 1
CC) N % (é)) 1.0 -
L D = G
% gm- % 8 1.4 -
o O i
S S. 25"
- | C
GE) E GE) E 1.0 -
- C
O O1o- v 2 0.8-
4
O % O 5 o06-
£ 50987 |# FOSSIL C G o4 |M FOSSIL
ﬁ\‘ | | | | I | I I 3~ | | | | | | | |
0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175
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BISOU & FOSSIL - Forecasts after optimisation (i8¢

* Assuming 1 detector per focal plane for BISOU and 4 for FOSSIL

* First attempt to account for the emission from the residual atmosphere for BISOU

SNRon Yy SNRon T, SNR on [ SNRon A g
(in o ) (in o ) (in o) (in o)

BISOU 9 6

FOSSIL 2300 148 4 1570

* Improvement over COBE/FIRAS
° ~ % 20 with BISOU | | .
Fixsen+2009, Bianchini+2022,

° ~ X few100 with FOSSIL 8



Conclusions

* Arealistic model for both sky and instrument has been developed
> Spacially varying foregrounds
° Instrument model (internal emissions, line of sight, etc. )

* Fast running forecasts (timescale ~ seconds)
° Can be used for instrument parameters optimisation

Perspectives:

* Improve sky and instrument model
o Spacial variations of extragalactic emissions (CIB, etc.)
o Add systematic effects (internal reference temperature, etc. )

* \/alidate Fisher forecasts with MCMC

Thanks you |
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Annexes
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Method - Sensitivity estimation




Sensitivity estimation

* Power on detectors (\W/HZz)

1 K K k—1
P, = —effuul®) Su | [6) + D B . T | 1) | A Q)
k=1 k=1 [=1

32



Sensitivity estimation

* Power on detectors (\W/Hz) Effective totale transmission
1 K K k—1
P, =—eff ;. V) &A/QVI I () + Z e B, (v, T}) I I (V) | A Q)
2
= Ly

33



Sensitivity estimation

* Power on detectors (\V/ Hz

K
= Eeffdez(l/) [ Htk(l/) Z
k=1, k=l

o ttat
* NEP (W.Hz"-1/2)
2 2 max
NEP; = NEPphOt(m = ZJ' (h VP, +

v min

ﬁ

/

> L/ -
) /' Y

k—1
, W\Htl(y)] A Qv)
=1

2
C
A0 Pyz) dv  If photon noise limited
U

Mather+1982 Lamare+1989
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Sensitivity estimation

* Power on detectors (\V/ Hz

K
= Eeffdet(’/) [ H G(v) + Z
k=1, k=1

o ttat
* NEP (W.Hz"-1/2)
2 2 max
NEP; = NEPphOt(m = ZJ' (h VP, +

Vmin
* Sensitivity on sky (Jy/sr)

SI = NEPtotal

AQ Av (effdet X ttot)

TN, det

ﬁ

/

““%/L/ -
/ Y/

k—1
(v, T,) H tl(y)] A Q(v)
[=1

2
C
A0 Pyz) dv  If photon noise limited
U

Mather+1982 Lamare+1989
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Sky model - Foregrounds

Foregrounds Model Parameters 10
Galactic dust Modified blackbody Ap Ty By
108 -
Synchrotron Power law Ag, Py, C, 5
=
\cul 106 -
Free-free Power law Agp Py O
O
O 104 -
AME Power law Adme y, Agme | 2
O
~ O
CIB Modified blackbody Acivs Teipy Prin L 10
N
Extragalactic Template
. . Aco
CO lines (Mashian+2016) 100 -
Zodiacal dust Modified blackbody e, (V), T, Py,
Zodiacal o
OBt Modified blackbody | € Tyes Bic

scattering

Average foreground emissions over 70% sky fraction

—— CMB

=== Total foreground emission
=== Thermal galactic dust
== Synchrotron

CMB

== [ree-free == Extraglactic CO
AME Zodiacla dust
== (IB = ==_Zodiacal scattering

Total foreground emission

Frequency (GHz)






BISOU: Flight plan '3ISRU

* So far CNES is mainly performing relatively short flights
o About 35 hours
° First sucessful trans-Atlantic flight in June 2024

cnes

R

Y. Qikigtarjuaqg VA * e
‘, @ , % ‘Esrange
\A/}_ « Kangerluss Vi
." - - -

.»Norvege

BISOU base fligth: 5 days trans-Atlantic flight
 Summer flight => day flight

38



”
o ~

Residual atmosphere 3I1S*U
\l/
4
106 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
Some remaining points:
* Residual atmosphere I L L e B
o mitigation | JiNC S Y=Ll---p-"""""
o modeling m
o modulation B
=
=
* Systematics need to be analyse §
and forecast c
i -
o
| -
D . . .
104 L s/ y-distortion absolute value
=6 e ~a . . i
10 b mu-distortion absolute value
| | | | | | l | | | | | | | | | | | | | | | | | | | | | | | | | |
100 200 300 400 5

frequency (GHz) M el



INTENSITY (arbitrary units)

Original instrument concept

Calibrator at 2.7 K
(reference for differential »*°
measurement)

FTS beam dividers (polarisers
at different angles)

Also act as beam combiners

FTS scanning mirror
for interferogram

v

INTERFEROGRAM FROM 2002 DATA SET
o :

L

4

D

:...-

Calibrator (580 mm)

vITvm

A

Y

N
~
~

4 T T T

4 1 1 L | L L 1 |

400
DATA POINT

600

Folding FI

)\

Secondary Mirrors

50mm f/7.5
Polarizer A

Detectors

2

Beam coming
from the sky

we A Beam
we= B Beam
== == \/ Polarization
e« + H Polarization

PIXIE original concept
Kogut+ 2011
Telescope primary setting the

_.=°"  spatial resolution
- (in conj with feed/detectors)
Primary Mirror
550mm /1.7
- = FTS . . . . .
- Signal proportional to difference with blackbody calibrator
1 ,
Irzasnsferlf/24 Pr, = 5 / (Eg,sk} + E;,cal) + (Ei,sky — E;,cal) cos(4dzw/c) dw
mm d
1
Split Polarizations Pry = 9 /(Eg,cal + E;,sky) - (Eg,cal — Eg,sky) cos(dzw/c) dw
1
4&8;\;2?;%/44 PRm = 5 /(Eg,cal -+ E;,sky) -+ (Ei,cal - E:,sky) COS(4ZUJ/C) dw
A g
RPN 1 .
VIIX 89N1i~ PRy = 5 /(E;g,sk) -+ Ez,cal) — (Ei,sky - E;,Cal) COS(4ZUJ/C) dw
&
dJanseid = = = =9 FTS Mirrors <
4

125mm f/44 ,*
4

n j»,f:«m?a; Delay .
¢ lransfer 4 K INnstrument cooled down to ~3 K
125mm f/4.4 ) : : :
N K * To reduced internal emission
Multi-moded detectors
Transfer 5

125mm f/44_ - = At each output of the

-

Detector cooled down to ~100mK

o FTS
» = 3plit Polarizations | | |
e * To be photon noise limited
125mm /2.0 40

Measure Fringes



Balloon constraints

* Mass and size limit

* Limited observation time
o See |ater

* Line of sight
> Minimum 20 deg angle of sight from zenith (balloon above)

* Additional components
> Cryostat window and filters
> Higher photon noise

* CryoChain
> No cryocoolers = Cryogens (Liquid He)

* Residual atmosphere
o About 3 mbars at 40 kms altitude

PIVOT for
azimuth control

Cells for



Original instrument concept

Calibrator (580 mm)

AL S"

FTS

wes A Beam
wee B Beam
= == \/Polarization

e« e+« H Polarization

Folding Flats/

Primary Mirror

’ \ 550mm /1.7
Secondary Mirrors
S50mm f/7.5
. Transfer 1
Polarizer A 125mm /2.4

Split Polarizations

Transfer 2
125mm f/4.4

Mix Beams

Transfer 3
125mm f/4.4

Inject Phase Delay

Transfer 4
125mm f/4.4

Re-Combine Beams

Transfer 5
125mm f/4.4

Split Polarizations

Transfer 6
125mm /2.0

Measure Fringes

Detectors

PIXIE original concept

Kogut+ 2011

Sun

Fourier Transform Spectrometer (FTS)
with 2 inputs: o
* Sky Sun/Earth |
. Shields
* Calibrator
To )

Spin 4 RPM Polarizing
Fourier
-« Transform
,D Spectrometerge

Instrument
(2.725 K)

Detectors
(100 mK)
Thermal
o7 Isolation
//'Y
Solar Arrays <.
To | Earth X
Spacecraft/' 01 )
INnstrument cooled down to ~3 K
* To reduced internal emission
42



INTENSITY (arbitrary units)

Original instrument concept

Calibrator at 2.7 K
(reference for differential »*°
measurement)

FTS beam dividers (polarisers
at different angles)

Also act as beam combiners

FTS scanning mirror
for interferogram

v

INTERFEROGRAM FROM 2002 DATA SET
o :

L

4

D

:...-

Calibrator (580 mm)

vITvm

A

Y

N
~
~

4 T T T

4 1 1 L | L L 1 |

400
DATA POINT

600

Folding FI

)\

Secondary Mirrors

50mm f/7.5
Polarizer A

Detectors

2

Beam coming
from the sky

we A Beam
we= B Beam
== == \/ Polarization
e« + H Polarization

PIXIE original concept
Kogut+ 2011
Telescope primary setting the

_.=°"  spatial resolution
- (in conj with feed/detectors)
Primary Mirror
550mm /1.7
- = FTS . . . . .
- Signal proportional to difference with blackbody calibrator
1 ,
Irzasnsferlf/24 Pr, = 5 / (Eg,sk} + E;,cal) + (Ei,sky — E;,cal) cos(4dzw/c) dw
mm d
1
Split Polarizations Pry = 9 /(Eg,cal + E;,sky) - (Eg,cal — Eg,sky) cos(dzw/c) dw
1
4&8;\;2?;%/44 PRm = 5 /(Eg,cal -+ E;,sky) -+ (Ei,cal - E:,sky) COS(4ZUJ/C) dw
A g
RPN 1 .
VIIX 89N1i~ PRy = 5 /(E;g,sk) -+ Ez,cal) — (Ei,sky - E;,Cal) COS(4ZUJ/C) dw
&
dJanseid = = = =9 FTS Mirrors <
4

125mm f/44 ,*
4

n j»,f:«m?a; Delay .
¢ lransfer 4 K INnstrument cooled down to ~3 K
125mm f/4.4 ) : : :
N K * To reduced internal emission
Multi-moded detectors
Transfer 5

125mm f/44_ - = At each output of the

-

Detector cooled down to ~100mK

o FTS
» = 3plit Polarizations | | |
e * To be photon noise limited
125mm /2.0 413

Measure Fringes



Spectral radiance [)y/sr]

Sensitivity of CMB spectral distorsion experiments

] y-distortion m [ [-diStortion
{ === relativistic y-distortion

|

Frequency [GHZz]
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Evolution: FOSSIL - M8 proposal

_ Telescopes
Primary mirrors

]

| ¥~ <\ 4.5K bench

-

- and enclosure

Internal
Calibrator

> i R

Rotating wheel
for operation mode selection

i\

Polarisers

Dichroic to
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Evolution: FOSSIL

FOSSIL instrument concept scheme
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BISOU: Overview
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BISOU: Detectors / focal planes 3Iseu

r
* A focal plane units of few detectors each Low freq.
o 2 low frequency FPUs (90 - 500 GHz) /)» e
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Resistive bolometers developed for PIXIE could be used across the whole frequency range of BISOU (Kogut et al, 2011)
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Sky model - Spectra

CMB spectral distortions

Averaged foregroung emissions over 70% sky fraction

1010
m— (CMB = y-distortion = (-diStortion —— CMB == [ree-free == Extraglactic CO
memm Total foreground emission === relativistic y-distortion === CRR mem= Total foreground emission === AME Zodiacla dust
e AT oy === Thermal galactic dust -« (IB = == Zodiacal scattering

108 - == Synchrotron

106 -

Spectral radiance (Jy/sr)

Frequency (GHz)

4 )

|
[ 4
y) “ \
|
|
)
)
' ”~
' ”
&
.
10? 10°

Frequency (GHz)




FOSSIL - Av

* |[mpact on sensitivity

° Lower spectral resolution
= | ower photon noise

* Sensitivity is not a good
performance estimator

* Need to look at forecasts
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FOSSIL - Av

Normalized SNR

SNR evolution on y vs. Av
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Breadboard BISOU ;_ajrs.u

—oc.|||ty to study the cohcept of a future CMB spectral distortions Test key components ahead of BISOU final instrument
oroject BISOU cryogenic BreadBoard development co-funded +  Detectors (300 - 100 mK)
oy DIM-ORIGINES (Region lle-de-France) and CNES e Calibrator
.+ *Région é Window / Filters / Dichroics
DIM@RIGINES fledeFrance  _ % To test the overall concept on simplified system
Commercial cooling system P

To probe systematics

*  Optics mismatch

Purpose built extension of cooling system
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\i—/ To get used to specific FTS data and analysis
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Coldplate
100 mK plate P Courtesy V. Sauvage 3 supports



Courtesy B. Borgo
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Breadboard BISOU: Coldplate
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BISOU: Observation strategy

Assumptions:

. .
t_py Line of sight Line of sight

Accessible sky in June 3029 form Kiruna balloon launch site
Sky emission @ 300GHz

Sun directic

Galactic
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Window temperature (K)
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Grid exploration considering: actively cooled window / varying the maximum frequency
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FOSSIL - Av

* Av=30GHz
> SNR gain on y and x (~10%)

e Ar>30GHz

> Drop of SNR on y and i (~15% anao
~30%)

* Avcanbe adjusted in flight (FTS)

Normalized SNR

SNR evolution on u vs. Av

Av (GHz)
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Method

Sky model

Other astrophysical signals

Cosmological signals

Instrument model

Mission profile (duration,
scanning strategy, ...)

Spectro-photometric model
(optics, detectors, ...)

Sensitivity
estimation

Optimisation
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Sky & Instrument models - Parameters

Foregrounds Parameters
Galctic dust ATy Py
Synchrotron A, P, Co

Free-free Aff» ﬁffa Cff
AME A[™, vy, AST
CIB Acivs Leips Piv

Extragalactic
CO lines

ACO

/Zodiacal dust

eth(y )’ Tt aﬁth

/odiacal
scattering

€SC’ TSC’ ﬂSC

CMB Parameters
CMB
CMB
temperature | ATcMVMB
correction
y-distorsion y
Relativistic
y-distortion L,
-distortion "

Instrument & mission Parameters
Minimal frequency Vinin
Maximal frequency Vinax
Splitting frequency Vsnlit
Spectral resolution Av
Detector efficiency eff .;
Number of detectors per FPA Ner
Effective observational time T
Number of optical element K
Transmission of each optical element ( k>1sksK
Temperature and emissivity of optical element | (&®); Tk)lskg{
Number of mode at the minimal frrequecy N
Primary mirror diameter A
Line of sight p




