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ce and data analysis — J. Errard
system thermal model — J.-P. Thermeau
plane design — M. Piat
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B. Beringue (postdoc, ERC SciPol)

M. Bucher

G. Deniel

J. Errard (interim — APC point of contact)
K. Ganga

L. Grandsire

J.-Ch. Hamilton

A. llioni

M. Le Jeune

W. Kabalan (PhD, ERC SciPol)

G. Patanchon (UJSG systematics co-convener, IGB, Pl of RISE CMB-Inflate
= ILANCE/IPMU Tokyo)

M. Piat (CPB Berkeley = APC point of contact)

R. Stompor (APC)

J.-P. Thermeau ~ 20 persons involved in LB
P. Chanial (IR, ERC SciPol) data analysis
W. Sohn (postdoc, ERC SciPol) hardware

A. Basyrov (postdoc, ERC SciPol)
Tran Hoang Viet (PhD)

M. Citran (PhD) — ETE / ETP data for the

Pierre Masson (PhD) CMB activities @ APC
A. Villarrubia-Aguilar (PhD, UPC, SciPol)
A. M. Landais (PhD, UPC, SciPol)
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https://docs.google.com/spreadsheets/d/1WbaS2p4aASATWdOsaukyd7KPG3BFYVm3Yx8gqCcGsoA/edit?gid=0#gid=0
https://docs.google.com/spreadsheets/d/1WbaS2p4aASATWdOsaukyd7KPG3BFYVm3Yx8gqCcGsoA/edit?gid=0#gid=0

data analysis @ APC

¢ structured by ggiPol (2023-2028)

cnes

CMB-Inflate

N

SN

/ Science from the large scale cosmic
microwave background polarization structure

scipol.in2p3.fr

CORE TEAM

a Framework for a Unified and
Robust Analysis with JaX


http://scipol.in2p3.fr

data analysis
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scientific analysis

instrumental modeling / simulation i
+ forecasting

foregrounds modeling / simulation

constraints on large

1.0
— NO marginalization
r<1.2x1073 (68%)
0.8 - . .
— Systematics marginalized
r<1.0x 1073 (68%)
8
8 0.6 1
e
©
%
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Tensor-to-scalar ratio r x 103

YSCMB 4

synergies with
other CMB projects

SIMONS
> 5

CNES Phase A (L3) requirements + JAXA MDR
Reformation plan / requirement

N\

7‘ * APC led
N ed the
%/} IN2P3 Planck
LN

+ scientific publications related to LiteBIRD, led
by APC: Leloup et al. (2023); Morshed et al.
(2024), Rizzieri et al. (2024); Patanchon et al.
(2024); Ganga et al. (2021); Rizzieri et al. (2025)

Prog. Theor. Exp. Phys. 2015, 00000 (155 pages)
DOI: 10.1093/ptep,/0000000000

Probing Cosmic Inflation with the LiteBIRD
Cosmic Microwave Background Polarization
Survey

LiteBIRD Collaboration™*




Assumptions for Mission Requirements

Scientific objectives:

(S?"tot < 0.002
#0530 (i, = 0.01) > 3
#02%(riy = 0.01) > 3

Not assuming any instrument design, except

Nb bands = 12
Sensitivity curves following S/N of:

Mission
requirements

Scientific
requirements

Synchrotron  CMB Dust
Top-level margin: 5 + 6wt_M_moreM2_midHF E
e 20 % of total £ =o - .
e sky complexity + unknown unknowns Oy ®
©
g 5 e
Statistical budget: % .
o Orgar < 0.001 = : :
e no 1/f noise =
2 . $
Component separation: sky complexity G - : o ’
c ¥
* MCNILC o dist 9 .
* FGBuster v e
50 100 150 200 250 300 350 400
Likelihood: PTEP Ikl frequency [GHz]
Assumptions:

Forecasted sensitivities

2.00

d1s1 model + PTE%Qood

=== new target
175

1.50
1.25

100 pmmmm————————————

rx 1000

0.75

0.50

0.25

...... PTEP target ~ mmm MCNILC  mmm FGB-opt

>

Requirements - v2.0

FGBuster MC-NILC
O_tot a.stat o_syst margin
LF MF HF LF MF HF LF MF HF LF MF HF

<o R 705

Reionization

335 48 61 63 53 41 356 36

>

wei<m | 54 | 44 47 436 335 38 20 206 18 24 20 21

i)

(S‘T'tot < 0.002
#0530 (p = 0.01) > 3

tot

#020(ry, = 0.01) > 3

) () i)

- VS - N2 9
Orsar <0.001 02" =303 (o72") =02(e%})’

Note:
Scientific requirements are automatically
satisfied for FGBuster but not for MC-NILC

coming from baseline
focal plane config. at the time

assuming LF = 1.15 x HF
from baseline
focal plane config.

from this week’s F2F @ IPMU

Recipe for Requirements

2 ‘ \
c 5 LF ¢ Requirements
O E HF o . LE
n O —— :
.‘in § ¢=_'-, 8 MF
5| fixed ” =

/ v2.0 J

5rtot < 0.002
#0530y, = 0.01) > 3
#”{«%:m(rin F== 001) >3

Scientific
requirements

Orstar < 0.001

Main assumptions:

- dlsl model

- PTEP likelihood

- optimistic masking for
FGBuster




data analysis
Systematics studies

A~
P‘ZE

Coordination of systematics
studies for the collaboration

(G. Patanchon)

Beam sidelobes: W. Wang,
C. Leloup (<2023/2024), A.
Basyrov (<2027)

HWP imperfections:

G. Patanchon

E. Tsang King Sang + J.
Errard + R. Stompor

3. Details of selected items (|) beam pattern/FSL

e Calibration accuracy
m  70dB measurements:

e Probably possible on ground
with  VNA with incomplete
config.

® Need to check if it is possible in
flight (achieved with HFI, but not
with TES).

m  What are the requirements?

m No precise beam pattern
needed at FSL; only integrated
beam at FSL matters
(Leloup+24)

m  What are req for Bco, Bcrs, or
sum of them?

m Do not make requirements
below measurements noise floor.

(dB)

LFT-100GHz

D, [MK2]

ey Al

Applying psi rotation




data analysis

HWP systematics

Effect of Instrumental Polarization
with a Half-Wave Plate on the
B-Mode Signal: Prediction and
Correction

Guillaume Patanchon® Hiroaki Imada’ Hirokazu Ishino®
Tomotake Matsumura®*

Simulation configuration

Q/U single frequency maps:

- PySM templates d0sO - spatially invariant spectral parameters g, f,,
CMB from Planck 2018

- No noise, r=0 Alens=1 (no delensing)

- Scanning strategy: random hit on SO-SAT like sky patch

)

HWP moldulation
w/ non ideal HWP

Map making

j pol @ hwp @ mixing matrix @ sampling
A Sky template ((h.T @ h).I @ h.T) (tod)
https://github.com/CMBSciPol

P.Chanial’s talk @ IAP https://indico.iap.fr/event/30/
S.Biquard’s talk @ CMB France https://indico.in2p3.fr/event/34251/overview

Uncorrected maps
sky reprojection
w/ ideal HWP

i

1

Corrected maps
sky reprojection
w/ effective HWP

|

I
Component separation
fgbuster

Input maps: no band-pass integration
- Frequency bands: SO SAT
LF1: 27, LF2: 39, MF1: 92, MF2: 148,UHF1: 225.5, UHF2: 286.5 GHZ

B-mode residual - cmb, dust @ 148 GHz, synchrotron @ 148 GHz

tsang@apc.in2p3.fr
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Isang King Sang et al. (in prep)

Half-wave-plate non idealities propagated to component separated CMB B-modes

Ema Tsang King Sang*, Josquin Errard*, and Radek Stompor*
* Université Paris Cité, CNRS, Astroparticule et Cosmologie, F-75018 Paris, France
(Dated: January 29, 2026)

We investigate the impact of non-ideal continuously rotating half-wave plates (HWPs) on CMB
polarization measurements in experiments such as the SIMONS OBSERVATORY and LITEBIRD. We
exploit a frequency-dependent parametric model of multi-layer HWPs using Mueller matrix formal-
ism, which captures the induced mixing of Stokes parameters. Through end-to-end simulations,
we propagate these effects into the later stages of CMB data analysis, namely map-making and
component separation, and quantify the resulting bias on the B-modes power spectrum and the
tensor-to-scalar ratio r. We show that neglecting the frequency dependence of a three layer HWP
can produce significant polarization leakage, biasing foreground spectral parameters and eventually
leaving residuals in CMB maps corresponding to an effective bias of up to r ~ 7 x 1073, To address
this, we test two corrective data models: an effective model, with fitted parameters at the time-
ordered data level, and a full stack model explicitly encoding the instrumental response. While the
latter reduces systematics, it may become insufficient for targetted scientific goals of next-generation
CMB instruments. We finally suggest a JAX-based component separation method that incorporates
the non-ideal HWP response and allows marginalization over hardware uncertainties.

CMB B-mode NEXT, KEK Tsukuba 01/2025



data analysis

. N
Component separation P‘(c

e improving on PTEP (inclusion of more sky, different
splitting of regions to handle spatial variability of
foreground SEDs) — Morshed et al. (2024) + Rizzieri
et al. (2025) + Kabalan et al. (2026, in prep)

e improvement of the component separation by
explicitly including beams in the parametric
component separation — Rizzieri et al. (2024)

e exploring non-parametric component separation
— Morshed et al. (2024), Leloup et al. (2025)

A

1.0 1

0.2

0.0

new MEAN residuals, fjks scaling
-> o(r)=0.000561
new MEAN residuals + PTEP SYSTEMATICS, fjf; scaling
-> o(r)=0.000728
Tobs = 6years // new MEAN residuals + PTEP SYSTEMATICS, f55 scaling
-> o(r) =0.000656
foregrounds-only PTEP-like residuals, fq, scaling
-> o(r)=0.000763
. foregrounds-only PTEP-like residuals, fszky scaling
-> o(r)=0.001146

—0.001

1
0.000

OA(SOI 0.(;02 0,0'03 0.604 0.005
tensor-to-scalar ratio r

Tran Hoang Viet + Guillaume Patanchon
+ Benjamin Beringue working on a novel
implementation of SMICA (using FURAX)

e we have been among the main developers of 1
performance pipeline, from hardware :
configuration to constraints onr

: Instrumental model

v [GHZ]

Component separation & performance team for LiteBIRD

= Performance code for LiteBIRD:

Sensitivities :
[uK-arcmin] :

\ Put requirements on the
' - ool | < instrument design




-
SciPol X

7/

> R,/

e
Amalia Villarrubia Aguilar on behalf of the SciPo!/ > team

Laboratoire AstroParticule et Cosmologie (APC), Univ. Paris Cité, CNRS, France

FURAX, a modular JAX toolbox for
solving inverse problems, and its
applications to CMB data analysis

presented this
week at the F2F
@ IPMU, Tokyo

e "+ Involvement in the post PTEP papers:

FURAX (Framework for Unified and Robust data Analysis with JAX) is a modular and efficient Main
framework for end-to-end CMB data analysis. developers: O
* Modularity: FURAX provides modular building blocks for the full CMB analysis
pipeline—from modelling the optical elements and mapmaking to component separation
and cosmological parameter estimation —using PyTrees for efficient data handling.
— Straightforward incorporation and testing of complex systematic effects.
» Efficiency: FURAX fully leverages the optimized performance of the ﬂ library at each
computational step (automatic differentiation, JIT compilation, parallelism).
9 — Same code runs efficiently on CPUs and GPUs, from laptops to supercomputers. )
/_ . . . O
In SciPol N we work on various aspects of CMB data analysis using FURAX:
e
INSTRUMENT MODELLING
The Half-Wave Plate (HWP) can induce complex systematic Potential asymmetries in the instrumental beam e 0
effects, which we incorporate into the data model using are incorporated into the data model and % PRSI
FURAX through a modular, realistic HWP description. characterised with FURAX operator to mitigate ool Nas
intensity-to-polarisation leakage. holse \¥"%e
é Systematic
L L) effects O
— Tsang King
Sang et al., 2026 .
(in prep) - (Extra)galactic
) foregrounds
g
— MAPMAKING ~N
By incorporating systematic effects directly into the data model with FURAX, we Gravitational
obtain unbiased maps while minimizing the need for pre- and post-filtering. . a lensing
d =[Ps}+(Tx)+{n] S 9
74 ) FURAX will provide modular and scalable swh&” 1 2026‘35‘* Manopole
< mapmaking pipeline suitable for LiteBIRD. E S S SR R >
. J Dipole
~— COMPONENT SEPARATION ~N S
ntensity
Astrophysical foregrounds exhibit spatial variability [—] anisotropies
that can be accounted for using the spectral . 2
likelihood. Combining this method with the "1 s 1 = E-modes
performance gains of FURAX enables the exploration [ wi\ /!
of thousands of spatial configurations to identify the i m "
— Kabalan el s
one that minimizes bias and statistical residuals in " 2026 (in prep) B-modes
the estimated r.
\ _/
= MAP-BASED FOREGROUND CLEANING & r ESTIMATION ﬁ
Tensor-to- | =
Developed for the Simons Observatory, the MEGATOP pipeline is based on the spectral ‘g’ [ scalarratio |:
likelihood method implemented in FGBuster; FURAX is used to efficiently incorporate the Y . \:'
observation matrix as well as a beam operator which respectively capture the effects of -
linear filtering during the mapmaking process and realistic (asymmetric) beam profiles.
dﬁltered =0- draw =OBA-s+n
\ Email: villarrub. 5.fr (Amalia Vlllarrubla)
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2 — o upper limit on primordial
gravitational waves amplitude
S

Out-of-band rejection requirements for
LiteBIRD Medium and High Frequency
Telescopes (Errard, Rizzieri): Studying the
post component separation bias on r -
Mousset et al. (in prep, internal review)

E modes from LiteBIRD (Rizzieri):
FGBuster component separation
Co-leading of Cosmic Birefringence
group (Errard) — De |la Hoz et al. (2025)
Foreground Cleaning & Component
Separation (B-modes paper, Tran Hoang
Viet + Benjamin Beringue)

NB: FURAX map-maker now
interfaced with LiteBIRD-sims

synergy with the Simons Observatory!

0
10 I data from Encyclopaedia
I I Inflationaris,
I Martin, Ringeval & Vennin,
Phys. Dark
limit from astrophysical

Univ. 5-6 (2014) 75-235

101 I I systematics
Y1y
E limit from instrumental
systematics

%%Q&»

Starobinsky-like models Z

2010 2015 2020 2025 2030 2035
year of publication

=
o
b

10~4 v v v v .
0.2 04 06 0.8 1.0
Posterior distribution on r



Mathias Régnier (currently @ IRAP) applying
to CNES postdoctoral fellowship to join APC

e unique expertise in CMB data analysis
e strong understanding of FURAX architecture

e led pioneering work on the modeling and treatment of
astrophysical x instrumental systematics

e just attended the LiteBIRD F2F in Tokyo

e key for APC/SciPol to make FURAX a sustainable framework
and to fully exploit its capabilities within LiteBIRD.

Main results :

Mathias Regnier e Modeling of complex beams for CMB experiment

r-

[=]

e Development of parametric and blind component
separation method directly in the time domain

e Mitigation of instrumental systematics for CMB
experiments using efficient codes

e Currently producing the state-of-the-art model for polarized
thermal emission of the dust using realistic galactic magnetic
field model

11



Publications — APR 2026
(>= 2024)

Patanchon et al. 2024 “Effect of Instrumental Polarization with a Half-Wave Plate on the B-mode Signal: Prediction and
Correction

Leloup, Errard, Stompor, “Non-parametric maximum likelihood component separation for CMB polarization data”, Phys.
Rev. D 108, 123547

Leloup et al., JCAP 06 011 (2024), “Impact of beam far side-libe knowledge in the presence of foregrounds for
LiteBIRD”

Morshed, Rizzieri, Leloup, Errard, Stompor, “Pixel domain implementation of the Minimally Informed CMB MAp
foreground Cleaning (MICMAC) method”, arXiv:2405.18365

Rizzieri, Errard, Stompor, “Main beam treatment in parametric, pixel-based component separation”, arXiv:2409.12944
Vergés, Errard, Stompor, “Framework for analysis of next generation, polarized CMB data sets in the presence of
Galactic foregrounds and systematic effects”, Physical Review D, Volume 103, Issue 6, article id.063507 (2021)

The LiteBIRD collaboration, “Probing Cosmic Inflation with the LiteBIRD Cosmic Microwave Background Polarization
Survey”, eprint arXiv:2202.02773 (Feb 2022), accepted for publication in PTEP, doi:10.1093/ptep/ptac150.

El Bouhargani et al, “MAPPRAISER: A massively parallel map-making framework for multi-kilo pixel CMB experiments”,
accepted for publication in Astronomy and Computing (2022).

Jost, Errard, Stompor, “Characterising cosmic birefringence in the presence of galactic foregrounds and instrumental
systematic effects”, arXiv:2212.08007, submitted to PRD (2023).

Azzoni et al. “A hybrid map-C{f component separation method for primordial CMB B-mode searches”, Journal of
Cosmology and Astroparticle Physics, Volume 2023, Issue 03, id.035, 28 pp. (2023).

Giardiello et al. “Detailed study of HWP non-idealities and their impact on future measurements of CMB polarization
anisotropies from space”, Astronomy & Astrophysics, Volume 671, id.C1, 3 pp. (2023)

Leloup et al , “Forecasting the performance of the minimally informed foreground cleaning method for CMB polarization
observations”, Phys. Rev. D 112, 043531 (2025)

A. Rizzieri et al., “Cleaning Galactic foregrounds with spatially varying spectral dependence from CMB observations with
FGBuster” in prep. — published

A. Kabalan, A. Rizzieri et al. “A novel approach to optimize clustering for parametric map-based component separation
for upcoming CMB polarization satellites”, in prep.

G. Sathyanathan, J. Errard and S. Basak, “Parameterizing Noise Covariance in Maximum-Likelihood Component

Separation”, in prep.
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LMHFT
Thermal model

J.-P. Thermeau, L. Grandsire, A. llioni,
G. Deniel, M. Piat

MHFT Thermal Model




Statut developpement LiteBIRD

* Actuellement en phase de reformation Opton 1 o1 o2
e Les trois instruments ont été réunis en un seul - LMHFT . Tansmissive
* Architecture optique : Option #2 est la baseline, Option #1 g = =
en back-up 5 !
« Définition du plan focal et fournisseur des détecteurs gy e oo e e
encore inconnus a ce stade -> R&T TES @ CEA LETI/APC
* |RAP travaille sur la CAO de l'instrument
e Statut du projet
* Objectif actuel : définir en détail la baseline
Y ESA Ministerial Y ESA Ministerial (tbc)
CY2024(M%E) , 2025 2026 I 2027 t 2028 i 2020 O
I | 1 I I
A A AA =—=A AA
KDP1 KDP2 MDR#2 PRR SRR SDRPAR
7 2026.6-72026.8 (TBC) A
_— Praser | Phase 8-
CNES KPv v CNES Phase A2 Review (TBC) v;

Instrument | Phase A2 - 4 PhaseB (B17)
' Instrument Design -
Detector (FPSA) [[I RED_;O_> llsingle pixetl demo |:or10rmance anaysis
11-‘41\:4' design with FPA)
[

prelvinery [IFPSA design (including in

NS E R&D (BBM Phase) W{l.m,a by ESA DITEC
»| Design, Ma'\ufaduro> Testing >: Contingency >

{égfﬁc;n}};‘cﬁoz-zoze) !

Pyl
FPSA: Focal Plane Sub-Assembly !
BBM: Breadboard Model - Design Manufacture ©  Testing
DM: Demonstration Model Scaiing 10 the highest/lowest

TODAY frequency bands R&D (DM phase)

v
target: 24months{
1~

MHFT Thermal Model




« Short term (before JAXA MDR) :

* Estimate of thermal conduction (via carbon struts) between Service
A S
Struts + sleeves: thermal analysis N \Ve
17 * I P l:;ff;"' Lot | Raivs Mf,'?";‘]’:; THERMIQUE MHE?W ;
' L1 | 1‘"0‘]9) 0,99 R1 6‘;’;!’:}1 ; ///////// m:,::‘[.gz M -
5,48€-01 |4,40E-01 (mWI| 1016401 7,336+
a37e01 366601 ML [’::m 26400
4,85E-01 |3,99E-01
1,62E+00 |9,43E-01

» Long term :
* Nodal global thermal mod

* Steady state results :

— Thermal loads between nodes
— Heat loads of each cold stage

* Transient studies : First results of the cold stage sensitivity to
sinusoidal excitations

* Impact of the sky heat load variation on the cold stages
e Sensitivity analysis

R1_
R1_int [m]
B.s

MHFT Thermal Model




Prototypage d’une matrice de détecteurs
TES pour le plan focal LiteBird

Réféerence ESA: GT17-818EF — Integrated submillimetre wave antenna-coupled
dual-polarization focal plane array and detection chain

Consortium: CEA-LETI, APC, CEA-IRFU, IRAP, LBNL

N @ . |irap EEB_KELEY.LAEE




Proposition ESA GSTP: TES@LET]

> Consortium INFN-SRON-UK

o GSTP ESA
o Proposition de collaboration:

m Design et fabrication de TES au LETI

m Gamme de fréquence complémentaire du SRON

m Permet de paralléliser les déeveloppements

m Liens privilégiés avec Berkeley (détecteurs CMB-S4)
o Refus de collaboration!

m SRON semi-industriel

> Proposition GSTP indépendante

o LETI, CEA-IRFU, APC
o Premiers retours positifs du CNES

17



Objet de la proposition GSTP ESA

Réalisation d’'un ensemble de wafers de 200 mm contenant »
chacun une matrice de 144 pixels couvrant une surface de
10* mm? représentative de I'état de I'art et des dimensions
prevues pour LiteBird.

Sub-
Assembly

Filter Sub-
Assembly

Positionnement du plan focal dans le
dispositif optique de LiteBIRD:

F‘i

Feedhorn
Array Sub-
Assembly

| x
E
b
Detector
Wafer Sub-
Assembly

= Développement de la partie sensible du FPA:
€ Démonstration de faisabilité des procédés
critiques
€ Conception du détecteur complet (antennes
pour mesurer la polarisation, diplexeur pour séparer les

bandes, détecteur TES pour mesurer lintensité du
rayonnement et connections entre les fonctions)

€ Caractérisation du détecteur

Screws,
Alignment pins,
CFRP struts

-> Les autres parties du plan focal sont développées dans d’autres laboratoires du consortium
LiteBIRD (SRON, U Cardiff, U. Roma, Pise, etc..)

18



Objectifs techniques

Déevelopper a TRLS un prototype de matrice
de detecteurs TES (Transition Edge Sensors)
double-polarisation double bande dans le
domaine millimétrique pour les futures
missions scientifiques telles que LiteBird ou
d’autres missions ESA du programme Voyage
2050

e Matrice 12x12 pixels

e Temperature: 100mK

e Bandes HF1 de Litebird: 217GHz et 334GHz,
Avlv = 30%

e 2 polarisations

e NEP~6.10" W.Hz?°

TES 1
|

>

180° hybrid

Band

TES 4

180° hybrid

Band
2

Band

x

—— Diplexer

CPW-MS

Diplexer

CPW-MS

Band
1

>

SWeMdO

[4
ueg

1diq |5

1
L_| Joxo

CPW-MS

Band

Band

pueg

>

puUdAy ,081

¢S3l

-1 Diplexer

2

180° hybrid

|
TES 3

Architecture d’un

pixel
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Exemple de matrice CMB-

(LBNL, USA)

S4

OMT
RF bias line
Dual Tc bolometer

HfTES TiTES

10 mm

| ===

10 mm x 10 mm

~

[Suzuki 2024]

LBNL/Seeqc SAT MF2 (95/155GHz) fabricated

prototype detector arrays
98.9% electrical yield
Hafnium TES

~
~
~
~
~
~
~
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Objets livrables

=> Deux lots de fabrication comprenant 12 wafers (200 mm) chacun.
=>  Sur chaque wafer:

€& Puces de test filiére

€ Une matrice de 144 pixels (100x100 mm?) au centre

€ Une quarantaine de mono-pixels et structures RF permettant de tester individuellement
des variantes technologiques destinées a optimiser/sécuriser le design.

2200mm -> Tests au niveau filiere de chaque

Matrice de 12x12 pixels de Wafer pe rmetta nt d ;établ | r un

- ~

N\ 7-5x7.5mm (100x100 mm) . .
" rendement de fabrication
. F’uces de test mono-pixels (Opé rab| I |té)
" = Tests électriques a 100mK sur
/?uces de test filiere .
" quelques détecteurs: Tc,
e P e ey ety caracteristiques V(I,T)

= Mesures optiques: au cours de la
3eme année du développement
(hors GSTP) dans les laboratoires
techniques concernés APC et DAp

-~ —-

Description préliminaire
d’un wafer prototype

21



Plan de développement et WBS

oRnmee | Rt Année 3
WBS . Nom de la tache T4 T T2 T3 T4 T1 T2 T3 T4 T T2 T3 T4
1 4 Project management !
1.1 Kick-Off o Kick-Off
1.2 Design review # Design review
1.3 Fabrication review ¢ [Fabrication review
1.4 Final review Final review ¢
2 4 Pixel design !
2.1 Design i 1
2.2 Masks, process validation | RRRRRRRRNH 1
3 4Technology ! 1
3.1 TES metals | 1 /
3.2 Metals I 1
33 SiN-LS, DRIE, dicing | ]
34 Prototype batch 1 | |
3.5 Prototype batch 2 [ |
3.6 DC Tests [ 1
4 4 Packaging ! 1
4.1 Design { 1
4.2 Manufacturing | 1
5 4Tests f
Y | Definition and set-up [ 1
w— ——— e —— ‘~J; |
5.3 Experimental tests [ |

Projet proposé
WP1: Management
WP2: Pixel and prototype design
>  Rapport de conception

WP3: Technology
> Année 1: lots d’étude des
procédés

> Année 2:
o Deux lots prototypes

o Tests DC complets a 300K

o Premiers tests DC a basse
température

o Rapport de fabrication et de test
DC

APC:
-> WP2: Design

Travaux d’'accompagnement avec les partenaires LiteBird
WP4: Packaging

Conception et réalisation des montures, cornets et interfaces de

test.
WP5: Tests

Préparation et réalisation des tests optiques a basse température.

-> WHP3: Tests DC
APC hors GSTP:

-> WP4: Packaging
-> WP5: Tests

22




Points forts de la proposition GSTP ESA

- Heritage US: accord entre labo frangais [y/isite de Aritoki Suzuki 3 CAPC
et LBNL pour transfert de competences | 4o Nov. 2026 3 Janvier 2027

et design (technologie type CMB-S4)

- Compeétence francaise dans le domaine
- Centrale technologique LETI 200mm
- Héritage programme spatial TRL9 (Herschel, Planck)

- Importance stratégique des développements détecteurs et

opportuniteé
- Complémentarité gamme de fréquence SRON (action de forte diminution de
risques developpement detecteurs)
- Brique clé qui conforte la position de Plship francais

- Perspective de valorisation

- Projet FOSSIL (back-up bolométres)
- Line Intensity Mapping: structure a grande echelle et évolution de I'Univers.
- Technologies quantiques
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APR 2026

Demande de financement : 46.2k€ total demandé au CNES au titre de 'APR 2026
e Vacation : 10.8k€ — 6k€

o 16 mois de stage niveau M2 et/ou école ingénieur
e Missions : 25k€ — 9k€

o Conférences scientifiques (SPIE 2026, B-modes from space...) : 8 missions (4 a
9 jours)
e Frais de gestion CNRS / Laboratoire : 3.4k€

- bon de commande 13k€ au printemps

Justification financement :

e Vacation : Nous prévoyons de prendre deux stagiaires école d’'ingénieur ou M2 pour
travailler sur les effets systématiques/thermiques et sur les aspects analyse de
données et un stagiaire ecole d'ingenieur pour travailler sur les aspects thermiques en
regime instationnaire.

e Missions : Les reunions de collaborations sont prises en charge par le projet
LiteBIRD mais nous demandons ici la participation indispensable a tout travail
scientifique a des conférences scientifiques et ateliers internationaux.

MHFT Thermal Model




