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Detection bolométrique/quadratique : P ou E -> Chaleur

D. PRELE Panorama des détecteurs cryogéniques DRTBT2018



Principe du bolomètre : l’absorbeur 

D. PRELE Panorama des détecteurs cryogéniques DRTBT2018



Principe du bolomètre : la “fuite” thermique

D. PRELE Panorama des détecteurs cryogéniques DRTBT2018

Bolomètre Calorimètre



Bruit et basses temperatures 

D. PRELE Panorama des détecteurs cryogéniques DRTBT2018
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Refroidire pour mieux chauffer : capacité calorifique C [J/K]
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Thermometer : Mesure T … mais réchauffe le bolomètre



D. PRELE Panorama des détecteurs cryogéniques DRTBT2018

Les differents type de thermometers :



D. PRELE Detecteurs mm DRTBT2012



D. PRELE Detecteurs mm DRTBT2012



D. PRELE Detecteurs mm DRTBT2012 … et aussi multiplexage …



Chaine de detection pour QUBIC (CMB)

https://apc.u-paris.fr/~prele/TESreadout_PRELE_QUBIC_Rome2016.pdf



NbSi : supra “ajustable” 

% de Nb

Temperatures critiques



Microcalorimètre supra - X-IFU ATHENA

Warm 
Front-End 
Electronic :

Electronique 
ASIC de 
lecture et de 
polarisation 
des TES
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Sky Signal   spline-profiled Horn* array

*Feedhorn dev. and scalability for SO and beyond - S. M. Simon et al.
** Conceptual Design …for the CMB-S4 survey experiment, D. Barron et al.
*** JLTP 2022 DOI: 10.1007/s10909-022-02731-x
****Multi-Chroic Detectors for Observing the CMB - A. Traini, M. Piat et al.

Interfaces layers**
OMT***

Y-pol

X-pol

Diplexer****

- Sensitive to polarisation antenna 
- Superconducting Channelizer / Diplexer
- End line dissipator + Thermalization
- Bolometer + Superconducting thermometer

TES Xpol HF

TES Xpol HF
TES Ypol HFTES Ypol LF

6 mm

CMB-S4 TES multichroic et multipolar



6 fabrication sites : NIST, Argonne, UCB, LBNL/SQC, JPL

SAT : 30/40 GHz, 85/145 GHz, 95/155 & GHz 225/278 GHz 

LAT : 20 GHz, 30/40 GHz, 90/150 GHz & 225/278 GHz
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CMB-S4 TES multichroic et multipolar



CMB S4 detection chain : TES + SQUID TDM + 
warm readout

SQUID amplification and multiplexing circuit for one TDM 
readout column (SLAC responsibility):

Modular readout scheme showing 
components at each temperature 
stage and interconnects :

Mux 8
0

x1000

x500
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Developments in Time-Division Multiplexing of X-ray Transition-Edge Sensors, R. W. W. Doriese et al. DOI:10.1007/S10909-015-1373-Z
Conceptual Design of the Modular Detector and Readout System for the CMB-S4 survey experiment, D. Barron et al., astro-ph 2022 arXiv:2208.02284v1

https://arxiv.org/abs/2208.02284v1


100 mK readout 

● NIST SQUID fabrication
● SLAC assembly
● Test :

○ UIUC
○ FNAL
○ UNM
○ SLAC

ANR CEA/APC Hightec

18

[readout] CMB-S4 Readout WG Telecon every 2 weeks 

Installation d’une chaîne de 
détection dans une dilution APC



Collaboration IN2P3/SLAC 
on the detection chain

DELIVERABLES
1. WBS 1.04 Readout

a. DOE
i. Front-End module schematic/layout/fab with ASIC front-end board
ii. Functionality/performance test with IN2P3 ASIC daughter board with ASIC_v3 in CQFP208 package on front-end 

card
iii. Functionality/performance test with IN2P3 ASIC daughter board with ASIC_v3 in new smaller package on 

front-end module  (same daughter board foot-print and IO)
iv. Modification of warm readout module (schematic/layout/fab) to incorporate In2P3 ASIC daughter board with 

ASIC_v4
v. Functionality/performance test of readout module with In2P3 ASIC daughter board with ASIC_v4

b. IN2P3
i. Schematic/layout/fab/bench test of ASIC daughter board with ASIC_v3 in CQFP208 package for front-end 

module
ii. Package ASIC in new smaller package

iii. Schematic/layout/fab/bench test of ASIC daughter card with ASIC_v3 in new smaller package for front end 
module

iv. Design/fab/test ASIC_vS4
v. Schematic/layout/fab/bench test of ASIC daughter card with ASIC_vS4 in new smaller package for warm readout 

module.
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● DOE Funding for R&D and project development 
began in June 2020 (Dark Matter New Initiative)

● One experimental design, and different target 
materials with complementary DM sensitivity, all 
using TES

● Includes SPICE (Al2O3 and GaAs) and 
HeRALD (LHe)

● ~ 40 people from 8 institutions
● Actively searching for an underground lab
● found an underground Lab and new partners

TESSERACT : Proposal experiment @ LSM
Transition Edge Sensors with Sub-Ev Resolution And Cryogenic Targets

TESSERACT @ LSM proposal:
● Benefit from EDW+Ricochet+CUPID Ge 

bolometer expertise and low-background 
cryogenic experience to:

○ Add the French semiconductor 
Ge bolometer technology (both 
LV and HV mode) to the 
TESSERACT science program

○ Deploy the future TESSERACT 
experiment at LSM

● Achieve leading light DM sensitivities on 
short time scales

● Benefit from exchange of technologies 
with US partners

Alexandre.Juillard@ipnl.in2p3.fr



● SuperCDMS TES technology 
optimized for small volume crystal.

● 273 meV (RMS) leading to eV-scale 
threshold already achieved with a 
0.2g Si detector and Tc = 50 mK

● Targeted Tc around 15-20 mK recently 
achieved

○ ~100 meV threshold achievable 
on 1 cm3 crystals

● Next challenge: parasitic power 
(vibrations, EMI, IR photons) needs to 
be <aW to fully reach TES sensitivity

TESSERACT : New generation TES sensors

Energy threshold 
decreases w/ detector 

mass

Energy threshold decreases 
very quickly w/ Tc

Alexandre.Juillard@ipnl.in2p3.fr



● Low Energy Excess observed in ALL 
cryo detector are non ionizing (« heat 
only » event)

● Ionization can be used to reject LEE
● Huge effort over the past 7 years :

○ from EDWIII 𝞼 = 200 eV to 𝞼 = 30 
eV (reached for RICOCHET)

○ 𝞼 = 20 eV in hand but hard to do 
better than 10

● CryoSEL Tricks = use the Luke effect
○ Concentrate it
○ Trigger a « LEE » veto thermometer

● single e-h sensitivity possible with a SSED 
: Superconducting Single Electron Device

Will be used in TESSERACT 

∼mm2 ultra sensitive NbSi TES

∼mm*µm innovative NbSi SSED

SSED : Superconducting 
Single Electron Device

EDW/CryoSEL project : NbSi TES SSED sensor for Heat Only event rejection 

38g Ge CryoSEL prototype

Alexandre.Juillard@ipnl.in2p3.fr



Low Impedance High Impedance

● NbxSi1-x  : Alloy near the Metal Insulator 
Transition or superconductor

● > 20 years of development. Co-evap of thin 
film.

● Best result in the superconducting mode 
(high or low Z)

● Micro-lithography (CNRS/C2N) for both 
detectors matrix (QUBIC) and massive 
bolometers (EDELWEISS, CryoSEL, TINY).

● R&D :
○ Specific heat minimization ➙ Phonon 

traps
○ Low threshold « metastable »state for 

heat only event discrimination 
(Superconducting Single-Electron 
Device -SSED-, CryoSEL ANR project)

R&D @  IJCLab : NbSi thermal sensor
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Optimisation du design des TES US dans le cadre d’une double mesure chaleur/ionisation car il y a competition entre 
les electrodes et les TES en terme d’absorption de phonon (développement en commun avec les US)



TES NbSi HZ (XdlB, Benjamin Criton, JLS)

Jean-luc.sauvageot@cea.fr



Jean-luc.sauvageot@cea.fr



Jean-luc.sauvageot@cea.fr



Conclusion

- NbSi
- Tc adjustable -> 50 mK - qqK
- Facteur de forme  -> 100 mΩ - 2 MΩ

- Matrices de bolomètre supraconducteur mm -> Cosmology CMB

- Matrices de microcalorimètre X -> Astronomie Haute Énergie

- Détecteur de phonon - Cristaux type Edelweiss -> DM, WIMP, Neutrino

Et électronique de polarisation, de multiplexage et de lecture

Et aussi les flex supra 


