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Operation of  COSINUS sensors

*the scheme shown above is highly simplified and includes only  
the components relevant to the measurement principle

Results for Si remoTES R&D moduleTransition Edge Sensor 
• Special thin-film resistors developed by CRESST collaboration
• Trick: Operate TES in transition in between superconducting 

and normal conducting state to increase temperature sensitivity
Δ𝑇 ∈ 𝒪 µK → Δ𝑅!"# ∈ 𝒪 mΩ

• Made from tungsten (W) with low heat capacity 𝐶,  maximizing 
change in temperature from recoil Δ𝑇 ∝ ∆%

&
• Recoil energy Δ𝐸 in absorber produces phonons, that thermalize 

and rise TES temperature by Δ𝑇, therefore also resistance Δ𝑅!"#
• TES is embedded in current divider circuit with shunt resistor 𝑅# 

and SQUID amplifier (input coil 𝐿), leading to voltage signal
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DM = dark matter, TES = transition edge sensor, OP = operating point, TP = test pulse, CP = control pulse

Operating point determination
• OP defined as position in TES transition and its bias scaling, set 

by the mutually dependent pair of  bias current (introducing self-
heating) and heater voltage (external heating)

OP ≔ 𝐼', 𝑉(
Optimization methods
• Goal: Find optimal OP, which is defined by the best baseline 

resolution (BLR) for recoil events! 
• Assumption: Best BLR when SNR is maximal!

OP)*+ ≔ 𝐼'
)*+, 𝑉(

)*+ = arg max SNR 𝐼', 𝑉(
Procedure
• Heater sends artificial test pulses (TP) with fixed amplitude, 

that imitate real particle pulses à Signal
• RMS of  empty traces (in absence of  pulses) à Noise

• Vary OP to find maximum of  SNR = #,-./0
1),23
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• Control pulses ( ) help to stabilize detector during operation 
and track actual position in transition

Established methods: Strategic [1] or ML-based [2]
Results from recoil events
by 55Fe gamma (5.9	keV	) source, OPinit is an experience-based educated guess from an expert
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Operating point Signal (iron event) Noise SNR BLR (analysis)

OPinit (initial) 0.174 ± 0.011 V 4.366 ± 1.138 mV 1588 ± 852 18.8 ± 0.7 eV

OPopt (optimized) 0.232 ± 0.014 V 5.509 ± 3.233 mV 1773 ± 2093 17.5 ± 0.5 eV

Change + 33.33	% + 26.18	% + 11.65	% − 6.92	%
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The COSINUS experiment [3]
• Direct detection of  a potential DM signal
• Cross-check long standing DAMA claim of  

annual modulation signal [4] with 
same absorber material (NaI) 

• Cryogenic calorimeter with
two-channel readout (phonon and
scintillation light, both instrumented 
with a TES) for background discrimination

• Allowing in-situ measurement of  quenching factor
COSINUS detector module


