
           

 

 

 

 

Motivation 

 

Phases 

 De-excitation of nucleus after capture: 

→ Via single-γ emission: nuclear recoil of known energy. 

CRAB peak, clear calibration feature 

→ Via γ-cascade: energy of the nuclear recoil depends 

on γ energies and relative directions, timing of the 

cascade vs timing of the recoils in the crystal.  

CRAB “multi- γ continuum” 

 

γ-timings vs recoil timings 
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 Thermal neutron capture on 

target nucleus, inside a low-

threshold cryogenic detector 

 
2022: proof of concept with a portable 

neutron source (thermalized 252Cf source) 

in TU-München on NUCLEUS CaWO4 and 

Al2O3 cryogenic detectors.  

2024: full-precision measurement at 

TRIGA-Mark-II nuclear reactor (TU-Wien) 

with a low-intensity thermal neutron beam. 
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Only method combining: 

 Pure nuclear recoils 

 In the bulk of bolometer 

 In 100 eV energy range 

 Crystal defects trap energy. The threshold nature of 

defects creation could introduce some non-linearity in 

the detector response at high-precision. 

 Calculation is ongoing for energies stored in defects in 

CaWO4 with VASP [6]. Displacement energies calculation 

will follow. 

W 

Ca 
O 

Method CEvNS 

Light DM 

 CRAB direct calibration method for sub-keV nuclear recoils (light dark matter, reactor antineutrinos CEvNS). 

CRAB is based on nuclear recoils induced by γ-emission [1]. 

 New opportunities for sub-keV quenching factor measurement 

 Extended range of materials and energies using γ-tagging 

CRAB  

γ -emission 
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CaWO4 

res = 5eV 

CaWO4 conventional cell. Space group : I41/a 

 From multi-γ cascades, lower energy γ and conversion 

electrons can saturate the detector with energy 

deposition above 1keV. Impact on the bolometer 

operation but no direct impact in the region of interest. 

 Expected recoil energy spectra for NUCLEUS CaWO4 [3] 

and EDELWEISS Ge [4] bolometers, based on GEANT4 [1] 

and FIFRELIN [2] simulations. 

 

  γ-tagging: coincidence between γ 

in 3’’x3’’ BGO detectors and 

corresponding nuclear recoil in the 

bolometer 

 Open perspectives for further studies: 

 linearity studies with W peaks 

 other target materials (Ge, Si, …) 

 direction effects 

 timing etc. 

 

Thermal 

neutron beam 

Low-threshold 

bolometer 

n + 70Ge 

invisible peak 

n + 186W 

n + 182W 

NUCLEUS CaWO4 

res = 5eV 

n + 183W 

EDELWEISS Ge 

res = 20 eV 

γ 

γ-tagging 

Intermediate scenario, in-flight γ-emission:  

 γ-emission: FIFRELIN  
(databases, Weisskopf estimate) [2] 

 Recoils in crystal: IRADINA  
(Binary Collision Approximation code) [5] 

  Timing changes the energy deposited  

  in the bolometer: 

 Single-γ calibration peaks are 

not affected 

 extra features exploitable with 

high-E resolution. 
 

Ge 

res = 10 eV 
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With coincidence 
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CaWO4 

res = 5eV 

Ge 

res = 20 eV 

… 

With coincidence 
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Slow-γ hypothesis : Prompt-γ hypothesis: 


