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What is CEvNS?

• Cross section scales with  —> 10-1000>larger than IBD


• Good probe of  and BSM physics at low energies


• Signature is a very low energy nuclear recoil 
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2 experimental issues arise when trying to measure CEvNS:


1. How do I detect them ? 
—> Using a neutrino source, going to cryogenic temperatures, ultra low threshold detectors


2. How do I make sure what I detect is actually a neutrino? 
—> Passive shielding and multiple particle vetoes

How do we measure CEvNS?How do we measure CEvNS?
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How do I detect CEvNS ?
Experimental site at Chooz

1st step: Find a source with high neutrino flux 

- Located in between 2 reactors


- Small overburden of 3 m.w.e


- Neutrino flux ~1.7 1012 cm-2 s-1 


- Produces antineutrino of ~10MeV and under 
—>  nuclear recoil O(1keV)

2nd step: Go to cryogenic temperatures 

Spring-pendulum hanging from 
independent rack and thermally 
coupled to 4K stage 

Kevlar wire for 
thermal isolation

Cryogenic detectors at 
10 mK

How do I detect CEvNS?

- NUCLEUS cryostat goes down to 10mK, which 
makes it sensitive to the very small temperature 
variations induced by nuclear recoils5

How do I detect CEvNS with NUCLEUS?



How do I detect CEvNS with NUCLEUS?
3rd step: Use ultra low threshold cryogenic detectors

Below threshold area

In situ projected bkg

—> 2 arrays of 9 cubic  and  calorimeters


—> Read out using Transition Edge Sensors (TES)


—> Stable noise RMS  and  for  demonstrated (paper in preparation)

CaWO4 Al2O3

5.5 ± 0.2 eV Al2O3 6.2 ± 0.3eV CaWO4
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Background rejection strategy - Passive shielding
Shielding systems

Internal passive shields at cryogenic 
temperatures 

Extension of the external shield inside the 
cryostat (Pb, HDPE + muon veto)

Thermalized by copper disks

External passive shields 

5-cm Pb + 20-cm borated HDPE 
installed in mechanical structure

Commissioning results: 
External shielding fully commissioned 

Thermalization of internal shielding (~ 50 kg of 

HDPE + Pb + Cu) achieved within 11 days

B4C internal shield  
(not present) 

Additional neutron rejection

Concept under validation, to be integrated at Chooz 7



Background rejection strategy - Active shielding
Cryogenic and external muon veto: 
 
- 28 x 5-cm thick plastic scintillator modules 
with WLS and Si-PM readout


- Demonstrated with ∼98.5 % efficiency


- Operated in anti coincidence with target 
detector


Cryogenic Outer Veto (COV): 
 
- 6 HPGe crystals with near  coverage


- External -ray veto (+neutron)


- Read out in ionisation channel 


- Operated in anti coincidence with target 
detector


- O(10keV) energy threshold
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(Preliminary)



Thank you for listening!

Contact: liliane.mccallin@cea.fr 
Read about us at: nucleus-experiment.org

Sources: 
 
- D. A. et al. Observation of coherent elastic neutrino-nucleus scattering. Science, 357(6356):1123–
1126, 2017 
- C. Goupy. Stratégie de réduction des bruits de fond pour détecter la diffusion cohérente des anti-
neutrinos de reacteurs sur noyaux avec l’expérience NUCLEUS. PhD thesis, 2024 
- R. Strauss. Gram-scale cryogenic calorimeters for rare-event searches. Phys. Rev. D, 96:022009, Jul 
2017 
- J. F. M. Rothe, Low-Threshold Cryogenic Detectors for Low-Mass Dark Matter Search and Coherent 
Neutrino Scattering, Ph.D. thesis, Munich, Tech. U. (2021).
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