
from fission: U235 U238 Pu239 Pu241 

from activated material: U239 Np239

cosmic-ray induced background as main contribution
 subsequent �ï-induced neutrons: harmful background 
 mimicking CE� NS signature

gamma-background due to external and internal radioactivity

NUCLEUS threshold

rate in CaWO4

rate in Al 2O3

shallow-lab       
background levels

58.8 m distance to reactor,   VNS neutrino flux

high cross section

small recoil energy
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       NUCLEUS-Detector
Gram-scale fiducial-volume cryogenic calorimeter

   ultra-low threshold & low systematics

e

occurrence of neutral-current neutrino interactions in the Standard Model 
implies the coupling of neutrinos to quarks through the exchange of
neutral Z bosons
    flavor-independant

existence of elastic neutrino-nucleus scattering suggested for the first 
time in 1974
    no energy threshold

Z0

nuclear
    recoil

COHERENT NEUTRINO-NUCLEUS SCATTERING WITH REACTOR ANTINEUTRINOS THE EXPERIMENTAL SITE AT THE CHOOZ NUCLEAR POWER PLANT

q

  INNER VETO & TARGET DETECTOR

the beauty:

the challenge:

� CE�NS ~ 103 � �-e

ECE�NS ~ 10-4 E�-e

  prediction of strong coherent effects
  at low energies (E�   < 30 MeV) 

1

2

3

3
4

4

inner veto & target detector (4) are enclosed in a 4�_ outer 
veto (3) which is operated in anti-coincidence mode

high-Z materials (like Ge, Li2WO4) allow detector masses up 
to O(kg) and energy thresholds of O(keV)

additional capacity for further rejection of undetected muons

under investigation:
Germanium prototype with charge read-out for fast pulse 
response

Innovative design of the customized interconnection 
between the passive shielding and the outer veto 
promises excellent suppression O (103) of the

background!

first prototype with 5 cm x 5 cm
Silicon cylinders (~210 g) 

Cryostat
operation of a “dry” dilution refrigerator to

avoid handling of cryogenic liquids,
commissioned in May 2020

         base temperature of O(10 mK)
         dedicated work on vibration 
         decoupling

1   Cryostat

2   Inner Shielding

3   Cryogenic Outer Veto

4   Inner Veto & Target Detector

E� ~ 1,5 MeV

  CRYOGENIC OUTER VETO

multi-target approach (CaWO 4 & Al2O3) allows in-situ
background characterization (CaWO4 for CE�NS,
Al2O3 for background characterization)

thin-film tungsten transition edge sensor
used as temperature sensor

cryogenic detector technology developed
within the CRESST experiment, leading in 
low-mass dark matter search

ultra-low threshold of E th=20eV, 
demonstrated with NUCLEUS-1g 

scalable cryogenic technology allows
target-mass upgrade from NUCLEUS-10g
to NUCLEUS-1kg 

detector support structures (Si-wafers) 
read out by transition edge sensors

4�_���E�Q�X�G�T�C�I�G���Q�H���V�C�T�I�G�V�U���Y�K�V�J��
sub-keV threshold 

target detector: gram-scale cryogenic detector with 
ultra-low energy threshold

outer veto: kg-scale cryogenic timing detector against   
penetrating �x/n backgrounds, for an efficient active       
background reduction

Experimental Setup
Measurement of coherent neutrino-nucleus scattering with a gram-scale cryogenic calorimeter at the nuclear power plant in Chooz

CE�NS Signal Prediction
    Preliminary calculations of the expected CE � NS rate

*These are the main publications of the NUCLEUS collaboration. Additional references are cited respectively.
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two N4-type PWRs
nominal power: 4.25 GW th 

The Very Near Site - “VNS”

24 m2 basement room in administrative building

experimental site at shallow depth, overburden of ~3 m. w. e.
� � � ï-attenuation: 1.41 ± 0.02 and n-attenuation: 8.1 ± 0.4 
 
Baseline:  72 m to B-1  &  102 m to B-2    

size of the room sufficient to host NUCLEUS experimental setup

vibration characterization ongoing

      in
Ardennes
 France

by Electricité de France (EDF)

   and the associated uncer ta int ies
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CE�NS cross-section is 
proportional to N 2�

goal: Eth ~ 20 eV

Transition
Edge Sensor

Target

Inner Veto

inner veto: instrumented holder as low-threshold
cryogenic detector against � /�  surface contaminations

A. H. Abdelhameed, Phys. Rev. D 100, 102002 (2019)

V. Kopeliovich and L. Frankfurt, JETP Lett. 19, 145 (1974)

~

active muon veto consisting of 5 cm thick plastic scintillator 
plates with SiPM & WLS-fiber based read-out system

passive shielding structure consisting of graded layers of 
lead and borated PE against ambient gammas and neutrons

ACTIVE AND PASSIVE SHIELDING

Active Shielding

Passive Shielding

 Requirements:
high efficiency for muon detection and good
�F�K�U�E�T�K�O�K�P�C�V�K�Q�P���R�T�Q�R�G�T�V�K�G�U���D�G�V�Y�G�G�P���^���C�P�F���x

high uniformity of light yield and negligible
spatial dependence

 Requirements:
�U�J�K�G�N�F���C�I�C�K�P�U�V���^���K�P�F�W�E�G�F���R�C�T�V�K�E�N�G�U�����G�P�X�K�T�Q�P�O�G�P�V�C�N��
radioactivity and possible remaining nucleonic 
component of cosmic-rays

�O�K�P�K�O�K�\�G���V�J�G���C�F�F�K�V�K�Q�P�C�N���R�T�Q�F�W�E�V�K�Q�P���Q�H���^���K�P�F�W�E�G�F��
secondary particles in the shielding materials 

cryogenic outer veto offers excellent gamma rejection 
passive shielding: focus on minimizing the 
neutron flux reaching the inner volume

preliminary expected count rate of cosmic muons is     
~700 Hz for the NUCLEUS muon veto geometry 

detector dead time of ~10%, due to fast 
rise-time of NUCLEUS cryogenic detectors

�

�

Background

     goal: 
background count rate of
102 counts/(keV kg day)

in the sub-keV region

[3]

 - Search for Coherent Elastic Scattering of
Reactor-Antineutrinos off Nuclei under Above-Ground Conditions

Bor PE (5%)

Pb

Inner 
Volume

Cryostat

Active Muon Veto

Inner 
Shielding

~
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m

THE MAGNIFICENT CE� NS
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preliminary

preliminary reactor flux and CE � NS rate prediction using summation spectra suitable for sensitivity 
study, but uncertainties hard to asses

work ongoing to use spectrum from IBD experiment: <3% expected on the predicted CE � NS rate

phase I (NUCLEUS-10g) not limited by systematics

few percent precision within reach for phase II (NUCLEUS-1kg)

high flux: �C� ~ 2  1012 cm-2  s-1  for both reactors at full power

expected number of CE � NS events: ~70 �   for phase I, assuming 1 year of
data taking, 80% reactor load factor and 20 eV threshold

operation of several shielding components inside the      
cryostat at cryogenic temperatures

Inner Shielding

Uncertainty Propagation

Expected rate over achieved threshold Expected rate over simulated reactor cycles
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Recoil energy threshold [eV]
Time

low threashold enable higher CE� NS rate: effect 
enhanced for heavy target

low threshold for NUCLEUS enables efficient use of 
CaWO4

CE� NS rate modulation with reactor thermal power 
cores shut down asynchronously once a year for ~1 
month for refuelling

off-off period extremely rare

detector size
and distance

 Requirements:
aligned with external active and passive shielding, 
sitting directly above the inner volume

consits of “croygenic muon veto”, lead, copper 
support (acting also as thermal contact) & PE

       Inner Shielding will be thermalized at 600mK 
fundamental studies of the properties and the 
characteristics of organic plastic scintillators at 
mK temperatures are ongoing

�Croygenic Muon Veto

preliminary
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preliminary

average weighted baseline: 58.8 m

fission rate

 Key ingredients:
thermal power Pth: high precision measurement provided by EDF
� e spectrum Sk: from summation calculation (BESTIOLE) 
         – preliminary

fuel composition: dedicated reactor simulation with APOLLO/DARWIN

mean cross section per fission:

B1 on /
    B2 on

B1 on / 
    B2 off

B1 off / 
    B2 on

Flux prediction

Uncertainty Breakdown


