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43 YEARS TO BE DISCOVERED

14.6 kg CsI[Na], 

153 days beam off  308 days beam on

Spallation neutron 
source at 
Oakridge

Science 357, 1123–1126 (2017)
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COHERENT EXPERIMENT
• The Spallation Neutron Source (SNS) at Oak Ridge National Laboratory generates 

intense pulsed neutron beams by the interactions of  accelerator-driven high-energy 
(~1 GeV) protons striking a mercury target. 

• Spallation sources create a large yield of  neutrinos, generated when pions, by-
product of  proton interactions in the target, decay at rest;

time windows preceding the triggers can be
inspected to obtain information about the nature
and rate of  steady-state backgrounds



COHERENT EXPERIMENT - CsI

• 14.6 kg of  CsI(Na) detector
• 19.3 meters from SNS
• 6.7 𝜎𝜎 evidence of CE𝜈𝜈NS
• ∼ 7 keVnr threshold
• Both energy (A) and time information (B)

1.17 photoelectrons are 
expected per keV of Cs or I 
nuclear recoil energy

153.5 live days Beam OFF and 308.1 live days Beam ON



COHERENT EXPERIMENT



• CE𝝂𝝂NS differential event 
rates corresponding to the data 
taking time accounting for the SNS 𝜈𝜈- 
fluxes

• Lowering the threshold would allow to get
more CE𝜈𝜈NS events

• Argon: compromise between background 
rejection power and strong CE𝜈𝜈NS signal.

• Upgrade to a 750 kg LAr detector

• Cryogenics technologies 
under development for CsI

COHERENT EXPERIMENT







GERMANIUM TARGET : CONUS & CONUS+

No evidence for the 
presence of CEνNS

CONUS+: first observation of a neutrino signal with a statistical significance 
of 3.7 sigma. In 119 days of reactor operation (395±106) neutrinos observed

CONUS+: Leibstadt nuclear power 
plant in Switzerland
(arxiv.org:2501.05206)



GERMANIUM TARGET : νGeN

Null result: CEνNS< 0.5 cpd/kg

The νGeN experimental setup:
• located under Reactor Unit #3 of the Kalinin nuclear power plant
• distance of about 10 m from the centre of the reactor core
• neutrino flux >5⋅1013 neutrinos/ (cm2⋅sec)



GERMANIUM TARGET : DRESDEN-II



QUENCHING FACTOR IN GERMANIUM

Tension in the available 
measurements



COMPARING GE TARGET EXPERIMENTAL RESULTS



REACTOR EXPERIMENTS



REACTOR EXPERIMENTS



CRYOGENIC DETECTORS FOR CEνNS
• Very low energy threshold
• Small uncertainty in the energy scale
• Low energy recoil calibration feasible

PRL 130, 211802 (2023)

Low energy calibration: nuclear recoils 
resulting from the 𝛾𝛾 emission following thermal 
neutron capture. In particular, several MeV-
scale single-𝛾𝛾 transitions induce well-defined 
nuclear recoil peaks in the 100 eV range

First observation of  a nuclear recoil peak at 
≈112 eV induced by neutron capture in 183W 
of  a NUCLEUS CaWO4 cryogenic detector 
exposed to a 252Cf  source





NUCLEUS EXPERIMENT



EC NEUTRINO SOURCE



• Goal: high-precision measurement of the coherent 

elastic neutrino-nucleus scattering (CEνNS) at low 

energy with cryogenic detectors

• Site: the experiment will operate at the Chooz B nuclear 

power plant in France (operated by EDF)

• Detector: CaWO4 and Al2O3 gram-scale crystal with 

ultra-low energy threshold, operating at mK and 

placed inside active and passive shields

NUCLEUS experiment

6 Institutions, 40 members



CEνNS signal at nuclear reactors

• Nuclear Reactors are intense source 

of anti-neutrinos; En < 8 MeV (fully 

coherent domain)

• Induced nuclear recoils for CEνNS 

interaction are in sub-KeV range

• Low threshold detectors and low 

background counting rate are 

required

Expected CEνNS signal rate in different target material 



VNS at Chooz Nuclear Power Plant
• The experimental site (VNS)  is 

located at 102 m and 72 m from 

the 2 reactors of the Chooz B plant 

of EDF, at ≈ 5 m.w.e depth

• Reactor nominal thermal power:    

2 x 4.25 GWTh

• The expected average neutrino 

flux at VNS:  1.7 × 1012 𝜐̅𝜐𝑒𝑒/(𝑠𝑠 � 𝑐𝑐𝑐𝑐2)

See A. Wex 
and 
A. Erhart 
presentation 
in the Poster 
Section



Background at VNS

Characterization of the VNS site:

• ≃ 0.7 relative reduction of the cosmic 

muon flux measured at VNS with respect 

to the surface

• ≃ 8 reduction fraction of atmospheric 

neutrons (up to 2 MeVee)

• gamma background measurement and 

vibration measurement performed (data 

under evaluation)

• further neutron background 

measurements and Radon monitoring 

foreseen

Cosmic µ 

Fast neutrons

Eur. Phys. J. C (2019) 79:1018



Overview of the NUCLEUS setup

• “Dry” dilution refrigerator from Bluefors

• External 4π Muon Veto active shield

• Multi-layer passive shield (Lead/Borated PE)

• Inner “cold” shield 

• Ge cryogenic active Veto surrounding the 

inner target detectors 

• Si cryogenic active Veto holding and 

encapsulating the crystals

• Arrays of 3 x 3 cryogenic crystal calorimeters 

(9 CaWO4 and 9 Al2O3) operating at mK

• UV-VIS Calibration system + radioactive 

sources on site



NUCLEUS TARGET DETECTORS

CRESST 
technology

o Two arrays of 3 x 3 cryogenic crystal calorimeters 
with ultra-low energy threshold, (19.7±0.9) eV for 
Al2O3 are reached [PRD 96, 022009 (2017)]

o Multi target approach: 9 CaWO4 (≃6 g) and 9 Al2O3 
(≃4 g) crystals operating at mK with transition edge 
sensors as highly sensitive thermometer 

o UV-VIS Calibration system



Inner & Outer  Cryogenic Veto:  4π 
coverage of the target detector

• Active inner veto made of a Si beaker to reject 
surface backgrounds and holder-related events

• Si wafer instrumented with TESs to hold and 
encapsulate the crystals (mechanical and 
thermal test concluded)

• Inner veto pressed  between 2 Si holding wafer 
where TES connection and copper cables will be 
connected

• 4 kg and 2.5 cm thickness HPGe Outer Veto 
surrounding the inner detectors for active γ/n 
background rejection (Cylindrical Ge crystals 
prepared, tested and validated; rectangular 
crystal in production)

Si mock-up

Holding plates (electrical &
thermal contacts) Si wafer



Muon Veto

• 5 cm thick plastic scintillator plates 

• SiPM & WLS-fiber readout

• High efficiency for muon detection > 99%

• High uniformity in light collection

• 4π coverage of the set-up

• Cold muon veto: cylindrical shape, 
thermalized at 800 mK

Cold muon veto

Plastic scintillator 
with WLS-fiber

JINST 17 (2022) 05, T05020

27/13

J Low Temp Phys 209, 346 (2022)



Passive Shield
• Multilayer Passive Shield made of Lead and 

Polyethylene

• Movable mechanical structure to allow easy 
opening/closing procedure

• Ambient gamma background reduction 

• Attenuation of neutron background (Borated PE and 
B4C layer)

• Minimize neutrons in the inner part of the shield 
induced by µ interaction with shield materials

Inner “Cold” shield

• Aligned with external Active and Passive shield

• Just above the detectors to close the external 
shield

• Muon Veto, Lead, Copper support (acting also 
as a thermal contact), PE, B4C

• Thermalized at 600 mK



NUCLEUS 10g sensitivity

Excess and its role in the low energy range to be investigated: NUCLEUS veto 
system can allow to identify different excess components



TOWARD THE BLANK ASSEMBLY AND BEYOND

• DESIGN FINALIZED

Design (May ‘22)

Assembly at TUM (2024)

• Installation and 
commissioning

• Performances

• LED Calibrations 

• Neutron Calibration (CRAB) 
(see G. Soum-Sidikov poster)

• Reactor neutrinos 
measurement

Set-up will be moved 
to CHOOZ (end 2025)

Physics run 
(2026)

Future:  from 10 g to kg scale high-precision measurement 

• Installation at Chooz

• Experiment switch on



Conclusion

• The NUCLEUS experiment aims at the exploration of CEvNS at low energy with cryogenic 

detectors

• The experiment will operate at the Chooz nuclear power plant in France

• In the 1st stage 10 g scale target mass will allow to measure the CEνNS signal by using 

Al2O3 and CaWO4 cryogenic detectors

• The NUCLEUS finally assembled at TUM; long background run foreseen in summer 2024

• In 2025 it will be shipped to Chooz, installed and commissioned

• A 1 kg mass scale experiment is foreseen for precision measurement at percent level to 

explore physics beyond SM
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