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Coherent Neutrino Scattering @Nuclear Reactor

-

Towards detector miniaturisation

Not yet observed at Nuclear Reactor

Prospect: BSM physics at low-E frontier

CEVNS
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The NUCLEUS collaboration
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NUCLEUS in a Nutshell
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NUCLEUS Cryo-detector Target: 10g-scale!
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2 x (3x3) target detectors
10 gram scale

Multitarget approach:
• Al2O3 to probe backgrounds
• CaWO4 to enhance CEvNS rate

• Baseline resolution: 5-10 eV range
• Rise time: ~0.5	𝑚𝑠
• Fast decay time: ~10	𝑚𝑠
• Slow decay time: ~30	𝑚𝑠

Absorber crystal + Transition Edge Sensor (TES)
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The 4𝝿 Cryo-detector Vetos
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Inner cryo-veto
• Instrumented holder (Si)
• TES readout (phonons)
• Sub-keV threshold
• Veto against 
     - Stress induced events 
     - Surface contamination

Outer cryo-veto
• HPGe detector (inonization)
• 6 x 2.5cm thick HPGe
• <10 keV threshold
• Surrounding the inner cryo-veto (4𝝅)
• Veto against:
      - External gammas
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Muon Veto System
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Cryo & external muon vetos

• 5 cm thick plastic scintillator bars

• Readout: WLS-fibers coupled to SiPMs

     (high uniformity)
• 4𝜋 coverage

• External veto boxes (around shielding)

• Chimney veto (inside cryostat)

• >99% geometrical efficiency
• Expected 𝝁-rate: 325 Hz (<10% dead time)
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Chimney & External Passive Shieldings
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Chimney shielding
• Inside the cryostat

(chimney solide angle coverage)
• Lead, copper, polyethylene, B4C
• Thermalized to 0.8K in 10 days

External shielding
• Lead and polyethylene
• 2-shell structure for easy access to internal sensors
• Attenuate

• External gammas
• Neutrons (𝝁 induced)
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NUCLEUS Timeline
2022-2023 2023-2024

2024-2025 >2026 ?
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NUCLEUS Setup: Design Render (2022)
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NUCLEUS Setup: Commissioning (2023)
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NUCLEUS Low Energy Calibration 
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Limitations

• Detector linearity   →	 Extend electron recoil (ER) calibration down to 700 eV
    (new XRF calibration setup)

• Nuclear recoil microphysics  → Perform nuclear recoil calibration at 112 eV
( ≠ ER / NR phonon response) (novel CRAB method, see V. Wagner’s talk)
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Pulsed LED Calibration 
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• Based on 250 nm LED light

• Fiber-coupling to target detectors

• Flashes N x 3.3 𝝻s photon bursts	→ tunable E-deposition

• Photon number fluctuates according to Poisson statistics

• Allows for absolute sub-keV electron recoil calibration 
(fit of baseline resolution & calibration constant eV/V)

• Operational calibration system for NUCLEUS
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Sub-keV X-ray Fluorescence Source 
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• 2-stage X-ray fluorescence source (XRF)
• 55Fe source + Cu/PTFE/Glass/e-filter (2 stages)

• Extend electron recoil calibration down to 700 eV
(K𝝰 line of Fluorine at 677 eV detected)

• Operational calibration system for NUCLEUS
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First 𝝼-run at Chooz 
in 2024 - 2025
• New facility at the Chooz nuclear power 

plant  (2 x 4.25 GWth)

• New 24 m2 basement room (~3 m.w.e) ready

• Baselines of 72 m and 102 m

• Antineutrino flux of 1.7x1012 v/(s cm2) 

• 𝝼-rate : a few counts per week

• Deployment at Chooz scheduled from 2024
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Summary & Outlook
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• The NUCLEUS experiment construction/assembly is almost completed

• First physics run (background measurement) at TUM in 2023/2024
• Commissionning of the full NUCLEUS setup

• Validation of radiogenic background models 

• Quantification of Excess rate at shallow depth

• Deployment at Chooz scheduled for 2024

• First « neutrino » run at Chooz in 2024/2025
• Targeting CEvNS detection with reactor neutrinos

• Challenge: the low-energy "Excess" must be mitigated...
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Thank you for your attention

17T. Lasserre - TAUP 2023 - 29/08/2023



Disposition : Titre et contenu

18

Robust CEVNS Signal Calibration @ 100 eV
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