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CEVNS at nuclear reactors

Reactor neutrinos Accelerator neutrinos
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coherency energy (MeV)
Courtesy of A. Bonhomme
* Pure flux of electron antineutrinos ||+ Different neutrino flavors
E~0-10 MeV ==> form factor eE ~20-50 MeV ==> form
close to 1 (fully coherent regime) factor < 1
* Many experiments: CONUS, « COHERENT: first observation
nuGeN, CONNIE,... in 2017

Complementarity !



Requirements

(A Strong
| source

dN/dE

Nuclear power plant
(Brokdorf, KBR)

Low threshold

Point contact | oW background Shield (shallow depth)
HPGe spectrometer ,
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Experimental Site

Overburden:
10 - 45 m w.e. KBR Brokdorf:
(angle-dependent) /M * 3.9 GW thermal

—] =

power
el  Distance 17.1 m
r Rl S » OFF time ~1 mly

* Operational until
end of 2021

CONUS location —

Challenging environment: no remote control, restricted materials,
earthquake engineering, access, temperature fluctuations,...



Detectors

PV V VUV VVV VIV &

Preamplifier

4 p-type HPGe detectors:
Total mass: 4.0 kg

Pumpingport
Stainless steel flange -
CP5 Controller

Pulser resolution < 80 eV
Efficiency ~1 in ROI
Electrical cooling

Copper cryostat f

CP5 cable 3.5m -
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CONUS setup

* Design basis: GIOVE (MPIK)

e V=1.65m3m=11tons

» Low radioactivity lead (Pb)

« Borated PE (n moderation + capture)
» Active muon veto (~97% rejection)

« Construction, commissioning and
installation: ~2y
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Radon removal:
Flush with air bottles




Signal prediction
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Quenching measurement
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Quenching results

« Method
* Model-independent

 Triple coincidence

 Beam energy 250 - 800 keV
* Angles 18-45° (1° precision)
* Nuclear recoils 0.4 - 6 keV

 Results

« Good compatibility with
Lindhard theory!

« k=0.164 £ 0.004 (stat.+syst.)

« Challenge for CEVNS signal
detection with Ge at reactor
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W

« Background suppression: ~104
« Rate 0.5-1 keV: ~10 /(keV d kg)

* Bg spectrum well understood
(MC + commissioning @ MPIK)
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Data Selection
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CEVNS data analysis @/
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Background treatment 140{(78 — 88K Ge temp.| y

 MC modelling
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BSM: non standard interactions (tensor)

PV VVVVVVVV VIV &

New coupling with nuclear charge term adding to CEVNS cross-section
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BSM: non standard interactions (vector)

PV VVVVVV VNV VIV

New interaction similar to CEVNS (Z-like mediator): Modified weak charge
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Signal counts / kg / vr

BSM: light mediators (scalar)

 Testing simplified models assuming universal couplings

* Nucleus and electron (2-8 keV) channels included
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BSM: light mediators (vector)

Reactor as source: high sensitivity for mediator masses below the energy
of the neutrino (< 10 MeV)
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Outlook

PV VVVVVVV VIV &

Lower threshold,
background control

More statistics

dN/dE[]

Additional on/
off periods

DAQ/electronics
upgrade ==> PSD

Final reactor off
end of 2021 ==>
1y background

Temperature
stability (less
noise and cuts)

Improved
background
knowledge
(e.g. MC)
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Summary
* Nuclear reactors: intense source of low energy (< 10 MeV)
electron antineutrinos ==> CEVNS in fully coherent regime

- CONUS: Low energy threshold HPGe-detectors 17.1 m from

reactor core (Brokdorf) _CONUS, Eur. Phys. J. C (2021) 81:267
- Good background control/modeling ~ |CONUS, Eur. Phys. J. C (2019) 79:699,
- First constraints on CEVNS at reactor | CONUS, PRL 126 (2021) 041604 |

* New BSM constraints (NSI and light mediators)!

- Ge-quenching measurement at PTB consistent with Lindhard

theory  CONUS, n preparton (1AUP2021)



