


Coherent elastic neutrino-nucleus scattering - physics potential



Coherent elastic neutrino-nucleus scattering

CEONS prediction

[l Predicted? by D. Freedman in 1974
(doi:101103/PhysRevD91389): @ Sharp coherent forward
peak for the elastic scattering process
pogogoooo

CEINS observation

[l Observed in 2017 by the COHERENT
Collaboration

- Observed at "0000 confidence level, using a
low-background, 14.6-kilogram Csl[Na]
scintillator exposed to the neutrino emissions
from the Spallation Neutron Source”
(doi:101126/science.aa00990)

- Subsequent measurement of CEONS on Ar, with
less precision ("over 00 significance”)

(doi:10.1103/ PhysRevLett126.012002)

[ No other experiment observed CEONS yet

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

Characteristics

[ Experimental signature: tiny energy
deposited by nuclear recoil in the target
material

[l Coherency: 000 O 0O

- Fulfilled for typical nucleus radius O and
transferred momentum 0@t Oy O 00 MeV

Recoil energy kinematic limit

DDDD DD

00 Og0000,0

0 Typical values

scattered
neutrino
7
s
b nuclear
°S°" recoll '

& ety

dep.mml
energy

- Oy O 00 MeV, CsI[Nal: 6.5 keV (COHERENT, stopped-pion neutrinos)
- Oy O 000 MeV: CaWO,: 60 eV, Al,05: 410 eV (NUCLEUS, reactor

(anti)neutrinos)


https://link.aps.org/doi/10.1103/PhysRevD.9.1389
http://www.sciencemag.org/lookup/doi/10.1126/science.aao0990
https://link.aps.org/doi/10.1103/PhysRevLett.126.012002
http://jetpletters.ru/ps/1776/article_27044.shtml

CEONS in Standard Model

0 CEONS in the Standard Mode (SM): weak neutral current process - clean prediction of the cross section
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Oy is the Fermi constant, O is the nucleus mass, 0 0 Oy O OF O 0°000040 is the nuclear recoil energy,
0, 0030 is the energy of incoming (outgoing) neutrino. O and Og are the vector and axial vector weak
charges

0 For O OO O, neglecting axial-vector contributions, radiative corrections, form-factors effects besides the
density distributions
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where O is the weak nuclear hypercharge Oy 0 000 0 0000°0,00 O, and the 050070 is the weak form
factor, with 0 O 000050 the momentum transfer.
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7 CEONS: dominant interaction for neutrinos of energy Oy O 000 MeV; cross section of the order of 009%™ cm®



Measurement of CEONS

Ingredients for measurement of the CEONS COHERENT discovery
cross-section
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Values for other parameters in the cross
section

[ Uncertainties

Improving chances for measurement
[ Periods with reactor on / reactor off
[l Detectors requiring no quenching factors

[ Coherence regime


https://www.science.org/doi/10.1126/science.aao0990

Measurement of CEINS - other experiments
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CONUS final results - null result DRESDEN - controversial claim
4 PPC HPGe detectors, Brokdorf reactor (Germany, PPC Ge detector, Dresden-II boiling water reactor (US).
Operated until 12/2021) Controversial quenching factors (twice as used by other experiments, disagree strongly
CEONS < 0.34 signal events/(kg d) with CONUS QF), peculiar analysis.
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preference for an interpretation that includes the Standard Model CEVNS signal,

CONUS: N. Ackerman et al. arXiV:2401.07684 present during periods of reactor operation only."
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https://arxiv.org/abs/2401.07684
https://arxiv.org/abs/2401.07684

CEONS in SM - weak mixing angle

Weak mixing angle
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000”0 well measured at high energy scales

lack a precise determination at low energy
scale

I:IEIDDI:II] o I:IDD
Oy 00moono? 0,000

0% O can be extracted from the measured
CEONS counts

Change of the weak mixing angle implies a
different normalization of the CEONS
spectrum

CEONS results can be combined with results
from Atomic Parity Violation (APV)
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https://arxiv.org/abs/2203.07361
https://link.springer.com/article/10.1140/epjc/s10052-023-11849-5

CEONS beyond SM - non-standard interactions of neutrinos

Non-standard interactions Example
. . . O_
[ parameterize possible new physics 092 000 00, O 01 025004070, 050000000
effects through the addition to SM [alialia]ii

Lagrangian of effective
higher-dimensional operators

[l neutrino physics: inclusion of 003 T T m
four-fermion operators leading to the 002 3% flux uncertainty
modification of SM Wilson coefficients F @COH-Ar-750 1

001 WCOHCryoCs1 - 4

[ for CEONS: change Neutral-Current F [ Joint fit 1

. . EA? [ b

processes involving quarks and WO s
q F 10% flux uncertainty ]
neutrinos —001f- —COH-Ar-750 .
E —COH-CryoCsl-1 ]

~0.02| — Joint fit =
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Fit of COHERENT CEVNS measurements on different nuclei.
M. Abdullah et al., Snowmass 2021 whitepaper, arXiV: 2203.07361


https://arxiv.org/abs/2203.07361

CEONS beyond SM - neutrino electromagnetic properties

Motivation Neutrino charge radius
[ neutrino are massive (implied by the 0 oscillations) [ it preserves the helicity
[ consequence: neutrino may have non-trivial 0 taken as a shift in 1107 0 (0 O 01000)

electromagnetic properties

[ the electromagnetic properties reflects in an ]]]
i g mn®05 O oo®o O0—00 O
enhancement of the CEONS cross section with o 0= 0oy 0,
respect to SM cross section

Neutrino electric charge

Neutrino magnetic dipole moment 0 (medify e [ E Dvecor covsling

0 non-zero values add incoherently a term (mm) in
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M. Abdullah et al., Snowmass 2021 whitepaper, arXiV: 2203.07361 s


https://arxiv.org/abs/2203.07361

CEONS beyond SM - Sterile neutrinos

Sterile neutrino CEONS and sterile neutrino
[ New gauge singlet fermions are a minimal [ CEONS experiments are sensitive to total active
extension of the SM neutrino flux

- Signature at fixed distance baseline

[l Gauge and Lorentz invariance allow one to write ; : :
8 - depletion of the flux relative to that predicted by the SM

ooiooo - precise knowledge of O flux from source
y: Yukawa coupling; H and L: Higgs and lepton - At different distance baselines
doublets; N: new gauge singlet fermion ("sterile - compare the energy spectrum of nuclear recoil events
neutrino” or "neutral heavy lepton") o in.dependent of the systemgticyncertainties associated
. . with the source flux normalization
[I Searches for sterile neutrinos - require detectors with sufficient energy resolution
* modified oscillations A - 0 Many phenomenology papers studying sterile
- direct production: sterile neutrino may mix with neutrinos with CEONS, proposals for configurations
active neutrinos, so they can be produced in neutrino

- for COHERENT at the SNS, CCM at the Lujan facility,

SRS future CEVNS program at the ESS



CEONS: interplay SM knowledge - physics beyond SM

Intricate aspect: nuclear-structure input (] physics beyond the SM
I CEVNS cross sections provide constraints on the combination of nuclear responses and beyond SM (bSM)
effects

050070 depends on the nuclear density distribution of protons and neutrons, encoding the entire nuclear
dynamics

=)

current nuclear-structure calculations constrain the neutron distribution to a given level

|

to distinguish between nuclear structure and potential bSM contributions, a combined analysis of multiple
targets and momentum transfers is required



NUCLEUS experiment - status report



NUCLEUS Collaboration

Purpose of NUCLEUS collaboration

[ Design, build up and operate an experiment to explore coherent elastic neutrino-nucleus scattering
(CEONS), to be installed at EdF Chooz nuclear power plant

Institutes Experimental site
Collaboration size: 060 members France, EdF Chooz B nuclear power plant
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Manpower and financial contributions from Austria, France, Germany, Italy and EU-ERC
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