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Coherent elastic neutrino-nucleus scattering (CEVNS)

Predicted in

scintillation

“Coherent effect of a weak neutral current”,
D. Freedman, PRD v.9, n.5 (1974)

“Isotopic and chiral structure of neutral current”,
V.Kopeliovich, L. Frankfurt, ZhETF. Pis. Red., v.19 n.4 (1974)
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CEVNS cross section in the SM:
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Nucleus Tinaz, keV (E, =5 MeV) | Tz, keV (E, =30 MeV)
12¢ 4.44 159.0
LBNa 2.3 %5
DAy 1383 47.9
“Ge 0.72 25.9
L 0.40 14.4




CEvNS search and study around the world
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SNS facility at ORNL 3

Bunches of ~1 GeV protons on the Proton bunch time profile with Total neutrino flux of
Hg target with 60 Hz frequency FWHM of ~350 ns 4.3-10 cm?*s*t at 20m
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COHERENT CEvVNS detectors: pioneers 4

Csl[Na], 14.6 kg LAr, 24 kg (CENNS-10)
2015-2017: | Science vol. 357 iss. 6456 (2017) 2017: PRD vol. 100 115020 (2019)
6.70 first observation limit ~4 times SM (90% CL )
2015-2019: PRL vol. 129 081801 (2022) 2017-2018: PRL vol. 126 012002 (2021)
11.60 at full statistics observation at 3.10
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The end of exposure in 2019 The full data (2017-2021) analysis ongoing



COHERENT CEvVNS detectors: newcomers

Ge, 18 kg (1)>50 kq (1)

Detectors: 8x2.2 kg PPC HPGe, E, <5 keV
Status: deployment/cooldown

Nal[Tl], 185 kg->2.4T->3.4T

Cross section (10°*° cm?)

Detectors: 7.7 kg crystals,E, =13 keV

Status: deployment
Sensitivity: 3o per year for 3.4 T
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Successors (R&D): 610 kg of LAr and around 10 kg of undoped cryogenic Csl




Physics reach: non-standard neutrino-quark interactions

vector-like v-quark NSI, Q%= [Z(g; +2eta +cba) + N (gn
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see JHEP 12 (2005) 021 for formalism
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_Physics reach: sin*8,,
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Future: ~2% comparable to PV_
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Physics reach: the dark matter of Oak Ridge 8

«V kinetic mixing with y» | arxiv: 2110.11453 «leptophobic» | prp 106, 052004 (2022)
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Physics reach: sterile neutrino

Consider disappearance:

D 2 2 .5 A T

1 — P(v, = vs) =1 — sin® 20,4 cos” O54 cos” O34 sin 5
. o Am2 L
1 — P(v, = vs) =1 — cos? 014 sin® 205, cos® 34 sin’ 4—51

We need a prior constraint on 93 »
take from 3-flavor oscillations

Neutrino energy from 10 to 53 MeV, distances from 19 to 28 m ==) Am3, between 0.4 and 3.4 eV?

Sensitivity estimates
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DgO: pushing down the systematics
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Leading syst. right now: £10% on the neutrino flux

PRD 106, 032003 (2022)

Idea: measure flux with ve +d — p+p+e
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Two modules,
592 kg D0 each

Down to ~5% flux unc-ty
with a single module for 2
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Status: deployment of the

first module
80 JINST 16 P08048 (2021)

Bonus: charge current (CC) on oxygen for supernova v in Super/Hyper-Kamiokande



Inelastic neutrino interactions 11
Neutrino-induced neutrons: oL T Seoy ey |
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Upgrades 12
Today 2024 after PPU 2028 after STS
* 900 users * 1000+ users « 2000+ users
* Materials at atomic resolution * Enhanced capabilities * Hierarchical materials, time- STS
0.7 MW

and fast dynamics resolution and small samples

1.4 MW 2.8 MW
1 GeV 1.3 GeV
25 mA 38 mA
60 Hz 60 Hz
lﬁ T N e L—' LI_ _ I_Fl_l_l__l BE _mm @
FTS FTS FTS
1.4 MW 2 MW 2 MW
60 Hz 60 Hz 45 pulses/sec

The Second Rarget Station (STS) provides more dedicated neutrino physics space
COHERENT is in contact with ORNL on this matter (space/background level optimization)



Summary arXiv:2204.04575

Collaboration operates multiple detectors in the « Neutrino Alley» at SNS

Wide physics reach

CEVNS Neutrino-quark NSI sin‘6,,

Accelerator-produced DM

Nuclear physics (FF)

Inelastic v interactions (CC, NC) Steriles
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Lss Thank you for attention!


https://my.matterport.com/show/?m=XYA19MBVdQS
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