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Broad Impact of CEVNS Studies P

CEVNS measurements are relevant for a wide array of physics.
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Neutrino Production at the SNS e

Fragments ~99% Capture

oG

Decays at Rest (t = 2.2 us)
@

Decays at Rest (t = 26 ns)

4 J=

Fragments

Proton Beam:

— 0.9-1.3GeV n n
— 0.9-1.7MW. soon 2MW (ppU)_ m 5 — ,u —|—@ 2-body 1'r+-decay:_Prompt (26nsec)

Monochromatic: 29.9MeV v,

Total v flux; ~4.3 x 107 cm-2 s-1 at 20m l

Beam timing & duty cycle (60Hz, 380ns 1 i “ 3-body p;-z-.dzecay:)
FWHM) allow for powerful reduction of o + @ 0-53MeV Vp“,sfec

steady-state backgrounds (~10-4)
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arb. units

Neutrino Production at the SNS pREL)

Energy Time

—+— Prompt (v,)

<
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arb. units

—— Delayed (v, + v,)

—— Example POT trace
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COHERENT’s Home: Neutrino Alley e

« Steady-state backgrounds:

Hg TARGET — Cosmic Rays (8 m.w.e. overburden)
| — PROTON BEAM _ — 511keV y-rays (SNS infrastructure)
SHIELDING MONOLITH — Environmental y-rays
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el T * Beam-related backgrounds:
: v
v 6,,’9 Lt — Fast neutrons
o Joo sk — — Neutrino-Induced Neutrons (NINs)

10°

\\\ NIN cubes,

- Gemini DZ,Q/ Nal185ke

—_
o
\S]

BRN m? MWh'

10 NSC

SciBath

MARS

Timing Cart (TC)
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https://kilthub.cmu.edu/articles/thesis/Characterizing_neutrino_and_neutron_fluxes_from_the_Spallation_Neutron_Source_for_the_COHERENT_experiment/21308442
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COHERENT’s First 2 CEVNS Measurements
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COHERENT's First 2 CEVNS Measurements e
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COHERENT Measurements
SM Prediction e
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COHERENT's Physics Impact e

Limits on Non-Standard
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COHERENT’s Next CEVNS Measurement: Ge
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HPGe Detectors for CEVNS et

* P-Type Point Contact (PPC)
Ge detectors well-suited to
precision CEVNS

measurements:

— Excellent energy resolution
— Low thresholds
— Well-understood systematics.

* |nverted Coaxial form factor
(ICPC) allows for large
detector masses (>2 kg) with
superior noise characteristics.

M.P. Green | COHERENT | NEUTRINO 2024
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COHERENT’s Ge Array: Ge-Mini e

18-kg array of ICPC Ge

-
detectors at the SNS. Moo veto PMTe e (80 S
NSF MRI Award 1920001 Plastic scintillator . . CZ)

anels High-density =
Detectors: P pﬁ%f;t]l;ylene %

— 8 detectors ~ 2.2 kg each Aluminum box ( ) =

— Mirion Tech., Meriden, CT USA COPPerbox |, i

— <150 eV FWHM pulser Copper cryostat S E

resolution Steel L

— < ~500 eV noise threshold Preamplifier S

— < ~3 keVnr CEVNS threshold Liquid nitrogen g
Compact Cu, Poly, Pb shield ol 5
Pl-scintillator muon veto Srucuraltrame) - g8

Site: 19.2m baseline; Csl[Na]
location
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Muon veto PMTS ——

Plastic scintillator
panels

Aluminum box
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Ge-Mini Campaign 2

Ge-Mini Campaign 2 Exposure

Ge2l = 1.95 GWhkg
Ge23 = 2.27 GWhkg
Ge25 = 2.19 GWhkg
Ge26 = 1.23 GWhkg
Ge28 = 2.58 GWhkg
Total = 10.22 GWhkg
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energy keVee

Energy & Time Reconstruction

arXiv:2406.13806
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CEvVNS Timing Distribution et h

/H\

SNS v Time Distribution ¢ Neutrino signal timing distribution convolution of:
o —— Prompt () — Neutrino production (prompt: ~0-0.8 usec; delayed: ~0-8 psec)
i PRy — Detector drift-times (~0-3 psec)

— Waveform time reconstruction resolution (<0.5 ysec)
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Ge-Mini Campaign 2 Results e h
Off-Beam On-Beam

Counting analysis:

’e Background-Subtracted Off-Beam ’e Background-Subtracted On-Beam
— E,t : [1 .5, 8.5 kevee]! 00 - ® fit residuals - o r}’otal
[O’ 8 “S] T 151 T 15 o “Ve
. N N ® fit residuals
_ glngS-llke events: 21.0 & £ * 2,
. = = —
2D, unbinned extended- : * + * * + ! + | —— o . #—ﬁ" —+H * M . ;
likelihood fit: - H 1 . .
— CEVNS Signal o 25 50 75 100 125 150 175 200 o 25 50 75 100 125 150 175 200

energy (keVee) energy (keVee)

— Steady-state background

M.P. Green | COHERENT | NEUTRINO 2024

12.5- 12.5 -
® fit residuals Total
— PrOmpt N eXpeCted: 10.0 - 10.0 - — 7
0'6710'34 I_\ 7.5 I_\ 75 T fit residuals
L 501 L 507
externally triggered 120 Hz = ‘ = s T‘ .
V' On-Beam Y v Ry - | o | | = o SN s S '
P e LTI T B |
—5.0- * * 5.0
IN Y 0 —olo 0 Ge 0 5 10 15 20 25 30 _5 0 5 10 15 20 25 30 35
time (us) time (us)

Off-Beam/ arXiv:2406.13806



Ge-Mini Campaign 2 Results

10
SM Prediction: 35.1+3.6 QM

8_

6_
30

Best Fit: 20.6+7-163

0 5 10 15 20 25 30
CEVNS counts

2D Unbinned Extended Likelihood Fit:

— Null Hypothesis rejected at 3.90
— Reduced X2: 1.84 (p=0.40)

— 1.80 separation from SM prediction

~
(C QX‘\@X&E‘”@S

arXiv:2406.13806

Experimental Uncertanties

Calibration

Mass

}eegeteetm

Form Factor

} Nuclear Physics

Distance

—--

I:qu_ } Neutrino Source

uncertainties <0.5% neglected (quenching, normalization beam-related neutrons,...)

0%

Systematic Uncertainties:

5% 10% 15% 20% 25% 30% 35%

SNS v flux: 10%
Active detector mass: 2%
Total: 10.3%

See Poster 55: Janina Hakenmuller
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Ge-Mini Campaign 2 Results
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SNS T-DAR v flux unmeasured.

Disagreement between theoretical

models.
Ve + d Xsec well-understood.
Ultimate ~3% precision.

D20 data-taking currently underway.

Bonus: ve + O xsec at SN energies.

| | | | | | | | | | | | | | | | | | | | |
16

14

rrrp T e

12—

Statistical Precision (%)
[

A — E— E— R

Ton x SNS-Years

See Poster 444: Gen Li
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Precision CEVNS: COH-Ar-750 e

» Single-phase LAr calorimeter

» 3000 CEVNS events/yr;
500 inelastic events/yr

 Phase | detector funded

* R&D for Phase |l upgrades:
— SiPMs
— Xe-doping

 Commissioning late 2024
* First data: 2025

See Poster 453: Vinicius Da Silva
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Lightest Target: Nal

 Repurposed Advanced Spectroscopic Portal
program Nal detectors; 7.7 kg ea.

* NalvE: 185 kg
— 127] CC measurement NG I\ialvETE
— CEVNS background measurement at the SNS: o . == s,
~200-400 ckkd before timing suppression. o — Y gl

* NalvETe: 2.4 tonnes

— Nominal threshold of 3 keVee
— More crystals on hand for possible expansion

— Detector designed with dual gain bases to allow
measurement of CEVNS and higher-energy CC events

10 ——————

COHERENT NalvE (68%)
COHERENT best fit
— LAMPF "¥'|(v,,e)"*"Xe
+MARLEY + 16

An, P. et al. PRL131, 221801 (2023) ‘
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COHERENT Inelastics: NuThor

Gd Capture Distribution 1126
. " " " 2 |
Neutrino-induced fission = o0 100
of Th W, i
=
3000 SNS-hrs of data N

20

collected

N

o

=

e

|_

T

. . 0 =z

Higher power data this B —

X [cm Z

summer o m

Background (After BDT Cut) Signal (After BDT Cut) LLl

Neutrino-induced S

Fission & Neutron =

Emission analyses on- 5

going and reaching 3 -
maturity ol

Neutron Multiplicity

See Poster 200: Tyler Johnson 24




New |nitiatives!

See Poster 265: Dmitry Rudik

LAr TPC
High voltage | siia@ b
Proposal: (FV) power 30x30x30 ¢m?3
supply ground =
building ground |
250 kg LAr TPC
for DUNE-like CC  PicoAmmeter
. (Current
detection measurement)
Main background
. , Cathod€
cosmic muons Nominal field: hield shell |
200 Viem HV filter
(15 KV total) T

Lead Glass

Measuring inelastic i\ o
neutrino scattering
on lead

Prototype

40 kg lead glass
2 PMTs

No shielding

See Poster 568: Nixon Ogoi

H-0

v, + 190 - e~ + F*
100 L water to

§105 ...........................................
< f measure v_-O CC
N I
c‘rrg 3 ....... — Cosmic (w/o veto) |.. . .
ST Gosmion et 10 cm lead shielding
%102 """ """" — Cosmic y (w/ veto) [~}
— ve-O CC .
10....:. ..... , ....... .,. Few tens Of eventS |n

ol two SNS-years

ot 'y [ : : :
0 20 40 60 80 100
E, aer MeV

Cryogenic Undoped Csl

Like Csl[Na], but better

> ok Higher light yield at or
below 77 K

SiPMs: high QE, no
Cherenkov radiation
low dark count rate

Scintillation or Afterglow Intensity [A.U.]
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Temperature [K]

(at low T) See Poster 442: Charles Prior
See Poster 495: Chenguang Su

M.P. Green | COHERENT | NEUTRINO 2024




Summary

COHERENT continues to leverage the SNS for new
measurements of CEVNS, inelastic scattering and BSM
searches

First measurement of CEVNS on Ge (3rd CEvVNS target)

COHERENT is pursuing precision CEvVNS!

— Proton Power Upgrade (2 MW) Is accelerating our progress.
— D20 v flux measurement is addressing our leading systematic.
— Large-scale detectors are on the horizon.

M.P. Green | COHERENT | NEUTRINO 2024
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