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Experiments with CEVNS
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Cross-section 100x — compact
Energy 0.1% — low-threshold
No interaction energy threshold
No coincidence, recoil-based
Complementary physics

particle, astrophysics...
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Landscape of CEVNS experiments
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Landscape of CEVNS experiments W) 242 4
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Xenon-based detectors

Timeline

XENON

XENON10

25 kg LXe

58.6 livedays

BG: 600/ (t.d.keV)

XENON100

160 kg LXe 4

477 livedays
BG:5.3/(t.dkeV) @

XENON1T

3200 kg LXe A

279 livedays

BG: 0.2/ (t.d.keV) [§8

Cross Section at 200GeV [cmz]

XENONnNT

8600 kg LXe af

300+ livedays

BG: 0.04/ (td.keV) [
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Factor of 10 every 3.3 years, lead GeV dark matter limits
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Xenon Time Projection Chamber (TPC)

drift time
(depth)

Redundant readout:
S1: light signal (prompt)
S2: charge signal (delayed)
3D position info:
-XY from PMT hit pattern
-Z from drift time
Energy reconstruction:
E =13.7eV X (Npr+Ne)
Particle discrimination:
ratio of charge/light (ERs vs. NRs)
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Xenon Time Projection Chamber (TPC) W) st 8
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Particle discrimination:
ratio of charge/light (ERs vs. NRs)
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Solar neutrino in xenon TPC
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DM-nucleus scattering
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Solar Neutrino in WIMP Search W) #4210
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8B Search: Win with Lower Threshold

= S1 acceptance (2-fold)

S1 acceptance 8B CEvNS w/o acceptance
m ® S1 acceptance (3-fold) = G2 acceptance =8B CEvNS w/ acceptance
N °B CEPNS spectrum (w/o efficiencies) = Combined acceptance
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Most 8B CEVNS below 3-fold WIMP threshold:
« S$1 coincidence PMTs: lower to 2-fold — ~20x higher 8B CEVNS signal
« S2=(120,500) PE = (4,17) electrons — 7 higher background



Challenge 1: Accidental Coincidence (AC)

i.e., incorrectly paired S1 and S2
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PMT lone-hits pile-ups, ...

0 15 Hz
Ry (1) X Rex(1) X T, dt
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0.15 Hz

2.2 ms

Before suppression ~ 400/day ®

Hypothesis: delayed electrons, from electrodes ...
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AC removal: High Energy Correlation
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» Exposure remain = 80%
« Data-driven simulation verified with calibration

delayed electrons & lone-hits « “Isolated” S1/S2 suppressed by 1-2 orders

Sleubisebre;

“Isolated” S1 “Isolated” S2
15 Hz - 2.3Hz 150 mHz — 25 mHz
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AC removal: Waveform Leaming

S2 Width(50p) [us]

wu

N
o

10

20 1=
- . g ;
15 1= L 102 JE — 15§
S a -
S 3
2 10
1010 o
S = .
oN
n
! : L 100 — '
—-100 -50 —-100 -50
Z naive [cm] Z naive [cm]
A
e
o
‘*q;, ~1 VIS
®
~300ns
=
© -~ =
© Drift . .
= (~depth) Diffusion
g [ ~f(depth)
w
| | | | | | [ | )

Diffusion < Drift

Frequency
= =
o o

& N

10~

1073

0.0

e
W) 2% 14

SRO AC —SR1 AC

SRO 5.5 GeV DM (SI) ——SR1 5.5 GeV DM (SI)

1 1 '
0.2 0.4 0.6 0.8

S2 BDT Score

Boosted Decision Tree Machine

Learning waveform features
Electrons diffuse over the drift
Reject 90% AC, retain 80% signal

1.0



extraction
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YBe neutron calibration
* Measure light/charge yields ~1keV g
+ Demonstrate low-energy detection
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Signal: Emission model from YBe
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« Demonstration to extract signal near 0.5 keV
« Extracted light and charge yields
« 35% uncertainty for 88 CEVNS model



XENON 2B Sensitivity

e Extended binned likelihood
e New analysis dimensions
e Constraints on YBe yield model
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--- Median discovery significance
------ Pure counting (median)
Band containing 68 % & 95 % of toys
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8B CEVNS Results

8B CEPNS HEAC
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Component Expectation Best-fit
AC (SRO0) ©h £ 0.7 74 £ 0.7
AC (SR1) 17.8 = 1.0 179 = L@
ER 0.7 £ 0.7 OE e
Neutron 0.5t 0.5 + 0.3
Total background 96412 263 + 1.4
*B 10,748

Observed Constrained by YBe 37

First measurements of 8B CEVNS
PandaX-4T(2024) 2.6 PRL 133, 191001 (2024)
XENONNT(2024) 2.70 PRL 133, 191002 (2024)
LZ(2025) 4.50 arXiv:2512.08065



“Neutrino Fog”
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Xe TPC now and future:

CEVNS background: slower
improvement over exposure
Opportunity for precise measurement
with improved yield models
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8B becomes DM background

(a) : SI DM-nucleon scattering
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CEVNS Measurements

L SNO, 2013

{ XENONIT, 2021

XENONNT, 2024

{ PandaX-4T, 2024
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XENON: 11 CEVNS over 3 years...
Can we have more?
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RELICS Signal and Backgrounds W =225 22
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ROI = [120, 300] PE
Delayed e-

CEvVNS
Neutron

Cosmic-ray neutron
' . \ : « Shielding

100 150 200 250 300 350

Muon-related delay electron
 Correlation cuts
«  Waveform

L

S2 [PE]

» ~5000 CEVNS with 30kg-year exposure @25m baseline
» ~1500 backgrounds in the same exposure, cosmic-ray related
* Active + passive shielding needed for suppression



RELICS Sensitivities W) 224 23
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« Weak mixing angle at low-Q?
« Non-standard neutrino interactions
» Axion coupling to gamma (reactor ALP)
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Summary

Technology maturity

20 years of development
Purification; Rn/Kr distillation
Accidental suppression

« CEVNS is complementary
to IBD, c.f,, Jiagjun’s talk 1

« Xe TPCs are advantageous |
In cross-section

* Three ton-scale Xe TPCs
saw CEVNS from solar ¢B
neutrinos

« kg-scale Xe TPC will
measure reactor CEVNS
cross-section with high-flux
and low-Q

ware

Shared bottleneck/systematic
Delayed electron
Detector response (lowE yields)

s WO

Future work
Local R&D (problem & solution)
Theoretical motivation

Ultimate CEVNS detector

REL3C'S
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