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CEvNS Milestones
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If there is a weak neutral current, then the elastic scattering process v +A —v + A should
b have a sharp coherent forward peak just as e + A —e + A does. Experiments to observe this
EVN m 1 e S t On e S : peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 107 e¢m? on
. . . carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
( ] Th 't 1 p d t -_— 1 974 energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-
e Or e 1 C a r e 1 C 1 On coherent nuclear excitation processes v +A4 —v + A*provide possible tests of the conservation of
the weak neutral current. Because of strong coherent effects at very low energies, the

[ ] EXp er imen‘t a 1 Va 1 i da't i On—2 O 1 7 nuclear elastic scattering process may be important in inhibiting cooling by neutrino

emission in stellar collapse and neutron stars.
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Strategy 1in Studying CEvVNS
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The RELICS Collaboration
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The RELICS Experiment
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v' Power ~3GW;

v’ Distance to Core ~ 25m;
v Expected v flux ~ 1el3 v/em?/s.

Proposed operation location
for RELICS, right outside of
containment building.



RELICS Detector Design

4t LX . muon
ﬂ,,, ¢ veto Tagging eff > 99%

)

Muon veto (Plastic scintillator
+ SiPM): 2 cm x 4

Polyethylene (outer): 30 cm

Lead: 15cm

Polyethylene (inner): 30 cm
Oxygen-free copper: 3cm

LXe TPC

Fiducial Volume ~30kg



RELICS Time Projection Chamber

51 bottom

Credit: XENON Collaboration

drift time
(depth)

Sensitivity to single electrons:
e Optimal position resolution

S2-only analysis to
lower the energy threshold

Optimal background to search for other
Types of exotic signals from reactor



Backgrounds

e Material

e Cosmogenic:
Muon veto (Plastic scintillator ¢ Xe 1 2 7 A Ar 1 3 7

+ SiPM): 2 cm x 4 e ——— e Muon Induced
Polyethylene (outer): 30 cm e W |

Lead: * Reactor induced
ead: 15cm

Polyethylene (inner): 30 cm

Oxygen-free copper: 3cm

e Instrumental
LXe TPC




Rate [/kg/day/keV]

Material and Cosmogenic Background

BURHEZR RZE Y 1 44N Teflon PMT HIEB PMT 4h5%
2387y 0.23 0.92 0.08 1.8 0.059 0.14 0.16
22Th 0.09 0.72 001 1.9 0.1 0.17 0.07
0Co 0 0.12 004 54 0.03 0.62 0.01
K 0.68 0.01 0.03 9 0.75 11.1 0.16
210p, 0 514x10° 0 0 0 0 0
137Cg 0 0 0 0 0 0.79 0

XENON100 Reference Values
102 :
| mmm before any cut
|
: ! after FV cut
10 i wam after veto cut
| W after ER SS cut

10‘2 107! 10° 10!

102
Max ER in LXeDetector [keV]

10°

104

10°

Cryostat

Rate[102

/kg/day] <2

Ar37: Xel27:
» Proton bombard » Muon bombard
» Neutron bombard » Neutron capture

cascade X-ray
/ Auger electron

Ar37 Xel27
L-shell 0.27keV  N-shell 0.186keV
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Using CONUS measured spectrum
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Reactor and Environmental Neutrons
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o5 107 105 10° 10 100
neutron energy E,/MeV

Rate [/kg/day/keV]

The European Physical Journal C, 2019, 79(8).

e R e S E,(MeV) ®(cm2 day™!) rhFRp K E.(MeV) ®(cm™2-GWh!)
P 1.0x 10°—4.0x 107 4.47+0.67 P 1.0x 10°°—4.0x 1077 6.42+0.41
FEERTF  40x107—0.1 4.19£1.15 FEEF T 40x107—0.1 1.56+0.21
¥ 0.1—19.6 6.35+0.96 P 0.1—19.6 0.15+0.05
Js¥ill 1.0 x 10°——19.6 15.03 +0.99 B 1.0x 10°—19.6 8.13+0.32
Environmental n Reactor n
102 T H 102 . .
i : Before any cut | i Before any cut
i E After FV cut | i After FV cut
100 i i After veto cut 100 | | After veto cut
i i [ After NR ER cut { { mm After NR ER cut
i mmm After NR SS cut < | i == After NR SS cut
! (] 1 :
102 % i
E 1
9
107 PRURS
8
10—6 10_6 b
= -8
107 Mo 10-! 100 10! 102 103

Max NR in LXeetector(rector neutron) [keV]

1.2x10-2 evts/kg/day

Max NR in LXeDetector(neutron when rector off) [keV]

1x103 evts/kg/day "



Muon Induced Background

OutPE
InnerPE
Copper
Air ‘ ]-1
- I— Vacuum
Copper is the dominant source —

of muon-induced neutron in the

|
|
I GasXe
|

base design.

‘-T____—___"'T

n-induced nuclear recoils 10°
102 : i mn before cut(copper)
i i - ifetzri\f rxtcm 102 after cut(no copper)
1
10! i After veto cut = ager cu:;copper) )
! wem After NR ER cut _ 100 . i .
g . I After NR SS cut >
= > 100
(©
3 5
g 2 2/kg/d
v
= = 10!
2 9 g/aay
© 10-2 g
= 10-2
1073 103 2/ kg/ day
152 10-1 100 10! 102 10° 075 102 100 100 102 10°
Max NR in LXeDetector [keV] 11

Max NR in LXeDetector [keV]



Event rate [keVee kg ly~}|

Total Background Budget

Assuming 99% tagging efficiency for muons
in the muon-veto detectors

108

—-— ER background

10° -- EvES
=== NR neutron
107 —— CEwNS

CEvNS ROI
10334,

102 1000 10 10' 10° 10°
Recoil energy [keVeel

NR: <0.3 event/kg/day
ER: <0.01 event/kg/day/keV
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Total Background Budget

(@4 10n1zation electron, signal rate 1s 1 order
of magnitude higher than background

ER background
EvES

NR background
CEvNS
CEvNS ROI
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5 10°4 - 3 CeV/c2 WIMP
qap < — 10 GeV/c> WIMP
) ! — Reactor v
2 : 10" 4
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3 “ Nud il energy (keV)
Q uclear recoll energy (ke
X
0 =
3 10
0 1011 121314151617 18 19 20 %O 4 This work, 220 V/em
f\rc— 4 4 This work, 6240V /cm
< 1 7 4 LUX, 180 V/em
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1
0.1 1 10

Nuclear recoil energy (keV)

B. Lenardo et al., PRL 123, 231106 (2019) 13



Instrumental Background
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XENON Collaboration, PRD 106, 024328, 2022
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0.1% Delayed Electrons
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—— Emission Rate
—— Fake event rate of 3e

10_3 1 —— Fake event rate of >=4e
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Instrumental Background Suppression

PE/Sample(4ns)

PE/Sample(4ns)

0.0 1.0 15
Time Line [us]

Event Width Distribution

PE/Sample(4ns)

0:0 OjS
Time Line [us]

Events

- 10% Exposure

pile_up event
real event

0.0

-15

-0.5 0.0 0.5
Time Line [us]

-1.0

0.75  1.00

1.25

1.50

veform std Variance [us]

Signal Acceptance Background Rejection

90.0 £ 0.1%

1.75

83.96+0.03%
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RELICS Sensitivity

A precise measurement:
15.01 ‘, | Poctm) « CEvVNS cross-section
1 (NS
12.5- ‘|| === CEvNS, w/o Q, uncertainty ° Weak lelng angle
i Axi=1 . . .
oo, \ i \  Statistical uncertainty down
: | I
W '.|' ] \ %@}g \ to percent level
. :
5.0- t i ? 1.0-
\ !
2.5- v
\\ ’I
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sin@,,
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Provide leading constraints on non-st
andard neutrino interactions

COHERENT(2017)
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RELICS Demonstrator
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RELICS Demonstrator

Voltage / mV

—10 A

_12 .

Single PE waveform - R8520-406 LV2231 @ 800 V

Single PE Spetrum R8520-406 LV2231 @ 800 V

A
| BB FER

—— Waveform
Baseline Range
Signal Range

10°
p =0.154
Gain =5.84+0.03 M
104 4 Gain Err = 2.76+£0.02 M
Ped Err = 0.25+0.00 M

T BXHETmyE = o

[
2
u‘éJ’ -~ Pedestal
102 \ --—- PE
A
101 4
100 E ann

0 100 200 300 400 500 600
Time / ns

-5 0 5 10 15 20 25
Electron Count [x106]

Kg-scale LXeTPC

To demonstrate single electron
sensitivity

To study how to suppress instru
mental background
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Intensity [PE/ns]

RELICS Demonstrator
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—— Waveform
—— Top PMT 0
20 S11251.7PE — TopPMT 1
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RELICS Timeline
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Summary

Rich physics and application potentials with CEVNS
measurements.

RELICS 1s a liquid xenon time projection chamber
dedicated for CEVNS detection at reactor.

Background budget has been studied for the RELICS
experiment, showing great potential for a precise
measurement.

RELICS demonstrator has been built to study
performance of such detector at sea level.
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