@tenvars  WTUNL B) ssiititon
- caden TRIANGLE UNIVERSITIES NUCLEAR L ABORATORY

of Chin of §

R&D of pure CryoCsl Detector for CEVNS
from COHERENT

Lingquan Kong
University of Chinese Academy of Sciences
On behalf of COHERNT Collaboration
VYSTEP 2025, October 26
konglingguan19@mails.ucas.ac.cn




Outline

 About COHERENT
 CEVNS and CryoCsl

* Detector overview

* CryoCsl performance
* Background study
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Beam Energy: 1.3GeV
Beam Power: 1.8MW soon to 2ZMW

60Hz and 380ns FWHM
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Results from COHERENT

Csl(Na)
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More data on the way
Moving to precision measurement
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* Coherent elastic neutrino-nucleus scattering (CEVNS): Z
neutrino scatters off a nucleus acting as a single particle

v N

/ i -

* Predicted in 1974 by Freedman Incoming neutrino Recoiling nucleus
. . . = ﬁ
* Observed for the first time in 2017 by COHERENT
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High light yield and good resolution High quenching factor Low afterglow
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LY > 35.2 + 0.6PE/keVee ~15%@77K 1us for CryoCsl
FWHM = 6.9%@60keV for cubic CsI ~8%@293K 17us for CsI(Na)
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A Lower threshold down to 1keV,,,
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Higher statistics and better sensitivity to physics

Important to precision CEVNS ((C Qﬂ@6 _\’{SNS




Detector Overview

System features:

Cryocooler + N2: ~ 24h to start liquidizing
Closed loop operation

Remote control available

Modularized: Easy for upgrade
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Detector module:

» 3.3kg crystal x2 (from Shanghai Institute of Ceramics)
e Real-time calibration system

Thermal meters
A

As the Motor rotate the Calibration system

screw, the copper bulk will  Collimated calibration source  Source shielding
move up and down, ona copper bulk
5cm
>
A bcm
-+
I 5cm
+—»
5cm

27cm  Crystal:

e All surface polished

e Side surface wrapped with
eem 4 layers of BC-642 Teflon
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Shielding structure(inner to outer): 5cm HDPE + 5cm Lead + steel frame
Size: 100 X 120 X 188 cm

Mass: 7.3ton = 0.4ton dewar + 5.1tonlead + 0.8ton HDPE + 1ton steel frame
3 wiring holes for cables and gas tubes
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Counts

CryoCsl Performance tafsmRs  Husmsion YIUNL

Energy deposition spectrum of NO.1 crystal Spatial Uniformity
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................... 60 keV gamma ray

10}  Remarkable results

s for 3.3 kg pure cryoCsl
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Light Yield (PE/keV )

Long Term Stability
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Over one month, the
crystal performance and
system remained stable



Counts/keV/kg/s

Background peaks for energy and resolution calibration
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Radioactivity Estimation

Self trigger data of 24h:
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Cs134 (796 keV) | Cs137 (662 keV)

NO.1

NO. 2 4.6

<4.45

+ 1.4

48 + 1.5
<1.31

Much better than CsI(Na) from AMCRY

Material Date Screened Sample Mass Activity
TI208: (kg) (mBq/kg)
2615keV 2.38 + 2.17 28y

Amerys-H <0.53 2**Th

’ o 41 o 40§

CsI(Na) boule April 2014 0.366 .67 & 15.85 7K

slice

1€
27.87 £ 3.28 197(Cs
25.87 + 1.96 134Cs

6.59 + 3.47 126]



Background Study

Bkg types:

Prompt neutron (irreducible)
Steady state Radioactivity Env gamma
background Csl self-rad
(Reducible)

material rad
Afterglow

Cosmic muon (vetoed, negligible)

* Geant4 based simulation
* Full modeling of detector and shielding
* Neutron spectrum:
[)(b"n) X Ei"]" [.\l(.‘v\"r]_”
n

dn = 1.09 x 107" —;

cm=s

a=186 and

* Gamma flux: 0.433 gamma/cm”2/s
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Neutron spectrum
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Full structural modeling
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e Material and crystal radioactivity simulation:
* Decay equilibrium assumption: daughter isotopes have same radioactivity with mother isotope
* Sample decay randomly inside:

a) Quartz, for PMT Material radioactivity
b) Iron shell, for dewar e il
. . . K40 60 37.1
c) Crystal, for Csl self-radioactivity Ra226 - )
Ra228
Csl self-radioactivity used for bkg calculation Th228 > :
U238 - 52
Radioisotope Radioactivity Averaged Waveform ;;2122 ;(_) -
) 1 ]
Cs134 19mBg/kg @ Jinping - ll:l;;:i ;‘:
Cs137 (gamma) 25mBg/kg * 0.851 @ Jinping 22203; 27(:? ;
Afterglow Thaan ) ey
Cs137 (electron) 25mBqg/kg @ Jinping Pb210 :
Ar39 -
Rb87 0.63mBg/kg @ Hamamatsu WWWW Co60 17
Cs137 6
| | .|.....|....m3 Cs134 -
° Afterglow modellng: 0 200 400 600 B0 0 reo0 o0 o o mBq/kg mBq/p[\,n‘
* Directly comes from radioactivity signals’ scintillation tail — ILIAS  Taishan
« Parameterize the afterglow using an exponential function i ANAIS[IS] - LAr [19]
Sig region

 Use MC method to sample the afterglow events e




Counts / PE / Year / 6.6kg

PSD Method YRMFERXE  Puiwsdon Y IUNL

Averaged Waveform

N A;X(T;=T . . :
* PSD = Zi ;;(A‘ 0), The mean arrival time of PEs e
i 1 10—2_5
A;: Amplitude of the ADC point i
T;: Time of the ADC point i TE Afterglow
Ty: Start time of the first peak e
Actual physical signal from experiment data Ml m U, '1;4[,0'('}**“3
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Cut Applied

Npe <1
N), =>1&&N;, =1
Njcotal > 4
1w -

See picture at right

PT Cut
Coin Cut
Total Peaks Cut

Cherenkov Cut
Anti Coin Cut
PSD Cut
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Cherenkov cut:
Highest peak’s Q over width
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QF Measurement

LY,

QF= ER:
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0 = X

Backing detectors:< -~
EJ309 liquid 7 2 '
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 Black and Green

* Results @ 77K, two independent analysis Result from: @ cannn  WTUNL
* Discrepencies, subtle things like:

* Neutron energy; § 0.2/
* Integration window; 2 o2k
£ 02F
« Afterglow; § 0.18E-
* Difficult and need to be very carful S o1sE-
* More experiments on the way -
. . 0.14}—
 Publish after complete understanding =
0.121—
* Blue: 0= T
 Past measurement: @ 108K arXiv: 2101.03264 008 . . F s Lo
= ""“ Modefied Birky' Law
0.06|— Linear
L ° Measurement st 77K analysis |
0.04 :__ - Measurement st 108K
= v Measurement st 77K analysis 2
« ~15% @ 77K 0.02F-
* Around twice as 108K or Room Temperature (293K) TR TITY T N NM",
10 20 30 40 50 60

Nuclear recoil energy(keV)

* Help to lower the threshold




Counts/year/NPE/6.6kg
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« Beam power: 1.4AMW Background type Events in 5 — 50 NPE / year
e Distance: 19.5m Prompt neutron 3.176.5
e Crystal mass: 6.6kg Steady state  Env gamma 1.7
Material rad 42.4
Signal-background distribution Csl self-rad 11.3
- B iy afterglow 9.7
i v Total bkg 68.3~71.7
1 03 v = === Sieady -Slnlv Cut
133 =6~ Bkg_total_Cut ScmHDPE . .
5 Bt Cut 15cmHOP * Expected neutrino signal: 387 per year
10°
10 SN = Nsig
: VNbig + Nsig
16
1 P S S * 50 detection for 1 month beam time, better
EEE : G- - S " N when arrival time information considered
:Z')' L1 !..L.L.l L l.o-x PYRTIEH BT W T [0 A l.x.l-v.l L.I..J..I L. l,.:j L l-x.l-u vall

10°
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Threshold: 5PE; S/B > 4
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A 6.6kg CryoCsl detector working very well
* LY: 29PE/keVee, FWHM: <8% @ 60keV
e Stable in one month Run

Simulation shows low background level compared with neutrino signals
* Background: 68.3 ~ 71.7 / year, material radioactivity dominates
* Signal: ~387 / year

Sensitivity:
* Threshold down to 0.8keVnr with 15% QF
50 detection for 1 month beam time

Moving to deploy procedure: seismic study etc.

By
4
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Backup: self-trigger data Yanremxs  Puision YTUNL

e Data taking time: 1 day at normal PMT gain
* No Cs134 and Cs137 peaks can be observed ‘ Total peak area method

NO1 x10° NO3
?"; : o NO1 2 E l ‘no® NO3
i 2 1 | 245E] » g
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Radioactivity Estimation
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* Energy resolution parameterization: using 60 and 511 keV peaks

e Res =

2
a2_|__

E

 Take 20 as 662 and 796 keV peak range

- I 1 1 - 17 5] R v L v T v L T T T T s LE T T ™ ]
~ — — ~ — -
0.014 - Prob 1.392e-07 OD()'OM . Prob 3017e-11 4
— Data - C — Data ]
5 ) 005021 +0.00083 ] - - ) 5082 + 0. .
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Radioactivity Estimation tawsmxs  Puwsion YIUNL

G

cEy M-ty

A=
I
* Emission rate I, from IAEA data base Y
» Efficiency: given by Geant4 simulation g5, = 38.35%, €79¢ = 32.54%,

Activity (mBqg/kg) Cs134 (796 keV) Cs137 (662 keV)

NO.1 Not detected: Ay = 4.45 Detected but no significant: 4.80
NO.3 Detected but no significant: Not detected:
4.60 + 1.40 Ay = 1.31

Measured radioactivity for Csl at SNOLAB

Material Date Screened  Sample Mass Activity

(kg) (mBq/kg)

2.38 + 2.17 238y
<0.53 232Th
16.67 £ 15.85 1K
27.87 + 3.28 137Cs
25.87 + 1.96 134Cs

6.59 + 3.47 120] @‘ﬁﬁ

Fields, Nicole Elizabeth. Cosl: Development of a low threshold detector for the observation of coherent elastic ‘ ﬂ@g = 'lSNS
neutrino-nucleus scattering. Diss. The University of Chicago, 2014. ((CQ ;

Amerys-H
CsI(Na) boule April 2014 0.366

slice
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e (sl radioactivity much lower than initial guess: ~0.3Hz
e Self-trigger rate: no shielding : with shielding = 500 : 30 Hz
e Other trigger sources: cosmic muon, env gamma, dewar radioactivity...

Hint: 511 peak mainly from cosmic muon Cosmic Muon Simulation Result

S

o
o
oS!

—
— Experiment
— Simulation
—— Subtraction

* Cosmic muon simulation:

e Using 511keV peak to normalize

* Cosmic muon can contribute
20~35% of bkg

Counts / keV / kg /
-] -]

S o 2 o

S &5 8 O

* Env gamma simulation:
e Shielding can reduce env gamma

LT I R

by a factor of ~1300 0.005
 Env gamma cannot be the main N e
bkg 0 200 400 600 800 1000

Energy [keV]

c@v
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The External trigger run in UCAS.:

Forced Trigger Run 60Hz, 3 weeks: All Bkg are Steady — State Background
40us window = 30us PT + 10us ROI (5us IW) Cosmogenic background is higher in UCAS
No Muon Veto Applied
A convervative estimation
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Steady State: Radioactivity

Counts/s/keV/6.6kg

Energy deposition spectrum of steady state bkg
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Energy deposition spectrum of

Csl self-radioactivity
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Afterglow modeling
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Averaged Waveform

LY: 0.734 PE/keVee

TRIANGLE UNIVERSITIES NUCLEAR LABORATORY

1.5ms time window Al
Average ~9e5 waveform Taul

A2
Average nearby 1000 points in the final Tau2
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Afterglow MC Simulation

Self Trigger Run:
Background Event rate: 500Hz
Sig region
Background. spectrum
h_Spec
o, e Srm| |
- Std Dev 337
6000/ \ Y J
5000 — 13ms ~ 10*Tau2
40003—
3000F- 1. Randomly generate physical signal with Poisson
- distribution (Mean: 6.3Events) in this time window
2000—
- 2. Sampling PE time according to the decay time, PE
%E number according to Energy and LY
o0 w0 0o "m0 Tooo 12007400 3. One afterglow event is generated
E(keV)
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Compare between Exp and Sim

Counts/Trigger/NPE
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NPE

Sim Results = Physical events + Afterglow Events
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Cuts Applied

B wnN e

PMT Coincidence

Cherenkov cut (data)

Pre-trace No-PE cut

For sim data, additionally require the Signal time is
60us away from sig region to veto the strong light
from the main part which not considered in
simulation.

Simulation and experiment agrees very well.
The method has been proven reliable.
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Validation of MC Simulation

0.012

External Trigger Data NPE: 2-10
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Afterglow events

The MC modeling is reliable
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Self Trigger data: 3-20keV
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Quenching factor Fitting

Counts

QF: adjust position of the model
Sigma: width of the model
Norm: height of model
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