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CEvVNS as a new probe
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CICENNS experiment

» CICENNS: CslI detector for Coherent Elastic Neutrino Nucleus Scattering
» Development of a 300-kg CsI(Na) detector for precise CEVNS measurement from 7 decay-at-rest

Initiated in 2023
China + Korea, 4 institutions, ~20 collaborators

Technical Design Report for 300 kg CsI(Na) CEvNS
Detector at CSNS
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China Spallation Neutron Source (CSNS)
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: ) Decays at Rest (t = 26 ns)

Fragments

» 1.6 GeV proton beam Neutrino flux @10.5 m: 2x107/cm?/s (~40% of COHERENT)
> 140 kW (= 500 kW)

» 25 Hz repetition rate X. Xiao @vSTEP2025 4



China Initiative Accelerator-Driven System (C1ADS)

Power (MW) | Proton Energy | Beam Type | Repetition
(GeV) Rate (Hz)

1.4 ->2 1->1.3 Pulse
J-PARC 0.6 ->0.95 3 Pulse 25
CSNS 0.14 > 0.5 1.6 Pulse 25
CiADS 03->3 0.6 Continuous
5
0.035

» Accelerator-driven sub-critical system to study the transmutation
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of spent fuel 003 V. (delayed)

. -V, (delayed)

» Continuous beam 0025 — Vu(Prompt)
» 600 MeV @300 kW (~2027) -> @3 MW (~2030) :
0.02}

» Possibly convert to pulsed beam
0.015

= ,U'+ _|_@ 2-body Tr*-decay: Prompt (26nsec) 0.01;

Monochromatic: 29.9MeV v,
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CICENNS overall design

Array of 15 CsI(Na) crystals, each with 20 kg, in total 300 kg target mass

Passive shielding (HDPE + Lead + Copper)

CsI(Na) detector array

Plastic scintillator veto
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Csl(Na) detector module

20-kg CsI(Na) x 15
14 cm (Di1a.) x 28.7 cm (L) each

Encapsulation: OFHC copper + PTFE foil + quartz window

Two 5-inch Hamamatsu R877-100 PMTs 1n both sides,
wrapped with permalloy foil

YV V V V

A\

5 modules are completed and under tests, all the rest will be
ready before end of this year
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CsI(Na) crystal: radioactivity and optical performance

» Re-crystallization of Csl powder is applied, with CsI(Na) samples of 2.5 cm x 2.5 cm x 2.5 cm for optical tests
a purification yield of ~57%

» Samples from grown CsI(Na) crystal, measured
by ICP-MS and HPGe i

> 87Rb concentration of <1 ppb is achieved (%20 b .
lower than COHERENT)
Isotopes  23%U  232Th SR SECS s
PPyl (ppbt) ipPb)  {mBd/ke). WBq/ie), Transmittance (without correction Afterglow rate: ~0.5% @6 ms

63+25 1445 0.77£0.04 2.27+2.22 23.1+£3.0

of reflection) : ~84% @420 nm and ~0.08% @100 ms

Transmission of Crystal (2.5 cm) in SiCCAS

Emission spectrum: peak at ~420 nm
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PMT characterization

» 32 5-inch PMTs purchased and tested in a dark box with LED
» Typical gain: ~1.5x10° @1250 V
» Typical dark count rate: ~300 Hz @1250 V

PMT6_HV1250_2V
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Energy calibration

» Energy calibration of CsI(Na) detector with multiple gamma sources is on-going
» Optical coupling between PMT and quartz window is crucial!

» Magnetic shield for PMT is necessary

10 . .
w/o magnetic shield yet
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Plastic scintillator veto (PSV)

NNVT 4-in PMT

Plastic scintillator x 32

15cm x 15 cm x 120 cm strip, x 28

15 cm x 75 cm x 60 cm panel, x 4

Two 4-inch N2041 PMTs attached in both sides

Veto beam-related fast neutrons, as well as
cosmic muons and gamma’s

YV V.V V VY
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PSV strip: attenuation length and light yield

» Comparison between data and MC: attenuation »> Light yield: ~260 PE/MeV @~1 MeVee,
length of PSV strip is estimated as ~2.3 m resulting in ~40 keVee threshold @10 PE
» Neutron calibration is planned
Total PE/MeV vs. Energy
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Readout scheme

Fan-In-Fan-Out FADC

—> Attn. >
(30) TN il »|500 MSPS
1(60) [2Vrange
| ] 14vis
High Voltage
Fan-In-Fan-Out ADC x
L)
O
Plastic Scintillator > :: At d POPr— %
(64) —> Attn. —>(128) 2Vrar\ge ) m
" 12 bits
—_ —>
Data Monitoring > DAG Server Trigger & Clock

Board (TCB)

A

Database Run Control [——

X. Xiao @vSTEP2025



Background

A\

7

Beam related fast neutron
On-site measurement, joint effort from SYSU and UCAS
Expected to be significantly reduced by PSV

PMT dark-current noise
Two PMT coincidence is expected to reduce PMT dark-current
noise by 3 orders of magnitude

Radioactivity in detector materials . Dark pulse spectrum

Low internal radioactivity in CsI(Na) crystal E No cut

Background from PMTs and surrounding materials S i - MlertwoPiT coleldence
10*

Environmental radioactivity "

Mostly attenuated by passive shielding 107

Cosmic muon induced background ,
Estimated to be negligible 10

Full Geant4-based MC on-going O s T T 0 e of Photoslectons(pe)

X. Xiao @vSTEP2025 14



Expected CEVNS event at CSNS

» The maximum nuclear recoil energy is roughly
35 keVnr

» Expected CEVNS events from 300 kg CsI target
In one year:

~5000 events at energy threshold of 5 keVnr
~6500 events at 3 keVnr

Counts/keVnr/300kg-Csl/year
S
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Neutrino flux @10.5 m: 2x107/cm?/s
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Some expected sensitivity with one-year data

Flavored CEVNS cross section:
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Timeline

detector and performance
check @SYSU

@CSNS

» Completion of CICENNS

» Starting to deploy detector

/

\_

» Completion of detector and

shielding assembly @CSNS

» Commissioning
» Start data-taking

/

>
>

>
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Continue data-taking

Measurement of CsI(Na)
quenching factor @SYSU

Obtain physics results

/

» Move to CiIADS?

» Cryogenic pure CsI?
» Different elements (e.g. Nal)?
» Scintillating bolometer?

\

/
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Summary

» A 300-kg CsI(Na) crystal detector for CEVNS measurement at CSNS and
Ci1ADS has been proposed, and 1s being built now.

» Precise tests of SM at low momentum transfer and new physics search BSM
are being pursued based on large statistics of CEVNS events.

» We are aiming to complete the construction and start data-taking in 2026.

Stay tuned and welcome to join this effort!

Thank you!
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