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(4) What is JNE? (appa

XICHANG

 Solar neutrino observatory at China JinPing

underground Laboratory(CJPL)
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» Using Cherenkov light(C-light) and
scintillation light(S-light) separation

techniques to study MeV-scale neutrinos
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Where is JNE? TAUP 44

_________________________________________________ XICHANG
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* Lowest cosmogenic and reactor neutrino backgrounds

» Extensive experience in the oil-based and water-based

slow liquid scintillator(LS) - LiCl aqueous solution

High cross-section v, +’Li —» "Be+e~ (+y)

High natural abundance of Li-7: 92%

High solubility: 80 g LiCl in 100 g water

Spectrometer for v, and v,

» Event-by-event direction reconstruction and particle

identification(PID)

« Good chance for solar, geo, and supernova neutrinos

2025/8/26 2025-TAUP-R&D of JNE-Wentai Luo
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(4) Why is JNE? Solar-v

TAUP 44

« Charged current on Li-7 has an advantage than v, ES in measuring solar neutrino

upturn effect

Solar neutrino survival probability-
average versus energy
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evolution trend of v, surviva

robability as a function of E,, in
the upturn sensitive region.
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@ Why is JNE? Geo-v TAUP sA

_________________________________________________ XICHANG

* JNE is very sensitive to Qinghai-Tibet plateau crust neutrinos

« With prompt-delayed signal detection: Expect tens of geoneutrinos in 5-10 years

with the 500-ton detector
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.053001
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(4) Why is JNE? SRN or DSNB

TAUP 4

XICHANG

- Have the capability for PID to suppress atmospheric neutrino neutral current background
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@ JNE Timeline TAUP 44

XICHANG

« Structure design of the multi-hundred ton detector

« Event-by-event direction reconstruction & PID-QiScinT
Letter of Intent @ * Novel 8-inch MCP-PMT study Multi-hundred ton
arXiv:1602.01733 FADC and readout design and testing detector commissioning

2005 207 I l 2023 2024 2026

1-ton Prototype - Multi-hundred ton detector
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TAUP A

_________________________________________________ XICHANG
Yivang Wu
Background measurement . 551213158

: Overflow PMT LS
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( '\ Multi-hundred ton Detector

Rope System
holding-up and holding-down

8-inch MCP-PMT

+Light Concentrator —

~3000, ~40% Coverage

Calibration Unit

Stainless Steel Tank(SST)
14.5m *12.9m *13.2 m

SST PMT Truss
Inner diameter(ID): 12.16 m

Acrylic Vessel
ID: 9.96 m, Thickness: 5 cm

Shieling Material
Water and SST (or lead)

SST Supporting Legs

2025/8/26
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@ Central Detector TAUP A

_________________________________________________ XICHANG

1.0m Chimney
M

* 9.96 m spherical acrylic vessel, 500 cubic meter(Water,
SlowlLS, or LiCl aqueous solution)
 Rope to hold the acrylic vessel

* Density difference to water: +20%(Gravity or buoyancy)
« Low background

* High strength, low creeping, water compatibility

* Mechanical analysis of the SST framework has been
finished

* Finite element software ABAQUS is adopted
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ArXiv: 2406.12899
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JNE-500 Installation Process TAUP s

0 XICHANG
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2027

Phase 1

* Target material: Water

* Reconstruction algorithm: QiTi
* Purpose: Checking detector

operation
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2028

Phase II

Target material:

LiICl agueous solution (water-based)

Slow liquid scintillator (oil-based)

Reconstruction algorithm: QiScinT
Purpose: Solar, Geo and Supernova v
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TAUP 4t

XICHANG

2038

Phase I

* Target material:
Nd-doped liquid scintillator
* Purpose: 0vS[ study

Isotropic liquid
scintillatjon light

mp

Cherenkov light with
directional info.

+

C +LS light

-

v" Water based
v Slow LS

LS detector

Cherenkov detector

€

17 0.11 MeV
2.65 hrs
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( 4\ JNE-500 CDR & TDR

BB FRREEAPER R F NS SR HRE

« 2024.08.19: Completed the
first draft of the conceptual
design report (CDR) of the
"Jinping Neutrino Detector"
and passed the scientific
review.

« 2024.10.18: Completed the
first draft of the technical
design report (TDR) of the
"Jinping Neutrino Detector"
and passed the technical
review.

~—HEF B it

®

Sl EEE BER EE O §F B ®td HEE
FEE R B N B NFEE KBXE BXE BRI
FriEg T % HEE XHE &5 £ RER £ 8
B F HEF #KEE K ¥ HKE HEE RSN
EERZ
rEE HTE
EEILKRE
FEH  H HNEE
EhBEAE
wiEH H F
WEAZ
a8
BRAE
FNm
ARTVAZE
EEFAE
hIiliRE
Fm|fE X fF
FEHNFRAZ

JNE-500 CDR

INE-+#3 “%%” -mw
| ﬁ*wﬂ:ﬂ' ﬁ' (TDR)

= # FEFR
I F IFE
® ® Sk

2025/8/26

2025-TAUP-R&D of JNE-Wentai Luo



(4) MCP-PMTs & Electronics TAUP s

XICHANG

~3,000 novel 8-inch MCP-PMTs FADC for PMT waveform readout
— « 350 mW/ch, 12-bit, 1 GSps

« U, Th:<4e-8 g/g, K-40: <4e-9 g/g . Readout board, Bandwidth 300 MHz, 40Gbps

 High QE: ~30%

e GoodTTS:<1.8ns

+ MCP-PMT
® Refergrte PMT

A0

+
+ + +¥
+
2

The whole system has been tested on the one-

ton prototype this year. ID: #503, Electronics
by Haoyan

00000

1.0 1.2 1.4 1.6 1.8

g0 light concentrator N ==
| \
« Mean square deviation and relative photon detection | \W
. . . . . : ArXiv:2404.40373
efficiency distribution of PMT charge spectra Charoe Specum(n e PE wi | T
spectrum(bottom) comparison between I | ‘MI

ID: #219, ng ht concentrator Poster by Shuai THDAQ system and CAEN DAQ system
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( '\ Slow Liquid Scintillator TAUP s

XICHANG
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 Have good angular resolution and energy Slow Time Spectrum _,,f-‘gig;;)“quid scintillator

resolution :
| ¥'Good angular resolution

v'Good energy resolution

 Reduce the interference of S-light

oil (LAB)

% Bad'angular resolution

— Get direction

«  Control the S-light yield(water-based LS) |
«  Control the emission speed(oil-based LS) Wate;._

v Good angular"msolution

\/Gobd energy resolution

Coismic ray muon H3
% Bad energy resoluugg
CS'1 24 H S Fast Time Spectrum R PP
Low light yield High light yield
H2|\I |
H U -
020 = ,"r’ ‘\\\ | 25 ;
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! Water S = -0.08

i | | J + ! \\\ - 5 % C
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2025/8/26 2025-TAUP-R&D of JNE-Wentai Luo 16



(4) LiCl Aqueous Solution

TAUP s

77 XICHANG
|deal for solar neutrino upturn effect study |
« Attenuation length at 430 nm is greater than 50 m
 (CS-124 can be added to enhance light yield
" J Top PMT
2930 _
L=50.1+3.6 m c / +— Steel shell 3
- i L
S 2920 7 ~ | \ “t— Acrylic tank =
4]
= 2910 - {
g -
< 5900 +«—— Bottom PMT
arXiv:2211.05023
2890
I I 1 I )
0.0 0.2 0.4 0.6 0.8 1.0 B .
CS-124: Liquid height /m At condidence
H3 Top PMT PEs Bottom PMT PEs
N Water 0.76 £0.08 158+ 1.5
Saturated LiCl solution 0.54 + 0.08 17.2 1.5
i_l Saturated LiCl solution with I ppm C-124 3.7+0.4 16.0+ 1.6
17
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TAUP 4

XICHANG

® JSAP uses Geant4 and GDML for studying
various detector geometries like spherical Simulation Reconstruction

and cylindrical detectors.

o Electronics and trigger simulations are
included, offering waveform readout.

Physics
analysis

Event
visualization

o A streamline style simulation is employed.
One segment loop
Primary ) . . :

Generator module: vertices Detector simulation PMT hits E'egtrlor_"cs STkl

Mix all background ) module: ———> di léaer'k noise m Output
and signal primary  Hit time in other Physics process Hit ime in this  pretrigger, pulse shaping file
vertices in this segment simulation, obtain segment and trigger, obtain the

segment. PMT hits information. waveforms.

PMT hits buffer
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( '\ SlowlLS Recon. QiScinT

TAUP

_________________________________________________ XICHANG

» Reconstruct both Cherenkov light and
scintillation light

* Event-by-event direction, energy, position

reconstruction ¢

C-light emission capability ranking:
e>y>p=a

Slow LS

Indireg

C-Photo

®

Mineral

Direct S-Photons
Direct C-Photons

Dark Noise

Particle identification
Guide liquid scintillator development, arXiv:2209.13772
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@ Summary

Multi-hundred ton solar neutrino observatory at
CJPL-II will be constructed by 2026.

Novel 8-inch MCP-PMT, low background, fast,
high QE.

ADC chips and waveform readout electronics under
design and testing.

Explored the option with LiCl aqueous solution
and slow LS.

Successfully developed the reconstruction
algorithms QiScinT and QiTi based on slow LS and
water, capable of direction reconstruction and
particle identification.

Rich physics with MeV-scale neutrinos at CJPL-II,
see http://jinping.hep.tsinghua.edu.cn

TAUP s

___________ XICHANG
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http://jinping.hep.tsinghua.edu.cn/

Thank Youl

http://jinping.hep.tsinghua.edu.cn
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(4)

Events [0.2 MeV per bin]

Water Recon. QITi TAUP 44

_________________________________________________ XICHANG
For water phase (phase 1) of JNE-500

~18% PMT photocathode Coverage

Referring to the QiScinT and the BONSAI algorithm

Ti is pronounced closer to tai (Wentai)

Solved the local minima problem by improving the angular resolution from 42° to 34°

BONSAI : doi: 10.1016/|.phpro.2014.12.068

005_ T T T T ISMeVl 'E glzoof' =% I B b 'SM "V' '_ 28005 — 1 T 17 SMe\I/ —_i
00;—Pre|im|nar Entrigs’ 10000 _; ,g)JOOOE Pre“minary € . © 700_ Entries 10000 _f
00;— Mean  -0.00351 ; 58003 Entries 10000 I 2:33 Preliminary :Za;ev Z;z E
00 T 1 Bleook . Mean  -274 3 3 400 Direction resolution
0oE _ 1 2 400k POS't'Oh _ 1 300 Is 34°(Containing =

g resolution: 1 &7F resolution: [} suDev 597 3 gy 50k 68% events) =
E 27.4% ] 2000 600 mm") L : L%Hoo; 3

I S T T 02000 2000 T 2000 4000 % s 10 150

2024/8/15
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<dF|t dTruth [degree]
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XICHANG

@ Muon Flux Predictions @PA

Auxiliary Gate No.2 Auxiliary Gate No.1

Draining Tunnel

Traffic Tunnel B

Traffic Tunnel A No.2 Gateway '

S 1 CIPL-I:
Al A2 c1T ' c2 3.56 + 0.16 +0.10
35+02;3.8+0.2 30+£0.2:!31+0.2 arXiv:2409.04169

Predicted Muon Flux 1 1
[10_1ocm_zs_1] Bl | B2 D1 |, D2

! ' JNE
294+0.2 2.91+0.2
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( 4) 4-ton Prototype Upgrade

Upgrade: 30 PMTs — 60 MCP-PMTs

Phase-l | Aug.—Dec. 2024 Water Calibration, Cherenkov light ’
Lead shielding installation and new DAQ system upgrade

Phase-Il | Jan.—Jun. 2025 Slow LS Calibration, light separation

Phase-lll | Jul.—»Dec. 2025 | LiCl solution Performance and stability

2025/8/26 2025-TAUP-R&D of JNE-Wentai Luo 24



Radiogenic Background Shielding

* Radiogenic background
* 3, y background
* Neutron-related background

—y —y
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| —Total  —TI210 3
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‘ Bi210  —Bi214 E
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Po218 At218
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Th230 —Th234 g
Pa234 —U234

10k

B, v Yield [Arbitrary Unit]
=)

Neutron Yield [n/Year/0.1MeV]

* (o, n) neutron “j \ | me IM " 1
e 238 iccion o T ) S e
U Self-fission 8, v Energy [Me\,f 107 oo Everey s
o WOI’kiﬂg flow B, y spectrum from 238U Neutron spectrum of PMT glass

* background spectrum =2 simulation for different shielding plans =2
background rates = determine the best shielding detector plan

20 mthi k 1012

* The best shielding plans 9?1188:?%
* 50cm Water g 1§2 F o
510
* /mx7/mx20cm Steel plate s i i
. g 1 3| f—-
* Boron-doped PE PMT encapsulation BLH! e
10 2000 4000 " sooo ' sooo )
2025/8/26 2025-TAUP-R&D of Jiftevipestishielding plan s [mm]

Background rates for the best sh ding plan



1.0m Chimney

€ Double loop
€ Double chimney structure
€ Diameter 9.96 m, shell thickness 50 mm
‘ —- 4 Volume 500 m?
€ Rope diameter 35mm |
\ ‘ / | 9.96m | /
——————— 1 _————— = —— === st
.Scheme 1! .Scheme 2 ! . Scheme 3 ! . _Final Scheme |
S, Mises | I
(Avg: 75%) I 6
*2.283e106 | Max Rope Load: 81.8kN 53
T o0eros | o— ?}fQS:F 7150/) 5t
117136406 | g 75% |
+1.523e+06 +1.179e+05 ‘
+1.333e+06 +1.130e+05 = |
+1.143¢+06 +1.081¢+03 , | g4
+9.536e+05 +1.031e+05 | i S
+7.637e+05 +9.823¢+04 w I =3l
+5.739e+05 +9.331e+04
+3.840¢+05 +8.839¢+04 | =
+1.942¢+05 +8.347¢+04 || : | 3,5l
+4.304e+03 +7.855e+04 —
+7.363¢+04
o 1 +6.871e+04 I 1
S,Max. Principal ] T T +6.379e+04
(Avg: 75%) +3.887e+04 i
T2.131et06 ax Rope Load: 81. 0 t t L L .
Hedseite) O MoxRopeLoad: BLAN o 0.00 0.01 0.02 0.03 0.04 0.05 0.06
Hggg:xgg | Mamximum axial forces:117.9 KN I Structure displacement (m)
Js | TTTIToTososmmseoseosoosoo--- .
1634703 :_ Linear Buckling Analysis Safety Factor 14.72 |
2 d0eeros | -
—2.205¢ . R |
“i361e03 1 L Risk Analysis Safety Factor 5.3 /
T e T T A e Py Sy T T . T T
i Rope diameter analysis ' Rope Young’s modulus analysis | ! Shell Thickness analysis
__________________ 1 _—m - D | e |
. PP 1 . . . 1
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Ve CC, ES, and V,, detection

1. CC process for v..
Ve + 'Li = "Be + e (+7)
Measure neutrino energy

1. Elastic scatter on e-:

2. Delayed coincidence for
T |

Ve + P sn+ et

with neutron capture on
H, Li6, and CI35
measure v, energy

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4

- v,-e elastic scattering
[ ] v.7Liand v_3ClI CC scattering

Arbitrary unit

[T T T T T T T T

‘,H'
i

B e R R B e
%1708 -06-04-02 0 02 04 06 08 1
cos(Og )

IfI|I1I|IIIIIII|III|III|IIIIIIIII

Spectrometer for v, and v,
Good chance for solar, geo,
and supernova neutrinos
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LiCl aqueous solution with carbostyril

Light yield verification with a muon telescope

Cosmic ray muon

— 50 50
25 — . . . 25 — V'-_ . . .
Scintillation Scintillatign
> 0 ——r > 0
. J—Top PMT E [( £
d o -25 T 25
Coincidence Steel shell g % _en o E -50 < Y
santatrs | § /\ ™o lgs ™ Cherenkov | g = Cherenkoy
™ Acrylictank |[— = >
=75 - -75 —
| —— Top PMT —— Top PMT
— <« Bottom PMT =100 —— Bottom PMT —100 —— Bottom PMT
o T T T T T T T T
750 800 850 900 950 1000 750 800 850 900 950 1000
Time / ns Time / ns
._;'Ar‘lti-‘coincidence
scintillators (a) LiCl » | (b) LiCl with 1 ppm C-124

3.7 PE detected from isotropic scintillation
12.3 PE for Cherenkov
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Pee - Pee(10 MeV)

Solar Neutrino Physics with LiCl Solution

Solar neutrino survival
probability-average vs

“gnergy
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SK-/IIIV Recoil Electron Spectrum ton-year
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F Data (statistically merged)

E SK+SNO best fit expectation E
F KamLAND best fit expectation E
- Quadratic fit

- Exponential fit

F aty

h. Cubic fit Prelimin

——

1
4 6 8 10 12 14 16 18
Kin

Slightly favors up-turn,
hough need more data
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Geo Neutrino and Supernova Relic Neutrinos

100

¥*mdf 57.21/58
ﬂ reactor 0.973+0.085

With prompt-delayed -
signhal detection:
J‘ reactor

Expect tens of geoneutrinos— £ .t T

in 5-10 years with the 500- Ll e
ton detector ; J LY

ol IR T e L T Y [y |
0 1 2 3 -+ 5 6 7 8 9

visible energy/MeV

geo 0.958+0.044

60 —

events/(100 keV/3.0 kton/1500 days)

With Cherenkov- o

scintillation liquid I ° Liquid sintilator
scintillator: — £ e
Expect a few golden B T
candidate supernova relic | Karess St
neutrinos in 5-10 years with L
the 500-ton detector s e 1m0 a0 20 300 3% a0

Exposure [kt-year]

Expect an improvement better

than this figure. Work in progress.
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