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China Jinping Underground Laboratory (CJPL) ----

An ideal low background experiment site

2400 m
overburden
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A 500 m’ detector is planned at CJPLII

Calibration Unit
SST Tank

PMT Truss

PMT

Acrylic Sphere

HV, FEE, Trigger, Clock
Online Data—taking
Pure Water Shift Station

Target volume: 500 cubic meter
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Goal of the Jinping Neutrino Experiment (JNE)

1. Solar neutrino

B-8 neutrino spectrum, upturn effect
(matter-induced survival probability increase)

2. Geo neutrino

crust geo neutrino model study
(Qinghai-Tibetan Plateau geoneutrino)

3. Diffuse supernova neutrino
background (DSNB, aka supernova relic
neutrinos)

4. Other new physics
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(Saturated) LiCl aqueous solution for neutrino det.

T 10

1. CC process for v,
Ve + 'Li — "Be + e~ (+7)
Measure neutrino energy
2. High cross-section:
v.-Li7: 60 times of v_-e elastic 10-45:* _
for solar B8 neutrinos STTTTTTE T 0 12 1A 1618 20
3. High natural abundance of Li7: 92% nedtrino Eneray [MeV]
4. High solubility: 80 g LiCl in 100 g water

B8 Event rate/100 ton-year solution
Li  %"Cl  AlNCC e~

Cross-section [cm

1073 E

3
k

Molarity (mol/L) 11 29 NA 610
Event rate (No Osci) 305 22.7 328 271
Event rate (Osci) 101 7.28 108 124

Event rate (Osci & >4 MeV) 94.5 7.24 102 48.0
Event rate (Osc1 & >5 MeV)  §87.3 7.17 [ 94.4 34.5 ]
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v, CC-Li7, ES, and v, detection and separation

1. CC-Li7 process for v, 5 _
T1: 7 - & F E

+ 'L — "Be + € (—1_7) E 1'45_ FFFH v,-e elastic scattering -
Measure nEUtran energy < 1'25_ :l v-Li and ve.37C| CC scattering E

i 1= ]

T = E, —0.862 MeV o8k e

0.6/ fias

2. Elastic scatter on e-: e
by +e — vy t+e 01208 206 04 02 0 02 04 06 08 1
CC-Li7, ES separated by solar angle c0S(Osun)

3. Delayed coincidence for v,:

—_— + .

Vet p—nTe Spectrometer for v, and v,.

with neutron capture on =
|  Good chance for solar, geo,

H, Li6, and CI35 5 :
measure 7, energy and supernova neutrinos.
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CC-Li7 vs ES for solar neutrino oscillation study
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CC-Li7 process on nuclei is good to measure B-8
neutrino spectrum and any energy-dependent physics
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Solar B8 neutrino extraction simulation

T 18F > [
S C - .
> 16 | 200 CC-Rich Sample | — Prediction
£ 14fF I 2 b S P - Licc
S [ | FEEF vye elastic scattering _ L ~ a7
g 12f ) - | B L N cice
- | [ ] v.Liand v2Cl CC scatfering N - I s )
1 H 600~ | N — - Elastic
0.8f m - N
- an 400 .
0.6 / u RN
0.4F VoA 200~ ‘
- el -
0 T I e e e — .
ek e o B e e R T
cos(fg,,,) econstructed energy [MeV]

1. With a solar angle cut, CC-Li7 process signals
can be clearly extracted.

2. JNE can serve as a solar neutrino
spectrometer.
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LiCl Water Solution Attenuation Length
LiCl water solution attenuation length improvement

1. Absorption with powered activated charcoal
2. Thermal recrystallization

s - T
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LiCl Water Solution Attenuation Length

50 m attenuation length

achieved.

nses ‘
=== Diaphragm

0.84m
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LiCl aqueous solution with carbostyril 124

Adding 1 ppm CS124 to LiCl aqueous solution

1. Convert short wavelength UV to longer wavelength

2. Convert short attenuation length UV to long attenuation length
visible light

3.Minor scintillation light yield

Lici  —_LiCl solution +
solution 1 ppm CS124

o
oo
1

CS124 absorption
and emissi
spectra
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Uniform light output from LiCl solution+CS124

Light yield verification with a muon telescope

Cosmic ray muon

— 50 50
25 - . 25 - \/" T~ - . .
Reflection Scintillation
> 0 — > 0
. | ——TopPMT E [r E
i i o —-25 @ -25
Coincidence Steel shell S O _gn T _gn o
comilotors | & /\ o lg £ s Cherenkov | § = Cherenkov
~ Acrylictank [— = >
-75 4 —-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
.—tLAr_lti-‘coincidence
scintillators (a) LiCl » | (b) LiCl with 1 ppm C-124

3.7 PE detected from isotropic scintillation (uniform)
12.3 PE for Cherenkov (forward)
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Solar Neutrino o

: Vacuum - Matter |
0.8 | transition ]

Upturn effect |
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Slightly favors up-turn,
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- Pee(10 MeV)

0.2

0.15

Upturn effect sensitivity with LiCl Solution

Solar neutrino survival
probability-average vs energy

Sensitivity[sigma]

= LiCl Detector
oiE SNO
0
N }
Z
6400 ton-year,
4 MeV cut
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though need more data
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EEMi
Slightly favors up-turn,

Upturn discovery sensitivity
vVersus exposure
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CC on Li7 has an
advantage than v—e ES in
measur ing solar neutrino

upturn effect.
JNE — A compact detector!
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urvival probabiliy

Light Sterile Neutrino in Solar Neutrino Physics
Light sterile neutrino

» Delta mass
squared ~ 10~ eV?
» Not the same as
N reactor neutrino
S anomaly and
s PRDE3, 113011 201) LSND results
0 2 4 nc?nrinoenergxy(MeV) 10 12 14 ( Amz ~ 1 eVZ)
Am%l
RA = 5
Ams, Structures: need a CC-

Amg, ~ (0.2 —2) x 10 °eV? Li7 detector

16
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CC-Li7 for Light Sterile Neutrino Rejection

Sensitivity calculation for JNE.

2qxlﬂﬁ
20
T 5
g 10
< :
© 640¢ x 10y, T>5NeV
Y ST T IS T EP B
"5 45 4 35 3 25 22

lugm(sinzzm
Sensitive to small delta mass squared region
of sterile neutrinos, 1e-5 eV?
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Geo Neutrinos at JNE
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JNE is very sensitive to
Qinghai-Tibet plateau
crust neutrinos
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Geo Neutrino at JNE

With the prompt-delayed 100 [
signal detection method in [
LiCl solution:

¥mdf 57.21/58

reactor 0.973+0.085

0]
<
T T
f——— —

geo 0.958+0.044

- Minor reactor BKG at CJPL
- Expect tens of
geoneutrinos in 5-10 years
with the 500-ton detector
(constrain crust model to |
10_20%) o “vlisilb:leinerg;’Meff TR
- Initial result on U/Th ratio

o)
S
I

—— reactor

IS
<
"

—— geo

—— expected IBD events

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

[\
]
T 7

]
1

Event rate summary for hundred-ton detector
5Li / 100m3-yr 33Cl / 100m3-yr TH / 100m3-yr
1.623 0.884 0.055
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Adding CS124 indicates that: a high salt (LiCl)
Cherenkov liquid scintillator is possible

Pure \_ \ \
LiCl '~ fluor

aqueous |\/ /
solution 4 «
Direction
Energy
Position

Particle identification ]

2024/7/18

\f ,
LiCl
aqueous + fluor
solution
Better than pure water
or liquid scintillator
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Cherenkov Liquid Scintillator Reconstruction

Reconstruct both Cherenkov light and scintillation light
1. Energy; 2. Direction; 3. Position; 4. Particle identification

Guide liquid scintillator development Scintillation
< VT T T g O T T 7 decay time
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= [ - . . .
2 30f ’\\ _Lg05ns o, 80F - —Ls%r  Scintillation
= E 35 PE E S . q
2 20\ _LgT7ms & O s light yield
n(]:.) 20 E LN 285 PE § 60 ; ,w 285PE ... ;
RN —LSi 2 50F N LS
'(']g 105_ IIIIIIII ‘\\"\\"H‘-ﬂ._____h__ o 40§ e — b ......................
L 2 —— 2 30E T - R
5:,%_\ o)) = = : :
e cC - i : "
L L 20
2 4 6 8 2 4 6 8
Electron Kinetic Energy [MeV] Electron Kinetic Energy [MeV]
T ok I E 20 ———T7T 71—
.E. 60F r—————m— E i 200 L * Electron
5 50F = 1505_ * Gamma
5 o X : '
§ 3 § 100 * Proton
& 30F S 50F
< F Q
20F -
o o -5
10F §i100: e
b i e ] Q0 50 100 150
2 4 6 8 Q Scintillation [NPE]
Electron Kinetic Energy [MeV] l | I
0 5 10

2024/7/18 Electron Kinetic Energy [MeV] 21



Diffuse supernova neutrino background

With Cherenkov-scintillation g ¢
quUid SCinti"ator: § S5 "’ © Liquid scintillator
§ 4 Cherenkov LS
. S 4 L K, Gd-water
1. Have the capability for % A Water

particle identification to 7 3- P

suppress atmospheric T P o
neutrino neutral current i
|l e T e R L R L LT
background 3
0_*’?|||||||

0 50 100 150 200 250 300 350 400
Exposure [kt-year]

2. Expect a few golden
candidate supernova relic
neutrinos in 5-10 years
with the 500-ton detector

Expect an improvement
better than this figure.
Work in progress.
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Summary

e LiCl aqueous solution

* Long attenuation length, 50 m at 430 nm

* Fluor can be added, ex. CS-124 =» Cherenkov liquid
scintillator

 Compact detector for solar neutrino upturn study

* Sizable geo-neutrino signal strength from Qinghai-
Tibet plateau

* Great signal-to-background ratio in DSNB detection

LiCl agueous solution -- A new neutrino
detection medium candidate
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Thank you.

All related publications can be found at
http://jinping.hep.tsinghua.edu.cn/Publications.php
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