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A screen of brocade.
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residence, the boudoir.
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(4) What is JNE?

 Solar neutrino observatory at China JinPing

500 cubic meter

underground Laboratory(CJPL)

Isotropic S-light

C-light with
directional info.

 Using Cherenkov light(C-light) and
scintillation light(S-light) separation
techniques to study MeV-scale neutrinos
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4) Where is JNE?
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(4) WhyisJNE?

JinPing Mountain

a.s.l. ~ 4,000

: : : : 2400 m rock
« Extensive experience in the oil-based and water-based overburden

* Lowest cosmogenic and reactor neutrino backgrounds

slow liquid scintillator(LS) - LiCl aqueous solution

« High cross-section v, +’Li - "Be+e~(+y) % reactors
. . -_ . 0 ﬁ‘ llllllllllllllllllllllllllllllllllll
High natural abundance of Li-7: 92% asl ~1600m
 High solubility: 80 g LiCl in 100 g water ol IR K GPLI T Homesiake
£ % o % Souty

» Spectrometer for v, and v, B A L subuny Modane |
« Event-by-event direction reconstruction and particle Zwk N * :
. L ] 1
identification(PID) b Vo oest muon ;
neutrino flux 3

« Good chance for solar, geo, and supernova neutrinos " Reactor Neutrino Fiux [em?s°1]
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| QINGDAO

4) Why is JNE?

________________________________________________ M"ﬁ M

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

upturn effect
« JNE is very sensitive to Qinghai-Tibet plateau crust neutrinos

« Have the capability for PID to suppress atmospheric neutrino neutral current

background
= 0.15 LiCl Detector S [ — Expected IBD Events T ;
g 15_ 7/ sNo § 77| Reactor neutrinos é: 5S¢ f © Liquid scintillator
3 O = F “ e ey | B[ s Slow LS
- B — — Geoneutrinos from 5 .0/ i
', 0.05 ArXiv:2203.01860 s I , S 4ri Gd-water
n_g \ 2 30 - Geoneutrinos from 232Th - A Water
i S = 7L _ & [
O [t - : 7 Y
////////////// 2T ArXiv:1612.00133 @ 3f . e
~0.05(%77 > 201 4+ e £
01 “fie evolution trend of v, survival i - Q- nemm e -ﬁ---------{;@rxgv -1607.01671 - - --
. aps . . vy | i ! ] I A _o- o-
0.15 pr(ib?nbggsi ?fgc-g?,n of Ey in the » 10— o redicted IBD events at N Pt @
-0. uptu itiv ion. 2 F ‘ o RS
P J § B G e Jinping site. FA e The significance level of
1 I I | I 1 1 | 1 I I | I 1 1 | | I I | I m - ' I
02 3 8 10 12 14 e T T I e S o, discovering SRNS,
. 0 50 100 150 200 250 300 350 400
Neutrino Energy [MeV] Neutrino Energy [MeV] Exposure [kt-year]
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l QINGDAO

(4) JNE Timeline

« Structure design of the multi-hundred ton detector

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

2015 2017 I l 2023 2024 2026

1-ton Prototype — Multi-hundred ton detector

€ 600F _ )
data taking 5 soof Direction construction begins

@ 4005 Reconstruction

o F ArXiv:2209.13772

2 300f

©. 200

n i

[= rContainin
100 680 9

Pit size: 15.3 m*13 m*14 m
&

Y

Eve

ofEvents |, . . . e
0 50 100 150
<dFit‘dTruth> [deg ree]

o 250
g 200} Particle Electron
% 150} |dentification * Gamma
g 100} . ° e Proton
£ s0f i
= 0OE i - - -
: o} ~x4 Pit will berready in July!
o —100% e
, 0 1000 2000 3000 4000
) Scintillation [NPE]
| | |
0 5 10

Electron Kinetic Energy [MeV]
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| QINGDAO
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Background measurement

Chi Overflow PMT LS
Imney - = Tank 214Bi - (1.59 +0.20) x 108
q_ — 20871 (1.64+0.47) x 103 -
ST A Decay rate [Ba/g] 212p; - <(1.01+0.20) x 10°
BI “le— r — PMT 0K (1.24+0.35) x 102 i
ack (1244 0.35) x
Shield B 28U - (1.28 £0.16) x 10 2
€ Acrvlic Contamination level [g/g] ***Th (1.12+0.32) x 107%  <(2.49 + 0.50) x 1073
o Ly YK (4.67+1.35) x 1078 -
Sphere
Stainless B A =
o 251 ‘ — Chage 12 L [ 7 Vemedto)
Steel Truss -~ Water | o 3
| % 5 08 gﬂ ;‘ #5°[ e Jinping Aberdeen Tunnel
?‘p 1 O = o ASD aya Ba
Tank § A o ‘03: A LSD * gaza sa: E:;
104 0.5 =z * CUBE A Daya Bay EH3
=] n 02 A G % omten etal @5 mme)
KamLAND Bezrukov et al (316 m.w.e.
1-ton prototype at CIJPL-I opwlV \W«AWWJ * Palovrde s

Running for ~6 years B0 S0 S0 e - TN W

t/ns Average muon energy (GeV)

Waveform analysis, total Muon flux and muon-
Upgrade: 30 PMTs — 60 MCP-PMTs  yeflection reconstruction  induced neutron yield
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@ Multi-hundred ton Detector i

________________________________________________ T

Rope System
holding-up and holding-down

Calibration Unit

8-inch MCP-PMT - Stainless Steel Tank(SST)
+Light Concentrator a— o ' 14.5m*12.9 m*13.2 m

~4000, ~50% Coverage

SST PMT Truss
Inner diameter(ID): 12.16 m

Y [pr——r] i Acrylic Vessel
\ ID: 9.96 m, Thickness: 5 cm

. Shieling Material
I '* Water and SST (or lead)

—  SST Supporting Legs
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@ Central Detector

* 9.96 m spherical acrylic vessel, 500 cubic meter(Water, LS,

or Doped LS)
» 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

S, Max. Principal
(Avg: 75%)
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+1.719¢+06 | 4
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(4) MCP-PMTs & Electronics - i

~4.,000 novel 8-inch MCP-PMTs FADC for PMT waveform readout
« U, Th:<4e-8 g/g, K-40: <4e-9 g/g 350 mW/ch, 12-bit, 1 GSps
 High QE: ~30% . Readout board, Bandwidth 300 MHz, 40Gbps

. Good TTS: <1.8 ns

The whole system has be tested on the one-ton
600 MCP-PMTs have been produced. prototype.

i
N / + MCP-PMT
0.9 4/ y R W ® Referprte PMT
N

0.8 —

20000

10000
0.7 —

a 0.6 —

o2
0.5 — / /
“ 7 ArXiy2303.0537;
[/

0.3 —

0.2

1.0 1.2 1.4 1.6 1.8

o _ ) Charge spectrum(top) and PE
Mean square deviation and relative photon detection spectrum(bottom) comparison between

efficiency distribution of PMT charge spectra THDAQ system and CAEN DAQ system
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| QINGDAO

( '\ Slow Liquid Scintillator

 Have good angular resolution and energy
resolution

aRARARRARRRARERRARENELY
aadaRRRRRRRRRRARRRRRERRRR A SRR,
........

Slow Time Spectrum

. “Slow liquid scintillator

| v'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)

v Good energy resolution

Water -

v Good angular resolution

. H
C
Rl Ry N 3 x Bad energy resolution
\ C'124 . o= Fast Time Spectrum s sasssaassst
P " Low light yield High light yield
}/,_;f:j H2|\| |
B7 cm Top H oy o
S > 0.20 R N L o5 <
\ ° ’/’ \_\\) 5"
Coihcjdence | -I_ \; 3 B ) L|C| 8 0.15 ,I ArXI @21105023 - 20 E oy bt
I = G N &)
scintillators 36.4 cm (1D sy aqueous 8 ll iltration+Adsorptiors. | 15 E = i Scintillati
p= L & —0.06+ S
! Acrylic c?ntéiner 20_, SOlUtion § 0.10 — ,' Filtration+Adsorption:NgcrystaIIizatio L 10 c %ﬂ jl cinhtitiation
> Q’ Ligiud scintillator ‘: "—J s < Water \\\ _,g > -0.08
. I N r
» _ S — 5 @ '_l H
w B‘;‘L“’T Anti-coincidence ’ 7 C-124 0.05 " )i’_ 0 ij 1 jg‘ (OI I based)
scintillators ; T T T ! A X 1511 09339 1708 07781
3 —0.12H_AT |V
\77« (Water ) 300 400 S00 600 07720772060 80 100 120 140 160 180 200

Status of JNE-Wentai Luo

2024/8/15

Wavelength / nm

Time [ns]



® JSAP uses Geant4 and GDML for studying

| QINGDAO

various detector geometries like spherical Simulation Reconstruction

and cylindrical detectors.

o Electronics and trigger simulations are
included, offering waveform readout

' ' ion i ' visualization
® A streamline style simulation is employed. analysis

One segment loop

Generator module:
Mix all background
and signal primary
vertices in this
segment.

Primary
vertices

Hit time in other
segment

Detector simulation PMT hits Elegtrlonics simulation
module:
: — : Waveforms
Qﬁdgle' Add dark noise, ———) OUtPUL
1YSICS Process Hittime in this  pretrigger, pulse shaping file
STk ol segment and tri ér obtain the
PMT hits information. wavefgr?ns’

PMT hits buffer

2024/8/15
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Energy Resolution [%]

« Reconstruct both Cherenkov light and scintillation
light

« Event-by-event direction, energy, position
reconstruction

« C-light emission capability ranking:

Slow LS

Indireg

C-Photo

| QINGDAO

‘ rylic I

Direct S-Photons Dark Noise
Direct C-Photons
e > Y > P ~
Particle identification SIS AERER « Electron
o 200F ,'77
. . . . . . o 2 7ns o
Guide liquid scintillator development, ArXiv:2209.13772 = 150 LSyepe .. ¢ Gamma
S 100;— e .. " * Proton
£ C
40¢ : = a_ — 100 - = O0F
: —Lsir 13 - i - % 90f-§ _Lstsme Q 0_
—Lg0sns __§ 50F \ T LSyee R T7] S s — g;:i --------------------------- 3 & E
e 2 40f —LSgee s T0f% _LS?:'E : é -50F
Lsgf:: &"3 305 '\\ —LglTns 1 % 60E \\\ —LSuspe \._100= P SPYIrCl:  ma e sr L i o o
—Ls S \\ ................................ me 1% s \,\ st O 0 1000 2000 3000 4000
T o 76 PE { = o O Scintillation [NPE]
— : ;1 = 30f
] g - —2 2 F | | |
R - R 0 2 4 6 8 < 2E 0 5 10
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@ Summary

Multi-hundred ton solar neutrino observatory at
CJPL-I1l 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 agueous solution.
Successfully developed a reconstruction
algorithm based on slow LS, capable of
direction reconstruction and particle
identification.

Rich physics with MeV-scale neutrinos at CJPL-II,

see http://jinping.hep.tsinghua.edu.cn

Looklng for new
_collaborati
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Radiogenic Background Shielding
* Radiogenic background :H o 33 ]
* B,y background Soll N = B fer e
< —————————— E i E
* Neutron-related background Bl T 210
* (o, n) neutron = o H i;’ ik
e 238\ Self-fission ‘o l "'"‘""“u'él‘“' l'mmmwmmm"' """"" s S e
P. v Energy [MeV] z ° Ne5utron Energy [Me\}]0
o WOI’kiﬂg flow B, vy 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

20cm thick

—
<
)

Steel Plate I

* The best shielding plans Shp TE
* 50cm Water 1=
* /mx/mx20cm Steel plate §1§§ e
* Boron-doped PE PMT encapsulation , ;‘jig1 | I”“f«?"”

0 2000 4000 6000 8000
s [mm]

. lest shielding plan Raql
2024815 status of INE-Thesbest shield g pia Background rates for the bestsh?g%]ing plan



1.0m Chimney

Double loop

Double chimney structure

Diameter 9.96 m, shell thickness 50 mm

Volume 500 m3

*® 6 6 o o

Rope diameter 35mm

'Scheme 1 | 'Scheme 2 | 'Scheme 3 | . _Final Scheme 1
S, Mises ‘
(Avg: 75%) 6
ig%gggigg " Max Rope Load: 81.8kN SF. SF1 53
+1.903e+06 | (Avg: 75%) 5
30| +1.179¢+05 ‘
+1.333c406 +1.130e+05 -
+1.143¢+06 +1.081e+05 | o4
+9.536¢+05 +1.031e+05 | °©
+7.637e+05 +9.823e+04 | g
+5.739¢+05 +9.331e+04 3t
+3.840c+05 +8.839e+04 | 3
+1.942e+05 +8.347e+04 | © 2
+4.304e+03 +7.855e+04 || -
+7.363¢+04
o +6.871e+04 1
S, Max. Principal +6.379e+04
(Avg: 75%) +5.887¢+04
+2.151e+06 0 L L N N N
119350406 _ _ 0.00 0.01 0.2 0.03 0.04 0.05 0.06
ﬁggggzgg _______ '\iaTx'_mu_mfxflfr:es_:nj'in _, Structure displacement (m)
8.5726+05 Max Rope Axial Force: 1179kN | | ©~~- -~ -7 "~ """ --T-="—=~" ST Tt oo
reavorns (UM RS @ - - - - - e : Linear Buckling Analysis Safety Factor 14.72
2 06er0 |\ - - -~ --------Z””°
5208 . . |
BT T e R o : 1 Risk Analysis Safety Factor 5.3 iy
____________ 1 >
_________________ o . E  — — —————
i Rope diameter analysis | '  Rope Young’s modulus analysis : Shell Thickness analysis I
—————————————————————————————————————————————————————— 1 i |
|
| Temperature analysis Rope position analysisof J'NE Werfal LRope failure analysis | ... 190




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

1.8F
1.6

1.4
1 25 FFFH v,-e elastic scattering
' 15 :| v-'Li and v_-*'Cl CC scattering

:

0.6F ;f
04F

Arbitrary unit

[TTTT T Mt

A
1
T ]

|||||

0. e e e
0108 060402 0 02 04 06 08 1
cos(fg )

Spectrometer for v, and v,
Good chance for solar, geo,
and supernova neutrinos
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LiCl Water Solution

LiCl water solution

Ideal for solar neutrino upturn effect study
1.
2.

Attenuation length at 430 nm is greater than 50 meters

C124 can be added to enhance light yield

005 7

— water
. —— LiCl filtered
N — LiClfiltered+PAC 25
Y, — LiClfiltered+PAC+recrystallized
\\ ~= PMT quantum efficiency

\ !
\i
W
l.

y
\
\
\
\\

N\ \

| N

' \ L

\ 10
! A
\
\
i .
1 ~, -5
~ \

2930

2920 -

2910

ADC value

2900

2890

L=50.1+3.6 m

T T T T T T T T
300 350 400 450 500 550 600 650 700
Wavelength / nm

+———Top PMT

/

37 cm

125 ¢m

Steel shell
Acrylic tank
1

«—— Bottom PMT

1.0

« ______FAnti-coincidence

scintillatars

Top PMT PEs Bottom PMT PEs

Water

Saturated LiCl solution
Saturated LiCl solution with 1 ppm C-124 3.7 +0.4

0.76 £ 0.08
0.54 £ 0.08

158+ 1.5
172+ 1.5
16.0+ 1.6
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LiCl aqueous solution with carbostyril

Light yield verification with a muon telescope

Cosmic ray muon

—p

«—Top PMT

Coincidence Steel shell
scintillators J E /
~ Acrylic tank
1
" <+——— Bottom PMT

125 cm

2024/8/15

scintillators

.—L‘Anti-coincidence

Voltage / mV

50
25 - = T :
) Scintillation
-25 - [(
~50 Cherenkov
7 —— Top PMT
-100 — Bottom PMT
750 8{IJD 8%0 9[lJO 9%0 1000

Time / ns

Voltage / mV

50

25

0

-25

-50

-75

=100

Y“Scintillatian

Cherenkoy

—— Top PMT
—— Bottom PMT

750

(a) LiCl

A 4

I I I I
800 850 900 950 1000
Time / ns

(b) LiCl with 1 ppm C-124

3.7 PE detected from isotropic scintillation
12.3 PE for Cherenkov

Status of JNE-Wentai Luo
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Solar neutrino survival
probability-average vs

"gnergy

0.15

Pee - Pee(10 MeV)

LiCl Detector
SNO

N

B \\\\\Q

6400 ton-
year, 4 MeV
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I!ClIJ'[II1CIIII1I2I 14I

Neutrino Energy [MeV]

09
-. P, 1o band
h B SNO
0.7 [} Borexino 7 Be
+ pp - All solar v experiments
0.6
2 05 "+'-._‘_
e
0.4 R
. 4
0.3 -
L \
0.2 ’

107! 10° 10!
E,(MeV)
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Sensitivity[sigmal]

4.

3.

3.

2.

2.

1.

1.

0.62

08
0.58
0.56)

0.54f

0.52

0.5)
0.48
0.46
0.44

0.42|

Solar Neutrino Physics with LiCl Solution

Upturn discovery sensitivity
Versus exposure

| Foay pererp e rerp et
—— 4 MeV cut : i : ;

SE 8- 5 MeV cut

l] .........................................................................................................................

5

0

5

IIIIIIIIIIIIIIIIIIIiIIIIJIIII

—lululul-iul-4--I-Iuj--L-I-J-l-j-ul-Ia-l-ul--1-I-I--L-I--Iul-lu-lul—

Ll L i Il L L L i L L L Il i L Il L L i L L L L ;‘ L L Il L i L L Ll
% 1000 2000 3000 4000 5000 6000 7000

SK-IINIV Recoil Electron Spectrum ton-year

L L L s B B B By

F Data (statistically merged)

E SK+SNO best fit expectation
F KamLAND best fit expectation
ary

- Quadratic fit
E Exponential fit

h Cubic fit Prelimin

T

L
4 6 8 10 12 14 16 18
Kin

Slightly favors up-turn,
though 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 s f-
signal detection:
J‘ reactor

Expect tens of geoneutrinos— £ ..} T

in 5-10 years with the 500- L e
ton detector ; f LY.

RS RN UNE T e L T 0y [y el
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- B

scintillation liquid +F 2 Liqud scailato
scintillator: — £ N
Expect a few golden - B P
candidate supernova relic | K Sp
neutrinos in 5-10 years with gt
the 500-ton detector "R w1 w0 w0 aw

Exposure [kt-year]

Expect an improvement better

than this figure. Work in progress.
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Neutrino effective mass of Nd-150 vs. Te-130

Natural Nd/Te doping of 10%, i.e. 2.85t Nd-150 / 17.25t
Te-130 | Runtime = 1yr

<mpp> [meV]

80

60

40

20~

150

130

- = "Te | fitting method

B - Nd | fitting method

Preliminary result

R A
0.04 0.06

Energy resolution

Effective Majorana mass (mgz) (meV)

200

150

0

. KamLAND-Zen upper limits

QRPA -~ IBM

KamLAND-Zen
doi: 10.1103/PhysRevLett.130.0518

Te
01
-1 (@) (b) (¢)

1

NO

llll I F I | |

I \L Predictions

Calculation of G_Ov versus M_0v (QRPA) for <mf B> used taken from doi:. 10.1142/s0217732313500211
2024/8/15
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10°

10! 102
Lightest neutrino mass (meV)
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