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Experimental site at CJPL

Solar neutrino observatory at China Jinping underground laboratory
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Concept of the detector

Data acquisition
and other system

Stainless steel

tank :

PMT array

Acrylic sphere
(hold detection media)

SST structure |
SST sphere for PMT
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Short term goal

1. Hundred-ton solar neutrino observatory
a. Detector construction
b. Replaceable detection media, allowed density range +
20% wrt water, oil- or water- based liquid scintillator

2. Low background PMT, U, Th<1 Bqg/kg, K<2.4
Bg/kg

3. ADC chips and waveform readout electronics
a. AD chips, 12 bit, 1 GSPS, 350mW
b. waveform readout, 400 MHz, 40Gbps

4. Solar B-8 neutrino detection with water

2023/7/4 7
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One-ton prototype

= [ . Background measurement
Chimney - g = .
Tank PMT LS
..... 219B;4 - (1.59 + 0.20) x 1078
PMT 20571 (1.64+£0.47) x 1073 -
BI?CK Decay rate [Bq/g) 212p3; i <(1.01 £ 0.20) x 10~°
Shield 0K (1.2440.35) x 1072 -

Acryli .
crylic *3U - (1.28 4+ 0.16) x 10~ 2

1 | Sphere  Contamination level [g/g] **Th (1.124+0.32) x 107°  <(2.49 £ 0.50) x 10~13
v 0K (4.67+1.35) x 1078 ]

Stainless EY
Steel Truss . \Water Waveform analysis, total Muon flux and muon-
reflection reconstruction induced neutron yield
Tank & C — This work (fit)
301 | —— Waveform 1, g 5 - oayasay A
—— Threshold O | - wangetal (MC) TS, FITEINILS
251 | | | —— Charge 1.2 ;1 * e 2
E 201 1.0 © -%10_4 = ‘[0 Jinping Aberdeen Tunnel
1-ton prototype at CJPL-I 21 /\ "5 3 x cure Iizﬁﬁziﬂi
. ~ ~ 10 0.5 A LVD2011 * E:isliaeefyet al
Runnlng for 5 yea rS 5 Borexino Bezrukov et al (25 m.w.e.)
0.2 107 KamLAND Bezrukov et al (316 m.w.e.)
opwl/v \“*\W,WWW/ S
50 550 50 0 0 100 2OOA 300 40(3/
2023/7/4 /s verage muo; energy (GeV)



500 hundred ton detector foundation pit

IR 2m, 74

ERAD2fT
(a) %jﬁi&j] ‘ - 1400 -
09m 5 PRI RR LR 0cm
3'3 b ARENAR98015¢1 Som L
R A
' | AERLC30,830cm -
2 A 650 650 2 20
6.0 m 60m g f;”"”””""’vis}%i?**T ********************* ” g
i M}j % WE
[ V1636.313 [ [ -
E,, LT “:u%; -y‘ B ’ SRS "'«-‘1\"-)"[_“")'?,, 2 . !
MmN 4 AL | 5 Last month: First stage finished,
(d) N
Damage zone study Detector foundation pit 15.3*13m*3m
design Will be water- and radon- proofed
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Detector tank and main structure

1.Contain veto water
2.Hold PMTs’ SST sphere
3.Hold central acrylic vessel
a. gravity, and
b. buoyancy
4. Support instruments on

2023/7/4 11



Rope to hold the central acrylic vessel

1. Acrylic vessel and rope
a. 500 cubic meter
b. Rope for low background

2.Rope net
a. Gravity
b. Buoyancy
3. Rope tension test |
. Replaceable detection
4. Creeplng test media, allowed density
a. in water range + 20% wrt water,

oil- or water- based
liquid scintillator

b. in white oil
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Joint PMT study with NNVT, IHEP

Raw material and
production environment

8-inch, MCP-based PMT,
Low U. Th. K background,
Fast, 30% DE

g E7S
« RFRANA, EXRHRIBTRE;
o A HR-1RF AREX,

o R HAFHRRGRT RRAR

Cable HV divider MCP magnifying
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FADC and readout design and testing

Goal:

a. AD chips, 12 bit, 1 GSPS,
350mW

b. waveform readout, 400 MHz,

40Gbps

ADC chip
Testing

2023/7/4
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Solar B8 neutrino and background simulation

In the central zone of the detector, B8 neutrinos
have a good signal-to—background ratio

a. Gamma, beta, neutron background

simulation for PMT, steel structure, = 10° g7
rock, water 10 Total Solar neutrino rate(>3MeV)

b. Solar neutrino simulation Acrylic rate(>3MeV) /T/
. . 1008 PMT rate(>3MeV) '

Tank rate(>3MeV) :

.............

............

vent rate [events/da
2

E
—
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%)

0 2000 4000
Detector radius [mm]
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The option with Lithium-7 and LiCl aqueous solution

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

scattering for solar BS heutrinos S B B T T
3.High natural abundance of Li7: 92% Neutrino Energy (MeVl

4.High solubility: 80 g LiCl in 100 g water

i %Cl  AlNCC e

Cross-section [cm]

Molarity (mol/L) 11 2.9 NA 610
Event rate (No Osci) 305 22.7 328 271
Event rate (Osci) 101 7.28 108 124

Event rate (Osc1 & >4 MeV) 94.5 7.24 102 48.0

2023/7/4 Event rate (Osci & >5MeV) 873 7.17 944 345 .




Ve CC, ES, and V, detections

1.CC process for v_:
Ve + 'Li — "Be + e~ (+7)
Measure neutrino energy
2. Elastic scatter on e™:

FFH v,-e elastic scattering

[ ] v.7Liand v-2"CI CC scattering

Arbitrary unit
Sebh

|
[T T T T T

—
|
Mmoo

0.83—

3.Delayed coincidence for v,:  ost
—_ {1.4;— A
Ve + P — N+ E+ b RRRRRRRd AN ImaRERARREE T i i§agaaasaan
with neutron capture on
cos(Og,,,)

H, Li6, and CI35

_ Spectrometer for v, and v,
measure V, energy

Good chance for solar and geo
neutrinos
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UV spectrum and attenuation length of LiCl solution

Saturated LiCl solution are purified
1. Active carbon absorption and thermal recrystallizaiton

| 1
2. Transparency for a wide range
3. Attenuation length: 50 m at 430 nm _
— water
020 - oS~ UCHfiteres 2930 - L=50.1 +3.6 m
— LiCl filtered+PAC - 25
/ \‘\ —— LiCl filtered+PAC+recrystallized
/ Y\ -—- PMT quantum efficiency =2 @ 2920 = E
I \ 20 ___;. E §
o 015 3 o
e o > -
g 15% O 2910
2 £ g ;
< 0101 g 2900 - i "
" | L
! 0.11m
= 2890 — v Q
0.05 H ° i j ]
T | I I
300 35 400 450 500 550 600 650 7000 0.0 0.2 0.4 0.6 0.8 1"? |
2023/7/4 Wavelength / nm Liquid height / m {oarkbox |



LiCl aqueous solution with carbostyril 124

Adding 1 ppm C124 to LiCl aqueous solution
1. Convert short wavelength UV to longer wavelength
2. Convert short attenuation length UV to long attenuation length

visible light
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C124 absorption and
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LiCl aqueous solution with carbostyril 124

Light yield verification with a muon telescope
3.7 PE detected from isotropic scintillation; 12.3 PE for Cherenkov

Cosmic ray muon

e
— , &= Top PMT
Coincidence «— Steel shell 5
scintillators J § / 1
b “ Acrylic tank |~
——* <«—— Bottom PMT

4—!'Anti-coincidence

scintillators
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Simulation and position, energy, and direction reconstruction

Pa-rticle,.opt.ics Electronics % o
simulation in and waveform ;—é'f—sf— e
water, scintillatior, simulation and o/ R,
2] eopee reconstruction - — Fitadr sum
scintillator 200 280 300
Time [ns]
Cherenkov and Reconstruction Nemr M7
scintillation based on the I—I Py l_l P;;
modelling hits” charge and

‘ time charge time

'é’
“" Light Source
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Reconstruction of Cherenkov scintillation detector

Reconstruction performance

1. Good direction precision with a pure
Cherenkov detector or with a proper
scintillation component (minor or slow)

2. Better position and energy precision

X Resolution [cm]

I2II.4'II6II.8'II
2023/7/4 Electron Kinetic Energy [MeV]

Angle Resolution [degree]

Energy Resolution [%)]

-
o
o
T

I4III6I.I8III

Electron Kinetic Energy [MeV]



Testing one solar neutrino oscillation

From matter-dominant to vacuum oscillation: upturn

SK-I/IINI/IV Recoil Electron Spectrum

1.0 : 0.62 __l I T I | T U U | I U U | U U I | U T 1 I T I U I U U U I 1 I__ U'()
> 0.9 = current status 06;_ Data (statistically merged) _} 0l ---- Py lo band
= F “E SK+SNO best fit expectation - ' EE SNO
2 0.8 E 058~ KamLAND best fit expectation _|_ E o7l ¢  DBorexino "Be
'g 0.7 ;_ 0.56~ Quadratic fit = - pp - All solar v experiments
S 06E " -~ E tial fit - 4 o}
— 06F 0.54 Xponen - 1 .
S E#* osoh Cubic fit Preliminary I e T
< 05F o 1 Lo o
2 04F o -
% F s pp- All excluding B)&i 0.48[ =
>
. WIE %p - BA 0.46F -
%’ 02E e7i3]}3(X “H = 03}
a TF —®pCp- 0.44[7 ]
0.1 —* B8-SNOLETA +BX . 0.2l
OE+BS-SNO+SK| | 0'42‘| | | | | | | | E :
— — " 4 6 8 0 12 14 16 18 10 10°
10~ 1 10 E4" in MeV E,(MeV)

Slightly favors up-turn,
though need more data

neutrino energy/MeV

Not clearly observed.
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Solar neutrino upturn sensitivity with LiCl solution

A competitive option for solar neutrino oscillation study

P.. - P..(10 MeV)
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1.Hundred-ton solar neutrino observatory at CJPL |
a. Detector construction
b. Replaceable detection media, allowed density range +
20% wrt water, oil- or water- based liquid scintillator
2.New MICP-PMT, Low background, fast, high QE
3.ADC chips and waveform readout electronics
under design and testing
a. AD chips, 12 bit, GSPS, 350mW
b. waveform readout, 400 Mz, 40Gbps
4.Solar B-8 neutrino detection with water
5.Explored the option with LiCl aqueous solution

2023/7/4 26
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