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Jinping Neutrino Experiment at CJPL-II, hall D2
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Hall D and Experiment Layout

Calibration Unit
SST Tank

PMT Truss

PMT

Acrylic Sphere

HV, FEE, Trigger, Clock

Online Data—taking
Pure Water Shift Station

500 cubic meter target volume
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Pit for Detector

Construction of the pit is finished 2023

summer

1. Designed by Huadong Engineering
Corporation Limited

2.  Constructed by Sinohydro Bureau 5 Co. LTD

3.  Onsite management: Yalong Hydro CJPL

Administration Bureau
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Stainless steel tank:
14.5m (L)*12.9 m (W)*13.2 m (H)

SST PMT truss:
12.16 m (Diameter)

Acrylic vessel:
9.96 m (Diameter), 0.05 m (Thickness)
500 cubic meter

Rope network:

holding-up and holding-down

(Allow a detection material heavier or
lighter than water with 20% density
difference.)

Shieling SST
(or lead)
planes

Shieling material:
Water and SST (or lead)
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Water Tank

Requirement for the stainless steel tank:

1. Hold the water and all inside structures
(14.5 m*12.9 m*13.2 m)

2. Hold all equipment on the top the tank
(calibration and other electronics)

3. Hold the shielding materials (SST or lead

plates)

S, Mises
Multiple section points
(Avg: 75%)

Finite element software ABAQUS is adopted
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Displacement contour diagram Stress contour diagram
with covering SST plates
9

Stress contour diagram
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PMT Truss

Requirement for the PMT truss:
1. Hold 4000 PMTs

Finite element
software
ABAQUS is

[N — o 0 adopted
\ ;-»._—l-l -:ﬁ

Axial force contour diagram
for the legs

Axial force contour diagram
for the sphere

Structure
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Shielding Plates

Requirements for Shield Plates
1. Shield concrete/rock background to 1 meter water equivalent
2. 7T m*7 m*20 cm steel (or lead) plates, 76 ton, on each side
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Narrow Hall D and all occupied. Shield concrete and rock background
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Acrylic Vessel

Requirement for the PMT truss:

1. Contain detection material
Water, LS, or Doped LS
Density difference to water: +20%

2. Low background

Compared 3 holding designs

Last one presents least stress on acrylic L2 S 2 : +3
Preliminary installation plan

Division, bonding, and cleaning
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Requirement for the Ropes:
1.

Hold acrylic sphere
Water, LS, or Doped LS

Density difference to water: +20%

Low background

High strength, low creeping, water

compatibilit

Preparing for chemical analysis
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Creeping experimendts

Tension monitor and
length adjustment
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New 8-inch MCP PMTs
1. U, Th:<4E-8g/g
2. K-40:<4e-9g/g

3. High O‘F: ‘?’0% Cable HV divider
4. Good timing: TTS<1.8 ns

600 produced.

14
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FADC and Readout
FADC for PMT waveform
readout

350 mW, 12 bit, 1 GSps

(based on the development for JUNO,
but with even lower power
consumption than 800 m\W )

Readout board
Bandwidth 300 MHz, 40Gbps

The whole : ==~
systemwillbe 2| =
tested on the
one-ton
prototype this
year.
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Physics program

The construction and testing running of the detector is
expected at 2027. Physics runs follow...

1. Solar neutrino upturn effect, oscillation parameter
measurement

2. Geoneutrino measurement, Tibet crust geoneutrinos

Supernova relic neutrinos

4. Others: sterile neutrino, neutrino cross-section, nuclear
physics, Double beta decay, etc.

o
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Solar Neutrino Physics with LiCl Solution

1. CC process for v..:
+ i — "Be + e (+7)
Measure neutrino energy
2. High cross—section:
v.-Li7: 60 times of v_-e elastic
scattering for solar BS neutrinos
3. High natural abundance of Li7:

92%
4. High solubility: 80 g LiCl in 100 g water

I B BRI PR R B
10 12 14 16 18 20

Neutrino Energy [MeV]

Li  *Cl AlCC e
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) 945 7.24 102 48.0
Event rate (Osci & >5 MeV) 87.3 7.17 94 .4 34.5
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Ve CC, ES, and V,, detection

1. CC process for v,: 5o |
+ i — "Be + e (+7) 3 !
. S .. | EHEEH vye elastic scattering i
Measure neutrInO energy < 1'25_ [ v.-’Li and v_-3’CI CC scattering E
] 1= u
T = E, —0.862 MeV ook e
2. Elastic scatter on e™: 0.6/ AT
, 0.4F A
Separation by solar angle e ++;’;’f'
0—1 I—OBIHOSHDIfi I02 ID 02 04 06 I08Ii1
3. Delaved commdence for v, c0sBsun)
Ve +P— N+ et
with neutron capture on Spectrometer for v, and 7,
H, Li6, and CI35 Good chance for solar, geo, and
measure V, energy supernova neutrinos
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CC vs ES for solar neutrino oscillation study
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Solar neutrino spectrometer and B8
neutrino measurement
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With a solar angle cut, CC process signals can be clearly
extracted.
Serve as an solar neutrino spectrometer.
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Solar Neutrino Physics with LiCl Solution

Solar neutrino survival
probability-average vs energy

LiCl Detector
SNO
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EX"in MeV
Slightly favors up-turn,
though need more data
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LiCl Water Solution

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

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

+——Top PMT

125 cm

Steel shell
Acrylic tank
1

«—— Bottom PMT

LiCl water solution
Ideal for solar neutrino upturn effect study s N
1. Attenuation length at 430 nm is greater than 50 meters
2. C124 can be added to enhance light yield S
2030 L=50.1+3.6 m -
® 2920 -
2 j010- 1%
O
< 2900 - —
2890
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0.0 0.2 0.4 0.6 0.8 1.0

<+ Anti-coincidence

scintillatars

Top PMT PEs Bottom PMT PEs

Water 0.76 + 0.08
Saturated LiCl solution 0.54 £ 0.08
Saturated LiCl solution with 1 ppm C-124 3.7 +0.4

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

Light yield verification with a muon telescope

Cosmic ray muon

——
> «—Top PMT
Coincidence Steel shell E
scintillators J E / n
~ Acrylic tank | —
" Bottom PMT

.—L‘Anti-coincidence

scintillators

Voltage / mV

50 50
25 = . . . 25 = V-_ . . .
) Scintillation 0 Scintillation
T >
g E
_25 = ‘-é) _25 —
_ - o _ -
50 Cherenkov s ™ Cherenkov
=75 4 =75
—— Top PMT —— Top PMT
=100 ~ —— Bottom PMT —100 —— Bottom PMT
I I I 1 I I T 1
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Time / ns Time / ns
(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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Cherenkov Liquid Scintillator Reconstruction

Reconstruct both Cherenkov light and scintillation light

1. Energy; 2. Direction; 3. Position; 4. Particle identification
Guide liquid scintillator development
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Cumulative flux (106 cm—2 s-1)

Geo Neutrino

100

With prompt-delayed signal ginar s72ss
detection:

- Expect tens of geoneutrinos

20 reactor 0.973+0.085

T T 1
f—— — .
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Supernova Relic Neutrinos

With Cherenkov-scintillation

liquid scintillator:

Have the capability for
particle identification to
suppress neutral current
background

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

2024/1/13

Significance Level |o]

6 7
C A
5:— i o Liquid scintillator
C 4 Slow LS
4 Gd-water
L A
o 4 Water
3 :
+
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2
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Exposure [kt-year]

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

- LiCl agueous solution
with C124 is such a
Cherenkov-scintillation
detector.
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K40 geoneutrino Detection

‘  |IBD threshold =
0-0-9
~ e U, Th neutrinos
‘ only

iy
[}

% j — K40
= 10 — Th232
E m‘m\ —  K-40 geoneutrino
= F N maximal energy
g 1.31 MeV
- NE e K-40 not

ok w W accessible

“HJWE., Ll I Ll gl

-
=

1 10
Neutrino Energy (MeV)
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Neutrino-Electron Scattering

o
0-0-
e
Pro:

- No threshold

Con:
- Conventional liquid-scintillator detector:

Geoneutrino signals overwhelmed by solar signals
- Water Cherenkov detector: Very few photons,
poor energy resolution, not easy to trigger.
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Strong Direction Correlation at Low E

Even at low energy (<2 MeV) recoil electrons can
still point back to the Sun after an energy cut

%10~%2

= 22F
-] —
S £ | /
£ 18t - Differential crosssection
c 165 foralMeV nu_e.
5 14F :
§ b - Yellow area: with a cut on
g 1E recoiling electron energy
© 08 at0.7 MeV

0.6F

0.4F

0.2F

v by by by by by byv oy g aa lya i

01 02 03 04 05 06 07 08 09 1
| cos

0: the angle between neutrino and electron direction
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Theoretical Distributions

ScattEFEd EEJ _,1'.'.::.3.: _"_n S o +- .-;r_;‘_:..'.i_': . E
Zay telectron g o08=".%."% ey )
! 06
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- | @ Mantle
Geq['. ~06F
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_1—...|...|..".‘|.++.|1”‘M51#. A | o LT :
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Solar and geo neutrinos can be well
separated after requiring K, > 0.7 MeV
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Slow Liquid Scintillator, for example LAB

Time profile of scintillation
and Cherenkov lights _

- Cherenkov emission: prompt
- Scintillation emission time
constant: 10-20 ns (slow)

_omly | —— Blue: Scin. only
-PMT: TTS 1 ns >
-0.06
Other liquid-scintillator E-o_ogf— Red:
Cherenkov detector schemes - _
3lso work. s Cher.+Scin.

0.12F

B 1 1 | | | | | | 1 1 1 | | | | | | 1 1 | | | | | | | 1 | 1

1580 1600 1620 1640 1660 1680 1700 1720
Time [ns]

Feature: Both direction and energy measurements
Question: With electron scattering, electronics,
offline Cherenkov recognition, can Slow-LS

work out at less than 2 MeV?
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K-40 Geoneutrino Signal uncertainty
Sensitivity = Noeo /T geo

% 5.5)
% 4.5F-
asb M [O 7 1 1] Reglon K4O dommant
35 Three klloton LS and 20 year
2.55 | data taklng > 3 S|gma
D: I2Ci)DII I*ﬂfCi}DI l It’:‘:(i}DI | IESLI)DI II1DiDC]I

Exposure [kt.year]
The sensitivity U, Th window is poor.
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W

Summary

. 500 hundred—-ton neutrino detector at CJPL Il

a. Detector design and construction
b. Replaceable detection media, allowed density range +
20% wrt water, oil- or water- based liquid scintillator

. New MICP-PMT, Low background, fast, high QE
. ADC chips and waveform readout electronics under

design and testing
a. AD chips, 12 bit, GSPS, 350mW
b. waveform readout, 300 Mz, 40Gbps

. LICl aqueous solution for solar neutrinos
(T 5FEEXTMIMHERISKFIDUNEMELL )
. Geoneutrinos DN E
(AR —ESRBURBRPHFME)  RAERET
. Supernova relic neutrinos SLEEAY1/100

( 5SK-GATJELBIRBIEE ) 25
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