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3. Slow liquid scintillator
China JinPing underground Laboratory (CJPL) is one of 
the ideal sites to do low background experiments in the 
world because of 2,400 m rock overburden. A multi kilo-
ton detector is proposed to measure low-energy neutri-
nos, such as solar neutrino, geoneutrino, supernova 
neutrino, etc.

214Po, which is the daughter of 214Bi has a very short life. So the beta from 214Bi and alpha 
from 214Po can form a cascade signal. 

A 1-ton prototype is designed and running in CJPL to test the performance of several related 
key detector components, to understand the neutrino detection technology, and to mea-
sure the underground background level.

A total of 30 Hamamatsu R5912 PMTs and 1.2 m3 water or slow liquid scintillator (LAB + 
0.07 g/L PPO + 13 mg/L bis-MSB) are utilized in the this prototype. Water phase is from May 
08, 2017 to July 26, 2017, liquid Scintillator (LS) phase from July 31, 2017 to now. 

Assuming all later 214Bi from 238U (90 days after beginning), considering the current back-
ground level, the 238U detection limit reaches 10–15 g/g. 

The deviation of  214Bi vertex distribution in Z-axis from origin indicates that air leak from 
top filling and instrument pipes.

LS purification and equipment upgrade is running. From July 13th we begin to fill nitrogen 
into our detector, increasing the inner pressure of detector in order to stop Radon coming 
in, , and we hope such decrease continuous. 

Several muon events also detected. The angular distribution 
of theses muons are also reconstructed.

1. A one-ton prototype detector has been running at CJPL since July 2017. From the ob-
served Bi214-decay chain, we have studied the detector performance, radon back-
ground and cosmic ray muons.

2. We investigated various radioactive background sources in materials and performed a 
customized Geant4 simulation study to optimize the design of a five-kiloton neutrino 
detector with slow scintillator.

3. Slow liquid scintillator could separate the prompt Cherenkov light from the potential 
scintillation light with longer emitting time. We applied a time profile analysis together 
with charges from both the fired and unfired photo-tubes to  simultaneously reconstruct 
the vertex, energy and direction in the detector.

CJPL is located in Sichuan Province, southwestern region of China.

5 hours trip from Beijing to CJPL (3 hours direct flight from Beijing to Xichang + 2 hours 
drive from Xichang to CJPL) 

The optimization of detector structure is based 
on a simulation of radioactive background. 

Neutrino signals in the fiducial volume should be 
much more than the external background, which 
will be reduced by an order of magnitude behind 
a 0.5-meter water shield.

214Bi and 208Tl are the main sources of background 
owing to the high energy (> 2 MeV) γ emission.

Please use this VR headset to see the per-

formance of slow liquid scintillator.

Slow liquid scintillator detector could separate Cherenkov light 
and scintillation by space and time. One can reconstruct the 
energy and direction of a point-like vertex  simultaneously.

100 MeV muon event 
in a 5 kt linear alkyl-
benze (LAB) detector

t = 0 ns t = 10 ns t = 40 ns

950 km to the closest reactor and 2,400 m vertical rock overburden. CJPL has the lowest 
reactor neutrino and cosmic ray muon background. The muon induced 10C, 11C back-
grounds are also suppressed.

[1] Chinese Physics C  41, 023002 (2017)
[2] Astroparticle Physics 109 (2019): 33-40

2. China JinPing Underground 
    Laboratory (CJPL)

Jinping Mountain 

elevation ~ 4000 m

CJPL (underground)

elevation ~ 1600 m

N

World map with all the nuclear power plants in operation 
and under construction. SNO, Gran Sasso, Kamioka and 
Jinping laboratory locations are also marked.

Water tank
Inner radius 15 m
Inner height 30 m

Water buffer
Fill in the water tank

Acrylic vessel
Inner radius 12.2 m

Thickness 6 cm

Slow liquid scintillator
Fiducial mass 4,900 ton
Light yield 4,300 /MeV
Photoelectron yield 438 /MeV
Attenuation length > 20 m at 400 nm

Photomultiplier tubes (PMTs)
8,607 20-inch PMTs
Cathode coverage 72%
Cathode to acrylic vessel 1.8 m
Quantume efficiency 34% at 392 nm

Support structure
Inner radius 14.62 m

For a detector with N PMTs, the likelihood function is

is PE number of the i-th PMT, is the time of  j-th PE on the i-th PMT.

is the PE time probability density function of j-th PE on the i-th PMT.

is the PE number probability density function of the i-th PMT.

are the energy, position, time and direction of the vertex. 
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13.2 Overview

Event reconstruction in JSAP uses waveform information on PMTs to give the vertex position, direction, energy,
particle identification, etc.

For vertex reconstruction, low energy electrons and positrons with energy lower than 10 MeV has ≤ 5 cm travel
distance, and therefore can be considered as point source. Timing information is important for vertex reconstruction
considering the time of flight for the scintillation or Cerenkov photon inside the detector. Charge distribution on
PMTs inside the tank is also non-trivial for Cerenkov and scintillation light, which can be employed to construct a
likelihood function to fit vertex.

For energy reconstruction, effective yield can be obtained by calibration. Nonlinearity of photoelectron conver-
tion to energy for heavy particles like alpha needs special attention in reconstructing the correct energy.

For direction reconstruction, only Cerenkov light carries the direction information, therefore the distinguishment
between Cerenkov light and Scintillation light is important. If the purity and efficiency of Cerenkov light detection is
high enough, direction reconstruction is feasible in principal.

Particle identification can be processed through the difference in the ratio of Cerenkov light to scintillation light.

13.3 Framework

A basic framework flowchart can be seen in Figure 13.1.
In the flowchart the process can be divided into 2 main parts, i.e. initialization and iteration. The Initialize part

sets the environment, loads the input data structure, and initialize the calibration application and reconstruction
method. In iteration, the Load Event part load into memory necessary information for one event. The Apply Calib
part and Reconstruct part are user defined calibration application and reconstruction methods defined as classes
inherited from virtual class templates.

13.3.1 Initialize

Environment should be set with include path $JSAP/CommonLib/include and load the
$JSAP/CommonLib/lib/libJPSIMOUTPUT.so library file.

The input data structure is explained in 4.4. The ROOT defined data structure tree is used for data flow from
simulation to reconstruction. Access to RunHeaderTree and ReadoutTree is necessary for reconstruction. Locate
memory for branches needed in the following reconstruction.

Calibration application and reconstruction methods are user-defined methods inheritated from virtual class
templates. These virtual classes structure is shown in light yellow in Figure 13.2. The codes for initialization in main
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Simulate 2 MeV electrons in the center. Angle between fitted direction and truth:

Item

Truth
Likelihood

Maximize
likelihood

PE truth Generator truth

Waveform
Likelihood

Maximize
likelihood

Waveform Generator truth

Waveform
SimpleRec

Barycenter Waveform -

Method Dataset Initial value

The peak is about 20 degree from likelihood reconstructed results, and about 84% 
events lie in the 0 ~ 90 degree by using waveform likelihood method.

Fitted half-life:
(1.628±0.007)×10-4 s
Consistent with 214Po

β αBi214
83 Po214

84 Pb210
82
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