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PandaX Dark Matter Experiments
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̗Particle andAstrophysical Xenon Experiments

PandaX-I: 120 kg 

DM experiment

2009-2014

PandaX-II: 580 kg 

DM experiment 

2014-2019
PandaX-xT:   multi-ton 

DM experiment

2019-
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PandaX-4T Collaboration
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State-of-art in direct detection: ton-year

Á22% prob. of background upward fluctuation

ÁDiscovery may be just around the corner
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XENON1T  PRL 121 (2018) no.11, 111302
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PandaX-xT: next generation of PandaX

ÁA multi-ton upgradable 
liquid xenon 
experiment with an 
eventual goal of the 
neutrino floor

Á Intermediate next stage: 

ĞPandaX-4T(4-ton 
target) with SI 
sensitivity ~10-47 cm2

Ğx10 more sensitive 
than PandaX-II
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Nature Physics 13, 212-216 (2017)
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PandaX-4T background budget
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Total expected ER background: 
0.05 evt/keV/ton/day, 1/16 of PandaX-II

Sci. China PMA 62 (2019) no.3, 31011

Jianglai Liu, TAUP 2019



Background and signal expectation

7

Background

sc-n =1³10-45cm2
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Background and signal expectation
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Background+DM

1TeV, sc-n =1³10-45cm2
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Location: B2 hall of CJPL-II
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PandaX
CDEX65m(L)x14m(W)x14m(H)

Kick-off ceremony of CJPL-II facility 
construction project, July20, 2019

Seealso Q. Yue, Underground labs #2
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B2 hall in official CJPL-II construction plan

A general facility containing an ultrapure water 
shield of 4500 m3 to host large scale DM and 
0vDBD experiments. 
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Short term plan in B2 hall
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Temporary infrastructure (fresh air, dual electricity supply, 
ultrapure water supply, Rn-free clean room), primarily funded 
by SJTU, to ensure a timely deployment of PandaX-4T
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December 2018
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The project has made significant progress since then!
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Beneficial occupancy of B2: Aug. 26, 2019
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Ultrapure water shield

ÁDimensions: 
13m(H)x10m(D) 900 m3

ÁLow background SS 
detector platform

ĞMaterial and welds assayed

ĞMC: Negligible background 
contribution 

ÁUltrapure water: 18 
Mohm-cm
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LXe cryostat

ÁIV

Ğ2340(H)x1335(D)

ĞWorking conditions: 0.35 Mpa,     
-100 C, Indium seal

ĞWeight: 1.3 ton

ÁOV: 

Ğ3000(H)x1700(D)

ĞDouble o-ringseals 

ĞWeight: 2.6 ton

Both with low background SS304: 
U238/Th232/K40=2.0/2.7/14 
mBq/kg
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Completed water tank 

Test installation of the inner 
cryostat into the outer vessel

Detector platform viewing from 
the bottom
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Ultrapure water
Underground water Inlet 
flow: >22 m3/h (tap water 
quality)

Á Ultrapure water (UPW) 
production rate: 10 
m3/h

Á Also supply water for 
facility cooling
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Á
238U: 0.03ppt (ICPMS)

Á
232Th: 0.06ppt (ICPMS)

Á Rn requirements: 0.2 Bq/m3 for dark matter, 2 mBq/m3 for 
0vDBD (R&D)

Jianglai Liu, TAUP 2019



Radon-free, clean, assembly environment
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Air radon removal system, outlet Rn < 0.2 Bq/m3

Class 10000

Class 1000Jianglai Liu, TAUP 2019



Low background control (assay)

ÁMaterials screening withvarietyof ultra-low
radioactivedetectiontechniques
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Low background control (surface)

ÁRigorous cleaning protocols/procedures 
established
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Low background control (noble gas)

Challenging targets:

ÁKr/Xe<= 0.1 ppt

ÁRn222 = 1 mBq/kg (PandaX-II: ~8mBq/kg)
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Distillation tower design 
goals:
1. Operate offline (initial 

Kr removal) and online
2. Two modes: Kr (10 

kg/h, 99% Xe
collection) and Rn 
(56.5 kg/h, need to 
beat Rn half-life)

Jianglai Liu, TAUP 2019



Distillation tower: design and construction

Designed byMcCabe-Thiele 
method

ÁNumber of theoretical 
plates: 17

ÁTower Height: 8m 

ÁTower Diameter:125mm
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Cryogenics: requirements

Total Xenon: ~ 6 ton

ÁCryostat inner surface: ~12m2, heat load: ~160W; 

ÁIV ~6m under water;

ÁExpected purification rate: ~200slpm (4 
day/cycle),  heat load added: 200W

Design goals:
1. Gas storage system for 6 ton of Xe
2. Cooling power: >=360W
3. Heat exchanger stayed under water
4. Emergency LN2 recovery system
5. Total circulation flow rate: ~ 200slpm
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Cryogenics system design
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Heat exchanger models in water tank
(the first time onsite)

Cooling bus Circulation system Gas storage system

Jianglai Liu, TAUP 2019



Xenon gas storage
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ÁModular design with 4x40-l bottles, individually leak checked 

Á 4 modules are used in LN2 recuperation

ÁNo moving parts except the LN2 dewars!Jianglai Liu, TAUP 2019



Heat exchanger (underwater)
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Cooling bus
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Nominally 2 coldheadscan be running at the same time. 
Total cooling power (3 coldheads): ~600W

Coldheads: 2*PC150+500B

Inner turborpump

Outer turborpump

Inner: Pressure sensor, vacuum gauge, 
rupture disc. 

Outer: vacuum gauge 

Jianglai Liu, TAUP 2019



TPC design

ÁDrift region: 
1.2m(H)x1.2m(D)

ÁDesigned field: drift 
(400 V/cm), extraction 
(6 kV/cm)

Á3-in PMTs, 169
top/199bottom

Á1-in veto PMT 126
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Design of the field cage

Highly uniformly drift field achieved with field shaping
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TPMT
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TPC test assembly
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Photosensors: R11410-23

Á 178 nm QE:30% typical 

Á Gain: 5E6 under 1500 V

Á Dark Rate: typical<1kHz (20 C), typical 50 Hz (-100 C), to suppress 
accidentals

Á After-pulsing probability: < 5%  between 400 ns to 5 µs

Á Split HV divider chain to minimize dischargeJianglai Liu, TAUP 2019 31



QA of PMTs

All PMTs measured with 3 cold cycles, acceptance ratio 92.3%!

Dark rate @ -80 C

APP@ -80 C

Jianglai Liu, TAUP 2019 32



Calibration: external sources

ÁExternal source loops 
for gamma and AmBe
neutron sources

ĞLooping system to 
move sources around

ÁDedicated SS pipe for 
DD neutron 
generator

ĞDD generator under 
commissioning at 
Shanghai
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Calibration: internal sources

Á
83mKr: 83Rb source made at 
IMP (Lanzhou) and 
commissioned in PandaX-II

Á
220Rn:

ĞBaseline: lantern 
mantles (232Th) 
commissioned in 
PandaX-II

Ğ
228Th surface source will 
be procured and tested

ÁGeneric injection system 
for 83mKr and 220Rn under 
construction 34

Kr activation at IMP

lantern mantles 
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Electronics and DAQ

Design goals:

1. “0 threshold”: triggerless

2. Maximum calibration event rate: 100 Hz, data rate: 300 
MB/s
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Architecture

ÁOne digitizer board (16 
channels) per readout 
link

Á 4 DAQ servers to collect 
raw data inparallel

Á Raw data sent to one 
server via 10Gbps 
switch Jianglai Liu, TAUP 2019



DAQ and online system

ÁEvent builder to save time-ordered data to SSD

ÁTested bandwidth limit  > 1GB/s!

ÁWebpagebased DAQ software
Jianglai Liu, TAUP 2019 36



Summary and outlook

ÁPandaX-4T will the immediate next generation 
LXeDM experiment in CJPL-II

Áx10 more sensitive than PandaX-II

ÁTemporary infrastructure construction in B2 
hall of CJPL-II recently completed

ÁOnsite detector assembly started: Aug. 2019

ÁCommissioning of PandaX-4T: end of 2020

ÁThe following science operation will be in 
parallel with the CJPL-II facility construction

ÁStay tuned!
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