
Progress and Status of 
PandaXexperiment in 
China Jinping Underground 
Lab
XIANGDONG JI

SHANGHAI JIAO TONG UNIVERSITY

UNIVERSITY OF MARYLAND

COSPA2015, 12-16 OCTOBER 2015,DAEJEON, KOREA

10/15/2015 COSPA2015



ÁPandaX& Jinping Lab
ÁPandaX-I: result of 120kg LXeDM search
ÁPandaX-II: status of 500kg LXeDM search
ÁPandaX-III: plan for ton scale Xe136 NLDBD
ÁThe future: ultimate DM experiment
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PandaX̗ Particle andastrophysical Xenon Expts
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Stage I ̔
120kg LXe
DM Detector
2009 -2014

Stage II ̔
500kg LXe
DM Detector
2014 -2016

Stage III ̔
200kg -1ton 
Xe136 NLDBD
2016 -2020

Stage IV ̔
20 -30 ton 
Lxe DM
2019 -2025
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ÁWhat is dark matter? 
ÅIs there a WIMP component  in Dark Matter? 
ÅIs the particle dark matter consistent with 
Astrophysical observation

ÁIs neutrino a Majoranaparticle?
ÅLepton number violation? Leptogenesis? 
ÅSupersymmetry?
ÅNeutrino mass scale? cosmology

ÁΧ

Some of important questions 
related to CosPA
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A deep underground lab? 
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A small experimental hall
ÁIn 2009, Tsinghua University and Yalong
company decided to dig a small exp. hall for 
dark matter research

ÁThe hall was excavedearly 2010 with size 
6x6x40m3.

ÁThe hall can accommodate two 
experiments. 
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Layout of the expin Jinpinglab 
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PandaX-I and result
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PandaX-I 120 kg detector

Shapin

g rings

Electrode

s

15 cm 60 cm
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Cryogenic system
PTRLN2 Heat 

Exchanger

Cryogenic System

Shield Cavity size:
1.8 m x 1.2 m

Overflow
+level 
adjustment

JINST 8 (2013) P01002
Å All components of the cryogenic 

system are outside of shield
Å Heat transport with flowing liquid 

Xe
Å Modular design (upgradable to 

larger capacity)
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Data-taking ceremony, 
March, 2014
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Dual phase xenon detector: charge 
and light detections

Drift timeS1 S2

Dark matter: nuclear 
recoil (NR)

Drift timeS1 S2

S1 S2

Gamma background: 
electron recoil (ER)

(S2/S1)NR<<(S2/S1)ER
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PandaXdark matter run: May 26 to 
Oct. 16, 2014
Á80.1 day of data

ÁLow-mass dark matter search results from full exposure of the 
PandaX-I experiment

Xiang Xiao et al.(PandaXCollaboration)

Phys. Rev. D 92, 052004 ςPublished 15 September 2015
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Neutron calibration
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Gamma calibration
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Data reduction
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Vertex distribution

ÅDominating 
background: PMTs and 
inner vessel

ÅVertical asymmetric 
fiducial cut to balance 
the background from 
the top/bottom PMT 
array

ÅRadial direction cut to 
shield background from 
the vessel

ÅVery powerful self-
shielding
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542 event distributions
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Exclusion plot
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Sensitivity at low energy 
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PandaX-II and Status



PandaX-I to PandaX-II Upgrade

PandaX-I 100 live-day x 120 kg)

PandaX-II year x 500 kg)
@ 1 kV/cm

SUSY 
prediction

WIMP mass ( GeV)

120 kg

500 kg
(cleaner 
vessel, more 
photocathode 
coverage, x4 
larger TPC)
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Top Cu plate

TopPMT ArrayЕ55 
R11410 оέҌнп R8520 
мέόǾŜǘƻύ

Bottom PMT ArrayЕ
55 R11410 оέҌнп 
wурнл мέόǾŜǘƻύ

Bottom Cu plate

Teflon ribs
Shaping rings and 
electrodes

PandaX-II Overview
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Planned improvements in PandaX-II

ÁReplacing the SS vessel with one made with special 304 SS

ÁAll 1.1-ton Xewith Kr level less than ppt

ÁMaterial surface treatment to minimize Rn

ÁImproved PMT base design to reduce HV relative to ground

ÁIncrease circulation speed (parallel pumps/getters)

ÁCareful baking/flushing to reduce outgassing impurity

ÁImprovement to the cathode HV connection

ÁTwo layer calibration system to allow calibrating multiple z 
location

Background

Performance
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PandaXII schedule
ÁStarted construction in June 2014

ÁStart to commission in Feb. 2015

ÁData taking in Dec. 2015

ÁFirst result by summer of 2016 
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500kg TPC in construction and 
Inner Vessel
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PandaXIII:
High-pressure Xe136 
0nuDBD experiment
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1. Low radioactivity (more stringent 
requirement than for DM search)

2. Good energy resolution (sub% level) 

3. Distinguishing Background from 0vDBD
(Tracking, Cerenkov Radiation)

4. Scalability 

(price of isotope, expexpandability)

Key requirements for discovering 
0vDBD
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Front runners 
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Á200kg Liquid Xenon TPC, 2 years of running

ÁSuperb control in radioactivity and energy 
resolution (3%)

Á39 events observed in 2̀region. 31 
background events expected

A Front Runner: EXO200
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EXO200: Nature 2014
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Ápossibly excellent energy resolution: 
intrinsic one is 0.3% FWHM  (7.5 keV)

ÁLow-background, maybe can be as low as 

10-3count/keVkg yr

ÁTracking capability

ÁScalability (there is already 1 ton 136Xe in the 
world)

New game: HP Gas Xe136 TPC
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ÁGreater energy resolution

ÁTracking capability  

Advantages of High Pressure Xe
Gas
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ÁDevelop a 
Åhigh-energy resolution (0.5-3%FWHM)

Ålow-background (10-3 c/keVkg yr)

Ålarge size (3-4m3)

Åhigh-pressure (10-15bar) 

Xe136 gas TPC

ÁThis is also the goal of the NEXT 
collaboration

PandaXIII: 200kg HP XeTPC
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ÁNEXT uses double-plane TPC to read energy 
and tracks independently.

What is NEXT?
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ÁAlternative Realization For Readout: symmetric 
charge readout 
ÅStage1:MircoMegas, energy resolution 2-3% FWHM
ÅStage2:TopMetal (modified CMOS), energy resolution 0.5% 
ÅBenefits: radiopurity, scalability, and ultimate energy 

resolution, tracking  

ÁLight readout? (optional) 

ÁNew type HP vessel

Á200kg modules for scalability to 1 ton

ÁDeepest underground lab (CJPL)

PandaX-III main differences 
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ÁSize: 1.5m in diameter, 2m long cylinder

200kg HP Gas TPC 
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ÁProduce 2 electrons with total energy 2.458 
MeV

ÁIn Xegas, it produces roughly 100K 
ionization electrons

ÁTrack size in 10 bar gas, 30 cm

ÁReadout the total energy and the tracks.  

Xe136 0vDBD event
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ÁMicromegasworking principle: gas 
amplification through very thin layers 50µm

ÁMicroBulktechnology, using lithographic 
tech to manufacture MM. Superb quality!

Readout option 1: Micromegas
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ÁDirect pixel readout 
without gas amplification!

Á30 e noise level

ÁSuperb radiopurityfor 
FEE 

ÁGame changer!

ÁWill developed by 
LBL/CCNU

Á0.3-0.5%FWHM??

Alternative readout: Topmetal

10/15/2015 PANDAX PLAN

Source Drain

Source Drain

PMOSCAPNMOS

Charge track

p-substrate

N-WellP-Well

GateGate

GR GRTM

n+ n+ p+ p+

YM1
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Preliminary Design of CJPL-II

10/15/2015

CJPL-I CJPL-II

Rock Work 4000 m3 131000m3

Electric Power 70 kVA 1000 kVA

Fresh Air 2400 m3/h 40000 m3/h

Traffic 

Tunnels

Headrace 

Tunnels

2# Tunnel

1# Tunnel

Water drainage 

tunnel
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Water shield in jinping
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Future: Ultimate dark 
matter experiment
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