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What is dark matter?

Based on many different 

astronomical 

observations, the normal 

visible matter makes up 

5% of the energy of the 

universe, the rest of 27% 

is dark matter (the 

particle properties of 

which are unknown), and 

68% is dark energy 
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Standard halo

Aug. 3-7, 2015 3

Local density around us: 0.3 GeV/cm3



Know “known”

• No EM and strong 

interactions

• Very long lived (half-life 

longer than the age of the 

universe)

• Not part of the Standard 

Model 

• Most popular: weakly-

interacting-massive-particle 

(WIMPs)
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“WIMP miracle”



Dark matter: direct detection

 Solar system moves in the galaxy (DM halo) 

with a speed of 220 km/s

 DM direct detection: wait for DM interacting 

atomic nucleus in the detector, and detect its 

recoil
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Dark matter “gold rush”

• COUPP, PICASSO, XENON,CoGENT,DEAP/CLEAN, 

ZEPLIN, DRIFT, LUX, KIMS, XMASS, CDMS, WARP, 

EDELWEISS, MIMAC…
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E.g. XENON100 2012 results

Sensitivity are approaching 

<1 evt/100kg/year

“WIMP miracle” (SUSY)



Dark matter “gold rush”
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CDEX PandaX



Direct detection: global pictures
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LUX 2013，PRL 112, 091303 (2014) SuperCDMS, PRL 112, 241302 (2014)

• Some claims at low to median mass

• Xenon/LUX/SuperCDMS/CDEX strongly disfavor low energy claims

• Xenon experiments carve into the “mainstream” supersymmetry theory 

predictions
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Winding road
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PandaX实验

PandaX＝Particle and Astrophysical Xenon Experiments

12

Phase I: 120 kg 

DM

2009-2014

Phase II: 500 

kg DM 

2014-2016

Phase III: 200 kg 

to 1 ton 136Xe 

0vDBD

2016-2020

Phase IV: 20 

ton DM

2020-2025
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Started in 2009

• Shanghai Jiao Tong University

• Peking University

• Shangdong University

• Shanghai Institute of Applied 

Physics, CAS

• University of Science & Technology

• China Institute of Atomic Energy

• University of Maryland

• University of Michigan
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PandaX Collaboration

~40 people
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Dual phase liquid xenon detector
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An event

• Horizontal position reconstructed from S2 hit pattern: either charge 

center or neural network method

• Vertical position reconstructed from S1-S2 separation 
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Electron drift 1.7 mm/us



PandaX TPC

Aug. 3-7, 2015 16



Why more light?
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Cross section 5E-43cm2

5 GeV/c2 DM

10 GeV/c2 DM

• The lower mass of DM particle, the smaller recoil energy, the 

smaller amount of light 

• Light yield is the key for low threshold to probe low mass DM



PandaX-I first results: 17.4 day x 37 kg
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Sci China-Phys Mech Astron, 2014, 57(11): 
2024-2030

• Our results disfavor again previously positive signals

• At low mass region, our results significantly better than XENON100 first 

results with similar exposure



Full dark matter run: May 26 to Oct. 16

arXiv:1505.00771, submitted to Phys. Rev. D

• 80.1 live-day  fiducial mass 54 kg (x7 exposure)

• FV and energy window defined blindly using 

background expectation!

• Calibrations with much larger statistics (ER/NR)

• Updated energy modeling at low recoil energy and 

improved treatment to low mass WIMPs

• Better understanding/modeling of background

• Likelihood approach to final results
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20

ER/NR calibration
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Gamma events (electron recoil)

Neutron events (NR signal)

electron



Median of NR (ER rejection 99.5%)
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Accidental background

Accidental distribution: some do 

leak below the NR median

Isolated S1 and S2 events



Event vertex distributions

Aug. 3-7, 2015 22

PMT and inner vessel dominates the background budget.



Dark matter search data
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Dark matter search data
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7 events found in the DM 

search region, however 

consistent with 

background expectation



DM limits
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Profile likelihood fit using DM and background distribution



Conclusions from PandaX-I

• Full exposure results with a much more elaborated 

analysis confirmed the finding from the first results, 

strongly disfavoring all positive WIMP claims

• Tighter bound than superCDMS above WIMP mass of 7 

GeV/c2

• Best reported WIMP limits below 5.5 GeV/c2 in xenon 

community
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PandaX-II: 500 kg LXe target

• Started construction June 2014

• Completed detector assembly in CJPL Mar 2015

• Presently under commissioning

• Expect to start dark matter data taking in 2015

• Expected running time for physics: 2 years



PandaX-II: projected sensitivity
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PandaX next steps

• PandaX-III: High 136Xe Gas 0DBD, 200 kg, 

modularized to 1-ton

• PandaX-IV: 20-ton LXe DM
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“Chase DM to -floor”



PandaX in CJPL-II
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Water 
purification

Electronics/slow control

Water pool

Distillation 
tower Xe storage

Clean hut Counting 
room/office

Low 
background 
counting

Crane
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Slides from Prof. Qian Yue, Tsinghua Univ.



CoGEANT claim 2010

Aug. 3-7, 2015 32

Phys. Rev. Lett. 106 (2011) 131301



The 7th Workshop on Hadron Physics in 
China and Opportunities Worldwide, Aug. 

3-7, 2015
33



The 7th Workshop on Hadron Physics in 
China and Opportunities Worldwide, Aug. 

3-7, 2015
34



The 7th Workshop on Hadron Physics in 
China and Opportunities Worldwide, Aug. 

3-7, 2015
35



The 7th Workshop on Hadron Physics in 
China and Opportunities Worldwide, Aug. 

3-7, 2015
36

• The first dark matter physics 
results from mainland China

• The lowest energy threshold 
for PCGe in the world
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CDEX-1 2014 new results
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Identical detector technology as CoGENT
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My big apologies to projects in China that I 
did not cover

• Future Ar dark matter experiment 

in CJPL (IHEP, collaborating with 

DarkSide)

• Indirect dark matter search in 

space

– DAMPE (launching 2015)

– HERD in Chinese space station 

(2020-2021)

• LHC search, etc …
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Summary

• In the past 5 years, China has developed a vibrant dark 

matter search community

• Direct detection experiments, PandaX and CDEX, have 

made steady progress in CJPL

– PandaX-I (120 kg) has completed with results 

strongly disfavoring all positive WIMP claims, with 

good sensitivity to low mass WIMP

– CDEX-1 unambiguously in conflict with CoGENT

with better sensitivity at low mass 

• PandaX-II and CDEX-10 underway, futher upgrade 

lining up, and CJPL-II evacuation underway, stay tuned 

for future excitement! 
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• Thank you for your attention!

• Thanks CJPL and people 

working in the DM 

community in China, making 

all the progress possible!

• Thanks Prof. Qian Yue for the 

slides!
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