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Why do we believe there is dark matter?  

What is dark matter? and how do we detect 
them? 

 Jinping lab and PandaX experiment 

 Recent results

 PandaX future 
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Why do we believe there is 
dark matter? 
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Galaxy Rotational Curve

Gravitational Lensing

Cosmic Microwave Background (CMB) fluctuation

Galaxy Distributions in the Universe 

……

All evidences point to the existence of a new type of 
matter in the universe!

There is more gravity in the 
universe than meets the eye!
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Rotational Curve (Ford & Rubin, 70s’)

In a galaxy, the rotational speed of stars as a 
function of distance forms the rotational curve. 
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Gravitational lensing

When light passes through a gravitational 
field, it refracts. From the magnitude of 
deflection, we can calculate the gravitational 
field and thus distribution of (dark) matter. 
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Bullet Cluster
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Fluctuations of CMB

In 1992，Smoot discovered 10-5 level temperature 
fluctuation at different directions (COBE)

The fluctuation can be explained by inflation model 
with 27% cold dark matter! 

CMB fluctuation map
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Large scale structure of the universe

Today’s universe is quite lumpy and this 
lumpiness has been generated from this 10-5

level CMB fluctuation.

CMB fluctuation
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Simulating the large-scale structure
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What is dark matter? how 
to detect them? 
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 It has a long life time, probably much longer 
than that of the universe (>1017 sec).

 It has no electromagnetic and strong 
interactions.

It is not in the standard model of particle 
physics.  (neutrino only accounts for less 
than 0.1% of the energy).

What do we know about DM? 
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Standard model of particles
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What is dark matter?

 Know unknown and unknown 
unknowns…
•Primordial black holes

•Axions

•Sterile neutrinos, SM singlet scalars,

•Weak-interacting massive particles 
(WIMPs)
− stable particles from the extension of the SM’s 

weak interaction sector.

4/27/2016 14BNL, HUNTING FOR WIMPS 



 Naturally exist in SUSY or extra dimensional 
theories with masses of GeV-TeV.

WIMP Miracle
• If the universe history is thermal,  the particles of 

EW mass scale and weak interactions can 
produce the right amount of DM in the present 
universe!

We can study them using particle/nuclear 
experiments.

Why WIMPs are popular
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 Our Milky Way has dark 
matter halo, which accounts 
for more than 95% of the 
Wilky Way mass. 

 The halo density profile: 
Simulations + Galaxy
Rotation Curve         

DM in Milky Way
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 Near the solar orbit, the DM density is about 
0.3GeV/cm3. 
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WIMPs Detection

Accelerator Indirect Detection

Direct Detection
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Direct Search
The solar system is moving at ~230km/s 
around the galactic center. 

Everything on the Earth is like a small fish, 
swimming against the DM current. The 
WIMPs have a small probability hitting the 
atomic nuclei through weak interactions 
producing nuclei recoils (<1 time/ 300kg day).

Direct detection is to detect the medium 
reaction due to nuclear recoil. 
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Three types of signals 
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DM Detection Sensitivity

Dual Phase-Liquid Noble gas detector produced quicker 
exponential growth in sensitivity

半导体材料

半导体材料

Semi-
conductor(Ge,Si)

Liquid Noble 
Gas (Xe)

year

S
e

n
s
itiv

ity

4/27/2016 BNL, HUNTING FOR WIMPS 21



Jinping Underground Lab 
and PandaX experiment
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Yalong river is located at the 
western part of Sichuan, with 
length of 1571km and drop 
height of 4420m.  Twenty-one 
hydropower plants are 
planned, with total  
hydropower of 30GW.  

Yalong River and 

Jinping Hydropower Plant
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Yalong river is located at 

the western part of 

Sichuan, with length of 

1571km and drop height 

of 4420m.  

Yalong River and 

Jinping Hydropower Plant
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High Mountain 

and great canyon 
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Sharp U-turn around 

the Jinping mountain 
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2525m

约17km

Tunnels at Jingpin Mountain
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• Four water  tunnels: length of 16.67 km 

• two of diameter of 12.4 m: TBM 

• two of diameter of 13m: drilling and blasting, 

• Two traffic tunnels:  5.5×5.7m、6×6.25m,  length of 17.5km 

• One drain tunnel with diameter of 7.2m, length of 17.5km 

(only used during construction, and could be used for super big 

volume experiment!)

• maximum Overburden  2525m 

A B

#4 #3 #2 #1

A B

#4 #3 #2 #1

Tunnels at Jingpin Mountain
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TBM for water tunnels 
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建设选址

交通洞A和B

Both traffic tunnels were run-through Aug. 

2008, opened in the end of 2009
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March, 2009 (四川凉山彝族自治州）
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A small experimental hall
In 2009, Tsinghua University and Yalong
company decided to dig a small exp. hall for 
dark matter research

The hall was excavated early 2010 with size 
6x6x40m3.

The hall can accommodate two 
experiments. 
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In the process of excavation 
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A deep underground lab? 
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PandaX collaboration 
Started in 2009

Shanghai Jiao Tong University (2009-)

Peking University (2009-)

Shandong University (2009-)

Shanghai Institute of Applied Physics, CAS 

(2009-)

University of Science & Technology (2015-)

China Institute of Atomic Energy (2015-)

Sun Yat-Sen University (2015-）

Yalong Hydropower (2009-)

University of Maryland (2009-)

University of Michigan (2011-2015)

~40 people
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PandaX road map
PandaX = Particle AND Astrophysical Xenon 
Detector

Goal: develop a ton-scale Xenon dark matter 
detector in stages, and use Xe136 to search for 
neutrinoless double beta decay

38

Phase I 120 kg Phase II 500 kg Phase III n ton?
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Dual phase xenon detector

39

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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Layout of the exp in Jinping lab 
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Before moving in
Early, 2012
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Cooling bus

with Heat Exchanger , 
with speed up to 100 
SLPM. 
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PandaX-I 120 kg detector

Shapin

g rings

Electrode

s

15 cm 60 cm
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InnerVessel Two stages:
First stage: a steel vessel to 
make sure  it works
Second stage: a pure Ti vessel 

4/27/2016 BNL, HUNTING FOR WIMPS 45



Kr removal
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PandaX equipment were moved to 
Jinping lab on Aug. 16, 2012

4/27/2016 BNL, HUNTING FOR WIMPS 47



4/27/2016 BNL, HUNTING FOR WIMPS 48



4/27/2016 BNL, HUNTING FOR WIMPS 49



First data-taking ceremony, 
March, 2014
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PandaX-I first results

51

• Our results disfavor previously reported signals
• At low mass region, our results significantly better than XENON100 

first results with similar exposure

Sci China-Phys Mech Astron, 2014, 57(11): 
2024-2030
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PandaX started from 
nothing at 2010 when 
XENON100 had their 
first results. We are 
catching up!
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We took 75 more days of data for PandaX I 
from July to Nov. 

We stopped PandaX I  running on Nov. 15, 
2014 and the detector was de-assembled. 

 The final data for PandaX-I has been 
published in 2015 in PRD.

PandaX I decommissioned
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500 kg detector and recent 
results
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PandaX-II

 New inner vessel with 

clean SS

 New and taller TPC with 

brand-new electrodes

 More 3” PMTs and 

improved base design

 New separate skin veto 

region

 New overflow chamber
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Assembling the detector
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World largest LXe TPC in making… 
Dec. 16, 2014
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Configuration of fields

-5 kV

-30 kV
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Run history

• We had a series of engineering runs in 2015, fixing 
various problems as we were testing all the 
components of the setup. 

• A physics commissioning run: 
Nov. 22 – Dec. 14 (19.1 live-day x 306 kg FV) 
not everything in perfect conditions: 

no gamma calibration (-) * large Kr contamination (-)
= some physics result (+)
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Typical single-scatter waveform

S1

Top Array

Bottom Array Bottom Array

Top Array

S2
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Calibrating the detector responses

4/27/2016 62

• Detector uniformity correction

• Light/charge collection parameters in 

energy reconstruction

• Compare the low energy NR response 

between neutron calibration data and MC 

(NEST-based + measured parameters)
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Single electron gain

0.64 (sys) PE/e

 Identifying smallest S2 in the data

 Varying selection method and fits to study systematics

 22.1  0.7 PE/e, 
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NR calibration

99.99% NR acceptance (NEST)

Fit to data median
Median of untuned NEST1.0 MC
Median of tuned NEST1.0 MC

 Geant4 energy spectrum

 NEST 1.0  

photons/electrons

 PDE/EEE/SEG from 

calibration

 Double PE emission 

from R11410 from 

Faham et al. (JINST 10, 

P09010) 

Tuned NEST 1.0:
Nex/Ni ratio scaled up by 
1.5
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ER background summary
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 Shape in reasonable agreement with MC
 Low energy agreement also within 17%
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Kryton background
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 Significant uniformly 

distributed ER 

background observed in 

the data

 (,) analysis confirmed 

that it is due to 85Kr, Kr/Xe

= (43770) ppt

 Due to an accidental air 

leak in the previous 

recuperation

 

Distribution 
of 
vertices
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Final selection cuts
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 Horizontal cut determined by 

reconstruction quality (removing the last 

ring of PMT)

 Vertical cut determined by choosing the 

flat region in non-DM-window for both 

data and MC (excess at cathode likely 

due to Rn daughters accumulation)

 S1 cut: [3, 45] PE by optimizing the 

median sensitivity using expected 

background only
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Final candidates
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 728 total candidates 

found in the FV

 2 below NR median

 Outside FV, edge 

events more likely to 

lose electrons, 

leading to S2 

suppression

Gray: all
Red: below NR median
Green: below NR median and in FV
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Final candidates
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Two events below NR 
median appear consistent 
with Gaussian background 
leakage

--- NR 33%
--- NR median

99.99% NR acceptance
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Total expected background
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 Accidental background statistically determined from data using 

isolated S2 and S1 from the data

 Neutron background dominated by the (, n) from PTFE reflector 

 Background systematics dominated by the ER leakage fraction 

(0.4%0.2%) and Kr rate (17%) uncertainty
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Exclusion limits
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 Simple counting analysis 
based on an expected 
background of 3.2(0.7) 
evts and 2 observed evts

 Sizable (x2) difference of 
using original NEST or 
tuned NEST to predict DM 
distribution due to DM 
acceptance, but within 1
band

 Low mass: competitive 
with SuperCDMS; high 
mass: similar exclusion 
limit as XENON100 225-
day
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PandaX future
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Preliminary Design of CJPL-II

4/27/201673

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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Experimental Hall and Steel
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 Searching for neutrino-antineutrino 
oscillation through Xe136 double beta decay

 Ultimate LXe dark matter experiment: 

upgrade to 3 ton and then 20-30 ton

low-energy solar neutrino

Two plans
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Two Types of Double Beta Decay   

2n mode: 
a conventional
2nd order process 
in Standard Model

77

Observation of 0n:

 Majorana neutrino 

 Neutrino mass scale
 Lepton number violation
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T1/2
0νββ > 1.1∙1025yr (90%CL)

<mν> < 190 – 450 meV

Average T1/2
0νββ sensitivity:

1.9∙1025 yr

J.B.Albert et al. (EXO-200)
arXiv:1402.6956 (27 Feb 2014)

A. Gando et al. (KamLAND-ZEN)
PRL 110 (2013) 062502

M. Agostini et al. (GERDA)
PRL 111 (2013) 122503 

Comparison of 0n Measurements

Old EXO-200 limit
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M. Auger et al. (EXO-200)

PRL 109 (2012) 032505
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 Low radioactivity (more stringent 
requirement than for DM search)

 Good energy resolution 

 Tracking detector

Key requirements for discovering 
0vDBD

4/27/2016 BNL, HUNTING FOR WIMPS 79

EXO200: Nature 2014



Great energy resolution

Tracking capability  

Advantages of High Pressure Xe
Gas
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 13x13x13  m3 water pond for external 
shielding

 Kevlar-reinforced thin Cu (1-2mm) high-
pressure (10-15bar) vessel, 5 m

 Symmetric TPC readout for charges
• Mircomega, energy resolution 1% 
• TopMetal (modified CMOS), energy resolution 0.5%
• 100K-200K channel 

Easy upgrade to 1 ton (5 modules).  

PandaX III: 200kg HP Xe136 exp
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Ultimate dark matter exp

4/27/2016 BNL, HUNTING FOR WIMPS 82





Stiff competitions in DM search 
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 Beyond LZ and XENONnt

 International Collaboration for the ultimate 
dark matter detector

 Great solar neutrino detector:

pp neutrino, CNO neutrino, Matter-Vacuum 
oscillation transition region 

Future Panda: 20-30 ton LXe DM 
detector
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 Jinping Underground lab in its first phase 
has produced interesting results in dark 
matter search. 

 A 500kg LXe dark matter PandaX detector is 
running and has the sensitivity leading the 
world. 

 Second phase expansion of the lab is under 
way, and more exciting physics to come in 
the future. 

Summary
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