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PandaX dark matter search program
❖ 2009.3 SJTU group visited Jinping for the first time!

❖ 2009.4 Proposals submitted for dark matter search with liquid xenon at Jinping!

❖ 2010.1 PandaX collaboration formed, funding supported by SJTU/MOST/NSFC, 
started to develop the PandaX-I detector at SJTU!

❖ 2012.8 PandaX-I detector moved to CJPL!

❖ 2012.9-2013.9 Two engineering runs carried out for system integration!

❖ 2014.3 Detector fully functional for data taking!

❖ 2014.8 PandaX-I first results (17 days) published!

❖ 2014.11 Another 63 days dark matter data were collected!

❖ 2015 Upgrading from PandaX-I (125-kg) to PandaX-II (500-kg) 



PandaX Collaboration for Dark Matter Search

Shanghai Jiao Tong University!
Shanghai Institute of Applied Physics, CAS!
Shandong University!
University of Maryland!
University of Michigan!
Peking University!
Yalong River Hydropower Development Co.!
China Institute of Atomic Energy (new group joined 2015)

http://pandax.org/

http://pandax.org


• Ultra-low background: using self-shielding with 3D fiducialization and 
ER/NR discrimination  

• Sensitive to both heavy and light dark matter 

• Sensitive to both Spin-independent and Spin-dependent (129Xe,131Xe) 

• Ultra-pure Xe target: xenon gas can be purified with sub-ppb (O2 etc.) 
and sub-ppt (Kr) impurities 

• Multi-ton target achievable: with reasonable cost ($1.5M/ton) and 
relative simple cryogenics (165K) 

Why Liquid Xenon?



WIMPs/Neutrons.

nuclear.recoil.

electron.recoil.

Gammas.

Two-phase xenon for dark matter searches



So far the most sensitive dark matter direct detection is 
from LUX with the two-phase xenon technology.

48 cm
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TABLE I. Predicted background rates in the fiducial volume
(0.9–5.3 keVee) [31]. We show contributions from the �-
rays of detector components (including those cosmogenically
activated), the time-weighted contribution of activated
xenon, 222Rn (best estimate 0.2 mDRUee from 222Rn chain
measurements) and 85Kr. The errors shown are both
from simulation statistics and those derived from the rate
measurements of time-dependent backgrounds. 1 mDRUee is
10�3 events/keVee/kg/day.

Source Background rate, mDRUee

�-rays 1.8± 0.2stat ± 0.3sys
127Xe 0.5± 0.02stat ± 0.1sys
214Pb 0.11–0.22 (90% C. L.)
85Kr 0.13± 0.07sys

Total predicted 2.6± 0.2stat ± 0.4sys
Total observed 3.6± 0.3stat

distribution [31], and the expectations based on the
screening results and the independent assay of the
natural Kr concentration of 3.5 ± 1 ppt (g/g) in the
xenon gas [36] where we assume an isotopic abundance
of 85Kr/natKr ⇠ 2 ⇥ 10�11 [31, 34]. Isotopes created
through cosmogenic production were also considered,
including measured levels of 60Co in Cu components.
In situ measurements determined additional intrinsic
background levels in xenon from 214Pb (from the 222Rn
decay chain) [32], and cosmogenically-produced 127Xe
(T

1/2 = 36.4 days), 129mXe (T
1/2 = 8.9 days), and

131mXe (T
1/2 = 11.9 days). The rate from 127Xe in the

WIMP search energy window is estimated to decay from
0.87 mDRU

ee

at the start of the WIMP search dataset
to 0.28 mDRU

ee

at the end, with late-time background
measurements being consistent with those originating
primarily from the long-lived radioisotopes.

The neutron background in LUX is predicted from
detailed detector BG simulations to produce 0.06 single
scatters with S1 between 2 and 30 phe in the 85.3 live-
day dataset. This was considered too low to include in
the PLR. The value was constrained by multiple-scatter
analysis in the data, with a conservative 90% upper C.L.
placed on the number of expected neutron single scatters
of 0.37 events.

We observed 160 events between 2 and 30 phe (S1)
within the fiducial volume in 85.3 live-days of search
data (shown in Fig. 4), with all observed events being
consistent with the predicted background of electron
recoils. The average discrimination (with 50% NR
acceptance) for S1 from 2-30 phe is 99.6 ± 0.1%, hence
0.64 ± 0.16 events from ER leakage are expected below
the NR mean, for the search dataset. The spatial
distribution of the events matches that expected from the
ER backgrounds in full detector simulations. We select
the upper bound of 30 phe (S1) for the signal estimation
analysis to avoid additional background from the 5 keV

ee

x-ray from 127Xe.
Confidence intervals on the spin-independent WIMP-

nucleon cross section are set using a profile likelihood
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FIG. 4. The LUX WIMP signal region. Events in the
118 kg fiducial volume during the 85.3 live-day exposure are
shown. Lines as shown in Fig. 3, with vertical dashed cyan
lines showing the 2-30 phe range used for the signal estimation
analysis.

ratio (PLR) test statistic [37], exploiting the separation
of signal and background distributions in four physical
quantities: radius, depth, light (S1), and charge (S2).
The fit is made over the parameter of interest plus
three Gaussian-constrained nuisance parameters which
encode uncertainty in the rates of 127Xe, �-rays from
internal components and the combination of 214Pb and
85Kr. The distributions, in the observed quantities, of
the four model components are as described above and
do not vary in the fit: with the non-uniform spatial
distributions of �-ray backgrounds and x-ray lines from
127Xe obtained from energy-deposition simulations [31].
The PLR operates within the fiducial region but the
spatial background models were validated using data
from outside the fiducial volume.

The energy spectrum of WIMP-nucleus recoils is
modeled using a standard isothermal Maxwellian velocity
distribution [38], with v

0

= 220 km/s; v
esc

= 544 km/s;
⇢

0

= 0.3 GeV/cm3; average Earth velocity of 245 km s�1,
and Helm form factor [39, 40]. We conservatively
model no signal below 3.0 keV

nr

(the lowest energy for
which a direct light yield measurement exists [30, 41],
whereas indirect evidence of charge yield exists down
to 1 keV

nr

[42]). We do not profile the uncertainties
in NR yield, assuming a model which provides excellent
agreement with LUX data (Fig. 1 and Fig. 6), in addition
to being conservative compared to past works [23]. We
also do not account for uncertainties in astrophysical
parameters, which are beyond the scope of this work (but
are discussed in [43]). Signal models in S1 and S2 are
obtained for each WIMP mass from full simulations.

The observed PLR for zero signal is entirely consistent
with its simulated distribution, giving a p-value for the
background-only hypothesis of 0.35. The 90% C. L.
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FIG. 5. The LUX 90% confidence limit on the spin-
independent elastic WIMP-nucleon cross section (blue),
together with the ±1� variation from repeated trials, where
trials fluctuating below the expected number of events for
zero BG are forced to 2.3 (blue shaded). We also show
Edelweiss II [44] (dark yellow line), CDMS II [45] (green
line), ZEPLIN-III [46] (magenta line), CDMSlite [47] (dark
green line), XENON10 S2-only [20] (brown line), SIMPLE [48]
(light blue line) and XENON100 100 live-day [49] (orange
line), and 225 live-day [50] (red line) results. The inset
(same axis units) also shows the regions measured from annual
modulation in CoGeNT [51] (light red, shaded), along with
exclusion limits from low threshold re-analysis of CDMS II
data [52] (upper green line), 95% allowed region from
CDMS II silicon detectors [53] (green shaded) and centroid
(green x), 90% allowed region from CRESST II [54] (yellow
shaded) and DAMA/LIBRA allowed region [55] interpreted
by [56] (grey shaded). Results sourced from DMTools [57].

upper limit on the number of expected signal events
ranges, over WIMP masses, from 2.4 to 5.3. A variation
of one standard deviation in detection e�ciency shifts
the limit by an average of only 5%. The systematic
uncertainty in the position of the NR band was estimated
by averaging the di↵erence between the centroids of
simulated and observed AmBe data in log(S2b/S1). This
yielded an uncertainty of 0.044 in the centroid, which
propagates to a maximum uncertainty of 25% in the high
mass limit.

The 90% upper C. L. cross sections for spin-
independent WIMP models are thus shown in Fig. 5
with a minimum cross section of 7.6⇥10�46 cm2 for a
WIMP mass of 33 GeV/c2. This represents a significant
improvement over the sensitivities of earlier searches [45,
46, 50, 51]. The low energy threshold of LUX permits
direct testing of low mass WIMP hypotheses where
there are potential hints of signal [45, 51, 54, 55].
These results do not support such hypotheses based
on spin-independent isospin-invariant WIMP-nucleon
couplings and conventional astrophysical assumptions

for the WIMP halo, even when using a conservative
interpretation of the existing low-energy nuclear recoil
calibration data for xenon detectors.

LUX will continue operations at SURF during 2014
and 2015. Further engineering and calibration studies
will establish the optimal parameters for detector
operations, with potential improvements in applied
electric fields, increased calibration statistics, decaying
backgrounds and an instrumented water tank veto
further enhancing the sensitivity of the experiment.
Subsequently, we will complete the ultimate goal of
conducting a blinded 300 live-day WIMP search further
improving sensitivity to explore significant new regions
of WIMP parameter space.
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118 kg x 85 days



Antonio J. Melgarejo (Columbia University) IDM, Chicago, July 23rd 2012

The XENON Roadmap

2005-2007
PRL100
PRL101
PRL 107
PRD 80
NIM A 601

XENON10 XENON100 XENON1T

2008-2013
first results: 
PRL105, PRL107, PRD84 
More to come soon

2012-2017
Projected sensitivity
2x10-47cm2 

XENON100 
62 kg

XENON Program

Guillaume Plante - XENON Dark Matter 2014 - UCLA - February 20, 2014 2 / 18

XENON10 XENON100 XENON1T/XENONnT

2005-2007 2008-2015 2012-2017 / ∼2017-2022

25 kg 161 kg 3300 kg / 7000 kg

Achieved (2007) Achieved (2011) Projected (2017) / Projected (2022)
σSI = 8.8× 10−44 cm2 σSI = 7.0× 10−45 cm2 σSI ∼ 2× 10−47 cm2 / σSI ∼ 3× 10−48 cm2

Achieved (2012)
σSI = 2.0× 10−45 cm2

XENON10 
15 kg

XENON Program

Guillaume Plante - XENON Dark Matter 2014 - UCLA - February 20, 2014 2 / 18

XENON10 XENON100 XENON1T/XENONnT

2005-2007 2008-2015 2012-2017 / ∼2017-2022

25 kg 161 kg 3300 kg / 7000 kg

Achieved (2007) Achieved (2011) Projected (2017) / Projected (2022)
σSI = 8.8× 10−44 cm2 σSI = 7.0× 10−45 cm2 σSI ∼ 2× 10−47 cm2 / σSI ∼ 3× 10−48 cm2

Achieved (2012)
σSI = 2.0× 10−45 cm2

XENON1T/nT 
3 Ton/7 Ton

LZ 
7 Ton

PandaX-I 
125 kg

LUX 
250 kg

Fig. 1. Cross-sectional views of the ZEPLIN III instrument showing the key system
design concepts. The rendered CAD representation shows the copper parts.

ZEPLIN-III achieves a low threshold for the primary scintillation by placing
its photo-detectors, photomultipliers (PMTs) in the liquid phase and by using
a flat planar geometry. Using PMTs in the liquid removes two interfaces, both
with large refractive index mismatches and puts in an additional interface at
which total internal reflection also works to improve the light collection for the
primary scintillation. The planar geometry gives a large solid angle acceptance
and lessens the dependance on surface reflectivities. A low threshold for the
electroluminescence from the gas phase which provides the secondary signal
is achieved by using a high electric field in the gas region to produce high
levels of photon emission per electron emitted from the surface and by using
refraction at the liquid surface to produce a ‘focusing’ effect for the light onto
the immersed PMT array.

ZEPLIN-III achieves good particle discrimination between the nuclear recoil
signals expected from WIMPs and the electron recoils from photon back-
grounds by employing a two-phase design which allows both scintillation and
ionisation to be measured for each event. The ratio of these two signals de-
pends on the particle species. The effectiveness of this discrimination depends
on the width and separation of the distributions for each species. It turns out
[12] that the discrimination is improved by working at moderate electric fields
which increases the separation between the two distributions and improves the
statistical uncertainties of the ionisation signal. Some discrimination against
nuclear recoil signals from neutron elastic scattering is obtained by having
good 3-D position reconstruction which can identify the multiple scattering

4

ZEPLIN-III

Fig. 2. Arrangement of the ZEPLIN-II detector within the γ-ray and neutron shield-
ing. The detector (A) is located in a 30 cm thick, 1 tonne liquid scintillator veto
(B), with 30cm of Gd-loaded polypropylene hydrocarbon on the top surfaces (C).
Surrounding the hydrocarbon shielding is a minimum of 25cm Pb γ-ray shielding
(D).

26

ZEPLIN-II 
31 kg

The evolution of two-phase xenon detectors for dark matter

2001-2007 2008-2014 2015-2022

PandaX-II 
500-kg

detector sizes not to scale



PandaX-I (2010-2014)  Goals

 Search for (or exclude) Light Dark Matter as 
reported by DAMA, CoGeNT etc.!
 Build the infrastructures (shielding, 

cryogenics, DAQ, analysis etc.) at CJPL-I for ton-
scale Liquid Xe dark matter experiment to be 
competitive at all WIMP masses!
 Develop low background techniques for the 

next generation experiments (DM & DBD)

PandaX-I

PandaX-II
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The Passive Shield
PandaX Shielding: developed to accommodate up to a 3 ton 

liquid xenon dark matter detector

~3 m



PandaX Cryogenics and Gas Purification system: developed for ton-
scale and tested with one ton LXe and 30 L/min circulation speed

Heat 
Exchanger

PTR LN2Vacuum Pump

Purification Getter

TPC radius:           30 cm 
Drifting length:     15 cm 
 
Total Xe mass:       ~ 400 kg 
Sensitive Target Xe mass:  125 kg 
Fiducial volume Xe mass:     25 kg 
 
Top PMT Array (R8520):       143 
Bottom PMT Array (R11410-MOD): 37  
 

Key advantage: light collection efficiency 

8 



PandaX Low Background techniques: developed with 
sensitivity down to mBq/kg (material) and ppt (Kr/Xe)

• SJTU cryogenic 
engineering 
group (Prof. 巨
永林) 
 

• Successfully 
purified 400 kG 
of Kr-free 
Xenon 

17 

` Replaced the HPGe (375 g-
>3.7 kg), efficiency x 5 

` Improved N2 flushing to 
reduce Rn background (x1/6) 
 
 
 
 
 
 

` Continuous counting since 
May (sensitivity: mBq) 
 

13 

PandaX Germanium counting 
station at CJPL Customized low background 

stainless steel production

Krypton removal system 
(from ppb to ppt Kr/Xe)

a cold-trap system to 
measure Kr/Xe down to 

ppt level



PandaX DAQ and Electronics: techniques developed for ~180 
channels of full PMT waveforms and low-threshold trigger

19 

山东大学 
Prof. 王萌 



PandaX-I��������

Top: 143 
R8520 PMTs �

Bottom: 37 
R11410 PMTs�

Teflon reflector�

Shaping 
rings�

Electrodes�

15#cm# 60#cm#

PandaX-I TPC: first time to operate large number 
of R11410 in LXe, demonstrated high light yield



PandaX-I analysis: two full analysis chains developed 
independently for cross-checking, ready for PandaX-IIAn event!

9

• Horizontal position reconstructed from S2 hit pattern: either charge 
center or neural network method, consistent with each other

• Vertical position reconstructed from S1-S2 separation 

Electron drift 1.7 mm/us

pulse-peak finding!
3D position reconstruction

Anti-correlation between S1 and S2

16

Photon detection efficiency 
(PDE): 10.5(4)%

Electron extraction 
efficiency (EEE): 
79.8(7.0)%

Light yield @ 0 field at 122 
keV: 7.3(3) PE/keV
(XENON100 3.8 PE/keV)

)
EEEgain gas

2S
PDE

1S(ce
ee u

� wE

energy calibration

Mar 26, 2015 East China Particle Physics Working Group Page 19

Signal Identi*cation
• separation of S1/S2

1/10 maximum width

w10

W10 (ns)

Signal time (us)

Gold = S1

After pulsing of S2 (S1-like)

Blue = S2

signal identification

Mar 26, 2015 East China Particle Physics Working Group Page 23

NR Signal Detection E4ciency

• By comparison of MC expected NR spectrum with 
measured, can extract NR eMciency shape

• Can evaluate cut eMciency independently at “high 
energy” region as normalization

Note: This method is only used in our *rst analysis. An optimized method based 
on toy Monte Carlo is used in current analysis. 

NR efficiency calculation

ER/NR discrimination power

17

NR mean
ER mean and r 2V

NR mean
ER mean

300 PE bottom S2 cut

300 PE bottom S2 cut

ER/NR discrimination



PandaX-I first results: 37 kg x 17.4 days data excluded all 
previously reported light dark matter signals

Vertex distribution

21

• Dominating 
background: PMTs 
and inner vessel

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

• Radial direction cut to 
shield background 
from the vessel

• Very powerful self-
shielding

Search for dark matter!

23

Found 46 events, but all consistent with ER background

No events found in the 
DM search region!

PandaX-I first results

26

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

with similar exposure
• Limits similar using NEST or XENON100 Leff at high mass; the latter gives a more 

conservative limit at low mass

Sci China-Phys Mech Astron, 2014, 57(11): 
2024-2030

Second dark matter results 
with another 63 days of dark 

matter search data to be 
released soon!



60-cm�

From PandaX-I to PandaX-II

PandaX-I��������

Top: 143 
R8520 PMTs �

Bottom: 37 
R11410 PMTs�

Teflon reflector�

Shaping 
rings�

Electrodes�

15#cm# 60#cm#

60-cm

500 kg sensitive target

55 R11410 (top)

55 R11410 (bottom)

48 R8520 (veto)

Teflon with better 
reflectivity

Electrode rings fully 
covered by Teflon

Overflow chamber 
inside the vessel

New stainless steel 
vessel with lower 

radioactivity

improved electrodes with 
higher transparency

Improved circulation path

PandaX-I

PandaX-II

125 kg sensitive target



PandaX-II background goal: less than one event in 300 kg-year exposure

Phase&Ib&inner&vessel&in&simula6on&

SS/Cu&(only&top&flange)&&&&&&&&&&&&&&&&&&&&&Ti&(both&top&and&boVom&flanges)&
&
(stainless&steel&screws&also&simulated)&

PandaX-II Geant4 !
Background Simulation

Isotopes PandaX-I SS PandaX-II SS

U238(Ra226) 6.7 <1.5

Th232(Th228) 9.0 <2.2

K40 54 <11

Co60 8.0 <0.6

Radioactivity for stainless steel in PandaX-I/II (unit: mBq/kg)

PandaX-II Bkg Source Bkg rate before ER rejection 
    (10

Bkg event in 300 kg-year and 10 keVee 
(with 99.75% ER rejection) 

SS vessel 0.07 0.38

PMTs <0.38 <0.95

Kr85 (1 ppt Kr/Xe) 0.05 0.24

Solar neutrinos 0.01 0.04
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Upgrade to PandaX-II
● Specially made steel inner vessel 
with lower radioactivity.

● Larger TPC with 500 kg Xe in the 
sensitive region.

● Larger drift length
● Optimized PMT array with larger 
area of detection.

PandaX-II

PandaX-II Sensitivity Projection:!
• Exposure: 300 kg x 1 year!
• Background:  < 1 event!
• Photon detection efficiency: 10%!
• S1 energy window:  3 - 30 PE!
• Nuclear recoil acceptance:  35%!
• Leff:   NEST v1.0



Summary

❖ PandaX is a staged dark matter search program using liquid 
xenon at CJPL !

❖ PandaX-I’s first 17 days of data excluded previously reported 
light dark matter signals; new results with another 63 days of 
dark matter data will be released soon!

❖ PandaX-I has paved way for ton-scale liquid xenon experiment !
❖ PandaX-II is in good progress and expected to take data in 2015!
❖ A 20-ton LXe dark matter experiment (PandaX-20T) is proposed 

for CJPL-II
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PTFE Reflectivity in LXe [GXe]

 Stainless steel reflectivity: 0, LXe absorption length: 1 m

 Stainless steel reflectivity: 0, LXe absorption length: 5 m

 Stainless steel reflectivity: 0, LXe absorption length: 10 m

 Stainless steel reflectivity: 57%, LXe absorption length: 1 m

 Stainless steel reflectivity: 57%, LXe absorption length: 5 m

 Stainless steel reflectivity: 57%,  LXe absorption length: 10 m

PandaX-II Light Simulation

PandaX-II: expected light collection efficiency (same or higher than PandaX-I)

PandaX-I
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Figure 26. A compilation of WIMP-nucleon spin-independent cross section limits (solid curves), hints
for WIMP signals (shaded closed contours) and projections (dot and dot-dashed curves) for US-led direct
detection experiments that are expected to operate over the next decade. Also shown is an approximate
band where coherent scattering of 8B solar neutrinos, atmospheric neutrinos and di↵use supernova neutrinos
with nuclei will begin to limit the sensitivity of direct detection experiments to WIMPs. Finally, a suite of
theoretical model predictions is indicated by the shaded regions, with model references included.

We believe that any proposed new direct detection experiment must demonstrate that it meets at least one
of the following two criteria:

• Provide at least an order of magnitude improvement in cross section sensitivity for some range of
WIMP masses and interaction types.

• Demonstrate the capability to confirm or deny an indication of a WIMP signal from another experiment.

The US has a clear leadership role in the field of direct dark matter detection experiments, with most
major collaborations having major involvement of US groups. In order to maintain this leadership role, and
to reduce the risk inherent in pushing novel technologies to their limits, a variety of US-led direct search

Community Planning Study: Snowmass 2013

Liquid Xenon towards the Detection of Dark Matter

arXiv:1310.8327


