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PandaX Collaboration
• Particle	and Astrophysical	Xenon	Experiments

– Formed	in	2009,
– 12	Institutes,	~50	people

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	of	China	(2015-)

China	Institute	of	Atomic	Energy	(2015-)

Sun	Yat-Sen	University	(2015-）

Yalong Hydropower	Company	(2009-)

University	of	Maryland	(2009-)

Alternative	Energies	&	Atomic	Energy	

Commission(2015-)

University	of	Zaragoza(2015-)

Suranaree University	of	Technology(2015-)
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Phase	I:	
120	kg	DM
2009-2014

Phase	II:	
500	kg	DM	
2014-2018

CJPL	and	PandaX Experiment
• China	JinPing underground	
Laboratory	(CJPL)
– Deepest	(6800	m.w.e )!	
– Horizontal	access!	

• PandaX-I	120kg	(2009-2014)
• PandaX-II	500kg	(2014-2018)
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¾ Deepest in the world, muon flux 

~1 µ/week/m2; 

¾ Horizontally access, Drive in! 

2430m

CJPL = China Jin-Ping Underground Laboratory
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PandaX-I/II:	Dual-phase	Xenon	TPC
• Dark	matter	detection	in	Xenon	detector

– Incoming	DM	collide	with	Xenon	atom
• S1：scintillation	light	in	LXe upon	scattering
• S2：scintillation	light	in	GXe due	to	ionization	electron

– Reconstruct	the	collision	energy	and	3-D	position

Dark matter searches with dual-phase TPC

Drift time
S1 S2

Drift time
S1 S2

S1 S2
Dark matter: 
nuclear recoil (NR)

(S2/S1)NR<<(S2/S1)ER

Gamma background: 
electron recoil (ER)
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PandaX-II	500kg
• Engineering	Run

– From	the	beginning	of	2015

• Commissioning	Run	(Run8)
– 2015.11.22	- 12.14	(19.1	days)	
– With	high	Kr	background	

• Physics	Run	(Run9)
– 2016.03.09	- 06.30	(79.6	days)
– First	low	background	run,	re-

distillation	to	remove	Kr

• Running	now
– Under	good	condition
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ER	Calibration
• 18.0	hours	of	tritium	CH3T	data	taken,	with	~2800	low	energy	ER	
events	collected
• 9	events	leaked	below	NR	median,	(0.32+/-0.11)%
• Consistent	with	Gaussian	expectation
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NR	Calibration

• 162.4	hours	of	AmBe data	taken,	with	~3400	low	energy	single	
scatter	NR	events	collected
• NR	median	curve	and	NR	detection	efficiency	determined

• NR	efficiency	obtained	by	data/MC	ratio
• S1	[3,	45]	PE,	S2	[100raw,	10000corr]	PE
• Adopted	1.1	keVnr threshold

NR calibration

WIN2017, UC Irvine, CA, USA, 18-24 June 2017

• 162.4 hours of AmBe data taken, 
with ~3400 low energy single 
scatter NR events collected

• NR median curve agreed well 
with MC (NEST-1.0-based)

Data
MC (NEST)
ER median

99.9% NR acceptance 

• NR efficiency obtained by data/MC
ratio

• S1 [3,45] PE, S2 [100raw,10000corr] PE

• Adopted 1.1 keVnr threshold

• NR efficiency function agrees with
that obtained in tritium ER calibration

16
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Low-energy	Rate
• Event	selected	in	the	fiducial	volume	with	energy	<	10	keVee
• ~	2	mDRU in	the	FV	on	average
• Decrease	over	time	due	to	127Xe	decay	

Low-energy rate in Run9

WIN2017, UC Irvine, CA, USA, 18-24 June 2017

� Events selected in the FV with 
energy less than 10 keVee

� ~2 mDRU in the FV on average 
(15.3 mDRU in Run 8)

� Decrease over time due to 127Xe 
decay
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SI	WIMP
• Spin-independent	WIMP-nucleon	scattering
• 3.3x104 kg-day	exposure
• constraints	at	2.5x10-46 cm2 for	40	GeV	WIMP

Phys.	Rev.	Lett.	117,	121303	(2016)

2.5x10-46 cm2
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SD	WIMP
• Spin-dependent	WIMP-nucleon	scattering
• 3.3x104 kg-day	exposure
• Constraints	at	4.1x10-41 cm2 on	WIMP-
neutron	for	40	GeV	WIMP

Phys.	Rev.	Lett.	118,	071301	(2017)	

Spin-dependent interaction

• Same data set to SI study, total exposure of 3.3×104 kg· day.

• Updated the detection efficiency for  neutron-only and proton-only 
SD interaction

WIN2017, UC Irvine, CA, USA, 18-24 June 2017 22
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Axion
• Solar	Axion and	Axion-like	Particles
• ER	signal,	E	<	25	keVee
• Leading	upper	limits	are	set,	paper	is	
being	prepared.

Solar Axion Galactic	Axion-like	Particle

2

the first low-background data in the PandaX-II experi-
ment (Run 9) with a total exposure of about 2.7 ⇥ 104

kg·day, one of the largest reported xenon data sets in the
world to date.

As in Ref. [25], the Run9 data was divided into 14
time bins according to the temporal change of detector
parameters and background rates. For each event, the
electron-equivalent energy Eee was reconstructed from
S1 and S2 as

Eee =
S1

PDE
+

S2

EEE⇥ SEG
, (3)

where PDE, EEE, and SEG are the photon detection ef-
ficiency, electron extraction e�ciency, and single electron
gain, respectively. Most of the data cuts were identical
to those in Ref. [25, 26], except we enlarged the energy
window of search by replacing the upper S1 and S2 cuts
with a single cut of Eee < 25 keV. In total, 942 candi-
date events survived. The distribution of these events in
log10(S2/S1) vs. reconstructed energy is shown in the
upper panel in Fig. 1 as the red dots. For comparison,
the distribution bands corresponding to the ER calibra-
tion data from the tritiated methane (CH3T) with an
�-decay end point at 18.6 keV is overlaid in the figure
(shadow dots). The physical data are largely consistent
with ER events. The measured combined energy spec-
trum is shown in the lower panel of Fig. 1. In the energy
range shown, the ER background is dominated by 85Kr
(flat) and 127Xe (peak around 5 keV).

The solar axions may be produced through the fol-
lowing processes [15]: the Compton-like scattering (C),
axion-Bremsstrahlung (B), atomic-recombination (R),
and atomic-deexcitation(D). Given gAe, they can all be
evaluated through quantum mechanical calculation. We
took the calculations from Ref. [27] as our input axion
spectrum for the axion energy range of EA < 10 keV,
which is valid for an axion mass less than 1 keV/c2. As
shown in Fig. 2, towards the lower energy (1–2 keV),
the flux is dominated by the axion-Bremsstrahlung pro-
cess, and at the high energy region (9–10 keV), by the
Compton-like scattering.

Additionally, deexcitation of 57Fe⇤ may also generated
monoenergetic axions, i.e. 57Fe⇤ ! 57Fe + a+ 14.4 keV
[28], This monoenergetic axion flux at the Earth’s orbit
was estimated to be [15, 29]:

�14.4 = 4.56⇥ 1023 · (ge↵AN )2
✓
kA
k�

◆3

cm�2s�1 (4)

where kA/k� is the momentum ratio between the axion
and the gamma, and the ge↵AN is a model-dependent cou-
pling constant between the axion and the nucleus. In
this work, we took the benchmark value of ge↵AN in the so-
called DFSZ model (with cos�DFSZ = 1) as in Ref. [15].

The axion (or ALP) flux from the Milky Way dark
matter (MWDM) halo can be estimated as follows. The
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FIG. 1: Upper: the event distribution obtained in
log10(S2/S1) vs. Eee in the PandaX experiment; The
±2� contours for CH3T calibration data is indicated as the
gray band, and the dark matter data are drawn as red
crosses. Lower: the combined energy spectrum with data (his-
togram with uncertainties) compared to the best fit (red his-
togram), with individual background components indicated
(see Ref. [25]). We also plot here the estimated 10�5 keV/cc
solar axion and 16 keV/cc ALPs spectra assuming gAe equals
5⇥ 10�12 and 5⇥ 10�13 respectively. See text for details.

MWDM density at the Earth location is ⇢(E)
DM ' 0.3

GeV/cm3[30]. If all the MWDM is composed of ALPs,
the corresponding ALP flux �A can then be written as

�A = ⇢(E)
DM · vA/mA = 9⇥ 1015

�

mA
, (5)

where vA is the axion velocity relative to the Earth, mA is
the axion mass in unit keV, and � = vA/c. Consider the
same axionielectron scattering mechanisum, the expected
ALP detection rate R can be expressed as [31]:

R ' g2Ae

✓
1.2⇥ 1019

A

◆✓
mA

keV/c2

◆⇣ �pe

barn

⌘
kg�1day�1,

(6)
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PandaX – in	Future
• PandaX-4T	for	DM	search
• PandaX-III	for	0vbb	search	

PandaX-I: 120 kg 
DM experiment
2009-2014

PandaX-II: 500 kg 
DM experiment 
2014-2018

PandaX-III: 200 kg to 
1 ton HP gas 136Xe 
0vDBD experiment
Future

PandaX-xT:   
multi-ton (~4-T) 
DM experiment
Future

CJPL-I CJPL-II
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New	Experiment	Hall	at	CJPL-II	
• Height	14m
• Width	14m
• Length	65m
• Water	tank,	depth	of	13m
Water	Pool

Experiment	Hall

� Water Shielding
◦ 5000Ton pure water
◦ U/Th <10-14 g/g

� Rn ctrl.
◦ <1mBq/m3 in water;
◦ ~10Bq/m3 in the cave

� Fresh air Ning	Zhou,	TAUP2017 14



PandaX-4T
• Drift	region:	F ~1.2m，H	~1.2m

– Xenon	in	sensitive	region	~4ton
– ~400	3”	PMTs	
– Skin	detector	for	vetoing

Ning	Zhou,	TAUP2017 15



Background	Simulation
• Background	from	materials,	222Rn,	85Kr,	136Xe	and	neutrino

Background	for	DM	search	[0,	10	keVee] mDRU
Electronic Recoil: materials 0.020
Electronic Recoil:	222Rn 0.011					(1	µBq/kg)
Electronic Recoil:	85Kr 0.005					(0.1 ppt)
Electronic Recoil:	136Xe 0.002
Electronic Recoil:	Solar Neutrino 0.009
Total Electronic	Recoil 0.047
Total	Nucleus Recoil 3	x 10-4

16

Electronic Recoil Energy [keV]
0 500 1000 1500 2000 2500

ER
 R

at
e[

m
D

R
U

]

-410

-310

-210

-110

1

10

210

310
Total Materials Kr85

Rn222 Xe136 Neutrino

Figure 8: ER background form materials, intrinsic contaminations and neu-
trinos: the bold and black line is the total. Up: the large range spectrum.
Bottom: the spectrum of (0,200) KeV, the sensitive range for dark matter
detection.

3 Neutron Generation

Nuclear recoil produced by neutrons via elastic scattering o↵ the Xenon nu-
clei. Neutrons are more penetrating than �-rays and their mean free path in
liquid xenon being on the order of tens of cm, and thus they are di�cult to
shield and their probability to have a single scattering in liquid xenon, active
volume is higher that for �-rays. Their signal can not be distinguished with
dark matter iteration with nuclear, and thus their deposited event should be
considered as background.
Neutrons comes from primordial decay of chains of 238U, 235U and 232Th
in MeV range through spontaneous fission(SF) and (↵,n) mechanics. The
neutron yield from (↵,n) mechanics is independent on radioactivity, which
determines the ↵ generation rate, and the target materials atoms. The iso-
topes in target material that can generate neutron are 13C, 14N, 17O, 18O and
19F ..... Specially for PTFE the neutron generation rate is high because the
abundance of 19F is near 100%. For heavy nuclei like copper, the neutron
generation is mainly dominated by SF from 238U and 232Th.
With the help of software SOURCES4A, we calculate the neutron generation
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Expected	Sensitivity
• With	exposure	of	6	ton-year,	DM	SI	sensitivity	could	reach	~10-47cm2

independent WIMP-nucleon cross section limit is expected to reach 10-47cm2, more than one 

order of magnitude lower than the current PandaX-II limit. The sensitivity of the 4-ton 

experiment, together with current leading exclusion limits, the mSUSY contour [3], and the 

ultimate neutrino “floor” (Billard et al. [2]), is shown in Fig. 1. This experiment will also be a 

critical technology demonstrator for the next stage PandaX-xT detector. 

 
Figure 1 The projected median sensitivity (dashed curves) on the spin-independent WIMP-nucleon cross section for PandaX-4T 
with 6 ton-y exposure. The currently leading exclusion limits (see legend), the neutrino “floor” (Billard et al. [2]), and the post LHC 
mSUSY allowed contours (Bagnaschi et al. [3]) are overlaid in solid curves for comparison.  

The 4-ton experiment will contain a TPC with a diameter of 1.2 m and a height of 1.2 m. 

The TPC size is approximately doubled in every dimension from PandaX-II, presenting a few 

technological challenges. We will perform realistic assembly and tests of the electrodes before 

the final detector assembly. Additional high quantum efficiency 3-inch PMTs will be employed 

to maintain the high photon detection efficiency. The new electronics design aims for high data 

bandwidth in order to achieve a trigger-less readout. The 4-ton experiment needs to handle 

around 5-ton of liquid xenon, including cooling, storage, filling and recovery. The current 

system for PandaX-II can handle 1-2 tons of xenon. We plan to build multiple such mature 

systems and run them in parallel. The reliability can be easily achieved with redundancy. 
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Summary	and	Outlook
• PandaX experiment	with	500kg	Xenon	has	reached	the	world	
frontier	of	dark	matter	direct	detection.
– Limits	on	SI	and	SD	WIMP-nucleon	cross	sections	were	obtained.
– Limits	on	solar	axion and	Galactic	ALP	were	set	recently.
– PandaX-II	continues	data-taking	smoothly.

• We	are	under	preparation	to	the	future	PandaX-4T	program.

• Thank	you!
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