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Dark	Matter

• Strong	evidences	for	the	existence	of	dark	matter

• DM-SM	interaction
– Direct	detection
– Indirection	detection
– Collider	search

Indirect
search

Direct
search

Collider
production

3



Interesting	Signatures	from	Indirect	Search

•
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of the proton background for DAMPE is estimated to be less than 3% in 
the energy range 50 GeV to 1 TeV (see Table 1). The systematic uncer-
tainties of the flux measurement have been evaluated, with dominant 
contributions from the background subtraction and the instrumental 
effective acceptance (the product of the fiducial instrumental acceptance 
and the particle selection efficiency). More details on the systematic  
uncertainties can be found in Methods.

A spectral hardening at about 50 GeV is shown in our data, in agree-
ment with that of AMS-0214 and Fermi-LAT16. The data in the energy 
range 55 GeV to 2.63 TeV fit much better to a smoothly broken power- 
law model (the fit yields χ2 =   23.3 for 18 degrees of freedom) than to 
a single power-law model (which yields χ2 =   70.2 for 20 degrees of 
freedom). Our direct detection of a spectral break at E ≈  0.9 TeV, with 
the spectral index changing from γ 1 ≈  3.1 to γ 2 ≈  3.9 (see Methods for 
details), confirms the previous evidence found by the ground-based 
indirect measurement of the H.E.S.S. Collaboration17,18. The AMS-02 
data also predict a teraelectronvolt spectral softening with the so-called 
minimal model24. Our results are consistent with the latest CRE spectra  
measured by Fermi-LAT16 in a wide energy range, although the tera-
electronvolt break has not been detected by Fermi-LAT, possibly 
owing to higher particle background contamination and/or lower 
 instrumental energy resolution. We note that the CRE flux measured 
by DAMPE is overall higher than the one reported by AMS-02 for 
energies exceeding 70 GeV. The difference might be due in part to the 
uncertainty in the absolute energy scale, which would coherently shift 
the CRE spectrum up or down. With increased statistics and improved 
understanding of the detector’s performance, more consistent measure-
ments among different experiments may be achieved in the near future.
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Figure 2 | The CRE spectrum (multiplied by E3) measured by DAMPE. 
The red dashed line represents a smoothly broken power-law model that 
best fits the DAMPE data in the range 55 GeV to 2.63 TeV. Also shown are 
the direct measurements from the space-borne experiments AMS-0214  
and Fermi-LAT16, and the indirect measurement by the H.E.S.S. 
Collaboration (the grey band represents its systematic errors apart from 
the approximately 15% energy scale uncertainty)17,18. The error bars  
(±  1σ) of DAMPE, AMS-02 and Fermi-LAT include both systematic and 
statistical uncertainties added in quadrature.

Table 1 | The CRE flux (in units of m−2 s−1 sr−1 GeV−1) with 1σ statistical and systematic errors

Energy range (GeV) 〈E〉 (GeV) Acceptance (m2 ×   sr) Counts Background fraction Φ  (e+  +  e− ) ±   σstat ±   σsys

24.0–27.5 25.7 ±   0.3 0.256 ±   0.007 377,469 (2.6 ±   0.3)% (1.16 ±   0.00 ±   0.03)×  10− 2

27.5–31.6 29.5 ±   0.4 0.259 ±   0.007 279,458 (2.5 ±   0.3)% (7.38 ±   0.02 ±   0.19)×  10− 3

31.6–36.3 33.9 ±   0.4 0.261 ±   0.007 208,809 (2.4 ±   0.2)% (4.76 ±   0.02 ±   0.13)×  10− 3

36.3–41.7 38.9 ±   0.5 0.264 ±   0.007 156,489 (2.4 ±   0.2)% (3.08 ±   0.01 ±   0.08)×  10− 3

41.7–47.9 44.6 ±   0.6 0.266 ±   0.007 117,246 (2.3 ±   0.2)% (2.00 ±   0.01 ±   0.05)×  10− 3

47.9–55.0 51.2 ±   0.6 0.269 ±   0.007 87,259 (2.3 ±   0.2)% (1.28 ±   0.01 ±   0.03)×  10− 3

55.0–63.1 58.8 ±   0.7 0.272 ±   0.007 65,860 (2.2 ±   0.2)% (8.32 ±   0.04 ±   0.21)×  10− 4

63.1–72.4 67.6 ±   0.8 0.275 ±   0.007 49,600 (2.1 ±   0.2)% (5.42 ±   0.03 ±   0.13)×  10− 4

72.4–83.2 77.6 ±   1.0 0.277 ±   0.007 37,522 (2.1 ±   0.2)% (3.54 ±   0.02 ±   0.09)×  10− 4

83.2–95.5 89.1 ±   1.1 0.279 ±   0.007 28,325 (2.1 ±   0.1)% (2.31 ±   0.01 ±   0.06)×  10− 4

95.5–109.7 102.2 ±   1.3 0.283 ±   0.007 21,644 (2.0 ±   0.1)% (1.52 ±   0.01 ±   0.04)×  10− 4

109.7–125.9 117.4 ±   1.5 0.282 ±   0.007 16,319 (2.0 ±   0.1)% (1.00 ±   0.01 ±   0.02)×  10− 4

125.9–144.5 134.8 ±   1.7 0.286 ±   0.007 12,337 (2.0 ±   0.1)% (6.49 ±   0.06 ±   0.16)×  10− 5

144.5–166.0 154.8 ±   1.9 0.287 ±   0.007 9,079 (2.0 ±   0.1)% (4.14 ±   0.04 ±   0.10)×  10− 5

166.0–190.6 177.7 ±   2.2 0.288 ±   0.007 7,007 (1.9 ±   0.1)% (2.78 ±   0.03 ±   0.07)×  10− 5

190.6–218.8 204.0 ±   2.6 0.288 ±   0.007 5,256 (2.0 ±   0.1)% (1.81 ±   0.03 ±   0.05)×  10− 5

218.8–251.2 234.2 ±   2.9 0.290 ±   0.007 4,002 (1.9 ±   0.1)% (1.20 ±   0.02 ±   0.03)×  10− 5

251.2–288.4 268.9 ±   3.4 0.291 ±   0.007 2,926 (2.0 ±   0.2)% (7.59 ±   0.14 ±   0.19)×  10− 6

288.4–331.1 308.8 ±   3.9 0.291 ±   0.007 2,136 (2.1 ±   0.2)% (4.81 ±   0.11 ±   0.12)×  10− 6

331.1–380.2 354.5 ±   4.4 0.290 ±   0.007 1,648 (2.1 ±   0.2)% (3.25 ±   0.08 ±   0.08)×  10− 6

380.2–436.5 407.1 ±   5.1 0.292 ±   0.007 1,240 (2.0 ±   0.2)% (2.12 ±   0.06 ±   0.05)×  10− 6

436.5–501.2 467.4 ±   5.8 0.291 ±   0.007 889 (2.2 ±   0.2)% (1.32 ±   0.05 ±   0.03)×  10− 6

501.2–575.4 536.6 ±   6.7 0.289 ±   0.007 650 (2.2 ±   0.2)% (8.49 ±   0.34 ±   0.21)×  10− 7

575.4–660.7 616.1 ±   7.7 0.288 ±   0.007 536 (2.0 ±   0.2)% (6.13 ±   0.27 ±   0.15)×  10− 7

660.7–758.6 707.4 ±   8.8 0.285 ±   0.007 390 (2.0 ±   0.2)% (3.92 ±   0.20 ±   0.10)×  10− 7

758.6–871.0 812.2 ±   10.2 0.284 ±   0.007 271 (2.3 ±   0.3)% (2.38 ±   0.15 ±   0.06)×  10− 7

871.0–1,000.0 932.5 ±   11.7 0.278 ±   0.008 195 (2.3 ±   0.3)% (1.52 ±   0.11 ±   0.04)×  10− 7

1,000.0–1,148.2 1,070.7 ±   13.4 0.276 ±   0.008 136 (2.6 ±   0.4)% (9.29 ±   0.82 ±   0.27)×  10− 8

1,148.2–1,318.3 1,229.3 ±   15.4 0.274 ±   0.009 74 (3.6 ±   0.5)% (4.38 ±   0.53 ±   0.14)×  10− 8

1,318.3–1,513.6 1,411.4 ±   17.6 0.267 ±   0.009 93 (2.2 ±   0.4)% (4.99 ±   0.53 ±   0.17)×  10− 8

1,513.6–1,737.8 1,620.5 ±   20.3 0.263 ±   0.010 33 (5.0 ±   0.9)% (1.52 ±   0.28 ±   0.06)×  10− 8

1,737.8–1,995.3 1,860.6 ±   23.3 0.255 ±   0.011 26 (5.4 ±   0.9)% (1.07 ±   0.22 ±   0.05)×  10− 8

1,995.3–2,290.9 2,136.3 ±   26.7 0.249 ±   0.012 17 (5.8 ±   0.9)% (6.24 ±   1.61 ±   0.30)×  10− 9

2,290.9–2,630.3 2,452.8 ±   30.7 0.243 ±   0.014 12 (7.9 ±   1.1)% (3.84 ±   1.20 ±   0.21)×  10− 9

2,630.3–3,019.9 2,816.1 ±   35.2 0.233 ±   0.015 4 (18.2 ±   2.5)% (1.03 ±   0.63 ±   0.07)×  10− 9

3,019.9–3,467.4 3,233.4 ±   40.4 0.227 ±   0.017 4 (15.4 ±   2.4)% (9.53 ±   5.64 ±   0.70)×  10− 10

3,467.4–3,981.1 3,712.4 ±   46.4 0.218 ±   0.018 4 (11.2 ±   2.6)% (9.07 ±   5.12 ±   0.77)×  10− 10

3,981.1–4,570.9 4,262.4 ±   53.3 0.210 ±   0.020 3 (11.4 ±   4.0)% (6.15 ±   4.02 ±   0.60)×  10− 10

〈 E〉  is the representative value of the energy in the bin, calculated in the same way as in ref. 14.

DAMPEAMS-02
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Dark	Matter	Direct	Detection

• DM:	velocity	~1/1500	c,	mass	~100	GeV,	KE	~	20	keV
• Nuclear	recoil	(NR):	recoiling	energy	~10	keV
• Electron	recoil	(ER):	10-4 suppression	in	energy,	very	difficult	to	
detect
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China	Jinping	Underground	Laboratory
• China	Jinping	underground	
laboratory	(CJPL)
– Deepest	(6800	m.w.e )!	
– Horizontal	access!	

Location of PandaX experiments

68
00

 m
.w

.e

¾ Deepest in the world, muon flux 

~1 µ/week/m2; 

¾ Horizontally access, Drive in! 

2430m

CJPL = China Jin-Ping Underground Laboratory

WIN2017, UC Irvine, CA, USA, 18-24 June 2017 4

6



Phase I: 
120 kg DM
2009-2014

Phase II: 
500 kg DM 
2014-2018

PandaX Experiment

• Particle	and Astrophysical	Xenon	Experiments
– Formed	in	2009,	~50	people

• PandaX-II	580kg	results	published	at	PRLs
– World-leading	exclusion	limit

• Future:	PandaX-xT multi-ton	DM	experiments
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PandaX-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	ionized	electron

• Reconstruct	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)

5
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PandaX-II	run	history

• Run9	=79.6	days,	exposure:		26.2	ton-day
• Run10	=	77.1	days,	exposure:		27.9	ton-day
• Largest	reported	DM	exposure	to	date

2015 2016

Nov. 22 – Dec. 14, Physics 
commission (Run8, 19.1 
days, stopped due to high 
Krypton background)

Mar. 9 – June 30, 
low background with 
10-fold reduction of 
Kr  (Run9, 79.6 days) 

Nov. 2016 – Mar.
2017, 2nd distillation  
campaign and 
recommissioning

Jul – Oct, ER 
calibration & 
tritium removal

2017

Apr.22 – July15, 
dark matter data 
taking (Run10, 
77.1 days)
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Improvement	since	PandaX-II	2016	results
• Run	9	+	Run	10:	exposure	doubles
• FPGA-based	trigger

– real-time	programmable	noise	rejection	algorithm
– lowering	the	trigger	threshold

• Channel-by-channel	SPE	efficiency	(εZLE)	
– Average	efficiency	at	S1	threshold	~80%

• Improved	detector	ER/NR	response	model
– Calibration

• 2.5	times	reduction	in	background
– Kr85	↓	6	times
– Accidental	↓ 3	times
– Xe127	↓	20	times

JINST 12 (2017) 
no.08, T08004
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Electron	Lifetime

• Electron	lifetime	on	average	800	µs	(1.4	m	drift	distance)	in	Run	
10,	and	generally	stable	

• Significantly	improved	from	Run	9

2016
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Calibration

Neutron	calibration:	AmBe
source	deployed	(Energy	
spectrum	measured	in	
Daya	Bay	detector)

ER	calibration	using	
tritiated methane	
(pioneered	by	LUX)

Selected	data	with	electron	lifetime	~700	µs,	
~8000	low	energy	ER	events

12



NR	&	ER	data

Events	leaked	below	the	NR	median:	0.53(8)%

99.9%	NR	acceptance	from	MC

AmBe band	median

Open	Red	circles:	AmBe	data	
Solid	Black	dots:	Tritium	data
Solid	Blue	line:	Run9+Run10	median

13



Energy	spectrum	in	Run	10

[0,50]	keV DM	search	range

Data	and	expected	background	in	good	agreement
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Distribution	of	events	(run10)

• Total	events:	177
• Expected	background	below	NR	median:	1.8±0.5	evts
• Observed:	0

– Appears	to	have	a	downward	fluctuation	of	background	(p	value	7%	for	
run9+10)

99.9%	NR	acceptance	
from	MC

AmBe band	median

Light	blue:	
Data	median	and	10%/90%	quantile
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SI	WIMP	(Run9+Run10)

• Improved	from	PandaX-II	2016	limit	about	2.5	time	for	mass>30	GeV
• Lowest	exclusion	at	8.6×10-47cm2 at	40GeV/c2

• Most	stringent	limit	for	WIMP-nucleon	cross	section	for	mass	>100GeV

PRL 119, 181302 (2017)
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Spin	Dependent	WIMPs	

•
Only	129Xe	(J	=1/2)	and	131Xe	(J	=3/2)	
are	sensitive	to	the	SD	interaction.

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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SD	WIMP	(Run8+Run9)
• 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)	
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Axion (Run9)
• 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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Inelastic	scattering

• Mass	splitting	δ between	two	different	state	of	WIMPs
• Limited	phase	space	due	to	the	minimal	velocity

• The	signal	rate	decreases	with	the	
increasing	of	the	mass	splitting.

• Minimal	recoil	mass	exists.

• Signal	band	moves	to	higher	
energy	region	with	the	increasing	
of	mass	splitting.

20



Detection	efficiency	for	Inelastic	Scattering

• Expand	the	S1	signal	window	to	(3,	100)	PE.
– 68.6	keVnr (18.3	keVee)	

21

Better	efficiency	for	
high	energy	event	
with	the	expansion	
of	signal	window.



Inelastic	(Run9)

• Inelastic	DM	beyond	1TeV	in	mass
Squares	from	the	interpretation	
of	the	CRESST	high	recoil	energy	
events.

Phys.	Rev.	D96,	102007 (2017)	
22
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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

23



CJPL-II

• 8	experimental	Halls,	14(H)x	14(W)x65(L)	m	each.
• Dark	matter,	0vDBD,	nuclear	astrophysics,	low	background	experiments

PandaX
CDEX

24



New	Experiment	Hall	at	CJPL-II	
• Water Shielding

– 5000Ton pure water
– U/Th <10-14 g/g

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

• Fresh air

Experiment	Hall

25

Water	Tank



PandaX-4T

• Drift	region:	F ~1.2m，H	~1.2m
– Xenon	in	sensitive	region	~4ton

26
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Top	PMT	array,	3”

Top	Cu	plate

Teflon	supporter

Electrodes	and	shaping	rings

Bottom	Cu	plate

Bottom	PMT	array	3”
Veto	System



R&D	in	progress

•
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Background	Simulation

• Simulate	the	ER	and	NR	backgrounds
– Detector	materials:	inner/outer	vessels,	

flanges,	copper	plates,	electrodes,	PTFE	
materials,	PMTs	etc

– Radioactivity	in	xenon:	85Kr,	222Rn,	136Xe
– Neutrino:	electron	scattering	and	coherent	

nucleus	scattering	

TPC schematic

1. Inner Vessel
2. Xenon
3. Xenon SD and Skin
4. PTFE reflector
5. PTFE holder
6. PTFE Rib
7. Shaping Ring
8. Resistor
9. Flow Chamber
10. Hoist Rod
11. Electrode Ring
12. TPC PMT
13. Veto PMT
14. Cu Plate

ER	from	materials NR	from	materials
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Background	Simulation

•

ER Energy [keV]
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Xe136 Neutrino

Assuming natKr ~ 0.1 ppt,  222Rn ~1 µBq/kg
Chinese Physics C Vol. xx, No. x (xxxx) xxxxxx

Dark Matter Background with Veto

Source ER in mDRU NR in mDRU

Materials 0.0118±0.0021 0.00006± 0.00006
222Rn 0.0114±0.0012 -
85Kr 0.0053±0.0011 -
136Xe 0.0023±0.0003 -

Neutrino 0.0090±0.0002 0.00008± 0.00004

Sum 0.040 ±0.003 0.00014± 0.00007

2-year yield 832.2± 62.4 2.9±1.5

after selection 2.1±0.2 1.2±0.6

4 Physics Reach of PandaX-4T

With the background estimation, we calculate the
dark matter sensitivity of PandaX-4T experiment. All
the e�ciencies in collecting the signals must be taken
into account, together with the signal statistical fluc-
tuations. Here we use the averaged e�ciency param-
eters obtained in the newest run of PandaX-II experi-
ment [9, 12], where the averaged photon detection e�-
ciency (PDE) is 11.76%, the averaged electron extrac-
tion e�ciency (EEE) is 51.57%, and the single electron
gain (SEG) is 25.6% and their fraction uncertainties are
5%, 6% and 3% respectively. Here we consider the spin-
independent and spin-dependent WIMP-nucleon interac-
tions.

4.1 WIMP-nucleon Interaction: Spin-
Independent

For simplicity, we do a counting experiment with CLs
method to calculate the dark matter signal exclusion
limit at 90% C.L. assuming no signal in two years expo-
sure. The sensitivity of WIMP-nucleon spin-independent
interaction is predicted in Figure 12 within 2.85⇥ 730
tonne-days. For dark matter mass of m� = 40 GeV/c2,
the sensitivity could reach 4.5 ·10�48 cm2.
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210 310

]2
 [c

m
σ

SI
: W

IM
P-

nu
cl

eo
n 

-4810

-4710

-4610

-4510

-4410

-4310

-4210
PandaX-4T
LZ
LUX(2017)
PandaX-II(2016)
PandaX-II(2017)
XENON1T(2017)

Fig. 12. PandaX-4T sensitivity (at 90% C.L.) to

WIMP-nucleon recoil. This is the case for spin-

independent. The background from ER and

NR in the range of (1 keV, 10 keV) is consid-

ered. The sensitivities are drawn from exposure

of 2.85⇥ 730 tonne-days. We compare the re-

sult with existing experiment results: LUX [10],

XENON1T [11], PandaX-II [9, 12].

4.2 WIMP-neutron Interaction: Spin-
Dependent

Theoretical physicists construct a lot of models,
which are involved in the so called spin-dependent in-
teraction. We draw the sensitivity in Figure 13 within
2.85⇥730 tonne-days exposure by considering the cases
for proton and neutron scattering respectively.
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Fig. 13. PandaX-4T sensitivity (at 90% C.L.) to

WIMP-nucleon recoil for spin-dependent interac-

tion. The first is for the WIMP-proton interac-

tion and the second is for the WIMP-neutron in-

teraction. The background from ER and NR in

the range of (1 keV,10 keV) is considered and the

sensitivities are drawn from exposure of 2.85⇥730

tonne-days. We compare the results with several

nearest results of other experiments: LUX [23],

XENON100 [24], PandaX-II [22], CMS [25, 26],

ATLAS [27], PICO [28, 29], IceCube [30] and

Super-K [31].

5 Conclusion

PandaX-4T is the next generation dark matter de-
tector with ton scale liquid xenon. The main task of the
detector is designed to search for the dark matter via
their elastic scattering o↵ xenon nuclei. It is located at

10

ER	 NR	

Total	ER	background:	0.04	mDRU
Total	NR	background:	0.5	event	/	ton	/	year 29



Expected	Sensitivity

• With	exposure	reaching	6	ton-year
• DM	SI	sensitivity	could	reach	~10-47cm2

S1
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PandaX-30T

• To	reach	the	neutrino	floor	with	200	ton-year	exposure
• Diameter	2.4m,	Height	2.4m	
• Sensitive	volume:	30	ton

31



PandaX-III:	in	preparation

Looking	for	Majorana neutrino	

Lepton	number	violation	

200-kg	High	pressure	Xe detector	

Prototype	detector	in	Lab
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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,	galactic	ALP	and	inelastic	scattering	were	set	

recently.
– PandaX-II	continues	data-taking	smoothly.
– More	results	are	expected.

• We	are	in	preparation	for	the	future	PandaX-4T	program.

• Thank	you!
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Backup
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Detector	Material

• 5m	pure	water	shielding
• Low	radioactive	materials

– Obtaining	the	lowest	60Co	in	SS

• TPC	veto	facility:	~140	1”	PMTs
– Assume	60	keVee veto	threshold
– 60%	ER	background,	15%	NR	background

5Page .

▪ 欧洲：XENONnT（6吨），DARWIN（30吨）

▪ 美国：LZ（7吨）

▪ 中国：PandaX-30T（30吨）

液氙暗物质直接探测未来计划
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Veto)System

• Xenon)in)skin)area:)1)ton
• Suppress)gamma)background)

– Compton)scattering)in)skin)area
– Veto)efficiency)50%)(50keVee)

• 1”)PMT:)
– 72)top)and)72)bottom

上海交通大学博士学位论文 第三章 T�N0�tAB实验的设置

kYlY: 光电倍增管系统（TKi bwcj3L）

在 T�N0�tAB 实验中，我们使用光电倍增管（U@RjRLnIjCUIC3a jn$3c，TKic）或简称
光电管，来测量探测器液氙内能量沉淀所产生的初级光信号（bS）以及电离的电子进
一步在氙气中电致发光产生的比例发光信号（bl）。所以，光电管也被称作寻找rBKTc
暗物质的“眼睛”。我们所使用的光电管都是从日本滨松光电子公司（?�L�L�jcn）购
买。顶部光电管我们选用的是 `49lzA:zf系列；而底部光电管则是选用 `SS:SzAKQ/。
图Y kĢS4给出了这些光电管的实物照片。在 T�N0�tAB实验中，`49lzA:zf光电倍管的系
列编号为 Hpuuuu，而 `SS:SzAKQ/的系列编号有两种，xFuuuu和 F�uuuu。光电管本
来是 iT+中的一部分，但是由于其特别重要，所以我们在本章节中单独予以介绍。

V�W `49lzA:zf V$W `SS:SzAKQ/

图 kĢS4 T�N0�tAB实验中使用的一英寸和三英寸光电倍增管实物照片。

`49lzA:zf是一英寸的方形光电管，有 Sz个达拿级。其外形尺寸为 l9Ye×l9Ye LL2，最

小的有效光电接收面为 lzY9×lzY9 LL2，即最小光电覆盖面>fkYfX，光电管高度为 l4Yk
LL。`49lzA:zf光电管能够在ASSzo+到 Z9zo+的温度范围内正常工作，并且可以承受
最小 9个大气压的绝对压强。`49lzA:zf光电管最高可以加 Ozz伏的电压，而在 4zz伏
电压下工作时，其典型的单光电子增益为 SYz×Sz6，即达拿级可以将一个光电子放大 Sz6

倍。`SS:SzAKQ/使用陶瓷芯柱绝缘，是 k英寸的圆形光电管。其直径为 ef LL，高
Slk LL。最小的有效光电面直径为 f: LL，即最小光电覆盖面 >ezYOX。`SS:SzAKQ/
型光电管同样可以在ASSzo+到 Z9zo+的温度范围内正常工作，并能够承受 k个大气压
的绝对压强。其有 Sl个达拿级，最高能加 Se9z伏的电压。在 S9zzp电压下工作时，典
型的单光电子增益为 9Yz×106。不论是 `49lzA:zf还是 `SS:SzAKQ/，其响应速度都很
快，分别为 SY4 Nc和 9Y9 Nc。
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85Kr	Control

• 85Kr	could	be	a	major	background	
• Distillation	is	very	effective	in	removing	it

• Distillation tower	at	CJPL
– Online	distillation	continuously	->	natKr below	0.1	ppt

• natKr measurement	system
– To	reach	a	sensitivity	of	0.1-0.01	ppt

KrMeasurement Distillation Tower @ CJPL-II

PandaX-II Run	8	 Run	9	 Run	10

Kr	level 437 ± 13	ppt 44.5 ± 6.2 ppt 6.6 ± 2.2	ppt
8 9 10

PandaX-II runs

10

210Kr
 le

ve
l [
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t

PandaX-II	Kr	control
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222Rn	Control

• Current	level	at	PandaX-II:	8.6µBq/kg
– Internal	Rn	emanation	is	primarily	from	

the	plumbing	(warm	section)
– Consistent	with	findings	from	XENON1T

• PandaX-4T:
– Plumbing	length	similar	to	PandaX-II
– The	goal	is	to	reach	1µBq/kg

• To	use	Rn	emanation	measurement	
chamber	to	screen	components

• Rn	filtration/distillation	plan	in	
consideration

Name: der Referentin / des Referenten

21Rn budget at XENON1T

Total : 37.4    CRY:  16.4 (43.8%)     PUR: 14.6 (39%)

Michael Murra - Online krypton and radon removal for the XENON1T experiment – XeSAT 2017 Khon Kaen

xenon1T	Rn	budget

Rn	emanation	
measurement 37


