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Universe Today
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Dark energy 68.3% r 26.8%
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Ordinary * Standard model of particle
matter ‘= physics, 16 times Nobel Prize
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WIMP Miracle
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WIMP Miracle
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WIMP Miracle
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WIMP Miracle

Direct Indirect
detection detection

Collider
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WIMP Miracle

WIMP
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MSSM after LHCI
Bagnaschi et al. 2015

Excellent case for
more sensitive
DM detector and
complementarity
of collider and
direct searches!
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Xenon experiments

3D camera

8
Mw

;:’; Signal/bkg
discriminator

XENON100, 60 kg, LUX, 250 kg, completed Self-shielding body

completed 2012, Gran 2016, Sanford Lab
Sasso LZ(multi-ton) in preparation

XENONLIT in preparation
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Dual phase xenon TPC

Gamma

electron recoil

s € =
/ \ gaseous xeno mysy
K\ 1"' ; I Ats
g incoming particle il
WIMP :
nuclear recoil o
K, g = %o
< N &
( . A \ liquid xenon
\ y/ N

T

| ?

anode

Jaate grid

cathode

DM direct detection: recoil of atomic nucleus in
the detector (Goodman & Witten, 1985), <10 keV,,

energy

Dark matter: nuclear recoil ¥ background: electron
(NR) recoil (ER)

1 _Drifttime o, g1 _Drifttime g3

VYT

(S2/81)yg<<(S2/S1)cg

Multi-site scattering
background (ER or NR)

S1 S2
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PandaX experiment

PandaX=Particle and Astrophysical Xenon Experiments

C, PANDA X

> \‘;.;_\ s \\

Tr—-—ee
PandaX-l: 120 kg PandaX-ll: 500 kg PandaX-xT:
DM experiment DM experiment multi-ton DM
2009-2014 2014-2017 experiment
2016-

PandaX-lll: 200 kg
to 1 ton 136Xe

OvDBD experiment
2016-
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China Jinping Underground Lab

Deepest in the world ( 1p/week/m?)
and Horizontal access!
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PandaX collaboration

Started in 2009

m  _EBEAE (2009-)
~50 people m  JEFAF (2009-)
m  IIZRKH(2009-)

e, ®
Q PANDA A m R N AYIER R (2009-)

m  REREAF (2015-)

m  PEEFEREWRE (2015-)
m PR (2015-)
m  JEZI/KE (2009-)

I

University of Maryland (2009-)

11 Alternative Energies & Atomic Energy

Commission(2015-)

IHI

University of Zaragoza(2015-)

Suranaree University of Technology(2016-)
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Talks at this conference

8/22:
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15:20-15:40 PandaX-llI:58 i TLR EM TP B F N INBRE LY, iy

15:40-16:00 PandaX- I A+ W I B A LIS I T EA AR T 3%,

RIEH

H

15:50-16:05 First dark matter search results from the PandaX-| experiment; Low-mass dark

matter search results from full exposure of the PandaX-I experiment,

8/23

nE4:

14:00-14:20 PandaXs —SAL IS H#MYIBEER D, 7B
14:20-14:40 PandaX- IR FHZIER EELRE, E/N

14:40-15:00 PandaX 4l B B = HRMSL5e, Zhou Ning,
PE5:

14:00-14:20 PandaX Il SRISETPCRENFHE, Z=[E

14:20 = 14:40 PandaX-lIEH B FFiKIT, EXRT

14:40 — 15:00 PandaX- &Il BB FZ 5 IR R G, 14
15:00 — 15:20 PandaX3LIE st M ARRMESEH], FFKKE
15:50 — 16:10 PandaX PPTRIF BB SENER %, EHY

BHEER

details of PandaX-lI
analysis
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First delivery of PandaX equipment to Jinping lab,
Aug. 16, 2012
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Final Results from PandaX-|

Phys. Rev. D 92, 052004(2015)
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mmmm PandaXx-| 2015
— XENON100, 2012
— | UX 2013

m—— DarkSide50
----- CRESST-Il new
— CDEX 2014
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DAMA 3 sigma
—— CRESST-II
1 1 1

IR | W T

1 | | 1 | 1 1 1 1 1 1
3 4 5 6 78910 20 30 40 50 6070
WIMP mass (GeV/&)

0

—

0 Completed in Oct. 2014, with 54.0 x 80.1 kg-day exposure
O Data strongly disfavor all previously reported claims

O Competitive upper limits for low mass WIMP in xenon
experiments
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PandaX-l|

:_ : New stainless steel . .
2 = el with owee 0 New inner vessel with
( " radioactivity C | ean SS

55 R11410 (top) |

O New and taller TPC

L _
& Mii—— — with brand-new
60-cm
~ S RES0 (veto) electrodes
60-cm eflon with better
500 kg sensitive target reflectivity
O More 3” PMTs and
Electrode rings fully ) .

covered by Teflon Improved base de5|gn
v

55 R11410 (bottom)

O New separate skin
Overflow chamber veto re giOn

inside the vessel
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ssembling the detector
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Run history

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

0 Commissioning run (Run 8): Nov. 22 — Dec. 14 (19.1
live-day x 306 kg FV) but with high Kr background
(Phys. Rev. D. 39, 122009 (2016))

O After a Kr distillation campaign, the detector was
refilled. Physics data taking from Mar. 9 to Jun. 30, in
total 79.6 live-day (Run 9)

2016/8/22 B+ meER TSRS, SR 19



Results from PandaX-Il Run 8

Phys. Rev. D. 39, 122009 (2016)
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PandaX-ll
PandaX-l 2015

E —
Q
510  XENonioo, 2012 § L Low mass:
G ——— LUX 2015 competitive with
n -41
10 :
o E — DarkSide50 2015 SuperCDMS;
210-42?
g F
S 104 -
107 O High mass:
E : . . .
2 0L S.Im.l|ar exclusion
: limit as
10“‘55 XENON100 225-
10-45 L1l 1 1 1 Lol 1 1 1 day
10 10°
WIMP mass (GeV/c?)
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Major upgrades in Run 9

___tems Status in Run 9

Krypton level Reduced by x10
Exposure Increased x4 (79.6 vs 19.1 day)
ER calibration Using tritium calibration
NR calibration Statistics x6
Analysis Improved position reconstruction
Background Accidental background suppressed

more than x3 using BDT
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Electron lifetime evolution

falOOU :I | T | 1 | 1 | LI B | 1 | L 1
= 9005— 15t Physics Run (run 9,
D - 79.6 days)
& 800 | _ ;
— n .. ;
D = Comm|55|on|ng |
= 7003 Run (run 8, | A leak in the
C 600% 19.1 days) recirculation
O - . ; b loop
g 500:— Krypton : | discovered
e - Distillati | d fixed
i 4002_ |§| a |f)n | | | and fixe
- | | _l
300 | _ ] fDM
= | ; | search
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Date
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Typical single scatter waveform

Soft Esum Waveform run 11624, event 49, Bottom Array
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Extensive calibration program

O Internal/external ER peaks:
0 Detector uniformity corrections
o Light/charge collection parameters

O Low rate AmBe neutron source:
= Simulate DM NR signal

0 CH,T injection: tritium beta decays
= Simulate ER background

2016/8/22 B mEER YRS, SHE 24



Extracting detector parameters

L W=13.7eV

S1
Eee: e
W (ppn * EEE<BRg)

61 O Gaussian fits to all ER
sl peaks in data
% 5
§ : O Uncertainty on each data
E 451 point estimated using
= 4; energy nonlinearity
3.5F 3| olinear fitin S1/E vs S2/E
S S I I I l to extract PDE and EEE

350 400 450 500 550
S3/E (PE/keV)

250 300
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NR calibration
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log (S2/S1) x,y,z corrected

=

0.5 ] | ] | ]
5 10 15 20 25 30 35 40 45

S1 x,y,z corrected (PE)

0 162.4 hours of AmBe data taken, with ~3400 low energy single
scatter NR events collected

O NR median curve and NR detection efficiency determined

2016/8/22 [ i 3 of B AN 7/ BRSNS 26




NR efficiency

0.8

0.2

setsestessrrossctsonsssboncsobasrshansdorabasdrnnsssnensssonnsesnnsttirnsassrnsnattiansssnnnhosesnrbosnsshrnsatrabocstondan

quality cuts only

adding S1 range cuts

adding S2 range cuts

adding BDT cut

............................................................................................................

10
Nuclear recoil energy (keV)
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ER calibration with CH,T

ER median
NR_median 120
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o

0 18.0 hours of tritium data taken, with ~2800 low
energy ER events collected

0O 9 events leaked below NR median, (0.32 £ 0.11)%
O Consistent with Gaussian expectation
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Low energy background in Run 9

O Events selected with
energy <10 keV

O ~2 mDRU on
average (15.3 mDRU
in Run 8), world
lowest reported
background level

O Decrease over time
due to 12’Xe decay

IS
IIII|\I\I|IIII‘I\I\ll\l\||||||\|\||\|\|

'N”

|

lhh;

> | 1

Item Run 8 (mDRU) Run 9 (mDRU)

SOKr 11.7 1.19

127X e 0 0.42

“22Rn 0.06 0.13

*2ORn 0.02 0.01
Detector material ER 0.20 0.20

Total 12.0 1.95

DRU = evt/kg/keV/day
E

10/03 24/03 07/04 21/04 05/05 19/05 02/06 16/06 30/06
2016 2016 2016 2016 2016 2016 2016 2016 2016
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85 Kr

O Estimated from delayed
B—y coincidence analysis

0 Uniformly distributed

O Significantly reduced after
distillation
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127Xe

03 62200:_ T T T T T —05
£ P =-2000— : =
S o 127Xe 129mxe o = m
S 12_ r 239.99 / % 1800 | 5 | | M-

10 5.26% g - -
: 2 1600 Fitted half-life: 33.3 day = -
- I~ — : : : f N —

% « 1400; (expected 36.4 day) ]

Tt 2ye (408 keV)  \ooob E
- e e = | | ]

£ : 1000 =
i - 800 —
2~ - -

ﬂ A 1 Lo o o s — ]

100200 300 0 4005 E

2001 e
0: | | | | | 1 | 1 | | | | | | | |:

Mar.24 Apr.07 Apr.21 May.05May.19 Jun.02 Jun.16 JunDSQ[
dale

Average %/Xe rate in the low energy DM search region (<10 keV)
estimated to be 0.42+0.10 mDRU
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Accidental background

Isolated S1 before an S1 Isolated S2

O Isolated S1and S2 | &7 ﬁme

were selected and | =

randomly paired to| : i,

simulate o ;

accidental events | E
O Further S e ”

suppressed this 3 35} "N

background by x3 %g 3 i

using boosted = 2% "

decision tree (BDT) 1_2" b

technique o jl

o8 5 7 3 5 4

S1 (PE)
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Final candidates

Gray: all

Red: below NR median 1389 total
Green: below NR median and in FV )
candidates found

GE":;"T_"E:T'_":T':'E':?_"?_ET"' T Ameny in the FV (329 kg)
s
_ _100F I Ry 01 below NR
£ F PR
£ 200 | 7] N DOoOutside FV, edge
T sl I 7370 events more likely
aonE I el to lose electrons,
E o T - o leading to S2
I a0 s 100 suppression

Radius® [cm?]
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Final candidates

10

log (S2/S1) Xx,y,z corrected

1 Lo
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45
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Candidates in Run 8

10
/

log (S2/S1) x,y,z corrected

/
/
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5 10 15 20 25 30 35 40 45
S1 x.y,z corrected [PE]
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Final candidates summary

ER Accidental Neutron

Total Total
Expected | observed

Run 8 622.8 5.20 0.25 628+106 734
Below
2i - - 2I4 - 2
NE lian 0 0.33 0.09 ‘ +0.8 \
Run 9 377.9 14.0 0.91 393+46 389
Below
1.2 84 . ‘ 2.440. 1 \
NE lian 0.8 0.35 +0.7

Total exposure: 33,000 kg-day

2016/8/22 B+ meER AR, AL
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Combined results
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WIMP-nucleon cross section (cnf)

[a—
-
IS
(=)
HII‘

This work (Run8+Run9)
PandaX-II Commissioning (Run8)
XENON100, 2012

LUX 2015

[N

l IlIIIIl

10?

WIMP mass (GeV/c?)

Profile likelihood
analysis with CL,

Minimum upper
limit for isoscalar Sl
elastic cross section
at 2.5x106 cm?

More than x10
improvements from
Run 8

More than a factor
of 2 improvement
compared to the
LUX 2015 results
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Comparison with LUX

O LUX presented

-42 i .
10 S _ 3 results from their
NE - This work (Run8+Run9) - final d imil
3 — . ---------- This work (Run8+Run9), tuned NEST Inal data set similar

o B . PandaX-IT Commissioning (Run8) ] exposure same day
43 H —
S 107 XENON100, 2012 3  at DM conference
QO - . LUX 2015 -
& . N\ e LUX IDM16 s o
ccg B O A more constrammg
S 10ME : result is obtained if a
Q - :
o - tuned NR model is
§ - used (agreeing
S 10% — better with our own
(- — - . .
. = . calibration
S : )
<. | .._“""::_— ----- -
=2 104 = — O We chose to use a
= Lol Lol I 1 I R B |: Conservat|ve NR
2 3
10 10 10°  energy model to
WIMP mass (GeV/c?) report official results
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Comparison with global constraint
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Release history

O Jul. 21, released results at the IDM
conference. LUX collaboration released
results with similar exposure (332-day) at
IDM the same day with similar DM exclus

O Jul. 22, press release in Shanghai

O Jul. 24, paper in arXiv,

O Jul. 26, submission to PRL

O Aug. 16, accepted by PRL (“Editor’s

suggestion”), LUX results not in arXiv yet

ion

Dark Matter Results from First 98.7-day Data of PandaX-1I Experiment

Andi Tan,? Mengjiao Xiao,'! Xiangyi Cui,’ Xun Chen,! Yunhua Chen,* Deging Fang,® Changbo
IPu," Karl Giboni,! Franco Giuliani,' Haowei Gong,! Ke Han,' Shouyang Hu,” Xingtao Huang,’
Xiangdong Ji,"72* Yonglin Ju,® Siao Lei,' Shaoli Li,! Xiaomei Li,® Xinglong Li,> Hao Liang,” Qing

T Huaxuan Liu,® Jianglai Lin,"* Wollgang Lorenzon,® Yugang Ma," Yajun Mao,'” Kaixuan Ni," 8
Xiangxiang Ren,' Michael Schubnell,” Manbin Shen,” Fang Shi,' Hongwei Wang," Jiming Wang,* Meng
Wang,% Qiuhong Wang,! Siguang Wang, 'Y Xuming Wang,! Zhon Wang,”* Shiyong Wu,* Xiang Xiao,!
Pengwei Xie," ¥ Binbin Yan,® Yong Yang,' Jianfeng Y Xionghui Zeng,® Honggnang Zhang,' Hua
Zhang,® Huangiao Zhang,” Tao Zhang,' Li Zhao,' Jing Zhou,” Ning Zhou,"'" and Xiaopeng Zhou'®
(PandaX-II Collaboration)

YINPAC and Department of Physics and Astronomy, Shanghai Jico Tong University,
Shanghai Laboratory for Particle Physics and Cosmology, Shanghai 200240, China
*Department of Physics, University of Maryland, College Park, Maryland 20742, USA
Y Yalong River Hydropower Development Company,
Ltd., 288 Shuanglin Road, Chengdu 610051, China
"vﬂmn_ﬂlm Institute of Applied Physics, Chinese Academy of Sciences, 201800, Shanghai, China
"Key Lnbum!m-u of Nuelear Data, China Instituie of Alomic Energy, Beijing 102413, China
SSchool of Physics and Key Laboratory of Particle Physics and Particle
(MOE), Si U . Jinan 250100, China
7 Genter of High Energy Physics, Peking University, Beijing 100871, China
"School of Mechanical Engincering, Shanghai Jiso Tong Universily, Shanghai 200240, China
? Department of Physics, University of Michigan, Ann Arbor, MI, 48109, USA
" School of Physics, Peking University, Beijing 100871, China
" Departient of Phys nghua University, Beijing 100084, China
August 17, 2016)

(Date

We report the WIMP dark matter search results using the first physics-run data of the PandaX-II
500 kg liquid xenon dual-phase tim na JinPing under-
ground Laboratory. No dark matter smbination with
the d. et during the commissioning run, with a total exposu 3.3%10" kg-day, the most strin
gent limit to the spin-independent. interaction between the ordinary and WIMP dark matter is set
for a range of dark matter mass between 5 and 2. The best. upper limit on the scattering
eross section is found 2.5 x 107" em? \m the WIMP mass 40 GeV/c? at 90% confidence le
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Summary and outlook

PandaX-Il has reached the forefront of the DM search!
O 79.6 live-day of dark matter data with much suppressed
background (15=2 mDRU)

O In combination with commissioning run (19.1 day), ~33,000 kg-
day exposure in total. No DM particles found

o The WIMP-nucleon elastic Sl scattering cross sections are
constrained to <2.5x10# cm?. Other physics results (e.g. SD)
expected soon

O Continue PandaX-Il data taking till end of 2017.

O In preparation for PandaX-xT and PandaX-IlI!
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Talks at this conference
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15:50-16:05 First dark matter search results from the PandaX-| experiment; Low-mass dark
matter search results from full exposure of the PandaX-1 experiment, B2
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BDT discrimination power

] Accidental S1 and S2 lack
intrinsic correlations

1 Single S2 likely originated from

the gate grid (small width,
large asymmetry)
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Referee comments

Report of Referee A -- LUL6246/Tan ------mmmmmmmm oo e

| would first like to congratulate the PandaX collaboration on this significant result to our field. Once
published, this result will be the strongest published exclusion of spin-independent WIMPs to date.
Furthermore, the article signifies another "major player"” entering into the race to directly-detect
particle dark matter, which is extremely welcomed.

Report of Referee B -- LUL6246/Tan ------mmmmmmmm e e

The paper is of high scientific importance and should be published in PRL, after the following
comments are addressed by the authors.

Report of Referee C -- LU16246/Tan —=-=--=-=m-mmmmm e

This new result, coming from the first low-background run of the PandaX-Il detector, represents the
most sensitive high-mass WIMP search in the world (excepting the final results from the LUX
detector, which are noted by the authors and are public but not yet published). This result is clearly
appropriate for publication in PRL.
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Configuration of fields

Field Configuration: ﬂﬂﬂﬁﬁw
TPMT

A A A A A
I ! I I
: i | I 46mm
Anode : L Ly
Eowacion bbbV Y Vb @ 11mm 2
Gate 1 -5 kv
Earie 600mm
Cathode — %% v X 20 kY
Bttm Scrn _ : —_

3

BPMT WWWHJ— o
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Data sets with different fields

Condition live time Fgrift

(day) (V/cm) (kV/cm)

Ee:s;t ract

s Q) DD

7.76 397.3
6.82 394.3
1.17 391.9
63.80  399.3

4.56
4.86
5.01
4.56

Mar. 9-Jun 30, in total 79.6 live-day of under slightly
different conditions to maximize drift and extraction
filed while avoiding spurious photon/electron

emissions.
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Improved position reconstruction

Major difficulties:

o 3” PMT: optimizing photon
collection, but naively causing
coarse quantization

o Complicated optics, particularly
due to the photon reflections
on the PTFE reflector

0 Construct and fit photon
acceptance function(PAF)
of Each PMT

n(r) = A~exp(_1 f.pf_& ~ 7 +bp_a), 0= :—O
O Event-by-event max

likelihood fit on charge

pattern to reconstruct

position

™0 = Foeg

O Iterations to improve nlgl)_. 1)

PAFs based on data m@ﬁ—xz)

V. N

Convergence

. Solovov et al, IEEE doi:

10.1109/TNS.2012.2221742
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Internal background distribution

33.2keV from 127Xe event R2 distribution

sof- [ PAF
smf- [— Template
35{]:_ — MC
300;_ Normalized
250F- with all events
200
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50 |
0: | 1 | 1 |
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A” [em)
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Final selection cuts

X-events in 79.6 days

—40

0 Horizontal cut determined by
distribution of events with S1 between
i, [45,200] PE and suppressed S2

with the previous analysis; Lower
boundary determined by X-events from

= i I A
100 200 300 400

I [ Vertical cut: Upper boundary consistent

127%e MC
E R O FV in Run 9 with 328.9 kg
E 0 S1 cut:[3,45]PE & S2 cut[100raw, 10000]
: PE: consistent with previous analysis

L1
0 50 100 150 200 250 300 350

Drift time [us]
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Background

Like before, ER and accidental background identified in
the data

0 ER background
O 12/Xe (due to surface exposure of xenon during distillation)
o 8Kr (suppressed by a factor 10)

O Others

0O Accidental background (determined by data)
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Final background budget

ER Accidental Neutron| Total
Expected
Run 8 622.8 5.20 0.25 628+106
Below
2. : : 2.4+0.
NR median 0 0.33 0.09 +0.8
Run 9 377.9 14.0 0.91 393+46
Below
NR. median 1.2 0.84 0.35 2.440.7
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