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Dark Matter Search

Dark matter candidate: WIMP

Direct Detection
— Detection of WIMP scattering with target atom

Indirect Detection

— WIMP annihilation or decay products thermal freeze-out (early Univ.)
indirect detection (now)
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— WIMP produced from collision c DM SM
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Collider Search Higgs-portal
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Direct Detection

Incoming WIMP near the solar system

Measurement of nucleus recoil signal

— Scintillation, lonization or Phonons

Direct Detection

Signal: N =

Backgrounds:
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Current Status

e Sensitivity to WIMP continues to be
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PandaX Collaboration

« ~50 people

Started in 2009

‘: (] * P H N D H H m ShanghaiJiao Tong University (2009-)

m Peking University (2009-)

m Shandong University (2009-)

m Shanghai Institute of Applied Physics, CAS (2009-)
m University of Science & Technology of China (2015-)
@ China Institute of Atomic Energy (2015-)

m Sun Yat-Sen University (2015-)

@ Yalong Hydropower Company (2009-)

= University of Maryland (2009-)

11 Alternative Energies & Atomic Energy Commission(2015-)
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Suranaree University of Technology(2015-)
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China Jinping Underground Laboratory

* Deepestin the world ( 1p/week/m?)

* Horizontal access!
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PandaX

PandaX = Particle and Astrophysical Xenon Experiments

& PANDAK

i
PandaX-lll:
Phase I: Phase Il: PandaX-xT: 200 kg to 1 ton
120 kg DM 500 kg DM multi-ton DM 136Xe OvDBD
2009-2014 2014-2017 future future
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Double-Phase Xenon Detector

S1: Scintillation in LXe

S2: lonization in LXe
— Scintillation in GXe

3-D position reconstruction
— X, Y from the PMT light collection array
— Zfrom the ionized electron drift time

Energy reconstruction from S1 and S2

S2/S1 separate signal and background
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WIMPs: Nuclear Recoil (NR)

Gamma/electron backgrounds:
Electron Recoil (ER)
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Typical Sighal Waveform

Soft Esum Waveform run 11624, event 49, Bottom Array
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First delivery of PandaX equipment to Jinping lab, Aug. 16, 2012




PandaX at CJPL

PandaX Detector
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PandaX-l Result

120 kg LXe

Completed in Oct. 2014, with 54.0 x 80.1 kg-day exposure

Data strongly disfavor all previously reported claims

Competitive upper limits for low mass WIMP in xenon experiments
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60-cm

ensiti

ve tar

PandaX-Il

New stainlesssteel  ®  New Inner Vessel with clean SS

vessel with lower
radioactivity

* New and taller TPC with brand-new
55 R11410 (top) electrodes

48 R8520 (veto) * More 3” PMTs and improved base
design

eflon with better
reflectivity

Electrode rings fully
covered by Teflon

New separate skin veto region

55 R11410 (bottom)

Overflow chamber
inside the vessel
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Configuration of E-fields
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ssembling the detector

Ning Zhou
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Assembling the Detector
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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

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))

After a Kr distillation campaign, the detector was refilled. Physics data taking started
in Mar. 2016 (Run 9)

Ning Zhou 18



Results from PandaX-ll Run 8

* Simple counting analysis
based on an expected
Phys. Rev. D. 39, 122009 (2016) background of 3.2(0.7) evts

and 2 observed evts
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Major Upgrades on Run 9

 dems Status in Run 9

Krypton level
Exposure
ER calibration
NR calibration

Analysis

Background

Reduced by x10
Increased x4 (79.6 vs 19.1 day)

Now have tritium calibration
Statistics x6

Improved position reconstruction

Accidental background suppressed
more than x2 using BDT
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Calibration Program

Internal/external ER peaks:
— Detector uniformity corrections
— Light/charge collection parameters

Low rate AmBe neutron source:
— Simulate DM NR signal

CH;T injection: tritium beta decays
— Simulate ER background

Ning Zhou
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Improved Position Reconstruction

Maximum Likelihood WG ngT In ;7;&7;)
q r

— Function of position only i
Photon Acceptance Function(PAF) of Each PMT

_ 4 a-p b T
The iteration to determine the PAFs () = 'eXp(_l Foe 1+ p—a>’ P= e

Training sample:
— Kr8 in run 8 and CH5T in run 9 (evenly distributed in the detector)

— 210po (located on the wall)
XY distribution of 164keV and Wall Events

ss0f- [ PAF

soof- [— Template
350 f— —MC
300;_ Normalized

spf.  with all events

-300 -200 -100 O 100 200 300
X [mm]
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S1/E (PE/keV)

Extracting Detector Parameters

S1 S2
E.. =W x e — W =13.7 eV
e (PD E  [EEH x SEG>
Xa129 * Gaussian fits to all ER
6 e131 peaks in data
PDE=(11.8+0.2)%
EEE=(46.0+0.7)%
0.0 332kev  Uncertainty on each data
)§e127 point estimated using
o energy nonlinearity
4.5 , -
: * Linearfitin S1/E vs S2/E to
A extract PDE and EEE
- Co60
3.5 1332 keV
L 1172 keV
:I | I | I I | I | I | I I I | I | I [ 1 | I

250 300 350 400 450 500 550
S2/E (PE/keV)
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Uniformity Correction for S1 and S2

* PE/keV @ 164 keV vs. horizontal position

* Vertical non-uniformity corrected by 51 mapping
electron lifetime
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Iog10(82/S1) X,y,z corrected
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NR calibration
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Data/MC comparison

4 Data

?++

— Simulation
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* 162.4 hours of AmBe data taken, with ~¥3200 low energy single scatter NR events
collected

* NR median curve and NR detection efficiency determined

Ning Zhou
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ER calibration with CH;T
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e 18.0 hours of tritium data taken, with ~2800 low energy ER events collected

* 14 events leaked below NR median, (0.5 £0.1)%
* Consistent with Gaussian expectation, 0.55%

Ning Zhou
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Background

* Like before, ER and accidental background identified in the data

* ER background
— 127Xe (due to surface exposure of xenon during distillation)
— 8Kr (suppressed by a factor 10)
— Others

* Accidental background (determined by data)
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*\5.20002— 4 g r Commissioning B aiiiic asFURES Sy +
a E 1 =500 L s ]
2 1800F = 5 run (Run8) 0.8l o
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'2< 1400:_ E 5 400+ Ku (01D o I —— Signal
- c 1 s ° 2" 0.6 -
1200~ = S 300 .9 [ —— Background
1000/ ER: I Accid I
800 Vg, 3 ¥ 0ok 15t Physics run = o4+ Accidental -
o) . \*}g}% E : (Run 9) - "~ background |
400=Fitted half-life: 33.3 day w = 100[- 0.21 e e
- ] L hd '_’_'»—0—1_._;—0—?_°_' T
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Date Date S1[PE]
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X-events in 79.6 days

Final Candidates

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

e Vertical cut: Upper boundary consistent with
the previous analysis; Lower boundary
determined by X-events from 12’Xe MC

o000 a0 w0 0 w0 Yo By Run 9 with 328.9 ke

e S1 cut:[3,45]PE & S2 cut[100raw, 10000] PE:
consistent with previous analysis

X-events from Xe127 MC

O
02
b x10°

0 50 100 150 200 250 300 350
Drift time [us]
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Final Candidates

Gray: all
Red: below NR median

Green: below NR median and in FV e 389 total candidates

found in the FV

-Drift time [s]
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log (S2/S1) x,y,z corrected

Final Candidates

Run 8
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This work (Run8+Run9)

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

LUX 2015
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Minimum upper limit for
Sl elastic cross section at
2.5x104® cm?2, more than
a factor of 2
improvement compared
to the LUX 2015 results

Released on July 215t
Submitted on July 26t
Accepted by PRL on Aug
16t | (US time, just

107 10° three hours ago)
WIMP mass (GeV/c?)
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Dark-matter results from 332 new live days of LUX data

SI WIMP-nucleon exclusion

e Brazil bands show
the 1- and 2-sigma
range of expected
sensitivities, based
on random BG-only
experiments.

* Factor of 4
improvement over
the previous LUX
result in the high
WIMP masses

* Minimum exclusion
of 2.2 X 1046 cm? at
50 GeV
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Summary and outlook

79.6 live-day of dark matter data were taken with much reduced background
compared to the commissioning run (15 -> 2 mDRU)

Extensive calibration studies with neutron and tritium

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

The WIMP-nucleon elastic scattering cross checking are constrained to <2.5x104¢
cm?
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Improved position reconstruction

. . . ¥ n; ?7@(77)
o Maximum Likelihood “WmI(M) == ST EH

?

O Photon Acceptance Function(PAF) of Each PMT
OThe iteration to determine the PAFs

"
H0) _
71 — T'CoG o Big 3” PMT

(1) —_— A1 O Big separations
i IF( ) between PMTs

O Big gap between
outermost PMTs and
the physical boundary
of TPC wall

Have to abandon

isotropic assumption of

PAF of outside PMTs

Converge

V. N. Solovov et al, IEEE doi:
10.1109/TNS.2012.2221742
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Reflection Component of the PAF

XY distribution of 164keV and Wall Events
o For 210Po events close to the top to be
reconstructed onto the wall, reflection ¢
components were added into PAFs for
peripheral PMTs N3
300
R R T B S 1 R
X [mm]
33.2keV event R? distribution
PMT id = 102 PMT id = 62 450 ;- PAE
soof- |— Template
3505— —MGC
('%250;_ with all events
0 = 1201'0‘ ’ A“.(I)O lﬂ}ilrf:):;]m:] 8()(]I : I10{]0l ' 1200
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Single electron gain
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Soft Esum Waveform run 11273, event 49427, Top Array
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o Varying selection method and fits to study systematic uncertainty

= 24.4+ 0.7 PE/e
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Electron lifetime

Electron lifetime evolution

I

Commissioning
Run (run 8,
19.1 days)

I I | I | | I LI | I | | I | | l LI | I | I | |

15t Physics Run (run 9,

79.6 days)

Krypton
Distillation
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A leak in the
recirculation
loop
discovered
and fixed

| -

Nov.01Dec.01Dec.31Jan.30Feb.29Mar.30 Apr.29 May.29Jun.28
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127Xe
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- ~ — : g ]

°F N 1400; (expected 36.4 day) .
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Rate of 127Xe estimated by fitting the 408 keV (375 keV+33.2 keV) peak
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85Kr

O Estimated from delayed
B—y coincidence analysis

o Uniformly distributed

o Significantly reduced after
distillation
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mDRU

Low energy background in Run 9

IIIIIIIll|IIIIIIIII|IIII|IIII|IIII|I|II

T

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

O Events selected
with energy <10
keV

O ~2 mDRU on
average (15.3
mDRU in Run 8)

O Decrease over
time due to
127Xe decay

Ning Zhou
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Xenon experiments comparison

FV (kg) Total exposure Background
(kg-day) level (mDRU)

XENON100 4843
100 day
XENON100 34 7650 5
225 day
LUX 2015 147 14000 3
PandaX-| 54 4325 23.6
PandaX-Il (run8) 306 5845 15.3
PandaX-Il (run9) ~300 ~24000 ~2
PandaX-Il run8+9 ~300 33200 2-15
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