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Intr. of PandaX @ CJPL

Several Rad. Background Related Issues
« Cosmic Muon, Rocks, Rn
* Counting Station
« Rad. Shielding
« Xe Purity
« Customized Stainless Steel

Future Plan

« PandaX Phase I
e CJPLII
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Mission: Search DM with Xe 2phase TPC Det.
Started from 2009;
PandaX-| Data taking, finished!
PandaX-Ill Under construction...
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MRS | inPing Underground Lab (CJ PL)

China JinPing Underground Laboratoy
(CJPL)

CHINA

Sichuan Province

Jinping hl""(:hf]

Y Yunnan Province




YEXAAS
weweeChina Jinping Underground L

1,480 m 1,400 m

XMASS

Usable xenon: 835 kilograms
Status: Reported 6.7 days of data.
Plans for a 1.5-tonne experiment in
2014 at a cost of US$12 million.

XENON100

Usable xenon: 62 kilograms
Status: Reported 225 days of data.
Construction begins in 2013 for
$12-million tonne-scale experiment.

LUX

Usable xenon: 350 kilograms
Status: Taken surface data and has
just started below ground. Plans for
multi-tonne experiment in 2016-17,
at a cost of $30 million.

PANDAX

Usable xenon: 120 kilograms
Status: Yet to take data. Plans for
tonne-scale experiment in 2016 at
a cost of $15 million.




PEALAE JPL’s Natural Background

6800 m.w.e.

62 evn/m2/year [l
Marble

1.81£0.2 Bg/kg @
<0.27 Bqg/kg

<1.1 Bg/kg
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Goal: <1 external bg event in 5-15keV per year

r#ii£7  pandaX Passive Shielding

Diameter 3m, Height 3.6m

5cm Cu (outer vessel)
20cm PE

5cm Cu

20cm Pb

40cm PE

Inner Vaccum
Height 160cm

Diameter 120cm
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XEXALY Counting Station

10cm OFHC Cu
20 cm Pb
10 cm PE
Bkgd counting rate: ~1.5-2Hz
Sensitivity Limit: order mBq
Rel. Eff. 175%
Resolution:
> 1.3keV@200Kev
> 3.2keV@2.46MeV

NoOoOGkwN~

Ortec GEMMX-941000 low bkgd,
HPGe Detector used to screen
radioactivity of detector components




r#EX44% Typical Spectrum of the Counting Station
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LELLAE  Example: Cu used in PhandaX-l

Radioactive elements:

isotope PANDAX [mBq/kg] | Xenon100 [mBq/kg] [2]
Ra228 (Th232) <0.36 0.021
Th228 (Th232) <0.51
Ra226 (U238) <0.38 0.070
Pa234m (U238) <9.0
U235 <0.86 0.0034
K40 4+1 0.023
Cs137 <0.16
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e x4 L
Sl Rad. Assays for PandaX-l
samples unit 226Ra | 22%Th 0K 137Cs 60Co 2357
PMT8520 |mBq/PMT| <0.11 | <0.08 |9.8+1.0{0.20£0.05/0.50+0.05| <0.12
Base 8520 |mBgq/base ||.07+0.2] <0.32 | <2.4 | 0.44+0.1 | <0.07 | <0.18
PMT11410 |mBq/PMT| <0.72 | <0.83 | 158 | <0.31 | 3.4%+0.4 |1.4£1.2
Base 11410 | mBq/base ||1.14£0.1|0.16+£0.15| <1.3 |0.33+0.08| <0.06 |0.4£0.2
PTFE samples| mBq/kg || 2.3-33 | <1-<14 |<6-89| 6-68 [<0.3-<6|<3- <8
SS sample | mBq/kg || 1183 | 1744 |53+£14| <09 | 6.0£08 | <8

Sci. China, V57(2014)1476-1494,

also http://arxiv.org/pdf/1405.2882.pdf

TABLE II: Radioactivity of the PMTs and some other detector components. The PTFE samples
are used for the TPC construction. The stainless steel (SS) sample is from the stage-I inner vessel.
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Radioactive background: Kr in Xe
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Journal of Instrumentation 11/2014: 9:11024
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SHANGHAI JIAOTONG UNIVERSITY Xe Purlty AnaIYSlS SYStem

l Xenon Purity Analysis System
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Xe Purity Results
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YHELAAS Rn Level Control

SHANGHAI JIAO TONG UNIVERSITY
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LAXLLT Neutron Background

SHANGHAI JIAO TONG UNIVERSITY

13C (n.a.=1.1%)

13C (a,n)
component event per year
Top PTFE Reflector 0.646
| Side PTFE 2.70 |
olde P 1EFE holder 0.
Bottom PTFE reflector 0.118 o
Bottom side PTFE 0.440
Inner Vessel 0.112
Inner Vessel bottom flange 0.87 Gate Grid
Inner Vessel top flange 0.661 Cathode
One Inch PMT 1.59 x 103
One Inch PMT Base 3.06 x 1073 Sereening Grid
Three Inch PMT 7.55 x 1073
Three Inch PMT base 4.65 x 1073
total 6.68

Table 11: The neutron background contribution.

Teflon Panels

el
s

x Teflon
Support

Cu Shaping Rings
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A
LEALLS Gamma Background

part component bkg (mDRU) leakage (events/year
R1PmtBase 1.66 1.36
Top PMT Array | g1p 1 Casing 2.85 0 i
R3Pmt 2.03 0.42
Bottom PMT Array  pop iBase 3.12¢-01 0.13
SidePTFEHSD 5.26e-02 0
SidePTFESD 1.99e-01 0
PTFEholder 6.73e-02 0
TPC TopCuPlate 3.01e-01 0.069
TopPTFERef 2.53e-01 0.028
BottomCuPlate 1.00e-01 0.014
BottomPTFERef 3.71e-02 0.016
ShapingRing 8.58e-01 0
Filler 1.73e-01 0
Inner vessel InnerVessel 2.48 0.10
IVTopFlange 9.52¢-01 0.30
IVBottomFlange 4.46e-02 0
Outer Vessel outer vessel 8.62e-01 0
Kr85 KryptonSD 2.54 0
Total 15.77 2.44

Table 10: The gamma background from different components.




*#ii£ipandaX-1 Background Budget

SHANGHAI JIAO TONG UNIVERSI

Source background level (mDRU)
Top PMT array 10.9+1.8
~ Bottom PMT array __________ 4.0£0.6
Inner vessel components 18.5+10.1
TPC components 2.3+0.8
85Kr <3.3
222Rn and ??°Rn 2.712.0
Outer vessel 1.31+0.9
Total expected 43+11
Total observed 3219

Here only part of data obtained in Phase-|; more data under analyzing
TABLE II: The expected and observed background rates in

the fiducial volume. Uncertainties in the MC prediction orig-
inate from uncertainties in the material radioactivity screen-
ing, except those for Rn and Kr that are due to the uncer-
tainty in the PandaX data.

Sci. China, V57(2014)1476-1494, also http://arxiv.org/pdf/1405.2882.pdf
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rEZA2E  Customized Stainless Steel

SHANGHAI JIAO TONG UNIVERSITY

Fabricated by Central Iron & Steel Research Institute (CISRI),
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Comparison of Diff. SS Samples

ltem#* #:22:2) (T1[1h222382) (TJ'ZZ::) ?322_,?:) K40 Cs137 | Co60 | Ph2lo U235
SS316L_1 Ef692) ?1'.7692) <26.74 23586(1' <6.74 | <0.42 (10%014) 2.2966')7 222 | .5 37
SS316L_2 f2'_3945) (229;1141) (16823_'227(; ?21_'5856) <15.98 361)0(0' (715 '9352) <577.64 | <5.30
5531613 (72'.9881) (125.1005) (18507..9054) ?23.436% 2(3);73(8. (16.8841) (714..7157) <620.46 | <3.82
SS_HP1 | <2.53 | <2.16 <43.04 | <155 | <1122 | <0.96 | <0.56 | <435.78 ;16(2'5
SS_HP2 (22'.7255) 13'35(2'6 ?492'.3:1) <151 | <10.55 ;.6(;8(0. <0.52 | <615.50 | <4.82
SS304LA | <1.93 | <1.53 (52359930) <128 | <13.43 ?6?508) <0.53 (328913;%83) <2.35
SS304LB | <1.64 | <1.27 .5039')35(23 <1.45 (gé.z;& ?&‘495) <0.40 | <274.16 | <1.67

Last 4 samples: Customized
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Inner Vessel for PandaX-ll
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YEidr Y PandaX Phase-ll (On going...)

SHANGHAI JIAO TONG UNIVERSITY

15

Major Improvement (from background point of view): _
« TPC materials (PTFE, Cu)
« Xe purity (<1 ppt)

 |nner Vessel Steel
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By LELLLE  CJPL Next Step: CJPL-II
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Headrace Water drainage

Tunnels tunnel

Traffic
Tunnel B

Traffic
Tunnel A
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SHANGHAI JIAO TONG UNIVERSITY

PANDAX: Particle and Astrophysical Xenon

Thanks!
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