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Calibration house
Multi-dimension
calibration systems
Top muon veto

Outer water tank Scintillator panels
Muon Cherenkov veto

Steel support structure
optical separation
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FEIR Y9 4R A = (B2)T) AR AR K I = A An B £ 986

ARAE:

0.09 +/- 0.19 Bg/m3

(<0.4 Bq/m3at 90% C.L.)
EIERTPHAEE RY
#7110 Bg/m?3

KA AR & p ] B
) i |

&K 0.279 + 0.036 142.1+0.6

B4k 0.064 +0.016  0.030 + 0.001

IKEEi#A7K  0.137 +0.025 0.351 + 0.014



PandaX-4THS 47 i1 5% 58 &2 Panpa X

107 ~— Nitrogen -
Oxygen

—— Argon

1077 — Kr82

107 ' Xel24

S e— Xel32
~
1077

10-10

Pressure (Torr)

10712

WmAmhnml

0 100 200 400 500 600 700 800 %00
Time ()

AR RN E R

Final Result 1952.75 +-129.65 ppt <7.96 ppt@90%C.L.
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PandaX-Il ® F-WIMP #8 ZA4E B 5 #7

* Sub-GeV light dark matter interaction search (S2 only analysis)

Preliminary result
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Automatic Calibration Unit (ACU)

* 1D central axis scan with gamma sources,
neutron sources and laser automatically

ACU prototype
Cable Loop System (CLS)

* 2D plane source scan with cable loops
assembled on both semisphere sides
IAANARRARASS
C—

CLS layout CLS motor prootype

Remotely Operated Vehicle (ROV)

* 3D source scan with a self-driven vehicle unit

ROV water test

Calibration house

* Source storage, motors to control CLS
system ROV rail, ete-

&

Central cabie
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Source storage systemn

=

Automatic Calibration Unit

Calibration house

Side cable,
E—

ROV guide rail

Contral cable

~

AURORA (A Unit for Researching Online the LSc

tRAnsparency)

* Monitor and determine LS attenuation length,
scattering length and absorption length with
laser system

El— ?[B

Guide Tube Calibration System (GTCS)

* Calibrate boundary area and provide boundary
condition for the CD

. “ Tum 2 -"'

Ultrasonic sensor system (USS) and CCD
* positioning ROV and CLS

‘ |
USS prototype CCD prototype
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i ng | Cyicclean strateey 1. Conductivity monitorin 2. Ligh rotion ,
Acrylic panel cleaning Acrylic sphere cleaning M 4 Y A fg - LI tabs{?f}‘l\ow spectra
: easured resistivity o o
rinSing water before and o \-—Ultrapure water aft?r\ajerlic clean
after cleaning is less than § oum \—J
AMQ-cm o : = = .

Wavelength / nm

3. Particulate counting, better 4. |CP-MS measurement, the
than JUNO level 50 rinsing water before and

after acrylic cleaning

S— i / I .3y <0.17 @90% C.L.  0.1340.01
Rinsing water : "L

lll “oe232Th  <0.01 (MDA) <0.18 @90% C.L.
/ measurement Surface measurement /

Water spray Wipe with air cushions

Stainless steel cleaning Teflon cleaning

k 5’5'1cm

Rinse with high purity Teflon cleaning

Stainless steel cleaning Degrease water

De-ionization

Seal and protection

Passivation Rinse with high purity Pickling Degrease

water

Rinse with high purity Dry with clean N,
water

Rinse with high purity
water
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ICPMS(PKU) .

Radon emanation measurement system(SJTU)

HPGe(CJPL-1)

Sés =

Sensitivit Y| ~2mBq —

Alpha detector(SJTU)
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AN = H KA R

( HPGe Gel = double Ge detectors \

B o, =L D=10cm,H=1cmEgTeflon#¥ 2 i&Hl

BE JP-Gel MDA(mBq) | IFLMDA(MBq) | MIFL/IP1-Gel

Cob0 0.404 0.426 105.43%

Cs137 0.354 0.275 77.58%

a:l'g& IIE%JP—Gel, B I K40 8.103 5.672 70.00%

Th232 Ac228 1512 1.303 86.17%

10ch§.$F]H§1$P; Th232 Th228 0.985 0.798 81.06%

RABHRAZ U235 1348 0.959 71.19%

RGMEH, REANER U238_Ra226 12.875 9.056 70.33%

EEKFIEE, IR & U238 _Rn222 0.907 0.759 83.74%

Pb210 15.274 8.319 54.47%

Am241 0.953 0.747 78.41%

J
N

1. Low background copper counting

chamber
Th-232(10-2g/g) U-238(102g/g)
Cul 9.25+1.54
<5.22
Cu2 1.07+0.21

| " 2. Optimized cold trap
- 3. Optimized electric field
4. Upgraded pre-amp

11
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* A New Method for Evaluating the Effectiveness of Plastic Packaging Against Radon Penetration, Yue
Meng, Jerry Busenitz and Andreas Piepke, Applied Radiation and Isotopes 156 (2020) 108963, 2020.3

I n

L

Lid-opened Can
Sealed with
differnet films

a -

FC \
) N ﬂ

Flow Meter Flow Controller

Compre:

(

_

ssed Nitrogen Gas Bottle

Fig. 1. The radon purge system.

>

Venting

Properly corrected measured ratios of radon concentrations inside and outside of
bags made from the materials listed here.

Bag material R’ Film thickness [pm]
Polypropylene 0.856 + 0.004 101.6

Transparent Mylar 0.0005 + 0.0002 76.2

Metallized Mylar-Type 1 0.0004 + 0.0001 63.5

Metallized Mylar-Type 2 0.0009 + 0.0002 101.6

Metallized Mylar-Type 3 0.0017 + 0.0002 109.2

PFA 0.99 +0.01 50.8

FEP 0.097 + 0.001 127.0

Nylon 0.0077 + 0.002 50.8

Diffusion Constant vs. Solubility

10~1l ;7 ___________________________________
) C
~ 10712 =
E E
= o S —
8 10" [ Polypropylene
2 E [ Nylon
8 B [ Transparent mylar
10" =
o E
0 =
7 2
£ 10 =
5 f Sses s  C
C —
1070 = —g—
tl | L1 I ] ‘ 111 1 1 [ | I 1 | | 1 1 I | | | ! | 1
2 4 6 8 10 12 14 16 18 20

Solubility

Fig. 5. Diffusion constants versus solubility of polypropylene (red band), Nylon
(black band) and transparent Mylar (blue band), estimated from the data pre-
sented in this paper. Also shown (by points, lines, and hatched bands) are re-
sults from previous measurements.

12



3. 15 L

* Investigation of Radioactive Radon Daughters Removal Methods from Copper Surface FU Mengting, WANG
Siguang, CHENG Chen, MENG Yue (corresponding author), QIAN Zhicheng, NING Xuyang, SI Lin, WU
Mengmeng, YAO Yukun, submitted to Nuclear Techniques, 2020
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:_ 100:— 4 4 %
[ 3%H,S0,+1% H,0, ¥
2 :_ | | befor cleaning i? so— + L]
g - after cleaning § r %
15 S r
£ s [
§ y E g a0
N 14 -
05 r
; i , AT
0*5050 6(2 5150 5200 5250 5300 5350 ‘2400 ©450 15% HNO7#2% HyO; 3% H,SO;+1% H,0, 5% CoHg0,+8% H,0,
Energy / keV Recipe
AFARER N B Fo b i
HARE F5 BTh & & B2Th i R BUSE 23U A PR
Copper sample Number 232Th conc. 232Th detection limit 238U conc. 2381 detection limit
/pgg’ /pgg’ /pgg’ /pgg’
1 182.80+18.07 18.23 246.80+32.13 3.51
2 68.80+26.48 10.96 455.20+20.42 2.11
Su%llli 3 97.52+24.01 8.93 230.35+14.69 1.72
4 96.01+6.44 7.65 40.28+5.00 147
5 52.41+14.26 8.80 47.07+4.37 1.70
1 68.39+12.54 9.26 58.18+4.45 1.78
2 106.57+22.39 5.16 34.54+4.84 0.99
=H 3 42.93+13.58 3.60 283.06+12.84 0.69
Surface
4 9.17+7.29 6.40 23.42+6.49 1.23
5 47.18+8.60 4.96 38.08+6.38 0.90

47 ) 1 Fe b 2 4R R & 09 232Th F= 238U 69 5= 13
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* The LUX-ZEPLIN (LZ) radioactivity and cleanliness control programs, L.Z collaboration,
arXiv:2006.02506, Accepted by JINST (2020) (Meng contributed radon emanation measurement, Ge
assay, NAA and ICPMS measurement.)

HPGe

FWHM Integral (60 -
Detector 1332 keV ~ 2700) keV

T1-208 Bi-214
2614.5 keV  609.3 keV

Co-60

1332.5 keV 1460.8 keV  46.5 keV
[keV]  [kg~'day”'] [kg~'day’'] [kg'day'] [kg~'-day”'] [kg~'day”'] [kg~'day”']

K-40

Pb-210

’

Radon emanation

Detector

Type

(L]

[mBq]

(%]

(%]

Chamber Volumes Chamber Blank Rates Transfer Efficiency Detector Efficiency

Cross-Calibration

[Measured/EXO-activity]

Belmont 1.92 135.0 03 14 16 1.0 )
Merrybent  1.87 167.4 0.4 18 0.6 19 - SDSM&T  PIN-diode 13 0.2 94 25 0.89+0.15
Lunehead 1.86 582.4 2.0 4.7 15 9.2 - 300 0.2 80 1.1140.28
Roseberry 1.58 181.1 <04 <0.4 0.6 0.7 0.3 : ) :
Chaloner 1.56 1053.0 17 9.5 1.2 8.3 L7 .
Lumpsey 1.66 4256.8 122 60.3 16 7.0 137 Maryland ~ PIN-diode 4.7 0.2 96 24 113 £ 0.19
MERLIN 3.59 68868.3 9.7 75 - 20.0 80.2 2.6 0.2 97
MAEVE 3.19 956.1 18 1.4 0.5 3.5 49.6 . . .
MORGAN 2.68 1338.8 3.2 8.8 38 48 46 PIN-diode 26 0.4 97 30 1.49+0.15
MORDRED 2.44 2103.2 2.1 3.9 16 74 29.0 N .
SOLO 5.52 786.9 - 33 - - - 26
GeII 3.6 9600 <14 3.6 10.3 2.3 s el Qs 2.0 . 2R . -
Ge-III 271 8600 <05 96 17 25 16 Liquid Scint. 2.6 <0.4 34 36 0.83+0.17

Sample Supplier Detector Mass [g] Units 28U, 232Th, K
Sample Supplier Detector Units Y 22Th
Polystyrene Foam Styrodure UCL mBaq/kg 3.3(10) 0.57(21)
Forward Field Region Titanium Weld Sample Timet UCL mBq/kg 21(2) 0.14(4) .
Forward Field Region Titanium Weld Sample Timet UcL mBa/kg 24(3) 13(2) PMT Cabling
Ti weld sample from CHAMP; Material Adjacent To Weld Timet ucL mBa/kg 2.3(1) 0.59(13)
Ti weld sample from CHAMP; Weld Material Timet ucL mBaq/kg 29(3) 15(1) . oy - =/ . - _ PN o
i ey RUAG (Vienna) O Bk 14(2) G Raw FEP Pellets Axon University of Alabama 3.1 mBq/kg <0.017 0.036(4) 0.17(2)
Polyethylene Foam Factory University of Alabama mBq/kg 20(3) 2.6(4 Raw FEP Pellets Axon University of Alabama 3.1 mBq/kg <0.052 0.037(5) 0.18(2)
P Plte 10012 fnet e YT e gy FEP Inner Cable Jacket Axon University of Alabama 2.5 mBq/kg <0.060 5.1(5)
Misc FEP Outer Cable Jacket Axon University of Alabama 2.6 mBq/kg <0.024 096(12) 11(1)
SNO Acrylic RPT University of Alabama 0.30(12) 0.36(7)
JUNO Acrylic Juno Experiment University of Alabama 0.27(5) 0.03(1) TPC
JUNO Acrylic Juno Experiment University of Alabama 0.66(11) 0.15(2)
Outer Detector PTFE 8764 For Skin Region Boedeker Plastics University of Alabama 8.3 mBq/kg 0.018(5) 0.029(3)
Outer Detecor Tank Acrylic from Thailand) UCL mBa/kg  0.04(4) 0.02(3) PTFE FLON00S Flontech University of Alabama 2.8 mBq/kg <0.027 0.051(6)
Outer Detecor Tank Acrylic ucL mBa/kg 0.03(3) Teflon NXT85 DuPont University of Alabama 2.9 mBq/kg <0.021 0.028(4)
iy WA el T IS 0.268) Teflon 807NX DuPont University of Alabama 2.8 mBq/kg  0.038(10) 0.029(4) 0.096(5)
Cast Acrylic Slab University of Alabama. mBa/kg 0.20(7) ) S /
Adhesive Reynolds University of Alabama mBa/kg 0.06(4) PTFE 8764 Boedeker Plastics University of Alabama 2.8 mBq/kg <0.043 0.013(3) 0.066(4)
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JUNO Status

Yue Meng

Shanghai Jiao Tong University
On behalf of the JUNO collaboration

Yue Meng, Neutrino2020

JUNO status (invited talk)

Calibration System of the JUNO Experiment Radioactive Cleanliness Control for the JUNO Experiment /

Neutrino2020
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