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

—
4

51 Drift time 52 s1 Drift timg, g5

electron recoil

(S2/81)\r<<(S2/S1)er

Multi-site scattering
background (ER or NR)

S1 52

Detector capability:

« Large scalable target

« 3D reconstruction and fiducialization
 Good ER/NR rejection

« Calorimeter from 100 eV to few MeV

WIMP

nuclear recoil
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article strophysical Xenon observatory
Collaboration formed PandaX-| started PandaX-Il, 580 kg operation

PandaX-| apparatus PandaX-I, 120 kg PandaX-4T
moved to Jinping operation moved to CJPL-II
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Journal

Phys. Rev. Lett.

Nature Physics

Research

Impact Factor

PandaX Publications

11 &
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Reference

Dark matter physics: 7 from PandaX-ll,
1 Pheno, and 3 PandaX-4T

Review of dark matter direct detection

PandaX-4T on 136Xe DBD
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Distillation Electronics and Cryogenics and Clean Room Xenon Gas Storage System
Tower DAQ System Circulation System

i
—
L

Xenon Emergency
Recuperation System

Water Shielding Tank
®: 10m
H: 13m

Dual-Phase Liquid/Gas
Xenon Time Projection
Chamber (TPC)




« 47-ton xenon, including 43-ton sensitive
volume

« Eight hardware subsystems

iy
2)
3)
4)
5)

PandaX-xTi& it

Outer water shield/veto l
Inner veto ‘** '
Cryostat and TPC |
Photosensors

Readout & Electronics

6)
7)
8)

Liquid xenon storage and handling
Cryogenics & recirculation
Distillation system

FIREYRPR T EEBREREL S

\v ||\r

Outer
Vessel

IVETO

Inner Cu
Vessel

Top PMT
Array

Active
Volume

Bottom
PMT Array
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900 m?3 ultrapure water. Can be upgraded to an active Cerenkov veto detector
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0.5 m thick LS right outside the thin inner
vessel

« Cold (LAB-based translucent fluid)
* Thermal buffer

* Pressure balance

* Veto

* Photons readout via wavelength shifting
fibers or light guide

« 200 keV threshold, 90% veto efficiency
for neutrons

25
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« 2.7 meters in diameter and height
» Active xenon mass of 43 tonnes

« Upgradable based on the xenon amount in
possession

26



10 m? top/bottom coverage

QE >30% (178 nm)

Dark noise <10 Hz/channel

Candidate: Hamamatsu R12699 (2"x2")

U/Th/K = 0.02/0.01/1.5 mBg/cm?
(x5-10 better than R11410)




BT

« A large number of readout channels with waveform digitization (~15000

channels)

« Readout electronics @ LXe, reducing coaxial cables and feedthroughs

ﬁ%@éﬁ%’"
"fm””'llx "’//1;,,

"’/1/’:7,”//,,7’,,’///;

II

Liquid Xenon (~ -100°C)

SCAASIC for low Altera Cyclone IV
temperature applications (Applied for DUNE & ATLAS)
(IEEE TNS, vol. 68, no. 8,
pp. 2315-2322, Aug 2021)

~O



N
& —Lﬁﬁ%ﬂliﬁ* 15 ‘?\@E

\ T:zgpaft 3 !"“fq‘lilf ler ai
},,“ b= T Y Gy \"
’ o - ‘A. ,;‘,'. ®

‘i -""; uiil IUI
’k ‘| . = F‘Er'—

Each storage tank: 6-ton of LXe even under the loss of power
Cryogenic pump: filling/emptying detector @ 1.5 ton/hour.
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« Cooling Power:
= 1500W@178K

* Online purification speed:
4-ton/day
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Kr distillation tower : 30 kg/hour.
Target Kr concentration in Xe: 0.01 ppt

¥ 1
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i
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e +hRn
Herks

Rn distillation tower : 850 kg/hour.
Rn reduced by one orders (Target: 0.5 uBqg/kg)
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Component Background assumption

U/Th/K = 0.02/0.01/1.5 mBg/cm?

Photosensors Hamamatsu R12699 prototype

Inner vessel U/Th/K 5 ppt (9/9)

Kr 0.01 ppt (mol/mol)

0.5 uBg/kg

32



.
4]
()
=

-
(D)
C
cC

_9

—-—

>
()]

-

—

—
@

-
1]

o

—
o
w

Materials

. 85,
— Solar neutrino — Kr

—
o
%]

—
o
T T T 11110

—
TTIT LI L

—
<

—
o
o

80 100 _ 120 140
Energy [ke@ee]

Low energy: dominated by %??Rn,
pp neutrino, 13¢Xe (34.2 ton FV)

PandaX-xT NLDBD — Total *®xe DBD
8.4 tonne FV ROI Materials — 222Rn
137

Xe — Solar °B v

Rate [1/keV/tonne/year]
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High energy: dominated by %2°Rn, B
neutrino, and 238U in material (8.4 ton FV)
Note 137Xe (4 min T,,,) after muon, key

background for LNGS
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— Challenge level

{7 IR EE A Low background SS  ***
B B3 22 = 2.7mx2.7m 1.2mx1.2m £

S ER ERIMES 10 m2, high QE, low 3 m2, R11410 3" PMT *
noises, fast

T FE Cold and low Custom digitizers 500
background MS/s

2.5 MeVREE 5T 1% 1.9%
85Kr 0.01 ppt 0.3 ppt
222Rn 0.5 uBg/kg 5 uBg/kg
CHIPEF KRN 500 slpm 150 slpm

Key advantage: PandaX will be continuously upgraded, so technological
levels will be improved along the way and be tested in real experiment!
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SNO 2013

B16-GS98 (HZ)

B16-AGSS09met (LZ)

PandaX-xT 200 t-y

5
Dy [ x 10° cm? s7]




KRR & RERIX)
Xenon with artificially modified isotopic abundance (AMIA), either via a split of

odd and even nuclei, or further enrichment of 136Xe, to improve sensitivity to
spin-dependence of DM-nucleon interactions and NLDBD

Xenon isotope pattern
0.33 7.10 98111513 78.90 100 38.78

1.91 26.40 4.07 21.23 26.91

Isotope abundance/%e

Relative intensity/%e

AN IhgEEE. A EIAMIARTERM
2SR EE XN &= 7] pY 9 & EAY

www webelements.com sSmMo kin g g un! 39
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PandaX&{E4H

Pl Board Steering committee

¥

Spokesperson
Deputy spokesperson

k.

Project development groups (L2s): Physics groups: Collaboration affair
wWs 1. DM committees CJPL operation

Vessels 2. Mid-high energy 1. publication committee office
Xenon handling & storage 3. Ultralow energy 2. speakers committee

Cryogenics 4, Ongoing data
Distillation analysis
TPC

IVETO
Photosensors

. Electronics & DAQ
10. Computing

PN AEWNM
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« China: 9 institutes
* International: 4 institutes
« About one hundred collaborating authors
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Tsung-Dao Lee Institute
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PandaX-4TC3a/E1 74l > 50%RIEER SRR,

PandaX-xTXERAHA.

- AT 3ZFFPandaX-xTRITREAFNISCICFRERYEALIZIE, LiSXBXFFRIEHRFTATF2019FEH IR igYRH
RAFSEINFES, 2022FFESIBIRANIETT, IESURSS FPandaX-xTRIFRERLIE.

53



=
IIEI\ gI:I

c BRI TRELERERIGE —BIB25LL T, A RPandaX-xT=EL (430
mEl) . ZXRWERERNREE I, EEERYR. PRFIIEES

1N

= KR

AR MIBFRINE . PandaXSLiw IR RMIXE RS FRAME

N

’

’

e v

r,IJI

L E{= 1% £
I TR e K FEFNER

TR ALZTHRITX, FBEERFARXRE, RmEFENRE~E
= USRS PandaXIn BRI K 14!

[—

7/

_l:‘—l YA |
SEUYy = |

54



