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PandaX Dark Matter Experiments
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State-of-art in direct detection: ton-year

XENONI1T PRPR1(2018) no.11, 111302

B ER M Surface Neutron B AC H WIMP

WIMP mass [GeV/c?]

A 22% prob. of background upward fluctuation
A Discovery may be just around the corner
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PandaX-XT: next generation of PandaX

A A multiton upgradable —_—
liquid xenon RN s
experiment with an | o comele o
eventual goal of the
neutrino floor
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A Intermediate next stagq LN
Pandax4T (4-ton o
target) with SI
sensitivity ~18/ cn¥
x10 more sensitive
than PandaX| I
Nature Physics 13, 212-216 (2017)
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PandaX-4T background budget

—— Materials
222p

Neutrino
Summary of ER and NR backgrounds
Source ER in mDRU NR in mDRU
Materials 0.0210+£0.0042 20+0.3-10"°
““Rn 0.0114+0.0012 -
85Kr 0.005340.0011
6X e 0.00234-0.0003

Neutrino 0.0090£0.0002 0.8+0.4-10""
0.049 £0.005 28+05-10"
2-year yield (evts) 1001.64% 102.2
after selection (evts) 2.54+0.3
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ER Energy [keV] Sci. China PMA 622019) no.3, 31011

Total expected ER background:
0.05evt/ keVfton/day, 1/16 of PandaXl
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Background and signal expectation
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Background and signal expectation

Background+DM
1TeV, s, =13104°cm?
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Location: B2 hall of CIPL-II

Seealso Q. Yue, Underground labs #2
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B2 hall in official CJPL-Il construction plan

A general facility containing an ultrapure water
shield of 4500 mto host large scale DM and
OvDBD experiments.




Short term plan in B2 hall

Photomultipliers

Time
projection

Temporaryinfrastructure (freshair, dual electricity supply,
ultrapure water supply, Rfree clean room, primarily funded
by SJTU, to ensure a timely d%lo ment of PardiBX
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I December 2018

| Water Tank
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Beneficial occupancy of B2: Aug. 26, 2019




Ultrapure water shield

A Dimensions:
13m(H)x10m(D) 900 n?

A Low background SS
detector platform

Material and welds assaye

MC: Negligible backgroun
contribution

A Ultrapure water: 18
Mohm-cm
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| Xe cryostat

A IV
2340(H)x1335(D)

Working conditions: 0.38pa,
-100 C, Indium seal

Weight: 1.3 ton

A OV:
3000(H)x1700(D)
Doubleo-ring seals
Welight: 2.6ton

Both withlow background SS304:
U238/Th232/K40=2.0/2.7/14
mBqgkg

Jianglai Liu, TAUP 2019 15




ition of the inne; )
) the outer vessel

&
Completed

" Detector platform viewing from
. the b/}ttom Z




Ultrapure water

Underground water Inle
flow: >22m3/h (tap watel

guality)

A Ultrapure water(UPW
productionrate: 10
m3/h

A Also supply watefor
facility cooling

\‘

A 238U:0.03ppt (ICPMS)
A 232Th 0.06ppt (ICPMS)

A Rn requirements: 0.Bgm? for dark matter, 2nBgm?3 for
OvDBD (R&D)
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Radon-free, clean, assembly environment

Air radon removal system, outlet Rn < Gid'fn?

~ Class 1000



Low background control (assay)

A Materials screening witkariety of ultra-low
radioactivedetectiontechniques

Sensitivity: “mBa/kg 'j Sensitivity: “ppt = - Sensitivity: “2mBq

s

999999

Radon emanation
measurement system

Sensitivity: ~¥0.05mBq F
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Kr assay system Alpha detector ‘ " Radon emanation
(commissioning; cold trap system



Low background control (surface)

A Rigorous cleaningrotocols/procedures

\

established

, -
' -, f'

PTFE bolts/nuts




Low background control (noble gas)

Challenging targets:
A Kr/Xe<= 0.1ppt
A Rn222 = hBgkg (PandaXl: ~8nBgkg)

Distillation tower design

goals:

1. Operateoffline (initial
Kr removal) an@nline

2. Two modes: KrlQ
kg/h, 99%Xe
collection) and Rn
(56.5kg/h, need to
beat Rn haHife)




Distillation tower: design and construction

Designed bylcCabeThiele
method

A Number of theoretical
plates: 17

A Tower Height: 8m
A Tower Diameter:125mm

.:AXJJ LI ...L.‘-i LR L .-.ﬂd J‘JLJ llll.-\l LUMNE Lium L 1L
0o 'to 1010 0*10*10 71041051510
x(Kr/Xe[mol])

22



Cryogenics: requirements

Total Xenon: ~ 6 ton
A Cryostat inner surface: ~12m2, heat load: ~160W
A IV ~6m under water;

A Expected purification rate: ~200slpm (4
day/cycle), heat load added00W

Designgoals:

Gas storage system férton of Xe
Cooling power>=360W

Heat exchanger stayed under water
Emergency LN2 recovery system
Total circulation flow rate+ 200slpm

i O =
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Cryogenics system design

Cooling bus Circulation system Gas storage system

Heat exchanger models in water ta
(the first time onsite)
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1 i SEL Y. ,
A Modular design witix40l bottles, individually leakhecked
A 4 modules are used in LN2 recuperation

A No moving part&xceptthe LN2dewarsaue 200 25




Heat exchanger (underwater)

N, 728
A e




Cooling bus

Inner: Pressure sensor, vacuum gauge,
rupture disc.

Coldheads2*PC150+500B
\ Outer: vacuum gauge

Innerturborpump

Outerturborpump

Nominally 2coldheadscan be running at the same time.




TPC design

PTFE reflector

L Xe Target
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A Drift region:
1.2m(H)x1.2m(D)

A Designed field: drift
(400 V/cm), extraction
(6 kVicm

A 3-in PMTs 169
top/ 199 bottom

A 1-in veto PMT 126
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Design of the field cage

ﬂ ﬂ ﬂ K 650V Surface: Electric potential (V) Strearnline: Fij

46mm

Anode w’ m‘m'm' Timm 1 |l II ‘
Gate -5kV Sl ~

Cathode

Bttm Screen " IiIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIII\
-650V - _' : f

Highly uniformly drift field achieved with field shaplng
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Photosensors: R11410-23

LEMO 48-pin

De-coupler box

- ‘L ‘ -' \".\\ \ )
178 nm QE30% typical
Gain: 5E6 under 1500

Dark Rate: typical<lkHz (20 C), typical 50-H0O(C), to suppress
accidentals

After-pulsing probabilitys 5% between 400 ns to.ts
Split HV divider chain to minimizedischarsge 31




QA of PMTs
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All PMTs measured with 3 cold gygles,asceptance ratio 92,39



Calibration: external sources

A External source loops
for gamma andAmBe
neutron sources T

Looping system to IHHIIIIIIIIH\
move sources around
A Dedicated SS pipe for *
DD neutron
generator
DD generator under

commissioning at
Shanghai
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Calibration: internal sources

A 83mKr:83Rb source made at Kr activation at IMP
IMP (Lanzhou) and \= £
commissioned iiPandaX|

A 220Rn:
Baseline: lantern -
mantles ¢2Th) lantern mantles
commissioned In -
PandaX|

“2°Th surface source will [ ——
be procured and tested ‘

A Generic injection system
for 83mKr and?2°Rn under
construction siang F—-—




Electronics and DAQ.

Design goals:
1. “O t hr etsgbeddsso

2. Maximum calibratiorevent rate 100Hz datarate: 300
MB/s

Architecture Triggeriess
, e . High Voltage
A One digitizer board (16 lock

Decoupled

channels) per readout signal | VA725 o ontrol

. FADC
I | n k Decoupler Box General

HV + Raw )
Signal Logic

A 4 DAQ servers to colle
raw data inparallel

A Rawdatasent to one
server via 10Gbps
switch 106 Switch




DAQ and online system

DAQ management Server

A Event buildeto save timeordered data taSSD
A Tested bandwidthimit > 1GB/&
A Webpagebased DAQ software
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Summary and outlook

A PandaX4T will the immediate next generation
LXeDM experimentin CJP

A x10more sensitive thafPandaXl|

A Temporaryinfrastructure construction in B2
hall of CJRU recently completed

A Onsite detector assembly startedug. 2019
A Commissioning of PandaXT: end of 2020

A The following scienceperation will be in
parallel with the CJPIL facility construction

A Stay tuned!
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