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Collider
Dark matter: nuclear recoil v background: electron

SM DM :
< (NR) recoil (ER)
§ g1 _Drifttime o5 g1 _Drifttimg g5
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SM DM

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

Indirect Detection

Dual phase xenon detector capability:
« S1: prompt scintillation signal

« S2: delayed ionization signal

 ER/NR identification

3D reconstruction and fiducialization

o (Calorimeter from sub keV to MeV
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* Particle and Astrophysical Xenon Experiment; started in 2009; now ~80 collaborators
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China JinPing Underground Laboratory — CJPL

Co-developed by Tsingh
University and Yalong River
Hydropewer Inc.

CJPL-II

Traffic Tunnel

Preparation Room

1 Total space: 4000 m?
1 Main Lab Space: 6.5(W) x 6.5(H) x 42(L)
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* Deepest (6800 m.w.e )
e Horizontal access

Muon rate:

1 count/week/m2
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. PandaX-II, 580 kg PandaX-4T,

Collaboration formed PandaX-I started operation commissioning (run0)

2021.11  pandax-xT

>
2009.3 Ongoing

PandaX-l apparatus PandaX-I, 120 kg PandaX-4T, 3.7 ton
moved to Jinping operation moved to CJPL-II

PandaX-4T runl
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PandaX-4T multi physics results
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PandaX-4T subsystems
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Cryogenics system Gas storage system Distillation tower
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3-inch PMTs in PandaX-4T ANDRH &Y AT
Key requirements:
. .. Dark Rate Dark Rate
= High Quantum Efficiency ~34% at 178 nm P g woF
] . 6 g 18- —— room temperature .z: 50:_ —— low temperature
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3-inch PMTs status at end of Runl & pavonn @ d8ET
e 27 out of 368 were off at the end of Runl quantity
Base broken 12
 Fixth bl during PandaX-4T upgrade
ix these problems during Panda pg High app ;
Bad connection 8
sum 27

Top Charge Pattern Bottom Charge Pattern
| FRLFEEPUNE S T O LB R T P B . KO YL [N

* Large signals suffer saturation and suppression

soce s 2 oce
0cee 856

Y [mm]

* Poor x-y position of multi-site events

* High radioactivity contribution

0 1000 2000 3000 4000 5000
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Challenge of PandaX-4T PMT: Saturation & Panoak

e Baseline design base specially for DM search with few capacitors

* Develop a de-saturation algorithm and apply in data successfully
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Challenge of PandaX-4T PMT:
suppression effect of multi-site events
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* Obvious suppression effect for baseline design base 13(
* |dentifying MS backgrounds with PMT waveforms 5
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Updated base and bench test for 3-inch PMTs

Trigger
Baseline design for PandaX-4T = ..o O Q

Anode

-HV GND

N I o Dark Box Q O
N A0l 52 . PMTs in dark box
FADC Didigital Data
- o ln(;m — Digitizer :> DAQ
£ > * Server
’ o T s i, T i Pulse Generator }o \
Unit: mDRU ER NR
PMT+BASE (5.1 & 1.2) x 1073 (2.3 £ 0.4) x 1074
PTFE (2.1 £0.3) x 107° (8.4 4+ 1.3) x 10°°
Copper (1.6 £ 0.2) x 1076 (7.2 £ 0.5) x 1078
Inner vessel (1.8 £ 0.8) x 1073 (1.4 +1.2) x 10~
Outer vessel (2.6 + 1.3) x 1073 (5.2 + 1.9) x 10~4

Total Material (9.5 +£ 1.9) x 1073 (9.1 £+ 2.2) x 1074

Lingyin Luo, PKU 14
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Bench test for 3-inch PMTs % PANDAH

* Dynamic range increases significantly
 New designed base without suppression effect within 40 kPE

* Updated the configuration of de-saturation base for future PandaX-4T upgrade
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3-inch PMTs performance in Run2 R, DANOAS
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* Typical waveforms in Run2 demonstrates no obvious saturation/suppression

with the new bases.
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Requirements for PandaX upgrade: &, PANDAYH
3-inch to 2-inch PMT

* 3-inch PMTs perform very well, but we need :
* Better performance from sub keV to MeV

* Higher granularity position reconstruction

* Lower radioactivity

Lingyin Luo, PKU 17



New 2-inch PMT

R12699

e 4 individual anodes

> PANDAH

* Low background, high granularity, fast timing performance

Gy e 7 Z
3as PEKING UNIVERSITY

* Small size of effective photocathode is good for saturation
and suppression effect

General

Parameter R12699-406-M4 R11410-20 Unit
Spectral Response Range 160 to 650 160 to 650 nm
\Wavelengh of Maximum Response 400 420 nm
\Window Material / Thickness Silica glass / 2.5 Silica glass / 3.5 -/ mm

\Material Bialkali Bialkali -

Photocathode |Minimum Effective Area 48.5 x48.5 P64 mm
Dynode Structure Metal channel Dynode | Box & Linear-focused -
Number of Stages 10 12 -
Number of Anode(s) 4 1 -
\Weight 104 233 g
Operating Ambient Temperature -110 to +50 -110 to +50 degC
Storage Temperature -110 to +50 -110 to +50 degC
Maximum Ratings (Absolute Maximum Values)

Parameter R12699-406-M4 R11410-20 Unit
Supply Voltage Between Anode and Cathode 1100 1750 \%
Average Anode Output Current in Total 0.1 0.1 mA
Pressure-resistance (Guage) 0.5 0.3 Mpa

Lingyin Luo, PKU
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Test system for 2-inch PMTs PaNDAK G ALK TE

nitrogen

ethyl alcoho|

Cryogenic
tank



First batch test result 2 * PANDA K
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350 pcs PMTs test were finished.

Gain of each channel is about 5x10%e- (>1.5e6) with 1000V

Dark rate at -100°C is about 10 Hz per channel s

* The basic parameters can meet the requirement of liquid Xenon TPC

Gain - Warm DCR Cold DCR -
oE Entries 1400 - e h1 5 Entries 1375
" e Sooe] ol SeDov 164
= 8o
s0E- i 10 channel 26 channel
50 soz >2000 Hz > 200 Hz
40
s0E- 405
20 I

20
10— —
00 l] Igl_HIIﬂ) o_|||||11|||| L1 | ﬂﬁ%ll‘hﬂﬂxﬂﬂ‘—th—"llﬁllmlln ;||| I mbero o I s d g ol v o Lo Lo
. 6 0 200 400 600 800 1000 1200 1400 1600 1800 2000 Og 20 40 60 80 100 120 140 160 180 200
Gain(10°%¢) Dark Rate(Hz) Dark Rate(Hz)

Lingyin Luo, PKU 20
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New 2-inch PMT: Advantage: position reconstructior& Eanoax

l-inch_deviation_hist map
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e Position reconstruction
X 2 better
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Advantage: radioactivity

PMT Material Screening

ST )
NP

PEKING UNIVERSITY

Old Glass

New Glass

2305ETO007

2305ET0003

2305ETO006

2305ETO009

0.00+0.00
<0.00

0.00+0.00
<0.00

0.00+0.01
<0.02

0.00+0.03
<0.04

0.02+0.02
<0.05

0.02+0.02
<0.05

0.00+0.00
<0.00

0.00£0.01
<0.01

0.08+0.05
<0.17

0.01+0.04
<0.08

0.00+0.01
<0.02

0.01+0.03
<0.06

0.20+0.02

0.57£0.18

0.46+0.87
<1.89

0.03+0.84
<1.40

0.64+0.42
<1.33

0.41+0.41
<1.09

0.07+0.01

0.00£0.02
<0.04

0.19+0.14
<0.42

0.08+0.13
<0.30

0.03+0.07
<0.14

0.02+0.07
<0.14

0.04+0.00

0.03+0.01
<0.05

0.00+0.06
<0.10

0.00+0.06
<0.09

0.09+0.06
<0.20

0.11+0.07
<0.22

0.02£0.03
<0.08

0.02£0.02
<0.04

0.00+0.10
<0.17

0.08+0.11
<0.26

0.00+0.08
<0.13

0.00+0.20
<0.34

0.48+0.05

0.09+0.08
<0.21

0.00+0.58
<0.95

0.27+0.54
<1.16

0.95+0.63
<1.99

0.26+0.76
<1.50

0.32+0.01

0.06+0.01

0.00+0.09
<0.15

0.03+0.08
<0.16

0.04+0.05
<0.13

0.03+0.06
<0.13

* The result is scaled to mBqg/pc by the mass. Has measured ~ 30 samples for the PMT background control.

* The newly screened 42alloy material passes the low-background test.

Lingyin Luo, PKU
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Advantage: radioactivity & PanpaH

e Thev2 R12699 PMT meets the requirements !

OMT R11410 1.16+0.72 0.52+0.81 8.37+8.49 4.29+2.14 1.49+0.96 13.56+8.96 27.42+17.67 2.05+1.18
<2.34 <1.85 <22.34 <7.82 <3.06 <28.29 <56.48 <3.99
PMTR12699v0 | 1.01#0.10 0'(190%20607 31.5442.17 0.(1%%20616 0'1%?416 o.i%i_rgén 1'6<35%025"08 0.61£0.15
PMT R12699 v1 0'(1%%5’7'04 0"1%%8505 30.83£2.14 0'13) ?617 o.2<1;:)612 0'1<30 ?:1 0.0<01J._r:ész 0.47+0.11
PMTR12699v2 — 0.13+0.02 (0.5501'%?02) 4054 % 4.92 (-o.<1-10i'(()).703) (0.0323.05) (-0.32;002.03) (-o.(<)61'ilo6.74) 0-10 +0.03
Requirement 0.117 0.093 1.116 0.394 0.154 1.36 2.705 0.2

e vO->v1 replace high-Co60 kovar to 42alloy, v1->v2 replace high-U238 sealed glass

* K-40 didn’t meet the requirement for the alkali-metal on the photocathode but it
can be cut by fiducial volume in WIMP ROI.

Lingyin Luo, PKU 23



Future work for R12699
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Feedthrough design
Electronics

Prototype TPC

Radioactivity is still go on

Prototype TPC for LXe test Dark box for granularity test

Lingyin Luo, PKU 24
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Summar d
PARTICLE AND ASTROPHYSICAL XENON TPC

> T

* 3-inch R11410 PMTs perform well in PandaX-4T; Newly upgraded PMT base
solves the saturation issue.

e 2-inch R12699 PMTs meet the light readout requirement from keV to MeV for
liquid Xenon TPC.

 PandaX and Hamamatsu are co-developing a low background version of R12699.

* R&D for a high-granularity, low-background 2-inch PMT readout array for

PandaX-xT is on-going.

Lingyin Luo, PKU 25






4T Run2 Part Screening

PEKING UNIVERSITY

« Material ER background for Run2 increases ~6 % mainly for FlexPlate !

KaptonBase 0.00+0.05 0.12+0.10
(run2) <0.08 <0.28
KaptonBase
(run0,run) <0.12 <0.46
FlexPlate 0.00+0.05 0.00+0.14
(run2) <0.08 <0.24
FlexPlate 0.00+0.31 0.00+0.33
(runO,runl) <0.51 <0.54

0.00+2.02 0.35+0.28
<3.31 <0.81
<4.73 <1.30

0.84+2.20 0.00+0.59
<4.46 <0.96

1.43+3.37 0.00+0.86
<6.97 <1.41

0.22+0.19
<0.54

<0.57

0.41+0.27
<0.84

1.58+0.53

0.03+0.29 2.44+1.45

<0.51 <4.83 SlE-Ees

<2.45 6.97+1.94 0.84+0.22
0.00+0.57 2.81+2.38

<0.93 <6.73 2ilballen
0.00+0.42 3.18+5.65

<0.70 <12.48 1.50+0.50

Flex
Plate

RUNO MATERIAL ER BUDGET Cable
>-20% 5 08%

20%

_____Liquidometer
0.15%

Copper
0.16%

RUN2 MATERIAL ER BUDGET

Cable
4.90%

~——__FlexPlate
6.92%

Liquidometer
1.04%

Copper _/
0.15%

Lingyin Luo, PKU

The ER increases from 1.07e-2 mDRU to
1.14e-2 mDRU @[1,30] keV mainly for
FlexPlate.
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PMT array

51mm

liquid
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Advantage: time response € eanooy @127
Characteristics at 25 deg C
Parameter R12699-406-M4 R11410-20 Unit
Luminous (2856K) 95 90 uA/Im
Cathode Sensitivity
Blue Sensitivity Index 10.0 10 -
Anode Sensitivity Luminous (2856K) 140 315 Allm
Gain 1.5 x 10° 3.5x10° :
(ator 30min. storage i darkness) 15 10 i
Rise Time 1.2 5.5 ns
Time Response Transit Time 5.9 46 ns
Transit Time Spread (FWHM) 0.41 9 ns
Uniformity Between Each Anode 1:1.5 - -
Pulse Linearity at +2% Deviation 8 20 mA
(Each Anode) at 5% Deviation 20 - mA

Better time response may benefit pulse shape discrimination



Electronics

DAQ

1G Eth Server
Decoupled \ ~ -
HV + Raw Signal o V1725 T e
Signal * Digitizer r
| X8
High 10G Eth
Voltage Run‘CTL * J( X 4
Trigger CIiCk
' A
SE. Clk

X 512 Clock Switch |~ o -
Fanout

it _ | JL]] woes

Logic

e T
* From PMT to DAQ server;
e CERN V1725 Digitizer, 250 MS/s;

e Self-trigger mode: read out

pulses above 20 ADC (~ 1/3 PE);

Lingyin Luo, PKU
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High
Voltage

r
72 v.M-;" o a -
Signals New 2 [' |
Digitizers * Data Kt m
HV + Raw

Run CTL Clock

| ] Data
PLL Server
SE. Clk " Run_ General
Fanout Clock 4'cTL Logic

Fanout

‘
SEE 3

New digitizers: 14-bit, 500MS/s
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Cable crosstalk test cc PANDAR

PARTICLE AND ASTROPHYSICAL XENON TPC

crosstalk charge ratio(rms<5&&overshoot<10)

Key Metrics 29 _ I‘°2
Performance , | SR -
Noise rms 5 1 e .
Test .. . B 1 1111 : 1 - 7
Firing signs area >10PE, rms >5) T & BR &5 om & -.-.

] 20— . —10
24-PMT array with Crosstalk between channels r 100 ch21:ch11 =
controlled voltage SPE consistency check 151 ' .-!. i/ ]
application and stability Dark count rate stability C -- . - 7

10; .. 1 171 1 1
e oge L || 1 111
- Data Acquisition Results - - i BE B
Initial Check _ 5
Self-trigger mode at 20 ADC Majority of crosstalk <1%, with - 1 S
Manual continuity threshold for noise and some exceptions (e.g., channel T S R [
checks,1/28 bad signal analysis. 21 to 11 at ~3%). sourcechld
ADC source channel ADC crosstalk channel
8200 8140]
) HJVQW /"47” T L . Jw"‘\_,’\‘y, g’k\,\ /ﬁ\ A ,,.;‘”\‘ A\
| [ g0 T
’ H ‘ |/
> aoooj ‘/ sraol \ /
I “ 8110; \ r
| » ’
7800/ \f [ \f
i 8100 J
20 a0 Te0 T T T a0 e
samples /4ns samples /4ns
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Suppression in Multi-Sites events

Amplitude [PE]

A suppression waveform

Suppression in run0 data

200
180
160
140
120
100
80
60
40
20

¢h10200, P1 = 2962 PE, P1/P2=5.0
ch10201, P1 = 1282 PE, P1/P2 = 4.5
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¢h10203, P1 = 4037 PE, P1/P2 = 4.9
ch10206, P1 = 1578 PE, P1/P2 =5.0
ch10207, P1 = 898 PE, P1/P2 = 8.4
ch10208, P1 =789 PE, P1/P2 =7.9
ch10303, P1 = 1412 PE, P1/P2 = 18.3

ch10304, P1 = 1232 PE, P1/P2 = 8.9
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