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O PandaX: Particle AND Astrophysical Xenon Experiments
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Scintillation (S1) and lonization (S2) Signals.
|[dentify event types, and reconstruct the time, energy, and 3D

position of each event.
Physics goals: dark matter, neutrino physics (solar neutrinos, Ov[f3).
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O PandaX: Particle AND Astrophysical Xenon Experiments
PandaX-20T/xT

PandaX-4T
3.7 tonne

PandaX-Il

PandaX-I

120 k
PandaX started 0kg
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O PandaX-20T photosensor system: photocathode coverage ~10 2 for ~17T
active volume (total LXe mass ~20T) Sci. China Phys. Mech. Astron. 68 (2025) 2, 221011
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Top PMT Array:  Bottom PMT Array:
616 R12699 PMTs 433 R11410 PMTs
(novel 2” square) (3”, from PandaX-4T)
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» A next-generation xenon detector requires a large-area, low-background

photosensor system.
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https://doi.org/10.1007/s11433-024-2539-y

Top PMT Array

Gap Distance
Number between between Total PMTs
FRPs PMTs
FRP 76
2 mm 65 mm 616
Single base 12

> Flex-rigid PCB enables compact routing and simplified integration.
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Il. Top Array FRP

O Top array FRP (Flex-Rigid PCB) design:

A single FRP board is made of laminated PI foils:

* Rigid base: 19.5 cmx19.5 cmx1.5 mm

* Flexible cable: 0.5 mm thick (L=70~110 cm)
—to replace cables (reduce bkg, simplify integ.)

Modularization FRP and PMTs:

« 9 R12699 PMTs.

* 9 HV (negative) channels.

» 36 signal channels (four channels per PMT).

Rigid base Flexible cable

R12699 PMT Slgnal readout

_ with 9 PMT YA RNE—=4 Jﬂjﬁ
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O FRP performance (L=110 cm):
« Amplitude attenuation: ~40% for S1, ~20% for S2.

* Area attenuation: <10% for S1 and S2.
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» Note: above results include unavoidable cabling + connectors during test.
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O FRP in LXe run of PandaX-20T prototype at TDLI:
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FRP in top array installed TDLI platform +  Waveforms from FRP in LXe

» The FRPs satisfies the requirements for PandaX-20T.
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PCB Shape | No. of PMTs | No. of PCBs Total PMTs
separation

Hexagonal
module

81.5 mm 433
Irregular

*  Bottom PMT Array

* Hexagonal module * lrregular module

m%ig\fﬂjﬁ L

hEYEFEEEYIESS (2026) 1




ll. Bottom Array Design

O Bottom array PCB design:
A =395 Modularization PCB and PMTs:

19 R11410 PMT
* 19 positive HV channels (coupled with signals)

« 8 shared negative HV channels

« PCB of Bottom PMT Array
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O PCB performance: good signal quality.
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Il. Bottom Array PCB Validation: Crosstalk

O PCB performance: low crosstalk in amplitude (<1%)

Crosstalk matrix (amplitude)

© ch10242
9000 — c
8 = g ch10241
< 8500 mwunm-w--w-mvm-»v T A '(c) Ch10240
B - lCTJ ch10237
g C £ ch10236
+ 8000 — O chioz23s
g = ch10234
7500 — 8750 ch10233 -
- 8700/— ch10232
— = ch10231
7000 ) '
C F ch10230
6500 — e ch10217
= 8550; ch10216
6000 — 1| o e st S 1 B S S chrines :
C B ch10214
s E Y ch10213
- 5400? ch10212
- PR PPRTENTINIT T AT TTaTETINITRI PR ch10211 ’
5000 — 2150 2200 2250 2300 2350 2400 2450 2500 ch10210 4
- -SSR EEEEEEEE R EBER:
4500'_|||||t|_||||||||||||||;|||||||||||||||| ggggggggggggggggg%g
0 1000 2000 3000 4000 5000 6000 7000 T § = E E E E £ E 5 T 2 E2E X E E E S E
Qo o Q o (8] o o o o o o o Q . O (&)
Time [x2 ns] Main"channel

Amplitude crosstalk distribution

/\T\J%Jwﬁ L

» Reference signal & crosstalk

FEYEFEEEIESS (2026)



chdata-baseline

-1.2

-1.4

-1.6

» The attenuation of bottom PCB is acceptable.
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lll. PMT Array Assembly
O PMT array assembly design:

>

Top PMT array:
FRPs couple with TPC

Bottom PMT array:
PCBs couple with TPC

——>
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» The assembly of top FRPs went well for all the areas.
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O Bottom PMT array modular practice:

» Spacer: replace LXe to fill PMT gaps.
» Bottom plate: fix PCB and PMT

» Hexagonal copper ring: coupled with TPC.
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» The assembly of bottom PCBs went well.
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Summary & Outlook

We designed a highly-integrated photosensor system for the PandaX-20T
® [nnovatively designed and fabricated the FRP for top PMT array;

® Modularized the individual PMT base for the bottom array.

The design and performance of both the top and bottom arrays have been

well validated and meet the requirements of the PandaX-20T experiment.

The PandaX-20T experiment is expected to be commissioning in 2027,

stay tuned!!
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SHANGHAI JIAO TONG UNIVERSITY
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Inner vessel
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» This talk focuses on the frontend integration and verification of the two PMT arrays.
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O FRP Performance (110 cm):

 Thermal Properties:
Good performance at low temperature (-100 °C).

No obvious change in performance after thermal cycles.

xxxxx

+ Single photon signal
* FRP for low tempurature test at low temperature * FRP for thermal cycles
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* Top PMT base scheme

Anode-1 Anode-2 Anode-3 Anode-4
Output-1 Qutput-2 Output-3 Output-4
R1 R2 R3 R4
10k 10k 10k 10k
R12699 PMT
Secondary electron flow
et S () S () @ 5 © S S, S S
Incident light —le— Y hu \/ v \/ -v V V V ‘
DY1 DY2 DY3 Dvy4 DY5 DY6 DY7 DY8 DY9 DY10 Guard Ring
‘d:«fr
[ ] C] §
A ho
R4 50) gis 50 R16 R17
M M M M v
ST SR M A WV
Ceq Ceq Ceﬂ M
c1 c2 c3 c4
_|| /| || |
[ Il If |
22nF 22nF  22nF 22nF
Bott PMT b h - 3
ottiom ase scheme /] j\
D9 D10 Di1 12 !
LR19
T 100K
R10 RI11 R12 R13 R14
SM SM M SM SM 7.5M 7.5M
-6 = —C4 = ) B )
10nF | 10nF 10nF | 10nF | 10nF lci
TIOH.F
NGND g RGeS
m
7V \TF=TSJTU

FEYEFEEEIESS (2026)

23



