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Dark Matter

Physical nature? -
Interaction with normal'matter? b i e

68.3%

PDG (2026)

Experiment Target Fiducial Cross DM
mass [kg] section [cm?] mass [GeV]

Spin independent high mass (>5 GeV)
LUX-ZEPL, Xe 5500 2210 40
PandaX-4T Xe 2480 16107 40
XENORNIT Xe 4000 1.7 %107 30
SuperCDMS Ge 12 101072 46
DarkSide-50 Ar 20 1.8 1079 10
DEAP-3600 Ar 2000 3.9 x 1074

Spin independent low mass (<5 GeV)
DarkSide-50 (ionisation only) 20 1.4 x 10742

\ P PandaX-4T (ionisation only) 3100 135107

Neutrino fog PandaX-4T 3100 1.6 x 10742
XENONnT 4000 3.2 102
SuperCDMS (CDMSlite) Ge 0.6 2% 10740
CRESST CaWOy - O 0.024 1x10°%
CRESST Si 0.0035 4.5 x 10732
101 102 ' CRESST Al,O4 0.0006 1.0 x 10732

. —40
WIMP Mass [GeV/c?] 33‘1\%0(} 1?12 83 ii }8_33
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I Neutrino fog

» CEVNS from neutrinos can mimic dark matter signals

— Solar and atmospheric neutrinos

« The key: precise measurement of neutrino flux

Gradient of discovery limit, # = —(dIn¢/dIn N)~! O’Hare, PRL 127, 251802 (2021)
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IAtmospheric heutrinos

« Non-uniform flux

LAY

— Vary significantly across geographic regions

DUNE

» The key: in-situ measurement on the site
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I PandaX development Dy

* Increasing the detector sensitive target volume

« Lowering radioactive background PandaX-4T
(3.7 tonne)

PandaX-Ii

580kg
PandaX-I|
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I 900m3 water shielding

- Current 900m? high purity water tank S

I3 2020/06/13 00:16:02
X 7 “ 7

— PandaX-4T detector in the center
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» Two layers of 8-inch MCP PMTs from NNVT in water shielding

— Inner layer (2m radius) and Outer layer (5m radius)

- Data taking: from 2024/07 to 2026/04

IWater Cherenkov veto for PandaX-4T Dy




ITagging muons and neutrons

« ~30 muons detected per day e - “h =
— 83.2 + 2.7 (stat) /m2/year e | Mey g
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— the largest muon detector at CJPL o '
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— 4500m3 water shielding
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4500m3 water shielding
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IAtmospheric neutrino and muon detector ¢

N

« 4500 m3 water pit, mount 3-inch PMT arrays on the side wall
— Measure atmospheric neutrino flux in-situ at CJPL
— Tag cosmic-ray muons

\ 4 L 4 L 4 L 4 A 4 A 4 \_4 \_4 L 4 L 4 A4
OVETO
45 Kt ! 0.9 kton 1
' on : water tank
water pit ) ’ q )
LXe TPC [ 7 g —— MVETO
q

Cryostat ' * )

D » ¢ q
8-inch PMT+ 1 ) g » IVETO 1

. a8 a a .
3-inch PMT-+ b 4
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I 3-inch PMTs 2,

+ 4000 3-inch PMTs donated by Prof. Jenny Thomas (UCL)

— HZC(XP82B2FNB), formerly-used in CHIPS detector (5kton water
Cherenkov detector)

— 2300 of them to be used in this project




ll 3-inch PMTs

« Plan to have additional ~2000 PMTs from NVT
— NVT(N2034)

« Goal: 50cm PMT spacing

N NvT
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I PMT readout electronics

« Under-water: 4000 PMT (with base and HV) + 128 FEBs
 Above-water: 18 VME Board + 1 DAQ Server
B

128 FEB

1
1
1
1
el Wi ' 16 VME Board
32-ch ADC ;
: 8 X 1GbE - VME- 2 VME Board
. , 7| based | )
PMT Base & . 1 _’CLK Dad 8X10GbE | Data
HV Generator ' . > &\sn\Yn:c { Server
X4000 . ! .
" ! & J
: v | e 72X 10GbE Rueee
B . : - 7| server
. 1 1
. ] .
8 X 10GbE Data
. ' = > &SYNC
- 1 —> | VME- VME
- 1 based
. 1 DAQ |-
1
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32-ch ADC| (=== | LV Power
Source

1
1
Under Water : Above Water

Above water
readout

Undgr'v\’/iétie;readout
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I PMT readout electronics

* Integration test

Time Difference Histogram
Mean = 0.5511 ns, Std = 0.2121 ns
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Comparator + FFGA TDC-based
timing precision: 0.2121ns

> Event 10
MAX=73%%rig=10, Ch=4, Coarse=153269772722, TDC=389
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Measured waveform of a single event 1
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Atmospheric neutrino simulation s
 Neutrino simulation
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IAtmospheric neutrino simulation

» Particle identification
— Expecting 75% precision for v, /v, identification

oo CC{muon neutrino) classification Confusion Matrix(50cm PMT Spacing) 1.0
[7)] .
o -
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ICosmic-ray muons at CJPL d

« 2400m overburden
— only high energy muons can reach the lab

« Mountain structure: muon flux non-uniformity
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ICosmic-ray muon simulation D

° ° ° E 8F 12
« Simulation: WCSim+GENIE o
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Summary

- CJPL prowdes a unlque Iocatlon for atmospherlc
“neutrino and cosmic- ray muon measurement

» The. eX|st|ng 4500m3 water sh|eld|ng can be converted
~into such a detector . L e R

. To prowde |mportant info for dark matter searches
cosmlc ray phy5|cs and mountam |mag|ng &

THANK YOU




=+ |nput:
* 640 mVpp, 8 ns pulse width, 20 kHz event rate

» Split into 32 channels using custom 1-to-32
splitter board

« Equivalent input per channel: 20 mVpp

Signal transmission path:

» 32-ch Input — 8*4ch ADC — Under-water FEB
— 10G Optical Fiber — Above-water VME
Board — Gigabit Ethernet — PC

Test items:

» Timing precision: Comparator + FPGA TDC
threshold crossing

» Timing precision: ADC-based threshold crossing
* Long-term stability test
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