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Chinese team is catching up in hunt for dark
matter

By Adrian Cho

31



32

LRI

W L¢ 9ee O

=
b
S
he

=
M

1] 2

S =

-

g 3

N 3. - W\
ﬁ

o

AN .



GlaEEEEEEEEEEEEEEEEEEE EE EEE S EE]

2 =

R G ARRHE R TS R
(BHABAR)

ik 3

B LA R S BT R

FlH 5 2017,35(3) ﬂgﬂ?
2016 4E P I K BEE  EAR T TREE R

BEI 4, NI, YR, 4
(AHFIR) 430, 46 % 100081

RE  ABSIAR ATHEF . L RME . TERBE RUAT IR, WE R SNE TR TR BHSRT EAR A P R 8 R o B R
B RP ERF AR TR 3 KA, (R SRV RERME  EFRERE, 2(RRSRRE FRMAFEREEITE,
FEREH 2016 F EAEIEAM S A, TRRERI0M, 1) 2016 FRETEANFHR

KERORBE R I 5 E B AT AR R ICK B MR et T imm e resrn) [l o @AWY A =
ERRARNEE TR ; R WIE XD AR A THOEE; BT RNA BN XE S T ys CS APS «%E» 201 7$r.-} \*%l "
S HE SRS B TR BRGS0 TR H 8 2 B B AR

BRE A N R B R R, 2) 2016 £ EEARKARRE 10 H Ighllghts Of the Year

PRL j‘EIE A = falie A
PHYSICAL \
REVIEW
LETTERS

LRER: QAR
RINFE —F 8

S ISP

2022 2

HEA34 5 : 2022-050-D01

Writing in January about the null results from the LUX experiment in the US and
, Jodi Cooley said that some physicists had started to questid
the simplest WIMP model (see Viewpoint: Dark Matter Still at Large). By Octobe
| when XENONA1T in ltaly (2000 kg) and reported that their more sensiti
WIMP searches had also come up empty, Dan Hooper said that dark matter
research was in “a state of major disruption” (see Viewpoint: The Relentless Hul
for Dark Matter).

=
b
b7

e .

E1EIE1E S =S EEEEEE E S EE EEE S S EE EE S

ENEIE S EE SIS EEEEE S E S EE S EEE S E S E S E S S e EEE S E S E S EE EEES
HEEEEEEEEEEHEEEEHEEEEEEEEESEEEEE S EEEE EEEEE S E S EEEE EE

WIMP-nucleon cross section (cnt)

z
%E.S_) 10°
Jimn thml Society Volume 117, Number 12

physics WIMP mass (GeV/c? )




LI P 2 W B S AR T
« 20154 B KA, AU Y ToE T EIA 2 B v
c KBEFE, WA T —RAUERFHANY (TEF: iR%H)

JESESEE  RURLZLEFE2015FENEAN="R BRKNREFEHANFTIE
17, RIERK , QU EZRERREII NS EFISRIRK.

EETXNENFHRFBAER , XIT—128 , A TRU=EHN T SFEN
55 , ZEEESTRMANAR , FIEMERE TERIITAIARTE | XMFENE

XS TENE |, =R, BRI —EENIE | F—F AT g T
=T PYHK. ...

TR, T —RETIES , SR
s BRARMAELLH 22 H & SEK,
* 19RJ5, BATEBL T —FhHr i) N ERA R85 -

34



BUSHESE: S

« ZEHFH0.000001 =<

36 3d“4s’4p’

- °Kr (MIBZERE, FFEH104E) 2

BEARHI =8, K2 5 RIR s H
0.00000000002 (2x10-11)

fHR, BIEERM RSB,
WS B R A R {5 5! -




1 Neon:
1 Argon:

* BREAFRHERFBEARSUE oo

2 radon

. PandaXQ%%ﬁT—/‘IOﬂé%ﬁ%i& S

RAIAERER 10 B!
* IATEHMX 1004 58-85 )5 F

1 Krypton:

-269°C
-246°C
-186°C
-152°C
-108°C
-62°C

36



R e BR T AW B, R

E-1 (580

B (1207 4) 4
PandaX B8

T

2009 2010-2014 2015-2019



2016441, Bt B bR — AR 4 R I g

BiR1.2K
=E1.2K

Hm: 5190 B i B PR R 8



=
oF
+

11, PRW A B5 51 % 07

@ SCIENCE CHINA 8t g

A © XL GeVREREMRSZ
g FEEEATRIN R BUZILEI104cm?

- 18tR: ERYIRESX, BEIIERER
SINBIRRESEHI < 140/0E/K

ESIE#51EX




QAT LB A R
bkl EEASBARELE, AT REER

TRERAEBERES]: 169
R11410 30

TRARSHAR

PTFER 4

244R

BRI 1

IR

REBSHR

A Z Y - \fﬁ'@%ﬂﬁ'ﬁ%*ﬁl‘ﬂﬂ: 199
EithE R11410 304

BE12K, BE12K Seb G A




g

3

-ﬂﬁﬂ%ﬂﬁw%% ﬁ%ﬁﬂ

RNE LM (PTFE) %59, HTHUBEEEARA

41



B4R 24 (PTFE)

LA R BB 50 8 M 0 bk W k4t 2
PREE S, A5 R P TRf € B ik g s
K HAE F I EEYE ] A-200-+250°C

Ly A et , HA SRS 5 AR
© MR R 178nm EAME U A >95%
T, SR, HUTER RS ER

B2, INIMHEX..




o
B

msmﬂr
iy
i LB

AN LZ&E R 22T 2R, &Mk T 1.4k KPTFE
AR 9] 8




R L
201640 H—20184E8H , b 28 45 B FHIGAC e BHAE XS 2R

NP e L

Freeecre
0 eonoo000m

> U X oY ) - '
o il RO -




—

56D

IS 2% SN 85 A1) I BB 5 1A 1

|

* 2018481, HMEHMIFZRIEN TR HEPRR =, A%
* 20194E5H , FEAREIRE, ST A A H A 2R SRR A A




2019428 H , #ETEHbE T 525 58 1k & BRI




20164E2H - 20204E11H, JBHLSESERE %

* 20204:5H20H, HaHELE, JFAHEREIIRA
- 20204E11H28H-20214£04H 16H, RiafTHEmR



PandaX-4THN#s &5 ~M#i s (2020/6/3 17:19:35)




PandaX-4TPgEE _E—RORIER T

o IR ERRT665, IBR3. 70

o HFIEEEIEHE RIEY K
E AN B2 280.1keV - ~MeV

o JRUSPIEAR BT R B R
8SKri#k201%, 1£%]0.3ppt (mol/mol)
222Rnf#fk61%, £%I3mBq/kg

“TENATT S -
PandaX-II PandaX-4T



10

log (qS2C/qS1C)

Radioactive Rn

* long-lived daughter

Radon events

Bi-Po events:
have same 52

p g oL g g Dy g o g g b el v pe g s gl 3 iy
5000 6000 7000 8000 9000 10000 11000 12000
Energy[keV]

4.5x10° years . o Ulanlum 238

24.5 day . ﬂ Ilmnum 234
1.14 minutes Protactinium-234
; ®s° < frotectia
2.33x 10" years . 24 ‘_\:ramum-z-!q
8.3x 10" years .. ot Thorium-230
~a i
1,590 years . ' d Rad:um ] [ :Beta radiation
3.23 days . Cf Radc—n 222
i Polonium-218
3.05 minutes . (,‘( —~a
26.8 minutes . ﬁ Lead-214
Half-life 19.7 minutes @) ,5 ] Bssmuth 214
1.5 x 107 seconds . (z Polonium—zm

22 years .ﬁ _H‘Lead-zm
S days @ [; __\Bismuth‘zm

140 days [ ~ Polonium- 210
¥ \_'} [#4
b Lead-206

¢ :Alpha radiation

£
Stable o




Boiling points and masses
.R:’:;:ﬂ.‘;;lc:;t]i;;;;..............................f...-‘ Of noble gases

PDC pump 1 Helium: -269°C 4.00 g;"mol
1 Neon: -246°C 20.18 g/mol

COOLING

SYSTEM 1 Argon: -186°C 39.95 g/mol
1 Krypton: -152°C 83.80 g/mol
1 Xenon: -108°C 131.3 g/mol

@ 1 radon -62°C ~222 g/mol

KNF pump2 Liquid OUT

Loop1 (parallel with loop2)

1
b}scannec( Dis. !

i
1. 7Add. loap1+Dis. Rn._............
'

Rn rate [uBg/kg]

o Loop1&2+Dis. Rn
Getter1

0

KNF pump1

Loopl+Loop2

DISTILLATION

DETECTOR

L L 1 | | | |
05/22 05/29 06/05 06/12 06/19 06/26 07/03 0710 ornT 07/24
08:00 08:00 08:00 08:00 08:00 08:00 08:00 08:00 08:00 08:00




PandaX-4TaL5%
OSRIRIBITH R A Ah

202 14E-8 H A X W) Joz sl St ot 8 A
1074 = ’ : gﬁ ﬂgg;g{j ISE%H ’ ﬁykéﬁ%ﬁﬁo

10 10 .. 10
Hfélz"t@ J_BE E% WIMP mass (GeV/c?)

PRL(2021) #RiEH#ETE ESI S#5]

cross section (cm?)

1
o
R
i
N
AX
iz
HE
S

kv
H

i




RITER: BN LSHREES

B hEARHNEERERNNEES

National Development and Reform Comm|55|on

m AEigE 5 FEEhS

A BT > NWRE > X35 > BRAS > BETHE

HERREREARNREMISMAIPandaX-4TSR AR E MEMRIEIE

LRI 2021/00/17 3 SRS o [#TE] O wur Q

M BB AN T E R

AN RE

PHYS 9%

Examining the r
searches by the
collaborations

16 February 2022, by Ingrid Fadelli

9 CHINA SCIENCE DA]LY
EnaEnER RRIER RAN . :
s o
Be7815m 2021575138 BM= $H8H

——
Ph)/SICS ABOUT BROWSE PRESS COLLECTIONS

SYNOPSIS

Tightening the Net on Two Kinds of
Dark Matter

14,5164

New dark matter results strengthen constraints on axions and WIMPs.

i have very weak interactions with matter, allowing

them to be searched for in laboratory experiments."

The ADMX apparatus right after extracting from the The primary objective of the recent work by the

magnet bore. It was cooled by Liuid Ni
makes cold mist. The left big black bag

reservoir are the parts of liquid Helium recycling system.

Credit: ADMX Collaboration.

::gs;g:‘obl; PandaX-4T Collaboration was to search for the

o energy deposition resulting from a direct interaction
between WIMP particles and target nuclei. To do
this, they used a detector located deep
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" How dark is dark matter?

Image Credit: Public Domain
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Limits on the luminance of dark matter from xenon recoil
data

A direct search for effective electromagnetic interactions between dark matter and
xenon nuclei that produce a recoil of the latter is carried out and the first
constraint on charge radius of dark matter is derived.

Charge radius
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Xuyang Ning, Abdusalam Abdukerim ... Yubo Zhou
2

Article 17 May 2023 Nature 618, 47-50 (2023) m[GeV/c?]
Neutron
10 AE 1 Flectric dipole
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« WIMP-electron coupling

« Heavy mediaor or light mediator

d{o™ v)

ion

Heavy mediator

= Light mediator
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* Probing DM mass ~100MeV in LXe
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== Constant W model nght mediator

10°
DM mass [MeV]
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Accelerated Low Mass DM

» The Universe is a big accelarator

» Accelerating light DM based on the same interaction




Accelerated Low Mass DM

» The Universe is a big accelarator
» Accelerating light DM based on the same interaction

« Covering DM mass ~0.1 keV/c?

Cosmic-ray
boosted DM

PandaX-4T
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lean energy in flat ER spectrum |keV | 5
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« 8B neutrino ~ 10 MeV

1

= Kamiokande pp chain
"3 pp-v pep-v
p+p—2H+er+v, p+e+p—2H+,

i Y
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XNFHH 5 FCEVNS{5 5

 Coherent Elastic Neutrino-Nucleus

Scattering (CEVNS)

* g S R A R T RO

scattered
neutrino

nuclear
recoil

8

‘ = reconls

scintillation

Event rate [(ton.year.keV) ]

pp pep
— 7Be .- 7Be
1

384.3keV 861.3keV

dsnbfluxg
— AtmNu_,
-- AtmNuebar — total

10? 10°
Recoil energy [keV]
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' CEvNS

PHYSICAL REVIEW D VOLUME 9, NUMBER 5 1 MARCH 1974

do

Coherent effects of a weak neutral current Q2
77'

Daniel Z. Freedmant d T

National Accelerator Laboratory, Batavia, Illinois 60510
and Institute for Theoreticak Physics, State University of New York, Stony Brook, New York 11790
(Received 15 October 1973; revised manuscript received 19 November 1973)
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)F(Q2)2

o x Qi o< (N — (1 —4sin? 6y ) Z)?
» gR<1

» Z-exchange between neutrino and nucleus =341 .

» Nucleus recoils as a whole
> Coherent up to E, ~ 50 MeV EZ(MeV)

T ~ keV
R A €

v \
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CEvVNS as a new probe

First observation by COHERENT 1n 2017
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SCIENCE 357, no. 6356,

1123-1126 (2017)
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Solar Neutrinos

—e— Data — pp Vv
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' Solar pp neutrino scattering on electrons

 Leading result from Borexino with a recoil energy of >165 keV

- PandaX-4T: traditionally a DM detector, i.e. low energy threshold
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' Solar pp neutrino scattering on electrons

 Leading result from Borexino with a recoil energy of >165 keV

« PandaX-4T: traditionally a DM detector, i.e. low energy threshold
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a h
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P Solar pp neutrinos 24

« Run0 data: ER signals

« The 1st solar pp neutrino measurement in recoil energy from 24 to 144keV

—e— Data — PV

- Material (constrained) ——— Pb214 (constrained) F@pEC (Rx) i
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' Solar pp neutrino scattering on electrons

« PandaX first Run2 data release

- Blind analysis for solar pp neutrino
« 2.2 sigma over background, first positive indication of solar pp v-e

scatterina in the ER enerav < 165 keV reaion
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NEUTRINOS

Neutrinos are particles with no
electric charge and a liny mass.
They rarely interact with matter
and may cross il undisturbed.
That's why they lake 8 minules
to gel there from the core

PHOTONS

The radiation studied so far is
made up of pholons, which
inleract with solar matier.

It takes about 100.000

years lor it to reach

the Sun's surface

and reach Earth.

of the Sun lo the Earth.
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136x5e — 136B3 4+ 2e7+2v
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P Majorana neutrino

e,
Q(‘b

‘Q@

V=v

From Physics World

%?05—’1\1(;3;?5: thc;uMng f)l;:ta decay 1937, Majorana 1939 .Furr
N Majorana Neutrino Neutrinoless double beta decay (OvB[3)
> \\ >

\ /
\ /

1930, Pauli 1933, Fermi 1 3 6 1 3 6

L L~

Idea of neutrino Beta decay theory X e — B a + 2 e + (ZU)
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B Majorana neutrino

« Lepton number violation

« Matter-antimatter asymmetry

of the Universe

2
(19%)7 = 6¥(Q, 2) o2 meal”
t

Phase space factor Nuclear matrix element

Effective Majorana m
neutrino mass: B B

« Neutrinoless double-beta decay

- Effective Majorana neutrino mass Current limit: T, > 102 year
(age of the universe: 1.4x10'0 year)
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P Detection of 0vpp

- Measure energies of emitted electrons ‘
—

- Electron tracks are a huge plus

136X

&

L J
e
o o [ ] [ ] (] .e
- Daughter nuclei identification
* Low-radioactive detector
Background matters! || - Shielding
* Underground
2 1
S f 470
Eo.s.— ! v '
£ T 460 : ,"ﬁ:;‘:\
0.6~ @4 : \‘,:_

: E ol i H
0.4: 440 : '_/_,;,ﬁm ‘
. 430
%_ 500 1000 1500 2000 2500 _340 _320 _300 _280 _260

Energy (keV) X (mm)

Sum of two electrons energy (not in scale) Simulated track of OvBB in high pressure Xe 27



' Most accurate 13¢Xe 2vp (rate/spec)! ¢, ®

« 39.1 kgxyear of 13¢Xe, best fit: 54k events!

* Providing info of nuclear matrix element

Counts / 4 keV

10°

—_ —_ —_
o o (@]
V) w >
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PRL 136, 162501 (2026)

1+ This work
% KamLAND-Zen
P
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136xe 2vBpB Half-life (102! y)

88



P Search for 136Xe 0vpp

* In-situ fit of material radioactivity

RunO + Runl Data

- Best constraints from natural xenon detector
« T1o> 2x1024yr

Counts / 4 keV

Res. |T]

.I,:. ||._:

Science Bulletin 70, 1779 (2025)
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P Race of Majorana neutrino mass

« Getting into world-wide effort

Future Projects
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P Neutrino mass ordering
Adding Constraint from NuFit-LBL @

EEHAPRFREANFT, BRNEEPHFIEMINESEPHFLRUEH am2, MiZ2— (1]
PSR [2] H Y NuFit-LBL 25 RAE A SMBLIRIG: Ax* = 4.86 fifa] T LEFF.

= ==+ DYB Constraint —e— JUNO w/ DYB constraint
JUNO Preliminary. June 2026 @ ==+ LBL Constraint  —#— JUNO w/ DYB+LBL constraints
515 ' . 257 . : ' PR ; ; ; ; T
\‘ 1 \
/
/ \\
510 f / \
/ \\
\ /I 3 \
"3 505 7 N
= < ’ %

/

195 L L L e e e ki TN i ® L s L L L ,4
—2.70 —2.65 -2.60 -255 -250 -245 -240 -235 -230 2.30 2.35 2.40 2.45 2.50 2.55

Am3, [107% eV?] Am3, [1073 eV?

2.60 2.65 2.70

[1] H. Nunokawa, S. Parke and R.Z. Funchal, Phys. Rev. D 72 (2005) 013009; Y. F. Li et al., Phys. Rev. D 88, 013008 (2013)
[2] NuFIT 6.0 (JHEP 12 (2024) 216 [arXiv:2410.05380]), www.nu-fit.org and M. Maltoni private communication

Yi Jia, S8eIEA%, T, 2026/07/15
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Neutrino mass ordering

3
Effective Majorana = D
neutrino mass: | <mﬁﬁ> | o I:Zi Uelm z
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P 136Xe OVDBD to '3¢Ba*

« Multi-site events \ b
. 102_\\ i L |
« unigue advantage of natural xenon ;
\ F
IO range
& -
Z M 101} Lo
136y @ 136, Sensitive Volume ; RQRPA ORPA
------ | g (RCM)
o* 5 FV-ex! £
W Q=088Mev | | 100
\ e FV-gs | I Ea ‘
\ i g 0 9 : V2 | o h
Q=246 _\ T i 7 i g 2\ _ |
MeV 2\ vy 0.76MeV 2e I : - 10 :
@‘\ﬂ \ 2 e L\ / | > \
% y 0.82MeV 0vBB-gs i e 2e” | = 10 range i
R \0; i OvBpB-ex i g) 101} : _
I i & e
: — Mgg
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PLB 879 (2026) 140623, CR Ding, K. Han, S. Wang, J. Yao et al.
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P 134Xe 2vDBD and OvDBD Dy

134y 134p4

* Next promising discovery of 2vDBD decay

- natural abundance 10.4%, Qg 0.83 MeV ' - ‘
* 95 live-days with 656 kg natural xenon - M

¥ Emax=825.8 keV
24 2vpp Limit (year) 1024 OvBR Limit (year)

. . 2vﬁﬁ
* 90%CL limits on half-life T;," > 2.8x10%* yr ®
10° g1 T |
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PRL 132, 152402 (2024) Energy [keV] 94



Roe:: oo

' The public needs answers

Joel Edgerton
Jennifer Connelly
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Image Credit: Public Domain
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M Future experiment: PandaX-xT

 Eventually, 47-ton xenon, including 40-ton sensitive volume

« TPC 2.5m in diameter and 3m in height
« Cold LS veto right outside Cu cryostat
« Staged and upgradable

« Dual-phase or single-phase options
« First stage is PandaX-20T

Sci. China Phys. Mech. Astron. 68, 221011 (2025)

Outer VETO: 3000 m3 of ultrapure water

Middle VETO, 1000m3 of ultrapure water

Inner vessel,
Cu, 3-ton

vessel,
13-ton
Stainless
Steel
(vacuum-
jacketed)

Photosensors

TPC, |
2.5mx2.5m |

Inner VETO: liquid
scintillator, 30 ton

97



' PandaX-xT Infrastructure s

: Multi—-function Liquid xenon
'eqmﬂplatform  storage

UPS system — Cooling Ultra—pure Assembling
CJPL-1l B2 Hall SYSTEm [y water system gy room |
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P Transporting xenon to CJPL
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P Titanium cryostat

* Inner vessel
« ID 2000mm, height 3000mm
« Barrel thickness 8mm
« 0.1~0.45MPa
« Outer vessel
« ID 2400mm
« Barrel thickness 10 mm

- Water shield
« 10m diameter and 13m height
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P Veto upgrade

« 10cm thickness JUNO liquid scintillator in acrylic containers

 Optical simulation

ol
» close to 90% neutron veto efficiency [
%)
- about 20% gamma veto efficiency 2
" '“
2 o 2 .
R T B T = % !
8 r 8 20F N i
S 85 l: + o
T + = 15; : } ik
% 80:_ ‘8 10} : :'/.
> L > E A
S 75— g 50 * Dark Matter FV ‘ :,
g i+ = } OvBBFV v
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P TPC

« 17 tonne sensitive mass
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P Field cage and prototype tests
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P PMT system

- Top PMT array
« 616 2inch multi-anode PMTs (R12699)

« Mainly 3x3 PMT array tiles
« Flexible-Rigid PCB (FRP) boards for integrated

HV/signal readout lines with base

- Bottom PMT array
« 433 3inch PMTs (PandaX-Il and PandaX-4T)
« Mainly 19 PMT array tiles
« Flexible PCB bases
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P PMT array tests
« Low-radioactivity R12699 PMTs

under production
« Delivery scheduled for 2026

« Assembly and system-level testing

in progress
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J 500 MS/s digitizers

 Inherited from PandaX-4T

NS SRPMT HV+Signal==TPC 512-channel Sl — i
==———Decoupler and‘” dlgltlzers-
—amplifierje

-
DAQ servers-——

-

S

768-channel in PandaX-4T CJPL

N |
—— A%

MVeto 256-channel

3000-channel in TDLI
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P Liquid xenon storage and handling

« Each storage tank: 6m? (maximum 18 ton) of LXe

* Cryogenic pump: filling/emptying detector @ 1.5 ton/hour.
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P Cryogenics and recirculation

« Cooling Power (tested at TDLI)
« 1900W@178K (2*GM Cryocoolers)
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P Cryogenics and recirculation

 Online purification speed (tested at TDLI)
« ~3.1 tonne/day for gas (2*LOOPs)
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' Distillation towers

200 T T T T 300

 Kr distillation tower : 30 kg/hour
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' Distillation towers 7

* Rn distillation tower : 850 kg/hour

» Target: 0.5 uBqg/kg

Vo S

High-power cooling recovery R&D System
Target: 20kW cooling power for 850kg/h
circulation 112




J Background sources of 20T 2y

Component Background assumption

U/Th/K = 0.002/0.003/1.4 mBqg/cm?
= UGS Hamamatsu R12699 v2
2 Inner/Outer Ti vessel Ueariy/Uiate/ Th 1200/22/200 ppt (g/g)

3 Kr 0.1 ppt (mol/mol)

4 Rn-222 0.5 uBg/kg
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P Baseline scientific potential of 20T B

« WIMP and Xe-136 Ovbb
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' PandaX-20T schedule
. 2026.6-2026.12

 Infrastructure construction

« 2027.1-2027.6
« PandaX-20T installation

« 2027.7-2027.12

« PandaX-20T commissioning

- 2028.1-

« Physics operation y . 2026.05.15.
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Summary

~ +The detectlon of dark matter isa cruc1al component in the

: exploratlon of new phy31cs

. Experlments are developlng rap1d1y, presentlng 31gmf1cant

opportun1t1es for 1mportant dlscoverles

- Further develop ﬂagshlp experlments and unlock the1r new
. Act1ve1y expand new detectlon methods to cover a broader
parameter space R . . e
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