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= BEPCII-BESIII experiment

= and its recent upgrades

= |LHC experiment, focus on ATLAS
» Upgrade projects for HL-LHC
» Proposed future Higgs factory: CEPC, FCC-ee

= Non-collider experiments: Neutrino and dark matter

= Some proposal on fix target experiments

= Summary

Note: a broad range of nuclear physics (e.g. HIAF, CiIADS) and astrophy facilities (e.g. LHAASO,
FAST, AliCPT, Taiji, etc.) ongoing or planed in China, but not included in this talk.



Beijing Electron-Positrion Collider (BEPC)

= Beginning of Particle physics in China
=  BEPC construction started in 1984, first collision in 1988

The first meeting of the Sino-US
committee on HEP, 1979, China

Deng at ground breaking
(Oct. 7, 1984)




BEPCII: upgrade by 2009

Beam energy: 1.0 - 2.3 (2.45) GeV
Peak Luminosity: 1x1033 /cm?/s

N,

| BESIII detector §




BEPCII- BESIII experlment
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BESIII moved in at Jun 22rd 2008
- for joint commissioning



BESIII detector
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Physics at Tau-Charm Energy Region
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Physics at Tau-Charm Energy Region
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Impact to Global Fit for Higgs boson

= BESII reduced o(M,?) uncertainty which is crucial for Higgs
boson mass prediction in the EW global fit around 2000

my = 62+53_30 GeV my = 98+58_ 38 GeV
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“without this result, we could have excluded the SM Higgs”,
Bolek Pietrzyk at ICHEP Osaka 2000, "



Latest results: R-Value

= Continue provide the T m || l ‘ +
best precision between T LT | ||
2.2-3.7 GeV < Hﬂm _+-_{__+__}_+__+__+__..__5+;‘-+.__,._+_____L__f:_:__M'__tﬁW
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* Muon g-2: hadronic vacuum polarization (HVP)

* Dominant uncertainty (>80%) asM = a2"P + qlyeak 4 gliad

Extracted from ee—>hadrons
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ISR return

« Initial State Radiation (ISR) return
o eteoYRete YR X |ower the effective collision energy

* ISR photon mostly in forward region (|cos0|>0.99)
e EMC (|cosB| <0.93) only detect large angle ISR photon, very low efficiency

« Dedicated detector planed to measure ISR photon
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Zero Degree Calorimeter (ZDC)

= Detector: LYSO+SiPM array
e 240 ch, full waveform readout
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Flavor physics at Charm quark

Correlation constraint of charm pair production Ak
* Advantage on those channel with neutrinos ]

* Precise measurements o, T
ﬁ-'- ——
Leptonic decay € €
v +
c cd(s) " —
~ | W v
Decay constant = Strong interaction: Hadron
Semileptonic decay structure, non-pert. QCD, etc.
Veq, M“ = Weak interaction: CKM matrix,

lepton universality, BSM

16



Flavor physics at Charm quark

CKM
c Vcd( s) " HPQCD 274 +6 -
J/ W+ LPTHE 272 + 162 —
D? LPTHE  311+9 —
(s)
UKQCD 254 17 ——
— 2 Vv
d(s) Decay constant f D ! ETM 268.8 + 6.6 -
, xQCD 274 +7 -
G2 f2
Fip+ m2 Thiswork ~ 214:% +44,_ .+ &
F(D+ — E+V,g) = —C] |Vcd s \sz Mp+ 1-— £ A
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Leptonic decay

= D! - ev,: first study excited D, weak decay and measure
the decay constant: fp: test LQCD prediction

PRL 131, 141802 (2023)
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Flavor physics at Charm quark

2N 04 T T T T T T T T T T T T T %
*Q - HFLAV J ! 68% CL tontours - R L B(B—)D( )TVT) (l . e )
2 [ owms - DG — B(B—=D® ) s
035 —
- . £ty
C ] D+ C
[ ] - K*
C LHCb Belle IT ] J (sd)
: +HI}-{I(_&\{%M9£'§%‘S}:§" : hadronlc dynamlcs encoded by
02 R(D*) = 0.254 £ 0.005 R(D) = 0.358 +0.024, = A (q )
 $1-Q0D FLAG24 (NE=2+1 for RD¥)) R(D* ’1 028120011, 7 2
B R(D) = 0.2938 £ 0.0054 p=-0 74 =
- Il{ (D*)= t) 582 d +0. u() 1 T PI(X )l S - [ PWA isolates K'°(892) + g?%/angular fit = extractr,, r; j
O 2 0.3 0.4 0.5

=
=

PRL 135, 171801 (2025)

= DV - K*[*v; similar to B— D[y,

= Test:R,,, = 0.94 + 0.02, Important for testing Lepton Flavor Universality

ul/e
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Exotic Hadron States

* Quark Model (in text book), great prediction power

= Not only the hadrons with different quark composition but
also the excitation spectrum for charm and bottom

= Exotic hadron states predicted more than 50 years ago

pentaquark H-dibaryon tetraquark
¢ 0 dd
S E? ujg sC E d@p
diquark—-diquark— diquark—diquark— diquark—diantiquark
molecule hybrid glueball

. o'
xxxxx
L
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Exotic Hadron States

= BESIII discovered tetra-quark state Z_5(3900) at 2013
= More exotic states found, e.g. Z.°(3900), Z .Y (4020), Z..(3985), etc.

<0oF Z@900) e 30 New Hadrons Discovered
“bL B ¢ — Total fit
S = === Background fit 5
© 80 PRL110, 252001 (2013) Y(4790)
o) - -:=- PHSP MC viar1o)
— L [ sideband ¥(4390) ¥(4500)
o 60 , . Y(4320)
= s 4 2.0(4020) Z.(4020) Y(4230)
C s 0 Z..,(3985)"
= L o 7 000y @ ®Zc(3900) (S065re
2 40— + . P - *“ N o v (3823)
& [ F e >
DS To | e HEL + D
L L 0 O] gl 30 new hadrons at BESIII
0=737 388 39 40 2 o o So2is0)
. . . i ] X(2370) X(2500) o248
= 2 = Ex 2120, e x(2262% ® (2250))((2356)
M ax (/) (GeV/co) - (2120) X(2000)
@X(1870) (1840) h,(2100
oX 118554, 15170 “X(isa0)

20I1 2 20l1 4 20.1 6 20I1 8 2620 20.22 20.24
Date of arXiv submission
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BEPCII| upgrades in 2024-2025

= Upgrade on BEPCIlI — PEPCII-U
* Increase luminosity at sqrt(s)>4GeV, energy up to 5.6 GeV

= Potential physics: XYZ states, charmed baryons, etc.
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Recent proposal: Crab Waist at BEPCI|

= Luminosity may increase by x10 below 1.89GeV
Charm physics: 0.1 B DD pair & 1 B DD pair
= Operation below 1GeV is enabled for low energy scan:

Nucleon Form Factors, Strange Hadron Physics (e.g. A, 2, =), R-Scan, etc.
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Super t-Charm Facility (STCF)

= E.= 2-7GeV, peaking Luminosity =5x10%* cm~ s1 @ 4GeV

= Potential for upgrade to increase L and realize polarized beam




STCF: Site
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STCF: Site - Hefel

A very attractive Science City, has one of three comprehensive
natlonal science centers for ‘Mega-smence facmtles
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Energy frontier in China

 LHC Physics community in China rather large and growing

 Deeply involved in all LHC key physics programs

* Higgs property measurement, EW precision measurement, Flavor
physics, BSM new physics searches, heavy ion physics, etc.

=l=H=CTYIT 1 B8 '72:\ “
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Chinese Partlc:lpatlon to LHC

IHEP, PKU, THU, BUAA, SYSU, 2JU,
FDU, USTC, SDU, SCNU, NNU, =
11 institutions, 48 authors e

A Shielding Yoke
plate | c°_.“

CCNU CIAE, HUST FudanU USTC
5 institutions, 39 authors

/" tracking

bers
muon filter
/

IHEP, NJU NKU SYSU THU <
4 10 institutions, 126 authors ',,@@

PHOS absorber dipolénv'




Post Higgs discovery

« Mass of fermions, e.g. quark, lepton, via Higgs Yukawa coupling
* with huge hierarchy and many free parameters

O 0 O O O S .
s L
L T R e e B R~
Mass (eV)
An alternative
. potential
* Nature of EW Symmetry breaking oo o
. . otential
«  Higgs Self-coupling to probe the "
Higgs potential Vi)
 First order or Second order? Hige ficirelue
/ Current
experimental
- knowledge

¢ 29



Higgs-Yukawa coupling

Fermion mass from Higgs to fermion Yukawa coupling

@ = _Lpwp Lo
SM— 4 uv T YUY

+(y Wiyl +h.c)

+|D,¢ | = V(¢)

H—rtt: established Higgs to Lepton Yukawa coupling,
precisely test the lepton mass generation mechanism

 Heavy, strong coupling to Higgs sector
 Spin information can be probed via the decay product
e C(Clean: noirreducible background via strong interaction

30



Evolution of H—1tt measurement

Differential
Discovery Production mode Cross Section
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H— 1t differential cross section

« Measurement in a dedicated phase space of VBF

. Unfoldlng several varlables .g. pT(H) and Aqb” JHEP 03 (2025) 010
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-07/

Boosted H— 11 reconstruction
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« Di-tau reconstruction seeded by large-R jet and developed
in JHEP 11 (2020) 163 for HH — bbtrt

 Re-cluster to small jets (R=0.2), associate tracks to these subjets

 The two leading subjets considered to contain the tau decay

« Use the improved di-t ID to perform the first cross-section
measurement of boosted Higgs in di-t final state in ATLAS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-22/

Recent results: boosted H— 1t

« pr(H) > 300GeV with obs. (exp.) significance of 3.8 (3.3) o
« Differential cross-section in three p;(H) bins inclusive prod. modes

«  SM compatibility: 33% (56%) for Run2 (Run3)
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Nature of EW symmetry breaking

« Higgs potential = thermal history of EW symmetry breaking

V(9) :
? i  SM assumed simplest form
andar ode —r— 2 12 4
[s;:)‘tegtia(: iz V(¢) l'll ¢ _|_ A¢
» Alternative ones
_ Eurrelntdexperlmental V(¢) V+Z l 0(6) Z t 0(8)
/ nowledge
v . , Nature 607, 41-47 (2022) 1st order or 2" order Phase Transition?
- | \ AN ! V4
W V4
. e | il >0 |—
« Important for Baryongensis: TN O KR -
0=0
* First order phase transition, depart from Y ¢ L t w\ P
thermal equilibrium N — ~($0)~
i 0>0 \ | V4 | N <=y 030 }—

* Preserve matter-antimatter asymmetry
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Higgs self-coupling

Expand Higgs potential about the minimum

1 1 my
V(H) = Em,%,HZ + A3vH? + ZA4H4 + O(H?) *4=k=im=75;

A;=0fori =5

Di-Higgs production: a direct probe of Higgs potential

* Main production: ggH, o}, =~ 31fb at 13TeV
Second Higgs Boson decay

bb wWw T 77 Yy
H >
, C
o
)
©
c
o
(7]
O
" (2] 0.39%
H o
.ED 1.1% 0.33% 0.069%
I . 0 . 0 . 0
=
(7]
- 0.10% 0.028% 0.012%  0.0005%
Ll

* Major analysis channels: bbbb, bbzt, bbyy, bbll+MET, Multi-lepton
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Di-Higgs production

« HH—bbt7r channel, as an example

 Br(HH—->bbt1)=7.3%, the best sensitivity to SM HH
« Combine ATLAS Run-2 HH analyses: uyy < 2.9 (2.4 exp.) at 95% CL

£ 10°g T T b T T ggFHHx200 | S
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o 10° 2 boa B HH (pu=2.2) = Vs =13 TeV, 126—140 fb~' (MHH =0 hypothesis)
] = ThadThae < D-18QS Top-quark 3 oSM (HH)=32.8 fb [ Expected limit +10
10° —_ ggF SR, m. =350 GeV ;e: {—I;;rgﬂcf::]as _— ggF + VBF =32. = Expected limit +20
E N -5
= - g:le—: 1. Takes (tt) 3 Obs. Exp.
'."."'.'.'- . . — 5
: Single Higgs _ ‘ ;
10°E e Uncertainty E bbat + Ess |- + 10 14
= S «ua= Pre-fit background J —
102 o — Multileptonf— + 17 11
o 2o . | - ;
10 !.M‘W\ l ' g bbbb * 5.3 8.
- -___ * ﬁ_ bbyyk + 4.0 5.0
1= — o
E | | = _
gUSF T T T T T T T T T bbr*t" - I * 59 3.3
E [ 7 :
o = - - g ) v i
B 1E L J ‘ -* + * % 7 Combined — L 29 2.4
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First LHC HH Combination

« Combine with CMS, to achieve the best sensitivity

 ~30% improvement w.r.t. single experiment

A TLAS C S i . e ObseNEd < 8 C T T I T 1 T T I T 1 T 1 I T T T T 'I T T 1 T I T 1 T T I T 1 T 1 ]
and CMS Preliminary ¢ ected uisimo —0) £ [ ATLAS and CMS Preliminary T ATLAS
LHC Run 2 [ Expected 10 (\Il 7—LHC Run 2 — CMS -]
VE =13 TeV 1 Expected +2a E VS=13TeV —— Combined E
GSM. L (HH)=32.8 b - Expected (ugE™e = 1) - i
99F + ve ] . 8~ All other k fixed to SM —— Obs.:95% CL[-0.71,6.1]
Obs. mamis _o) gussmor _1) ¥ ——- Exp.: 95% CL[-1.3,6.7]
i sk ; -
! oA [ ]
1 - I I -
CMS— d 3.5 26 36 - i ] i
o 4 i /95% cL
E - o/ ]
1 1 I~ 1
! ] 3; lr —
1 i
ATLASH i + 29 2.4 as B / ]
E 2; ',' ;
.t : :
Combined/— i + 25 17 28 ] R AV A S 68% CL ]
T SR SR N P PR PN B S oL s P R
1 2 3 ) 5 6 7 8 9 10 8 10
95% CL upper limit on HH signal strength gy K

More exciting results with Run 3 data coming soon.
Stay tuned!
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HL-LHC Projection

« Current precision not sufficient to determine the nature of EWSB
« HL-LHC: expected K, precision better than 30%

V(¢) —— SM prediction
A

Region allowed by current constraints

Exclude several the Higgs potential shapes

Assuming A, is for first order EW Phase Transition

SM, Ka, €
[0.2,5.9] e
el ATLAS + CMS
¢ 1.0F Projections ESPPU 2026 ,-'.
Vs =14 TeV, S3, 3 ab~! per experiment :
" 0.8t — sm SMEFT 6 /
min _ 1o Uncertainty
SMEFT 6, k37 =1.66 ks €074 =1 20] 7
~ o6l SMEFT 8, k" = 1.69, k["" = 5.4 HH-driven i
. y . : ; , . < 7| —-- Log. Potential, kJ'" = 1.57 1o Uncertainty S
S Exp. Potential, k' = 1.99 ks €10.74 —1.29] ;7.4
= ATLAS + CMS Projections ESPPU 2026 o.al P e A
g 20+ Vs =14TeV, S3, 3 ab~! per experiment ' s
o~ All other couplings fixed to SM
|

0.2
68% CL k3 €[0.74, 1.29]

15 0.0F =N

—— Combination
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s
— —0.1
5P . >
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HL-LHC overview

Js=14TeV

2010 2015 2019 2022 2026 2029 ~--- 2040

{(u)=30 (H)= 60 {(p)= 140-200

Elizabeth Brost
Higgs@10 Symposium

* |nstantaneous luminosity: 5—7.5 times higher
= Pile up and beam induced background increases linearly
= Much larger radiation to detectors

= Larger data sample: big challenges for computing and data storage

* Require improvements for experiments in all areas

= Detectors, Electronics & Trigger, Software and computing
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ATLAS phase-ll upgrade

« Major upgrades to achieve physics goals of HL-LHC
 Tracks measurement to find vertex in Z-direction

Fully silicon inner tracker (ITK) High Granularity Timing Detector (HGTD)
= Coverageupton =4.0, less = 30 ps timing resolution with LGAD

material, finer segmentation = Coverage: 2.4 < |n| < 4.0, suppress pile-up
and measure bunch-by-bunch luminosity

Trigger/Data Acquisition
. LO rate: 1 MHz
. Event Filter: O(10) kHz

= 1L




Motivation of HGTD

 New Inner Tracker (ITk) inat 2.4 <|n| < 4

Poor resolution of associating tracks to primary vertex

« High Granularity Timing Detector (HGTD)
Placed in front of endcap calorimeter (2.4<|n|<4)
Timing resolution of 30-50 ps/track, additional ~x6 pileup rejection

Up to a fluence 2.5x10" n,,/cm?

- ATLAS Simulation
L Single u, ITk Layout, 50 x 50 um’, analogue clustering
F = p =1GeV
r =10 GeV u®
[ P .'.I
= ..II
= s g
E ah
" A-AA
.I A
..- AAAAA
g A-AA
-y =
a-adt
b A‘AA
A
AAaAaAt L Loty S

Ps time measurements by HGTD

Vertices have time spread of ~180 ps

o o o
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Finer spatial measurements by ITK
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Overview of HGTD

Installed in front of endcap calorimeter
« Two double sided layers, mounted at cooling disks (-30°C)

Peripheral Electronics i} |
Boards (PEB)

onics

Active Si LGADs: r=110-640 mm

Signal ’; Shot noise A lMax e Gall’l
A ,/ [ - -
!
Best S/Nratio I' Total noise :
1/ i
' Electronic noise

i
. i
e o o o e e e e o 0 it) V | medium
'

1

]

1

thick
p-type Bulk 0 4 700 1000 thin s

Gain /

|\ 1
t1 tz t3 t
NIM A765 (2014) 12

Current




A closer look at HGTD

1. Detector module 2. Flex to Peripheral Electronics 3. Half Wheel
11| MW H;,

20 mm

Outer ring

Peripheral
Electronics

4. Detector Vessel

Moderator/
Inner part
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1F board is the most complex one

« 22 layer PCB, connects 54 modules

« 9timing and 3 lumi IpGBTs, 9 MUX, 9
VTRX+, 52 bPOL12V

- Ol rel 4 io“
e

Sy

L

9 VTRx+ with clips
and heat sinks

52 bPOL12v with shielding
cage

55 FPC connectors

for modules

e B |
i |
ERERERER

Y
3]
3
=,

O
0
o 4
o

IpGBT and MUX are
on back side

QR
AR

N Sy

1007000000000 000000




PEB 1F and final proto-type
e

 1F board is the most complex one

« 22 layer PCB, connects 54 modules

« 9timing and 3 lumi IpGBTs, 9 MUX, 9
VTRX+, 52 bPOL12V

* Full system level tests

» Integration & testing of LV&HV supplies and interlock system
* Development of DAQ SW and detector control system




HGTD in China

= China team is making key contributions to HGTD

100% LGAD sensor (66% from CERN tendering)

44% detector assembly

100% front-end electronics board (NJU+ IHEP)

Others: ~33% flex tail, 50% ASIC test, >16% HV systems, ...
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Future Particle Physics: Higgs factory
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Circular Electron Position Collider (CEPC)

» e*e collider producing Higgs/W/Z bosons and top quarks

= Potential upgrade to Super pp Collider (SppC) of /s ~ 100 TeV
» Similar version in Europe: FCC-ee/hh
= Proposed in 2012, CDRs released in 2018

» TDR released: accelerator (2023), ref. detector (2025)
s m —

CEPC
Technical Design Report

—— 2018

CEPC CEPC
Conceptual Design Report

Conceptual Design Report

http://cepc.ihep.ac.cn

Operation Vs Years Event

mode (GeV) yields
H 240 15 2.0 x10°
Z 91 4 5.6 x 1011

Wrw- 155170 1 1.0x 107(})




Extensive R&D progress on acclerator

Jie Gao's talk in CEPC2026 at Lisbon
CEPC Accelerator TDR Completed in 2023 ;

>

]

i ' ?z g O E __.. I / y ,‘"(:;v' v Specification Met
..... !'3 T 4 il B Y ¥ Prototype Manufactured
=" tfaeg Lo = csrsor T racton
, ( : v Magnets 27.3%
2 o -~ g £ ' v Vacuum 18.3%
e Collider : : : . 3 v RF power source 9.1%
Sy O\ ! / - wm v Mechanics 7.6%

v Magnet power supplies 7.0%

? <) op g g M= v SCRF 7.1%

% ’“‘ /qu' v Cryogenics 6.5%

: t I : v Linac and sources 5.5%

v Instrumentation 5.3%

v Control 2.4%

v Survey and alignment 2.4%

‘ - v Radiation protection 1.0%

IHEP HEPS (4" generation light source at IHEP) 6 GeV, 36 nm-rad, has been completed in Oct. 2025 B SC magnets 0.4%
GRS s B et e Ty M B o o ot




Reference Detector: AGORA

= AGORA: Advanced Glass Optimized Research Apparatus

Glass scintillator, Plastic scintillator
SiPM + Fe bars, SiPM
4D transverse Yoke s
Crystal bars MuoN detector
agnet
AC-LGAD—TOF HCAL
\f()CAL
TK

TPC with high granularity —tpc

Si Pixels: CMOS ___——"

MAPS 55-nm N ical
Beam pipe
Si Pixels: CMOS \

MAPS+stitching

Beryllium, ¢ 20 mm



Luminosity measurement and LumiCal

« Small-angle Bhabha scattering (SABS) events

« Peaked in the forward region, at <100 mRad s "

, e e
monitors

T v

. __-Cj_—d—?.
gf-' ——"-'—-_"-F-
. —_--_-F--F_- . C+
-
e— — —

e e
« Two detectors on each side of Interaction Point

« Low-mass beampipe window: Be 1mm thick, traversing @22 mRad,
traversing L= 45 mm, = 0.13 X, (Be)

Anti-Solenoid
Paraffin . | cos (0)| <0.99
LumiCal VTX ECAL HCAL Muon
4 S FastLumi | L %1
91757/,_‘/; rrsssrssss| } ‘ J IT K ‘ = | srrsrrssrsssdrssssss
” : \ ,/ _ l
: . . — E—
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Detector Beam pipe
Cryomodule Final Focusing Magnets



CEPC LumiCal design

« Before flange: z = 560~700 mm: 2 Si-tracker and 2 X, LYSO (23 mm)
» After Bellow: z=900~1100 mm: 13X, LYSO (150 mm)

LumiCal .

« Two layer AC-LGAD trackers

2D readout of electron hits

Si-wafer surface plan with sample of segmentation
—i9 -‘* (9.00) -

rupole

=—-magnet




Non-accelerator Experiments




N el

Neutrino Experiments

-
- 7

RN S e Iy e Ry NS OV
N , : ipﬁ% Guangzhou /725" [ A ) Phiihe
N 9 I \\b/:_%\ > '. .“»[k:' L1 P e ﬁ‘b \ el ! w —
B i A R
( “Yunfu \ : 7 - et
A ) / > " S :j (/\ eﬁﬁ ‘\\ &I % ‘ /
M & - o == \“ 'J“m
NSNS,

¥
( /“' 5
e

— gi; N 2 —
~ Gl

TSSO
=, Shenzhen

=
i
o “.‘5‘4 HongKong

N

4

A\

NPP: Nuclear Power Plant
TAO: Taishan Neutrino Observatory
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Daya Bay Experiment (Sino-US): &,

» Daya Bay discovered the third oscillation mode in 2012
= Measured 8,;precisely :sin?20,;=0.092 £0.016+0.005

912 I.SOI.ar \Y / - 1.15 —
oscillation UL 3SE
e 4 c - 30 fmmmm e T
: 13 ° -
0,;: atmospheric Z 11k ok
v oscillation BL R N
3 B 108
Z 105 — 5k
B | AN EPEN NN NP U
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PRL 108 (2012) 171803
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NPP: Nuclear Power Plant
TAO: Taishan Neutrino Observatory
JUNO location driven by reactor neutrino physics goals



Neutrino Mass Order

x103
100F
- 6 years of data taking —— No oscillations
ms > mj, or ms < mj, : Only solar term
Normal Inverted 80k —— Normal ordering
m3 m?2 Inverted ordering

solar: 7.5%107° eV?
2 |
3 m
60

atomospheric:

2.4%107 eV?

atomospheric:

2
m5 2.4x1072 eV?
solar: 7.5x107° eV?
2 I T . 111
mj mz

- I:lvl_L -

40

Events per 1 MeV

20

= Neutrino mass order determined by:
» Modulation of two oscillation driven by (68,,, Am?,,) and (6,5, Am?5;)
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JUNO collaboration

.~ Liverpool
Warwick

Collaboration establishéd in 2014
\ 77 institutions, ~600 collaborators

LTI 5 TS 35 28 22K I By ﬁ»éle
The 22" JUNO Collaboration Meetlng



JUNO detector

= Central detector: 20 kTon of active mass of liquid scintillator
(sphere of ~35 m in diameter), energy resolution (3% at 1 MeV)

= Light detection: 18k 20" PMTs and 25k 3" PMTs (two
independent systems, coverage >75%)

ews

Central detector VETO detector
Calibration _ 1
-ACU, ROV, etc. —
7 3
3 3 :
Acrylic sphere ' To
; 2 p Tracker

PMTs and Stainless-steel truss g B\ -62 Plastic scintillator
electronics E : Al walls
will be SHIT 4 |EE i@
under water  -18,000 20" PMTs i =

-25,000 3” PMTs ‘ o sosiil

444444

Liquid scintill LA SR ‘ ! Water Cherenkov
Iquid scintillator B e i W -35 kt high-purity water
-20 kton LS S -2000 20” PMTs



Some photos during the construction
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JUNOQO detector (illustrative)




Recent results reported at Neutrino2026

= Data taking period for this analysis: 2025.08.30-2026.05.18

250

200

[S—y
ct
<o

Events / 40 keV
= _
S

Resi. (o)

| ‘m
L
4  JUNO Data

J.-"u,‘ JUNO Preliminary. June 2026 @
h |

1

JUNO live time: 207.2 days
l.l-
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JUNO Physics Overview

Prog. Part. Nucl. Phys. 123, 103927 (2022)

IBD: inverse beta decay

NMO: neutrino mass ordering
CCSN: core-collapse supernova
DSNB: Diffused Supernova
Neutrino Background

+ New physics
Neutrinos as a probe

Neutrino oscillation & properties

= Energy resolution 2.95% @ 1MeV w/ full simulation
= NMO: 30 (reactor only)@ ~6 yrs

= Supernova v: ~7300 of all-flavor neutrinos @ 10 kpc

= DSNB: 30in 3 yrs (2205.08830)

= Solar v: 7Be, pep, CNO (2303.03910) and 8B flux (2210.08437)

= (Geo v: ~400 per year, 5% precision in 10 yrs

* Nucleon Decays: p—vK+9.6x1033yrs (90% C.L.) in 10 yrs (2212.08502),
neutron invisible decay (ongoing) o



Future of neutrino phyiscs

= After ten years, neutrino oscillation will be clarified:
= Nova+T2K+JUNO+ORCA+DUNE for the NMO
= DUNE+T2HK/HyperK for the CP phase

= Key question in neutrino sector:

=  Majorana? Does neutrino less double B decay exist?

= JUNO upgrade ~2030, to be the OvBB decay experiment

Isotope Mass(t) <mpg>,meV JUNO-BB
SNO+ 130T¢ 8 19-46
KamLAND2-Zen 136X e 1 ~20
NEXT-HD 136X e 1 14-40 4/
nEXO 136X e 5 7-22 Z
Darwin/Panda-nT 136X e 3-5 7-22 @ - IEER
LEGEND-1000 6Ge 1 10-40 5;7@ e
AMORE-II 100Mo 0.1 12-22 gjgm 2 E\ |
CUPID 100N o 024 12-20 E =
CUPID-1T 100)Vo 1 4-7 EE S
JUNO-BB 136X 50 4-10 SEE

130T 100 3-14 e : '

Zhao et al., CPC 41 (2017) 5




China JingPing underground Laboratory (CJPL)
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China JingPing underground Laboratory (CJPL)

* Deepest * 8 new experimental halls
— 6800 m.w.e. ; <0.2 y/m?/day _ (L: 65m H: 14m W: 14m)

* Horizontal access
— 9 km long tunnel
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China JingPing underground Laboratory (CJPL)

China Dark Matter Experiment (CDEX) Particle and Astrophysical Xenon
Pan
=

Jinping Underground Experiment for Jinping Neutrino Experiment (JNE)
Nuclear Astrophysics (JUNA) i
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Dark Matter experiments in CJPL

» Direct detection technologies
= High mass: liquid noble gas (Xenon, Argon, etc.)
= Low mass: Ge, Si, Bolometer, etc.

PandaXxX-4T 7, ®
Q PANDA K

* Dual-phase xenon TPC
— Scintillation light (S1) and ionized electrons (S2)

— Precise energy and 3D-positon reconstruction

CDEX-1 O, -50 (On-gOing) dark matter (~GeV) | ‘5
x ’/0 Y =~
— Point-contact Germanium detector X < germanium @

— Low threshold: sensitive to light mass DM

dead layer~Imm, HV~3000-5000V




Future plan
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. (5] 9
neutrino floor S 107} :
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gy 107 o PMT Array
= 10! Neutrino f :
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 From CDEX-50 to CDEX-1000

107
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| \", (DM) ,/ ____________ N,§ CDEX-10
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70



Accelerated based: Non-collider experiments

« Dongguan in Guangzhou Province (near Hongkong)

— lee ISIS and Diamond Light Source near RAL

‘Uv'ﬁﬁ% %E(ﬁm)i

y‘
P
£
&




Accelerated based: Non-collider experiments

CSNS Beam Expansions Application

Associated Proton beam
Experiment Platform 80

, MeV proton- "~ -
lonsource~—— " Linac o

W) v

Synchrotron

- el
. T LEE

> muon
... 1 source ..—

-~ e————— -

Beam parameters

O
Beamline Particle Energy flux Q* ©
thermal-300 N
Back-n Neutron 1E7 n/cm2/s
MeV
APEP Proton 80 MeV 1E9 p/s
MELODY Muon 4 MeV 1E5 muon/pulse

« Similar muon experiments proposed in the nearby city Huizhou



Accelerated based: Non-collider experiments

= HIAF: High-Intensity Heavy lon Accelerator Facility

* CIADS: China-initiative Accelerator-Driven Subcritical system
» the world’s first megawatt-level ADS research facility

* The construction of both facilities should be completed by
next year
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Summary and Reflection

= Major particle physics facilities in China reviewed, as well
as newly planed facilities or upgrades

= From hadron physics to energy frontier physics, as well as neutrino
physics and dark matter search

» Particle physics progresses in China wouldn’t happen
without the support and participation from all over the world

= Collaboration and new proposals are welcome!
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Summary and Reflection

= Major particle physics facilities in China reviewed, as well
as newly planed facilities or upgrades

= From hadron physics to energy frontier physics, as well as neutrino
physics and dark matter search

» Particle physics progresses in China wouldn’t happen
without the support and participation from all over the world

= Collaboration and new proposals are welcome!

Thank You!
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Thank You!










Flavor physics at Charm quark

Leptonic and semileptonic decay

l+
¢ +
+
Dq
Vi
2(d,9) I
Decay constant f%. (LQCD) .
D(y) CKM matrix element Form Factor (LQCD)
Decay rate ’ CKM matrix Decay rate
’ o3 element \ \
T Gif oy 2 mj drp’’’ - Kmi+v)| G2lv |2|p3
[F(D(s) - l+”)]= o Veaes|Jmimp; (1——5—)? (s) _ P ed] KM e (q2))2
T ) "oy, dq? 24 -

« Strong interactions
« Gluon exchanges between quarks, parameterized as “decay constant” and “form factor”
« Weak interactions
« Leptonic(Semileptonic) decay with quark-antiquark annihilation(charm quark trainsition),
extracting the CKM matrix
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Indirect constraint

 Low energy experiments, e.g. electron EDM, can constrain
the Higgs CP indirectly

£D —% (kg £1 +ig)Frsf) b

ACME collaboration:
eEDM<1.1xX102° e:cm

.

|| < 1.7 X 1072
|7, < 1.0 x 102

* But, very model dependent
« Gauge-dependent contributions, UV-divergent diagrams, etc.

From J. Brod at Higgs 2020
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Higgs boson open the door

« Higgs boson is found very SM-like, e.g. CP-even scalar

. . ATLA HoZ7" > 4]
* JP=0* compared with alternative . osbsewed 6= 7ToV, 451"
e s Expected s =8TeV, 20.3 fb'
.. [ ]0'SM+t3c s =8 TeV, 20.3 f5'

*  Mixing between CP-even and CP- . o H - vy
i [ )" t20 s=7TeV,45 o'
odd, which could lead to CP - L1 =30 s =8 TeV, 203 '

40t .
violation, is still allowed 30}
20 I

i

AAE

o b=t =1
_20; ]
-30f
JP=0f JP=0 JP=2¢ JP=2r JP=2r P2 JP=o
Kq=Kg xqzo quo quzxg Kq:h‘g

pT<3DD GeV pT<125 GeV pT<300 GeV pT<125 GeV
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Tau decay mode classification

Methods to build T decay plane

Decay mode

a7
hiv(ﬂiv)

Wy (757

3hTv (3r7v)

)

h= > 21y (7527 )

Branching fraction
35.2% }
25.9% (25.5%
10.8%

11.5% (10.8%)
)

. (9. 3%)}
9.8% (9.0%)

Impact Parameter
method

Rho method 1

Impact Parameter (IP)
method

Rho method




Reactor Neutrino Oscillation

= 3Sources: 8 reactor cores from 2 NPP with total 26.6 GW,,

» Oscillation: v, disappearance, ~53km baseline, vacuum driven
= Detection: IBD v, + p = e* + n (prompt-delay coincidence)
= Reactor IBD rate: ~47/day and Background rate: ~4/day

0.22F

0.2
_0.18
20.16
o
< 0.14
(0]
= 0125
=01eH
S 0.1
o
2 0.08
C

‘ Visible Energy

Geoneutrinos © — °Li’He
Accidentals | == "C(on)'®

@ Q0B gD Signal

0.04] :

Visible Energy [MeV]

CPC 46 (2022) 12, 123001

v mass ordering: 30 (reactor
only)@ ~6 yrs, atmospheric
voscillation being improved

v oscillation parameters:
precision of sin?0,,, Am?,,
|Am?3,| < 0.5%in 6 yrs,
unprecedented precision
(2204.13249)
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Dark Matter

= Strong evidences for the existence of dark matter
= The nature of dark matter is unknown sy

thermal freeze-out (early Univ.)

collider search DM SM
= Detection of incoming dark matter Xw

= Dark Matter Searches indirect detection (now)
= Direct detection, indirect detection, >
» CJPL excellent for direct detection
» Solar system in the dark matter halo
DM
scattering off target atom —
production at colliders o

direct detection



Dark Matter searches results (selected)

10_435
. PandaX-4T -\ PRL 127, 261802 (2021) &% ClL
1074 £
— 3.7-tonne LXe <
_ S sl
— Approaching the “low E” 5" %—\ * ’”’%
neutrino floor < 9
a £ Pt
;8 104 \
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& F ] ! ]
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» CDEX-1B s | iy |
7\
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109\
— Search for annual modulation -
signal of spin-independent(Sl)
WIMP-nucleon interaction | I coconroo
EI' DAMA/LIBRA-phase1, Na-recoil: 5-0,90%
4 b 6 7 8 9 10 rnx(é)eV/Cz)



HH search in future

0.14 LHC 14 TeV APRRASE = 1,2, 3 1 ATL-PHYS-PUB-2022-053
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I I = , -
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