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19 plenary talks
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48 parallel talks
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TeV… more than TeV …
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Colliders 
ATLAS, CMS, STCF, CEPC, LHCb


Dark matter 
WMIP, light DM, ultralight DM


Neutrino 
Nu Pheno, 0νββ


Cosmology 
GW, Non-Gaussianity, 


Computation 
pert. & non-pert. QCD, quantum computing

⾮常丰富的报告主题

实    验

理    论



ATLAS Highlights 

Traditional SM searches

6

梁志均的报告

Improvements on searches of DM, long-lived particle, SUSY, LVF, etc
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ATLAS: highlights of standard model physics results
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Figure 5: Reduced coupling strength modifiers ^� · <�/vev for fermions (� = C, 1, g, `) and
p
^+ · <+ /vev for

vector bosons as a function of their masses <� and <+ . Two fit scenarios with ^2 = ^C (coloured circle markers),
or ^2 left free-floating in the fit (grey cross markers) are shown. Loop-induced processes are assumed to have the
SM structure, and Higgs boson decays to non-SM particles are not allowed. The ?-value for compatibility of the
combined measurement and the SM prediction are 56% and 65% for the respective scenarios. The lower panel shows
the values of the coupling strength modifiers. The grey arrow points in the direction of the best-fit value and the grey
uncertainty bar extends beyond the lower panel range.

the previously measured coupling strength modifiers do not change significantly, while upper limits of
⌫u. < 0.12 (expected 0.21) and ⌫inv. < 0.13 (expected 0.08) are set at 95% CL on the corresponding
branching fraction. The latter improves on the current best limit of ⌫inv. < 0.145 (expected 0.103) from
direct ATLAS searches [42].

In all tested scenarios, the statistical and the systematic uncertainty contribute almost equally to the
total uncertainty in most of the ^ parameter measurements. The exceptions are the ^`, ^/W , ^2 and ⌫u.

measurements for which the statistical uncertainty still dominates.

Kinematic properties of Higgs boson production probing the internal structure of its couplings are studied in
the framework of simplified template cross sections [44, 47–49]. The framework partitions the phase space
of SM Higgs boson production processes into a set of regions defined by the specific kinematic properties
of the Higgs boson and, where relevant, of the associated jets, , bosons, or / bosons, as described in
Methods. The regions are defined so as to provide experimental sensitivity to deviations from the SM
predictions, to avoid large theory uncertainties in these predictions, and to minimize the model-dependence
of their extrapolations to the experimentally accessible signal regions. Signal cross sections measured
in each of the introduced kinematic regions are compared with those predicted when assuming that the
branching fractions and kinematic properties of the Higgs boson decay are described by the SM.
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Higgs property combination for Higgs 10th Anniversary
Nature 607, (2022) 52

(a) (b)

Figure 6: Observed (a) and expected (b) constraints in the ^_–^C plane from single-Higgs (blue) and double-Higgs
(red) analyses, and their combination (black). The solid (dashed) lines show the 68% (95%) CL contours. The
double-Higgs contours are shown for values of ^C smaller than 1.2. The observed constraint for the single- and
double-Higgs combination for ^C values below unity is slightly less stringent than that for the single-Higgs fit alone
due to the slightly higher best-fit value for this coupling modifier.

The most generic model allows all of the coupling modifiers ^_, ^C , ^1, ^g , and ^+ implemented in this
parameterisation to float freely in the fit. The exception is ^2+ , which is fixed to unity since there is no
complete parameterisation of single-Higgs NLO EW corrections as a function of this coupling modifier. A
recent work [69], shows that a consistent parameterisation of the ^+ and ^2+ coupling modifiers seems to
be possible, though the sensitivity of single-H processes to ^2+ is shown to be very small.

In the combination of the single-Higgs and double-Higgs analyses, an observed (expected) exclusion of
�1.4 < ^_ < 6.1 ( �2.2 < ^_ < 7.7) is obtained at 95% CL in this less model-dependent fit. The values of
all the other coupling modifiers agree with the SM prediction within uncertainties. The values of the test
statistic as a function of ^_ for this generic model are also shown in Figure 5. It was checked that for a
generic model in which ^2+ also floats freely in the double-Higgs parameterisation, the observed exclusion
constraints on ^_ weaken by less than 5%. In this approach, the ++�� vertex is parameterised in terms of
the ^2+ coupling modifier for the VBF �� process but the single-Higgs NLO EW corrections are not.
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Higgs self-coupling with H+HH
PLB 843 (2023) 137745 

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

MD

0.5
0.75

1
1.25

1.5

D
a
ta

 /
 P

re
d
.

0

10

20

30

40

50

60

70

E
ve

n
ts

 /
 B

in

ATLAS
-1 = 13 TeV, 139 fbs

ℓℓℓℓjj

QCD Control RegionQCD Control Region

Data ZZ (EW)
ZZ (QCD) ggZZ
Others Uncertainty

(a)

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

MD

0.5
0.75

1
1.25

1.5

D
a
ta

 /
 P

re
d
.

0

5

10

15

20

25

E
ve

n
ts

 /
 0

.1
2
5

ATLAS
-1 = 13 TeV, 139 fbs

ℓℓℓℓjj

Signal RegionSignal Region

Data ZZ (EW)
ZZ (QCD) ggZZ
Others Uncertainty

(b)

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

MD

0.5
0.75

1
1.25

1.5

D
a
ta

 /
 P

re
d
.

0

5

10

15

20

25

30

35

40

E
ve

n
ts

 /
 B

in

ATLAS
-1 = 13 TeV, 139 fbs

ℓℓννjj

Signal Region

Data

ZZ (EW)

ZZ (QCD)

WZ

NonRes

Others

Uncertainty

(c)

Figure 3: Observed and expected multivariate discriminant distributions. Distributions after the statistical fit in
the (a) ✓✓✓✓ 9 9 QCD CR, and in the (b) ✓✓✓✓ 9 9 and (c) ✓✓aa 9 9 signal regions. The error bands represent standard
deviations and include the experimental and theoretical systematic uncertainties, as well as the uncertainties in `EW

and `
✓✓✓✓ 9 9

QCD . The ZZ (EW), ZZ (QCD) and ggZZ represent contributions from EW, non-66 QCD and 66 QCD
// 9 9 processes, respectively. The WZ represents contribution from ,/ 9 9 process. All the minor backgrounds are
summed together as ‘Others’, and the ,, 9 9 and CC̄ processes are referred to as ‘NonRes’. The statistical uncertainties
of the data are shown as error bars. The open arrows represent the out-of-range markers. The horizontal bin width is
indicated on the vertical axis legend.
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Discovery of ZZ VBS process
Nature Physics 19 (2023) 237

ATLAS
Run 1:

p
s = 7-8 TeV, 25 fb°1, Run 2:

p
s = 13 TeV, 140 fb°1

Total Stat. only Combination

Total (Stat. only)

Run 1 H ! ∞∞

Run 2 H ! ∞∞

Run 1+2 H ! ∞∞

Run 1 H ! 4`

Run 2 H ! 4`

Run 1+2 H ! 4`

Run 1 Combined

Run 2 Combined

Run 1+2 Combined

Figure 2: Summary of <� measurements from the individual � ! WW and � ! //⇤ ! 4✓ channels and their
combination presented in this letter. The uncertainty bar on each point corresponds to the total uncertainty; the
horizontal shaded bands represent the statistical component of the uncertainties; the vertical red line and gray band
represent the combined result presented in this letter with its total uncertainty.

uncertainties follows what was done in Refs. [16] and [17], respectively. The correlation scheme between
the Run 1 � ! WW and � ! //⇤ ! 4✓ measurements is unchanged relative to the published Run 1
combination [14]. The choice of correlation model between the Run 2 � ! WW and � ! //⇤ ! 4✓
measurements reflects the improvements in the photon calibration adopted by the � ! WW analysis not
being mirrored in the calibration of the electrons used in the � ! //⇤ ! 4✓ analysis; only the electron
and photon resolution systematic uncertainties and those associated with the ⇢T-independent component
of the electron and photon in-situ energy scale are considered as correlated. Other sources of systematic
uncertainties correlated between the two channels are the theory uncertainties on the prediction of the
various Higgs production modes, the modelling of additional (pile-up) ?? collisions, and the uncertainty
on the integrated luminosity. The choice of correlation model is also tested by using different approaches
(e.g. correlating the muon calibration systematic uncertainties in Run 1 and Run 2, correlating all sources
of photon and electron calibration systematic uncertainties between the � ! WW and � ! //⇤ ! 4✓
channels) and is shown to have negligible impact on the result. Signal yield normalizations are treated as
independent free parameters in the fit to minimize model-dependent assumptions in the measurement of
<� .

The combined value measured using Run 2 data is <� = 125.10±0.11 GeV. The uncertainty is compatible
with the expected error assuming a SM Higgs boson mass of 125 GeV. The statistical component of
the uncertainty is ± 0.09 GeV. The corresponding profile likelihood, for the two channels and for their
combination, is shown in Figure 1 (left) as a function of <� . If the small interference predicted by the SM
between the Higgs boson and the non-resonant di-photon background was considered for the � ! WW
signal parameterization, the <� value measured by the combination would increase by 15 MeV. This
result is in good agreement with the ATLAS + CMS Run 1 measurement [19], <� = 125.09 ± 0.24 GeV.
The contributions of the main sources of systematic uncertainty to the combined measurement, using

5

Precise Higgs mass measurement
arXiv:2308.04775(PRL)

高能所、南大、中科大

高能所、交大/李所、
南大、山大、中科大

高能所、交大/李所、
南大、山大、中科大
清华

交大/李所、山大、中科大

Observation of entanglement in t-tbar pairs

7

Quantum Entanglement in ttbar events
• 2022 Nobel prize “for experiments with entangled photons
• 2023: Entanglement is observed in tt¯ pairs for the first time

• Entanglement measured is higher than expected in signal region (340,380) GeV

arXiv:2311.07288

D < -1/3: Entanglement (new!)



CMS highlights, more on experimental innovations
Advanced jet neural network (ParticleNet) for low-level input

7

李聪乔的报告

Traditional analysis in ATLAS ANN in CMS

Model-agnostic searches



New Physics at LHCb

8

王纪科的报告

No tension for 𝑏 → 𝑠l+l−

CP 破坏的测量 稀有衰变（包括LFV）

Lepton Universality



Super Tau-Charm Facility (STCF)  Physics and Challenges 

9

赵政国的报告



Recent Progress on Neutrino Phenos

10

唐健的报告

2023/12/15 Jian Tang

Lots of neutrino experiments to get a new horizon

10

More are coming…

2023/12/15 Jian Tang

EFT: connecting low-energy phenomenon to high-energy scale

42

• Dimension-6 operators only
• Neutrino masses are generated by 

dimension-5 Weinberg operators

Effective operators

Cut-off scale
Wilson coefficient

实验 唯象
⾮⺓正性、 
惰性中微⼦、 
中微⼦散射 
……

理论

EFT、 
质量起源、 
味道起源、 
……

中微⼦天⽂学、宇宙学

IceCube⽤中微⼦给银河系“照相”



Probing Dark Matter Particles with Astronomical Observations 

11

WIMP 存在很强实验
限制，如何继续探
索：Boosted DM, 更
⼤体量更低本底, 或者
更⼤质量的DM？

利⽤Primakof效应、
双折射效应以及引⼒
效应，可以在不同天
⽂环境检验波动型暗
物质（⽐如ALP和
Dark photon等）

强引⼒透镜似乎更⽀
持波动型暗物质，这
是真的吗？这是否为
未来暗物质理论研究
指明⼀些⽅向？

袁强的报告



暗物质直接探测实验进展 


12

⾼⻜的报告

惰性液体的优势： 
体积可以越做越⼤

Light Dark Matter Searches: DarkSide-LowMass 

from Y. Wang 18

DarkSide适合低质
量区间测量，锦屏？

Dark Matter Search Results

8

XENONnTPandaX4T LZ

PRL 131, 041003 (2023)PRL 131, 041002 (2023)PRL 127, 261802 (2021)

更轻的暗物质：新技术，更低的能量阈值



Dark SHINE（暗光计划） 

13

李数的报告

基于上海硬X射线⾃由电⼦激光装置的暗光⼦寻找实验 

利⽤暗光⼦的相互作⽤聚
焦具体的产⽣和衰变过程

核⼼要求：短时间强束流

信号鉴别

预期排除线



Light dark matter ∼keV-GeV

模型:       dark photon, dark scalar, and dark sector … 
             More: asymmetric, freeze-in, SIMP, ELDER, co-annihilation, non-thermal… 
             non-minimal misalignment, cosmic strings, inflationary fluctuations


探测

14

刘佳的报告



Ultra-light dark matter detection in Tunable SRF Cavities

15

舒菁的报告

7

Current DPDM search

Axion limit webpage: https://github.com/cajohare/AxionLimits/blob/master/docs/dp.md

Still a lot of room 
to detect

Haloscope sensitivity 
largely depends on Q: 

Superconducting cavity has 
Q~10^{10}

how to make use it?
5 orders more than 

traditional cavity. 



Axion Haloscope in Electric Field

16

⾼宇的报告

共振腔的增益计算：基于量⼦⼒学计算⾼Q值增益

2201.08291 

⽆Q值增益

⽤共振腔来测引⼒波

需要考虑共振放⼤

测磁单极…

⽤电场测轴⼦流



Long-lived dark photons at LHC

17

刘佐伟的报告

⻓寿命暗光⼦模型参数的典型量级

dark photon的模型构建

New DP model

Minimal DP model



Quark masses and low energy constants in CLQCD

18

杨⼀波的报告

Renormalization and final results
Quark mass of three light flavors

BMWc, PRL 117(2016)0820001 Z.C. Hu, B.L. Hu, J.H. Wang, et. al., CLQCD, 2310.00814

Renormalization 
 of quark mass 

更重的夸克？正在向前……

Clover fermion + Symanzik gauge actions 框架



CEPC

19

娄⾟丑的报告



⽆中微⼦双贝塔衰变（0νββ）

20

韩柯的报告

2νββ 0νββ

韩柯（交⼤）：⽆双实验 21

10个实验组正式⼊驻锦屏实验室！

1st spectrum in CUPID-CJPL

未来实验预期

最⼤的DBD实验之⼀
PandaX-4T & -xT



相变引⼒波理论与实验进展

21

郭怀珂的报告

粒⼦理论 早期宇宙作为热
⼒学系统的演化

流体⼒学的复杂性

GW的组成

收敛性？ 
规范依赖？ 
成核率计算？

HG, Sinha, Vagie, White, 
JCAP [2007.08537] 

NANOGrav-15等PTA数据如何解释？

Bubble wall 速
度的计算很重要

直接⽤理
论能谱拟
合数据



Cosmological implications of large galaxy surveys

22

赵公博的报告

Multiple cosmological probes:  
CMB, SNe, GWs,        LSS 

Break degeneracy between 
Dark Energy and Modified Gravity

galaxy surveys

20年巡天结果汇总

Luminous Red Galaxies (LRGs)
0.6 < z < 1.0, zeff = 0.77

Emission line Galaxies (ELGs) 

0.6 < z < 1.1, zeff = 0.845 

Hubble tension A multi-tracer analysis was 
performed for LRGs and 

ELGs, and a RSD signal is 
detected at 4 sigma in the 

cross-power spectrum; 



Non-Gaussianity in the primordial black hole formation

23

⽪⽯的报告

7

PBH

Scalar induced GWs

PBH

10

!ℛ(k)

k

PBH-IGW crosscheck

10−2

10−9

Saito & Yokoyama 0812.4339; 0912.5317 

Bugaev & Klimai 0908.0664; 1012.4697

Escriva et al, 2211.05767
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nonlinear coupling hℛℛ

!ℛ ∼ 10−2
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Logarithmic Relation  
in the USR inflation

Ultra-slow-roll inflation

ℛ = δN = N,φδφ + 1
2 N,φφδφ2 + ⋯

+N,πδπ + 1
2 N,ππδπ2 + ⋯

#(ϵ, η) ∼ #(1)

ϵ ≪ 1, η = − 6

φ

V(φ)

π

= − 1
3 ln(1 + 3δφ

π*
) .

( fNL = 5
2 , gNL = − 25

3 , ⋯)

(For USR)

Namjoo, Firouzjahi, Sasaki, 1210.3692

Chen, Firouzjahi, Komatsu, Namjoo, Sasaki, 1308.5341

Cai, Chen, Namjoo, Sasaki, Wang, Wang, 1712.09998

Biagetti, Franciolini, Kehagias, Riotto, 1804.07124

Passaglia, Hu, Motohashi, 1812.08243

Also verified by stochastic approach, see e.g. 

Pattison et al 2101.05741

超慢滚inflation模型中的⾮⾼斯性
⼤曲率导致⾮⾼斯



Quantum Computing for High Energy Physics

24

李英英的报告

Y.-Y. Li Dec. 2023 @ 南京30

“It is time to go” 

SUMMARY and OUTLOOK

Quantum computing can access to quantities in high energy physics which are 
intractable with classical methods

So many things to do, … and lots should be done to before scalable noise-resilient ones 
are available.

Theory investigations, algorithmic developments, benchmark study, hardware co-design,…



Perturbative QCD at LHC

25

朱华星的报告

Summary

26

Precision 
phenomenology 

for the LHC

Probing 
structure of 

Quantum Field 
Theory

Indispensable 
part of QCD

This year marks the discovery 
of QCD for 50 years.

QCD gave rise to the pursuit of 
understanding the strong force 

via perturbation theory.

We have witnessed remarkable 
continuous progress in the past 

50 years.

Stay tuned for more exciting 
results from the future!



48 parallel talks

26

DM

EFT

Higgs

QCD

Neutrino

DM

GW

EFT TeV



分会场报告

陶奕，PlandaX-4T, 暗物质电磁性质的测量，e-DM散射最强限制

27

晁伟，Majoron DM and leptogensis in global U(1)_L,

很抱歉，由于研究背景所限，不能做很好的总结

宋宁强，纯引⼒DM，但是对Inflation能标要求很⾼；额外维可以显著降低能标

冯万哲，hidden U(1)⾥的暗物质，Hidden sector全⾃由度的Boltzmann演化

葛韶锋，中微⼦电磁性质诱导的原⼦到中微⼦对的辐射

李刚，0νββ EFT & UV completion

⽂新锴，Spin Asymm. vs SMEFT Dipole Operators 

孙浩，Basis in Higgs EFT 

王雯宇，Levitodynamics in optical levitation experiment

岩斌，通过Jet charge区分Higgs产⽣机制

Kun Cheng, t-tbar中的量⼦纠缠

毕琪, W-W pair中的量⼦纠缠

李⾦勉, quirk particle @ FASER 

还有很多精彩的报告……



Public lecture
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精 彩 瞬 间
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Thank you for your listening!

@ 铜 鉴 湖 
    Tongjian Lake

感谢⼤家的参与！

下    次    再    见！


