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于福升  兰州⼤学



报告总数：60

理论报告：39

实验报告：21
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理论与实验结合

⾮常抱歉没办法⾯⾯俱到讲到每⼀个报告内容！



2002年第⼀届重味物理和CP破坏研讨会

队伍壮⼤、年轻！

感谢两三代前辈们的努⼒！
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1887，赫兹发现电磁波，
证实⻨克斯⻙理论

1887，迈克尔逊莫雷实验
否认以太的存在

1865，Maxwell电磁理论
动⼒学—场论

1905，爱因斯坦狭义相对论

1973，SM建⽴
动⼒学—量⼦场论

2004，发现B的直接CPV，
证实KM机制

2022？2032? 新理论？

1913，玻尔量⼦论

2012-⾄今，发现各种
anomalies

20年 20年

30年 30年？

⼆三⼗年能做什么？



⾼精度：做到极致

引⼒波的发现：不仅仅是验证了⼴义相对论，更重要的是提供了新的实验⼿段，多信使时代，

如相变引⼒波等

迈克尔逊-莫雷实验：什么都没有发现，也不⻅得⼀定是坏事，它同样可以带来物理学⾰命

重味物理就是⾼精度前沿，就是要把各种事情做到极致，以期新的突破和发现！！！
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⾼精度：做到极致

1.实验精度的提⾼

2.理论精度的提⾼

3.理论与实验结合
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CKM unitarity
20222002
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The only phase parameter in the SM



CKM unitarity
20222002
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CKM unitarity
20222002
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2012

Higgs discovery

: SM

: BSM

B0
s → μ+μ−

B → Dτν



CKM unitarity
20222002
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2032 ??



LHCb, see Shunan Zhang’s talk

2021

2022

 angleγ
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2020

2022

 mixing
D0 − D0
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LHCb, see Jibo He’s talk

• Anomalies in partial distributions, angular distributions
• Theoretical precisions required to be improved
• Form factors and long-distance contributions
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:  R(D(*)) 3σ → 2σ LHCb, see Jibo He’s talk
14
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极化、⻆分布和分波分析

更多维度、更多信息，这是新的机遇

现在的统计量到了可以做⼤规模做分布和分波分析的时候了
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极化、⻆分布和分波分析

See Yi Jiang’s talk

•Fast

•General

•Easy to use

•Open access and 
well supported



LHCb, see Liang Sun’s talk BESIII, see Pei-Rong Li’s talk
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极化、⻆分布和分波分析



极化、⻆分布和分波分析

 in  by LHCb, 

see Yi-Ming Li’s talk

Tcs̄(2900)0,++ B → DDsπ  in  by BESIII, 

see Yu Lu’s talk

a0(1817) Ds → KKπ
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极化、⻆分布和分波分析

•Regional CPV in multi-body decays See Jie-Sheng Yu’s talk

2014 2022
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See Zhen-Hua Zhang’s talk

极化、⻆分布和分波分析

•CP violation from interference between resonances
•It can be measured by the angular correlations
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极化、⻆分布和分波分析

See Qin Qin’s and Jian-Peng Wang’s talks

aT−odd
CP ∝ sin ϕ cos δ

aT−even
CP ∝ sin ϕ sin δ

•Complementary observables to search for baryon CPV
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极化、⻆分布和分波分析

See Qin Qin’s and Jian-Peng Wang’s talks



极化、⻆分布和分波分析

See Zheng-Yi Wei’s talk



极化、⻆分布和分波分析

See Dayong Wang’s and Jian-Yu Zhang’s talks24



极化、⻆分布和分波分析

See Longke Li’s and 
Yubo Li’s talks

Charmed baryons at Belle



⾼精度计算：理论新机制

理论深度挖掘，做到极致，往往带来新的机制和新的理论



⾼精度计算：理论新机制
See Qin Qin’s talks



See Ding-Yu Shao’s talk

•Super-leading logs 
starts at 4 loops

•All-order structure: 
different

⾼精度计算：理论新机制



See Jia-Jie Han’s and 
Chao-Qi Zhang’s talks

•High twists LCDAs dominate baryon decays.
•Development of PQCD of baryon decays.
•It is the time to investigate the  baryonic CPV both in experiment and in theory

⾼精度计算：理论新机制
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理论⾼精度计算

See Wei Tao’s talk

•Two loops of  decay constantsB(*)
c •Two loops of tW production

See Ye-Fan Wang’s talk
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See Qi-An Zhang’s and Jun Hua’s talks

格点计算光锥分布振幅



理论与实验相结合
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群策群⼒，有组织的科研，联合攻关，机会更多

前⾯的介绍中很多地⽅都能体现理论与实验的结合



不同实验相结合

See Yu Zhang’s talk
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•BESIII + LHCb

•strong phases —>  angleγ
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实验与格点结合

See Pei-Rong Li’s talk

muon g-2
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反问题⽅法与实验、格点结合

•If there is an experimental data or lattice 
data with much smaller uncertainty than the 
original solutions, we can use it to constrain 
the solution to be more precise. 

•Therefore, this method can combine with 
experiments and Lattice QCD to improve 
the precision of predictions

Ao-Sheng Xiong, Ting Wei, FSY, arXiv:2211.13753 

https://arxiv.org/abs/2211.13753
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See Yanxi Zhang’s and Yiming Li’s talks

Particle Zoo 2.0

•And many hadrons observed 
by BESIII and Belle

•Many of them observed in 
heavy hadron decays

•Particle zoo in 1950s and 
1960s leads to the quark 
model and Standard Model

•What can we expect for the 
particle zoo 2.0 now?



展  望

37



BESIII

Belle and Belle II

LHCb
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Belle II

LHCb

Game of 
more than 
10 years

BESIII upgrade of BEPCII:  luminosity + energy to 5.6 GeV× 3



ATLAS

CMS

ALICE

STAR
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Tera Z+ factories

See Lingfeng Li’s talk

Super tau-charm facility

See Yang-Heng Zheng’s talk
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Personal Attitudes of Perspectives

Phenomenologies: 

1. Baryon CPV

2. Polarizations, angular distributions and partial wave analysis

Theories:

Multi-scale in heavy flavor physics. 
Interplay of perturbative and non-perturbative QCD

collaboration between theory and experiment

 Do your best to the extreme!! 



过去20年，成绩辉煌

未来20年，前景可期

重味物理


