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起止年月 在何单位学习或任职

2006.9-2010.6 中国科学技术大学-粒子物理与原子核物理专业，攻读学士

2010.9-2015.6 中国科学技术大学-粒子物理与原子核物理专业，攻读博士

2013.9-2013.12 意大利INFN研究所，交流

2015.6-2017.12 中国科学技术大学，博士后

2018.1-今 中国科学技术大学，副研究员
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 研究领域: 粒子物理实验——高亮度前沿

 参与实验： BESIII物理分析，担任tau-QCD组convener



 当前，标准模型在高能量前沿LHC实验上得到了充分的检
验，但是在低能区下强相互作用的非微扰特性仍然没有解
决。

 量子色动力学（QCD）是描述自然界强相互作用的基本
理论。高能下QCD检验获得成功并获2004年诺贝尔奖，
然而，低能下QCD理论尚有待进一步发展和实验检验，
尤其是有许多重大科学问题亟待实验和理论共同回答，例
如
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如何理解核子的内部结构（电/磁密度…）？

物质世界粒子-反粒子的不对称来源？



4

 研究工作一：核子形状因子研究



 Nucleons are composite objects with 
inner structure

 At low Q, perturbative QCD not 
possible (expansion of coupling 
constant 𝜶𝒔)

⇒ Nucleon structure must be 
measured in experiments!
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 Most simple observables of nucleon structure
◇ General Parton Distribution, Parton Distribution Functions, 

Electromagnetic Form Factors (EMFFs)

◇ EMFFs are related to charge, magnetization distribution, provide crucial 

testing ground for models and improve our understanding of QCD



 The nucleon electromagnetic vertex Γμ describing the hadron 

current: 𝜞𝝁 𝒑′, 𝒑 = 𝜸𝝁𝑭𝟏 𝒒𝟐 +
𝒊𝝈𝝁𝝂𝒒

𝝂

𝟐𝒎𝒑
𝑭𝟐 𝒒𝟐

 Sachs FFs: 𝑮𝑬 𝒒𝟐 = 𝑭𝟏 𝒒𝟐 + 𝝉𝜿𝒑𝑭𝟐(𝒒
𝟐),  𝑮𝑴 𝒒𝟐 = 𝑭𝟏 𝒒𝟐 + 𝜿𝒑𝑭𝟐(𝒒

𝟐)

 NEFFs can be measured from space-like (eN) (precision 1%) or time-

like process (precision 10%-30% before BESIII)
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 Via direct scan, 688 pb-1 data @ 2.0-3.08 GeV, Born 
cross section measured with most precise results, 
(Near)-threshold platform observed at low q2
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Best precision: 3.0%

PRL 124, 042001(2020)

Best precision: 1.6% Best precision: 0.04

 Significant improvement of the precision for model 
independent |GM| and |Rem|=|GE/GM|
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利用质子电磁形状因子数据预测中子电
磁形状因子行为

15 citations

Input proton data Predicted neutron :

Our new 
data

与各种理论模型比较

高能区类时与类空的结果趋向一致，
验证了pQCD预言



 BESIII提供了最高精度的质子类时空间形状因子结果，将
对各种理论模型或重要参数给出更严格的约束
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类时FF作为电磁顶点的时间分布振幅，是
类空FF的时间对应，即经典电荷分布的傅
里叶变换。

利用电磁形状因子的参数计算格点QCD是
近年理论的一个主要成就

通过Unitary and analytic model联立类时和
类空的结果，给出质子半径测量的新结果！

Old data…
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Submitted to Nature Physics

BESIII preliminary

 Born cross section measured over wide 𝒔 with 
unprecedented precision

 Solved the long standing puzzle for between 𝜸 − 𝒑 and 
𝜸 − 𝒏 coupling, essential for pQCD and quark model 
prediction.

 Oscillation of |G| observed in neutron data
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Received on 2020.11.23

Reviewer #1: 

文章有新的高统计精度的结果。对核子形
状因子物理是非常有用的信息。

Reviewer #2:

文章对强子物理学将产生影响…适合
在《自然物理学》上发表

Reviewer #3: 

文章所得结果的科学新颖性是显而易见的…

推荐在《自然物理学》上发表
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 研究工作二：重子对阈值截面测量
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BESIII
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 The Born cross section for 𝒆+𝒆− → 𝜸∗ → 𝑩ഥ𝑩:    

𝝈𝑩ഥ𝑩 𝒒 =
𝟒𝝅𝜶𝟐𝑪𝜷

𝟑𝒒𝟐
[|𝑮𝑴 𝒒 |𝟐 +

𝟏

𝟐𝝉
|𝑮𝑬(𝒒)|

𝟐]   

 Coulomb factor (under point-like hypothesis): 

Charged  𝑩ഥ𝑩:  C=
𝝅𝜶

𝜷

𝟏

𝟏−𝒆𝒙𝒑 (−
𝝅𝜶

𝜷
)
; Neutral 𝑩ഥ𝑩: C=1

 Near threshold, abnormal threshold effects are observed 
for proton, 𝜦, 𝜦𝒄

+ pair.

𝒆+𝒆− → 𝜦ഥ𝜦 𝒆+𝒆− → 𝜦𝒄
+ഥ𝜦𝒄

−𝒆+𝒆− → 𝒑ഥ𝒑

PRD 97, 032013(2018) PRL 120, 132001(2018)



14

 The cross sections can be well described by pQCD-
motivated functions

arXiv:2009.01404

𝑹𝚺+𝚺− = 𝟗. 𝟕 ± 𝟏. 𝟑

◇ Why no threshold effect observed for 𝜮 ?

◇ Why pQCD described so well near threshold? Non point-like 
under the Compton wavelength ~0.1 fm

 The results draw attention from theory discussion 

arXiv:2011.06857

http://arxiv.org/abs/arXiv:2009.01404
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arXiv:2009.01404

 The |GE/GM| shows similar distributions among current 
available baryon data (𝒑, 𝚲, 𝚺+, 𝚲𝒄

+) in TL region

 Exotic contributions like near-threshold D-wave 
resonances might provide such drastic effects

 Disagreement with theoretical prediction

arXiv:2011.06857

http://arxiv.org/abs/arXiv:2009.01404
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 研究工作三：超子CP破坏和稀有衰变寻找
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Matter asymmetry of universe 

 The CPV discovered in meson sector. 
Consistent with CKM theory in SM.

 CPV in baryon system?

◇ SM predict CPV in hyperon decay 10-4 ~ 10-5

◇ With 1.3 Billion 𝑱/𝝍 collected at BESIII, the CPV of 𝜦 is studied 
with spin correlation via 𝑱/𝝍 → 𝜦ഥ𝜦, to be 10-2

◇ BESIII has accumulated 10 Billion 𝑱/𝝍 Events！

◇ Two channels are reconstructed 

𝜦 → 𝒑𝝅− 𝝅−ഥ𝜦 → ഥ𝒏𝝅𝟎 𝝅+

𝜦(→ 𝒏𝝅𝟎)𝝅−ഥ𝜦(→ ഥ𝒑𝝅+)𝝅+

◇ Four independent CPV can be tested with higher sensitivity!

 CPV via 𝑱/𝝍 → 𝜩−ഥ𝜩+ (ongoing analysis)



 In the hyperon physics, ഥ𝒏 is an important 
final state

 The MC simulation is not satisfying

 An algorithm with data-driven method is 
developed to correct MC simulation
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 The difference between corrected MC and 
data is ~1% now



 Threshold produce for baryon pairs

 Large statistics at resonance decay

 Spin-correlation, polarization

 Decay involves strong, weak and EM interaction
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 组织组会、中俄联合讨论会

 撰写《物理》强子物理与强相互作用专题

 探测器概念设计报告，负责撰写物理需求和
物理展望部分

 组织国内/国际各种研讨会
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国内/国际研讨会

物理模拟组会
中俄联合讨论会

概念设计报告
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 开发快模拟算法，并开展各项物理过程模拟

 Prospect with 1 year data taking 

Fast simulation, arxiv:2011.01654

Physics Process Stat. Sensitivity Detector optimization

Collins effect 𝒆+𝒆− → 𝝅𝝅+ 𝑿, 
𝒆+𝒆− → 𝑲𝑲+ 𝑿

(2~7)× 𝟏𝟎−𝟒

(7~20)× 𝟏𝟎−𝟒
K/𝝅 mis-id 1% at 2 GeV/c

|Vcs|, fDs, LU 𝑫𝒔
+ → 𝒍+𝝊𝒍 (𝒍 = 𝝁, 𝝉) (0.29~0.4)% Efficiency of low-

momentum ↑

Strong phase 𝑫𝟎 → 𝑲𝒔/𝑳𝝅
+𝝅− - KL identification

CPV in tau 𝝉− → 𝑲𝒔𝝅
−𝝊𝝉 9.7× 𝟏𝟎−𝟒 𝝅/𝝁 mis-id 3% 

CPV in hyperon 𝑱/𝝍 → 𝜦ഥ𝜦 3× 𝟏𝟎−𝟒 ഥ𝒏 identification

cLFV in tau 𝝉 → 𝜸𝝁,𝝉 → 𝟑𝐥𝐞𝐩𝐭𝐨𝐧𝐬 (1.4~17)× 𝟏𝟎−𝟗 𝝅/𝝁 mis-id 3%
Position res. at EMC 4mm

𝜸 polarization 𝑫 → 𝑲𝟏𝒍
+𝝂 -



 承担科研项目情况
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起止年月 项目名称 项目来源 总经费 主持/参与

19.01-21.12 Σ超子的电磁形状因子和相位角测量 国家自然科学基金-联合基金面上项目 54万 主持

19.01-21.12 奇异重子的研究 国家自然科学基金-国际合作与交流项目 39.7万 主持

21.01-25.12 北京谱仪BESIII上强子产生截面测量
和强子结构研究

国家自然科学基金-重点项目 330万 骨干

 已发表的论文 (作为主要贡献者)

1. M. Ablikim et al.,(BESIII Collaboration) “Measurement of proton 

electromagnetic form factors in 𝑒+𝑒− → 𝑝 ҧ𝑝 in the energy region 2.00 – 3.08 

GeV”, Phys. Rev. Lett. 124, 042001 (2020).

本人贡献：是本人博士论文课题的延续，基本实验方法的确定，合作并指导研究生完成整个
分析工作，文章撰写及修改，回答合作组和杂志评审人的问题

2. M. Ablikim et al.,(BESIII Collaboration) “First measurements of 𝜒𝑐𝐽 → Σ−തΣ+

decays”, Phys. Rev. D 101, 092002 (2020).

本人贡献：选题，整个实验方法的确定，合作并指导研究生完成整个分析工作，文章撰写及
修改，回答合作组和杂志评审人的问题
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 已投稿的论文
1. M. Ablikim et al.,(BESIII Collaboration) “New features in the electromagnetic structure 

of the neutron”, submitted to Nature Physics (three referee response positive).

本人贡献：是本人博士论文课题的延续，担任课题召集人，独立完成第二种方法的所有实验
分析（共三种），文章撰写及修改，回答合作组评审人问题

2. M. Ablikim et al.,(BESIII Collaboration) “Measurements of Σ+and Σ− time-like 

electromagnetic form factors for center-of-mass energies from 2.3864 to 3.0200 GeV”, 

submitted to Phys. Lett. B.

本人贡献：选题，独立完成所有实验分析，文章撰写及修改，回答合作组评审人问题

3. “A fast simulation package for STCF detector”, submitted to JINST.

 合作组审核工作
◇ Precise cross section measurement of 𝑒+𝑒− → 𝜋+𝜋−𝜓(3686) with XYZ 

data, BAM-00397

◇ Cross section measurement of 𝑒+𝑒− → 𝛴0 ത𝛴0 from threshold to 3.02 GeV, 

BAM-00441

◇ Precision cross section measurement of 𝑒+𝑒− → 𝛬𝑐
+ ҧ𝛬𝑐

− near threshold, 

BAM-00453

◇ First measurement of 𝐽/𝜓 → 𝛴− ത𝛴+, BAM-00476
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 协助指导学生：Muzaffar Irshad, 2020.6博士毕业，博士论文《
Measurement of B(𝜒𝑐𝐽 → 𝛴− ത𝛴+) and Study of 𝑒+𝑒− → 𝛴0 ത𝛴0 at BESIII》

 国际会议大会报告
1. 2020.10.2, “BESIII physics and future tau-charm factories”, Snowmass 2020: Rere

Processes and Precision Frontier Townhall Meeting, Invited plenary talk, online

2. 2020.7.23， “Tau LFV decay: Super Tau Charm Facility”, Snowmass 2020 CLFV 

workshop, online

3. 2020.11.16-18, “Progress of physics simulation at STCF”, Joint International Workshop 

for Super-Charm Tau Facility, 2020, online

4. 2019.12.16-2019.12.19, “Status of the STCF project in China”, BINP-IHEP seminar 

“Tau and QCD physics at present and future e+e- colliders”, Novosibirsk, Russia
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 进一步精确研究形状因子，并开展夸克碎裂函数测量理解核子内部结构

 精确测量涉及重子产生、衰变和极化的一系列物理课题，并与理论相结
合，从而加强对粒子相互作用的理解！

 研究类粲偶素和奇异偶素能谱，寻找奇特态粒子，检验和理解QCD

 加强实验与理论的沟通与合作！！！

新型强子态



 过去的一年内，发表两篇文章（PRL，PRD)，投稿三篇
（Nature Physics, PLB, JINST）

◇类时空间最精确的质子电磁形状因子，对理解核子内部结果提供重
要实验结果，对理论模型给出严格的约束

◇类时空间最精确的中子电磁形状因子，解决长期以来光子-核子耦
合的困惑

◇ 𝜮重子近阈截面的测量，截面谱与pQCD符合。但EMFF ratio在阈
值附近显著大于1，与理论预期不符

 主持两项科研项目，参与一项，四次国际会议上做报告

 担任BESIII合作组tau-QCD组负责人，积极推动组内各项
工作

 负责STCF的物理模拟，组织国内及国际研讨会
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