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研究支撑：大科学装置高能物理实验

Belle合作组：为世界上两大B介子工厂之一，其对电荷-宇称对称
性破坏的研究对2008年诺贝尔物理学奖的得主扮演关键的角色。
CMS实验：上帝粒子粒子的研究对2012年诺贝尔物理学奖的得主
扮演重要且关键的角色。 3



三者实验之间的关系

高亮度

高能量

2-4.6 GeV
轻强子谱
粲夸克偶素
奇特强子态
标准模型

9-11 GeV
重夸克偶素
奇特强子态
B物理
标准模型
新物理寻找

12-13 TeV
重子谱
重夸克偶素
奇特强子态
标准模型
新物理寻找

时间分配

Belle(II)

BES

CMS

Belle
BESIII

CMS

在实验方面利用BESIII、Belle、Belle II和CMS实

验寻找超出标准模型的新物理和研究新强子态，同
时积极参加Belle II、希格斯工厂的软硬件建设；

理论方面通过微扰量子色动力学、格点量子色动力
学等理论工具研究新强子态、希格斯粒子的性质
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团队建设和依托平台

* 团队主要成员：沈成平、王小龙、罗涛、郭玉萍、严亮、Hideki 

okawa
* 复旦现在是国内Belle/Belle II合作组最大成员单位,也是BESIII合

作组国内最重要的成员单位之一。

实验 人员规模 研究的课题 基金的支持

BESIII 1名教授，4名青年
研究员

奇特强子态研究、稀有衰变寻
找、轻强子谱和重子谱以及粲
偶素产生与衰变机制、D/Ds介
子的纯轻和半轻衰变等

973子课题、自然科
学基金大科学装置联
合面上项目、青年项
目

Belle 1名教授，3名青年
研究员

奇特强子态研究、粲/底偶素的
产生与衰变机制、(粲)重子谱
及衰变等

自然科学基金面上项
目、国际交流合作项
目

Belle II 1名教授，3名青年
研究员

奇特强子态研究、粲/底偶素的
产生与衰变机制、B介子的纯
轻和半轻衰变、B介子中的CP

破坏、𝜏轻子物理等
KLM子探测器系统升级

自然科学基金面上项
目、国际交流合作项
目

CMS 2名教授 希格斯粒子的性质，深入检验
标准模型；寻找ZZ和WW新的
共振态，以直接寻找新物理

国家重点研发计划、
自然科学基金国际交
流项目
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粒子物理中亟待解决的重要问题

• 粒子物理标准模型成功地解释了绝大多数现有实验事实，但仍

有几个重大问题亟需解答，味物理主要关注两个基本问题：

• 是否存在新的电荷宇称（CP）破坏机制

• 是否存在对味结构敏感的新粒子或新相互作用

• 两种回答方式：直接寻找和间接寻

找，互为补充；历史上很多发现都

由间接寻找给出

• 利用重味物理实验所采集的大统计

量数据，通过精确测量，可以间接

寻找高能标的新物理
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~ 1 km in diameter

Mt. Tsukuba

KEKB
Belle

Belle 实验

e+ source

Ares RF 

cavity

Belle 
detector

The highest lum:

2.1 x 1034/cm2/s

KEKB Collider CMS energy
10.58 GeV

’, ’’, Y…

Effective CMS
3-5 GeV

http://kekb.jp/
http://jp.f35.mail.yahoo.co.jp/ym/ShowLetter/ringanimation2M.gif?box=Inbox&MsgId=2406_9445966_98224_1696_384623_0_1738_499387_3403004772&bodyPart=1.4&filename=ringanimation2M.gif&tnef=&YY=43275&order=down&sort=date&pos=0&view=a&head=b
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Υ(4s)
e+ e-

BaBar p(e-)=9 GeV p(e+)=3.1 GeV         bg=0.56
Belle p(e-)=8 GeV p(e+)=3.5 GeV         bg=0.42

B

B
Dz ~ cbgtB

~ 200mm

√s=10.58 GeV

Υ(4s)

Asymmetric B factories: flavour physics at the 

luminosity frontier

KEKB
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In addition to (4S) also large 
samples of other (nS) decays!
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Fantastic performance far beyond design values! 
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Time Dependent CPV – Success! (2001)
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B0 tag
_B0 tag
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B-factories in the last decade

arXiv:1808.10567 
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Book: The Physics of the B factories

● Released on 2013.7.8

● Efforts from both of BaBar and Belle 

● More than four years to finish it !

arXiv:1406.6311 

EPJC 74, 3026 (2014)

Book: ~900 pages

2008 诺贝尔奖写序
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The Physics Program

Initial state radiation

JPC=1− −.
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The Charmed Baryon Physics 
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Baryon production at B-factory
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𝚵𝐜(𝟐𝟗𝟑𝟎)
𝟎 in  𝐁+ → 𝐊+𝚲𝐜

+ഥ𝚲𝐜
−

• Belle reported a structure, called X(4630), in the Λ𝑐
+ഥΛ𝑐

− invariant 

mass distribution in 𝑒+𝑒− → 𝛾𝐼𝑆𝑅Λ𝑐
+ഥΛ𝑐

− PRL 101, 172001

• BarBar once studied 𝐵+ → 𝐾+Λ𝑐
+ഥΛ𝑐

− and found two small peaks in 

𝑀Λ𝑐
+ഥΛ𝑐

− spectrum and a vague structure named Ξ𝑐 2930 is seen in 

the distribution of 𝑀𝐾 Λ𝑐. Larger data is needed to verify them. 

PRD 77, 031101

• Also, some theory explained that Y(4660) has a large partial decay 

width to Λ𝑐
+ഥΛ𝑐

− and it’s isospin partner Y(4616) is predicted. PRD 

82, 094008;  PRL102, 242004

PRL 101, 172001 PRD 77, 031101
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𝚵𝐜(𝟐𝟗𝟑𝟎)
𝟎 in  𝐁+ → 𝐊+𝚲𝐜

+ഥ𝚲𝐜
−

20
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Observation of 𝜩𝒄(𝟐𝟗𝟑𝟎)
𝟎 in  𝑩+ → 𝑲+𝜦𝒄

+ഥ𝜦𝒄
− 𝐚𝐭 𝐁𝐞𝐥𝐥𝐞

Eur. Phys. J. C78, 252 (2018)
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Search for  Y(𝟒𝟔𝟔𝟎) and its spin part  in  

𝑩+ → 𝑲+𝜦𝒄
+ഥ𝜦𝒄

− 𝐚𝐭 𝐁𝐞𝐥𝐥𝐞

• No Y(4660) and its spin partner 𝑌𝜂 were observed. in the Λ𝑐
+ഥΛ𝑐

−

invariant mass distribution 

• 90% C.L. upper limits of 𝐵+ → 𝐾+𝑌(4660) → 𝐾+Λ𝑐
+ഥΛ𝑐

− and 

𝐵+ → 𝐾+𝑌𝜂 → 𝐾+Λ𝑐
+ഥΛ𝑐

− are 1.2× 10−4 and 2.0 × 10−4.

Eur. Phys. J. C78, 252 (2018)
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Evidence of charged 𝜩𝒄(𝟐𝟗𝟑𝟎) in 𝑩𝟎 → 𝑲𝟎𝜦𝒄
+ഥ𝜦𝒄

−

 Based on full Υ(4𝑆) data set (772 M 𝐵 ത𝐵 pairs) at Belle

 Three Λ𝑐 decay channels:

Λ𝑐
+ → 𝑝𝐾−𝜋+, Λ𝑐

+ → 𝑝𝐾𝑠(𝜋
+𝜋−) and Λ𝑐

+ → Λ 𝑝𝜋− 𝜋+.

 𝐵 candidates extracted via 2D fit to 𝑀𝑏𝑐 and Δ𝑀𝐵

Eur. Phys. J. C78, 928 (2018)
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Evidence of charged 𝜩𝒄(𝟐𝟗𝟑𝟎) in 𝑩𝟎 → 𝑲𝟎𝜦𝒄
+ഥ𝜦𝒄

−

 Charged 𝜩𝒄(𝟐𝟗𝟑𝟎) extracted by fitting 𝑀𝐾𝑠
0Λ𝑐

3.9σ

24



25

• 相继发现带电的和中性的Ξc 2930 ，具有奇特性质：唯一在B介
子衰变过程中发现，但未在正负电子直接对撞过程中观测到的Ξc
激发态，引起广泛关注。

发现了新粲重子激发态Ξc 2930

Y.B.Li, *C.P.Shen et al (Belle) EPJC 78, 928 (2018)；
Y.B.Li, *C.P.Shen et al (Belle) EPJC 78, 252 (2018)

两篇论文均被选为EPJC

封面论文。

理论解释：
普通的Ξc激发态
ΛcഥK分子态
。。。。
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Charmed baryon spectra at BelleII
• LHCb recently reconstructed K+Λ𝑐

− and found 𝛯𝑐 2923 0, 𝛯𝑐 2939 0 and

𝛯𝑐 2965 0

• 𝛯𝑐 2930 0 is the sum of them ?

• We use LHCb’s results as input, refit our plot and find the fit result is good

 More data needed to extract signal yield with low uncertainty

 Notice  𝛯𝑐 2923 + → Λ𝑐
+𝐾−𝜋+, can we find more decay channel?

 How about Σ𝑐 2800 ? Is Σ𝑐 2800 the overlap of several Σ𝑐?
 ……. 

PRD.78.112003

Phys. Rev. Lett. 124, 222001
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Y.B.Li, C.P.Shen et al. (Belle)

PRL122, 082001 (2019)
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Y.B.Li, C.P.Shen et al (Belle) PRL122, 082001 (2019)
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Y.B.Li, C.P.Shen et al (Belle) PRL122, 082001 (2019)
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Ξc
+ →p 𝐾− 𝜋+ is a particularly important decay mode as it is the one most 

often used to reconstruct Ξc
+ candidates at hadron collider experiments, 

such as LHCb. Theory predicts the B(Ξc
+ →p 𝐾− 𝜋+)=(2.2±0.8)% [EPJC 78, 

224 (2018); Chin. Phys. C 42, 051001 (2018)].
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Measurement ℬ ത𝐵0 → ഥΛ𝑐
−𝛯𝑐

+ with 𝛯𝑐
+ → 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔𝑠

• reconstruct ഥΛ𝑐
− via ҧ𝑝𝐾+𝜋− decay mode

• tag a 𝐵0 with neural network based Full-Reconstruction algorithm.

• An unbinned maximum likelihood fit: 𝑁 𝛯𝑐
+ = 18.8 ± 6.8

• ℬ ത𝐵0 → ഥΛ𝑐
−𝛯𝑐

+ = 1.16 ± 0.42 𝑠𝑡𝑎𝑡. ± 0.15 𝑠𝑦𝑠𝑡. × 10−3

𝟑. 𝟐 𝝈

Measurement of Ξ𝒄
+ absolute BRs

Y.B.Li, C.P.Shen et al (Belle) 

PRD 100, 031101 (2019)

http://arxiv.org/abs/1904.12093
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Measurement ℬ ത𝐵0 → ഥΛ𝑐
−𝛯𝑐

+

with 𝛯𝑐
+ → Ξ−𝜋+𝜋+ or pK−𝜋+

𝟔. 𝟗𝝈
𝛯𝑐
+ → Ξ−𝜋+𝜋+

N = 24.2 ± 5.4

4.5𝝈
𝛯𝑐
+ → 𝑝K−𝜋+

N = 24.0 ± 6.9

Measurement of Ξ𝒄
+ absolute BRs

Y. B. Li. C. P. Shen et al (Belle) PRD 100, 031101 (2019)
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• First model –independent ℬ ത𝐵0 → ഥΛ𝑐
−𝛯𝑐

+ measurement

• 𝓑(𝜩𝒄
+ → 𝜩−𝝅+𝝅+) can be used to determine the BR of other Ξ𝒄

+ decay 

Measurement of Ξ𝒄
+ absolute BRs

Y. B. Li. C. P. Shen et al (Belle) PRD 100, 031101 (2019)
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Measurements of the branching fractions of 𝑩− → ഥ𝚲𝒄
−𝚵𝐜

∗𝟎

Branching fractions of 𝐵−/0 → ഥΛ𝑐
−Ξ𝑐

0/+
as well as the absolute branching fractions 

of  Ξ𝑐
+/0

were measured by Belle. 

 In those works, only Ξ𝑐
+/0

signal region of ഥΛ𝑐
− recoil mass spectrum is  

focused on.

 A nature question is: can we observe the excited Ξ𝑐 states in the higher

region of the ഥΛ𝑐
−recoil mass spectrum. 

 In this analysis, we checked the higher 

region of the ഥΛ𝑐
−recoil mass spectrum.

 We present the first measurements of  

branching fractions of  the decays

𝐵− → ഥΛ𝑐
−Ξ𝑐

′0, 𝐵− → ഥΛ𝑐
−Ξ𝑐 2645 0,  and 𝐵− → ഥΛ𝑐

−Ξ𝑐 2790 0, using a missing-

mass  technique.

[PRL 122, 082001 (2019)]

[PRD 100, 031101(R) (2019) ]
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Figure: Δ𝐸 distributions and the scatter plot of 𝑀𝑏𝑐 of 𝐵𝑡𝑎𝑔
+ versus of 𝑀ഥΛ𝑐

−of signal 

side in the Ξ𝑐
∗0signal region, 𝑖. 𝑒. , 2.5 GeV/𝑐2<𝑀𝐵𝑡𝑎𝑔

+ ഥΛ𝑐
−

𝑟𝑒𝑐 <2.86 GeV/𝑐2.

𝑀𝑏𝑐
𝑡𝑎𝑔

= 𝐸𝑏𝑒𝑎𝑚
2 − 𝑝

𝐵𝑡𝑎𝑔
𝐶.𝑀.

2Δ𝐸 = 𝐸𝐵𝑡𝑎𝑔𝐶.𝑀. − 𝐸𝑏𝑒𝑎𝑚

 We take |Δ𝐸| < 0.04 GeV (~3𝜎) as Δ𝐸signal region.

 The normalized contribution from 𝑀𝑏𝑐 and 𝑀ഥΛ𝑐
− sidebands is estimated using the 

half the number of events in blue dashed boxed, minus one-fourth the number of 

events in the red dashed boxed.

Measurements of the branching fractions of 𝑩− → ഥ𝚲𝒄
−𝚵𝐜

∗𝟎
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Recoil mass spectrum from data:
 The empty space between the fitted 

background level and the normalized 

sideband is the contribution from other 

multi-body 𝐵− → ഥΛ𝑐
− + 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔

decays.

 Since the statistical significances of 

Ξ𝑐
′0 and Ξ𝑐 2645 0 are less than 3𝜎, 

the 90% C.L. upper limits on the 

numbers of Ξ𝑐
′0 and Ξ𝑐 2645 0 signal 

events are determined.

[PRD 100, 112010 (2019)]

Measurements of the branching fractions of 𝑩− → ഥ𝚲𝒄
−𝚵𝐜

∗𝟎
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Ξ𝑐 worklist:
1. Measurement of absolute decay branching fractions

ℬ Ξ𝑐
0 → Ξ−𝜋+ = 1.80 ± 0.52 %

ℬ Ξ𝑐
+ → Ξ−𝜋+𝜋+ = 2.86 ± 1.27 %

ℬ Ξ𝑐
0 → Ξ−𝑒+𝜈𝑒 = 1.8 ± 1.2 %

ℬ Ξ𝑐
+ → Ξ0𝑒+𝜈𝑒 = 1.8−0.8

+0.7 %

PRL 122 082001

PRD 100 031101

Need updated
PDG

PDG, ratios to 

𝜩−𝟐𝝅+

𝝁?

CF

DCS

SCS

PRD 101, 053002
3.Decay parameter measurement:

The only 

measurement 

with large 

error
4. Form factors 

EPJC 79 695

Semileptonic

PLB792, 214

2. Find more decay modes:

Plentiful physics parameters 

need to be measured  !

% 10-3

10-4

39
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 There are some difficulties for the theoretical study in the non-leptonic decays of 
charmed baryons due to the failure of the factorization approach.

 Branching fraction measurements help to distinguish different theoretical 
models. 

 The asymmetry parameters of Ξc
0 are still not well measured, which is important 

to test parity violation in charmed-baryon sectors. 
Decay branching fractions (%) and asymmetry parameters of the Cabibbo favored Bc→Bn+V decays 
in QCD and SU(3)F approach.

Branching fractions KK [1] Zen [2] HYZ [3] GLT [4]

𝚵𝐜
𝟎 → 𝚲𝟎ഥ𝐊∗𝟎 1.55 1.15 0.46±0.21 1.37±0.26

𝚵𝐜
𝟎 → 𝚺𝟎ഥ𝐊∗𝟎 0.85 0.77 0.27±0.22 0.42±0.23

𝚵𝐜
𝟎 → 𝚺+𝐊∗− 0.54 0.37 0.93±0.29 0.24±0.17

Asymmetry parameters KK [1] Zen [2] GLT [4]

𝚵𝐜
𝟎 → 𝚲𝟎ഥ𝐊∗𝟎 0.58 +0.49 -0.67±0.24

𝚵𝐜
𝟎 → 𝚺𝟎ഥ𝐊∗𝟎 -0.87 +0.25 -0.42±0.62

𝚵𝐜
𝟎 → 𝚺+𝐊∗− -0.60 +0.51 −𝟎. 𝟕𝟔−𝟎.𝟐𝟒

+𝟎.𝟔𝟒

[1] Z. Phys. C 55, 659 (1992) [2] Phys. Rev. D 50, 5787 (1994) [3] Phys. Lett. B 792, 35 (2019) 
[4] Phys. Rev. D 101, 053002 (2020)

Measurements of Brs and asymmetry parameters of 

𝚵𝐜
𝟎 → 𝚲ഥ𝐊∗𝟎, 𝚵𝐜

𝟎 → 𝚺𝟎ഥ𝐊∗𝟎, and 𝚵𝐜
𝟎 → 𝚺+𝐊∗−

40

arXiv:2104.10361
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Ξc
0 → Λ0ഥK∗0 Ξc

0 → Σ0ഥK∗0 Ξc
0 → Σ+K∗−

Nfit = 3974±367 Nfit = 6260±254 Nfit = 376±61

By using the reference 
mode 𝚵𝐜

𝟎 → Ξ−π+ [arXiv: 
2103.06496 (2021)], we 
calculate the absolute 
branching fractions with 
signal yields between 
reference and signal 
channels after efficiency 
corrections. 

Measurements of Brs 𝚵𝐜
𝟎 → 𝚲ഥ𝐊∗𝟎, 𝚵𝐜

𝟎 → 𝚺𝟎ഥ𝐊∗𝟎, and 𝚵𝐜
𝟎 → 𝚺+𝐊∗−

41

arXiv:2104.10361
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Asymmetry parameter extractions

For Ξc
0 → Λ0ഥK∗0, Ξc

0 → Σ0ഥK∗0, and Ξc
0 → Σ+K∗−, the differential decay rates [PRD 

101, 053002 (2020)] are given by:

dN

dcosθΛ
∝ 1 + α Ξc

0 → ΛഥK∗0 α Λ → pπ− cosθΛ,

dN

dcosθΣ0
∝ 1 + α(Ξc

0 → Σ0ഥK∗0)α Σ0 → Λγ cosθΣ0, and 

dN

dcosθΣ+
∝ 1 + α(Ξc

0 → Σ+K∗−)α Σ+ → pπ0 cosθΣ+.

Definitions of θΛ, θΣ0, and θΣ+:  

• This measurement is insensitive to production polarization of Ξc
0 in B-factory [PRD 63, 

111102 (2001)].

• The asymmetry parameter α Σ0 → Λγ is expected to be zero  due to the case of parity 

conservation for an electromagnetic decay of Σ0 → Λγ. 42

arXiv:2104.10361
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Asymmetry parameters

Ξc
0 → Λ0ഥK∗0 Ξc

0 → Σ0ഥK∗0 Ξc
0 → Σ+K∗−

Note that α Λ → pπ− = 0.747 ± 0.010 and α Σ+ → pπ0 = −0.980 ± 0.017 from PDG.

43

arXiv:2104.10361
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Ξ𝑐 semileptonic decay  

 ARGUS:495.0 pb−1at Υ 1𝑆, 2𝑆, 3𝑆 and off_res energy points; 18 events; PLB 303, 

368(1993)

𝜎 𝑒+𝑒− → Ξ𝑐
0𝑋 ℬ Ξ𝑐

0 → Ξ−𝑙+𝜈𝑙 = 0.74 ± 0.24 ± 0.09 pb 𝑙+ = 𝜇+ 𝑜𝑟 𝑒+

 CLEOII:2.1fb−1at and bellow Υ 4𝑆 energy point; 54 signal events;  PRL 74 

16(1995)

𝜎 𝑒+𝑒− → Ξ𝑐
0𝑋 ℬ Ξ𝑐

0 → Ξ−𝑒+𝜈𝑒 = 0.63 ± 0.12 ± 0.10 pb

𝜎 𝑒+𝑒− → Ξ𝑐
+𝑋 ℬ Ξ𝑐

+ → Ξ0𝑒+𝜈𝑒 = 1.55 ± 0.33 ± 0.25 pb

BESIII measured the ℬ Λ𝑐
+ → Λ𝑙+𝜈 PRL 115, 221805(2015) & PLB 767, 42 (2017)

ℬ(Ξ𝑐→ Ξ 𝑙+𝜈 ) was measured by ARGUS and CLEOII

ARGUS CLEOII
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Measurements of 𝓑(𝜩𝒄
𝟎 → 𝜩−𝒍 𝝂 )

𝑝Ξℓ 𝜋
∗ is the momentum of Ξℓ 𝜋 in center of mass system ,  𝑝𝑚𝑎𝑥

∗ = 𝐸𝑏𝑒𝑎𝑚
2 −𝑀

Ξ𝑐
0
2

𝑝Ξℓ 𝜋
∗

𝑝𝑚𝑎𝑥
∗

89.454 fb-1 continuum data below Υ 4S arXiv:2103.06496
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𝓑 𝜩𝒄
𝟎 → 𝜩− 𝒆+𝝂𝒆 = 𝟏. 𝟕𝟐 ± 𝟎. 𝟏𝟎(𝒔𝒕𝒂𝒕. ) ± 𝟎. 𝟏𝟐(𝒔𝒚𝒔𝒕. ) ± 𝟎. 𝟓𝟎 %

𝓑 𝜩𝒄
𝟎 → 𝜩− 𝝁+𝝂𝝁 = 𝟏. 𝟕𝟏 ± 𝟎. 𝟏𝟕(𝒔𝒕𝒂𝒕. ) ± 𝟎. 𝟏𝟑(𝒔𝒚𝒔𝒕. ) ± 𝟎. 𝟓𝟎 %

𝓑 𝜩𝒄
𝟎 → 𝜩− 𝒆+𝝂𝒆 / 𝓑 𝜩𝒄

𝟎 → 𝜩− 𝝁+𝝂𝝁 =𝟏. 𝟎𝟎 ± 𝟎. 𝟏𝟏 ± 𝟎. 𝟎𝟗

Measurements of 𝓑(𝜩𝒄
𝟎 → 𝜩−𝒍 𝝂 )

The result is consistent with the expectation of LFU.

arXiv:2103.06496
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Measurements of 𝒜𝒄𝒑 of 𝜩𝒄
𝟎→ 𝜩−𝝅+

𝜃Ξ: angle between the pΛ and −pΞ𝑐0

in the Ξ− rest frame

𝜶𝜩− 𝝅+ = −𝟎. 𝟔𝟎 ± 𝟎. 𝟎𝟒 ± 𝟎. 𝟎𝟐

𝜶𝜩+ 𝝅− = 𝟎. 𝟓𝟖 ± 𝟎. 𝟎𝟒 ± 𝟎. 𝟎𝟐

𝒜 =
𝜶
𝜩− 𝝅+

−𝜶
𝜩+ 𝝅−

𝜶𝜩− 𝝅++𝜶𝜩+ 𝝅−
= 𝟎. 𝟎𝟏𝟓 ± 𝟎. 𝟎𝟓𝟐 ± 𝟎. 𝟎𝟏𝟕.

The result is consistent with no CP violation.

arXiv:2103.06496
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Motivation:

 The weak decay of charmed baryons is very useful for testing many contradictory 

theoretical models and methods. However, the cognition and exploration of charmed 

baryon goes pretty slowly. 

 The precision of measurement of the decay branching fraction remains poor for many 

Cabibbo-favored (CF) decays and even worse for some decays dominated by Cabibbo-

suppressed even though many different experiments like Belle and BESIII have hard 

work on improving the measurement results of charmed baryons.

 In theory, the singly Cabibbo-suppressed (SCS) decays 𝜦𝒄
+ → 𝒑𝝅𝟎 and 𝜦𝒄

+ → 𝒑𝜼
proceed dominantly through internal W-emission and W-exchange. The measurement of 

these two decay branching fractions may be interesting to study the underlying 

dynamic of charmed baryon decays.

 In experiment, BESIII report the branching fractions of these two SCS decays, which are 

𝑩(𝜦𝒄
+ → 𝒑𝝅𝟎) < 𝟐. 𝟕 × 𝟏𝟎−𝟒 at 90%  confidence level and B(𝜦𝒄

+ → 𝒑𝜼) = (1. 𝟐𝟒 ±
𝟎. 𝟑𝟎)× 𝟏𝟎−𝟑.

 In this analysis, we utilize the much higher statistic sample of 𝛬𝑐
+ collected by Belle 

detector to improve the measurement precision.

Measurements of Branching Fractions of 𝜦𝒄
+ →

𝒑𝝅𝟎and 𝜦𝒄
+ → 𝒑𝜼 decays at Belle
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Measurement of 𝜦𝒄
+ → 𝒑𝑲−𝝅+ decay

A method of branching ratio with respect to CF decay 𝜦𝒄
+ → 𝒑𝑲−𝝅+ (reference 

mode) is applied to measure the branching fractions of two SCS decays.

𝜺 = ൘෍𝒔𝒊 ෍
𝒋
(𝒔𝒋/𝜺𝒋) = 𝟏𝟒. 𝟎𝟔 ± 𝟎. 𝟎𝟏 %.

Left: Dalitz plot from data; Right: Dalitz plot of efficiency 

from signal MC.

𝐵 𝑆𝐶𝑆

𝐵 𝐶𝐹
=
𝑁𝑜𝑏𝑠(𝑆𝐶𝑆)

𝜖𝑀𝐶(𝑆𝐶𝑆)
×
𝜖𝑀𝐶(𝐶𝐹)

𝑁𝑜𝑏𝑠(𝐶𝐹)

Fit to M(𝑝𝐾−𝜋+) from data. 

Yield: 1476200 ± 1560

𝜒2/𝑛𝑑𝑓=1.06

Signal efficiency estimation: Dalitz method.

double Gaussian +

second-order polynomial

PRD103, 072004 (2021)
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Measurement of 𝜦𝒄
+ → 𝒑𝝅𝟎 (→ 𝜸𝜸) decay

 The efficiency estimated from signal MC sample is 𝟖. 𝟖𝟗𝟏 ± 𝟎. 𝟎𝟑𝟎 %.

Left: fit to the invariant mass distribution of 𝑝𝜋0 with a fixed signal yield of 1269. Right: The 

likelihood distribution changing with the branching fraction with the systematic uncertainty 

involved.

 There is no obvious signal excess in M(𝒑𝝅𝟎) from data. We set an upper limit 

on branching fraction of 𝑩 𝜦𝒄
+ → 𝒑𝝅𝟎 < 𝟖 × 𝟏𝟎−𝟓 at 90% C.L., reducing the 

value to more than half of the current best upper limit of 2.7 × 10−4.

50

PRD103, 072004 (2021)
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Measurement of 𝜦𝒄
+ → 𝒑𝜼(→ 𝜸𝜸)decay

 The efficiency estimated from signal MC sample is 𝟖. 𝟐𝟕𝟗 ± 𝟎. 𝟎𝟑𝟎 %. 

 A significant 𝜦𝒄
+ signal is observed in M(𝒑𝜼) distribution from data. The 

branching fraction is 𝑩 𝜦𝒄
+ → 𝒑𝜼 = 𝟏. 𝟒𝟐 ± 𝟎. 𝟎𝟓 ± 𝟎. 𝟏𝟏 × 𝟏𝟎−𝟑 , which is 

consistent with the latest BESIII measured result of 1.24 ± 0.30 × 10−3 with 

much improved precision.

 The measured 𝑩 𝜦𝒄
+ → 𝒑𝜼 is at least an order of magnitude larger than 

𝑩 𝜦𝒄
+ → 𝒑𝝅𝟎 , which is consistent with the theoretical prediction of an internal 

W-emission mechanism involving  an s quark in 𝜦𝒄
+ → 𝒑𝜼.

Yield: 7734 ± 263

𝜒2/𝑛𝑑𝑓=1.23

Gaussian + CB for signal.

Second-order polynomial 

for background.

51
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XYZ states

成功=X+Y+Z
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Hadrons: normal & multiquarks (exotic)

• Quark model: hadrons are composed from 2 (meson) 
quarks or 3 (baryon) quarks 

• QCD does not forbid hadrons with Nquarks2, 3
– Glueball： Nquarks = 0 (gg, ggg, …)
– Hybrid： Nquarks = 2 (or more) + excited gluon
– Multiquark state： Nquarks > 3 
– Molecule： bound state of more than 2 hadrons
– …

53
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What is the X(3872)?

• Mass: Very close to D0D*0 threshold

• Width: Very narrow, < 1.2 MeV

• JPC=1++

• Production 

– in pp/pp collision – rate similar to charmonia

– In B decays – KX similar to cc, K*X smaller than cc

– Y(4260)g+X(3872)

• Decay BR: open charm ~ 50%, charmonium~O(%)

• Nature   (very likely exotic)

– Loosely D0D*0 bound state (like deuteron)?

– Mixture of excited c1 and D0D*0 bound state?

M(J/) –M(J/) [GeV]

Belle, 2003

140 fb-1
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The most-cited article at Belle: 1900+
First observed by Belle in 𝐁 → 𝐊 𝐉/𝛙𝛑+𝛑−

 MX close to 𝐃𝟎ഥ𝐃∗𝟎 threshold M = (3871.68±0.17) MeV
 Surprisingly narrow: 𝚪𝐭𝐨𝐭 < 𝟏. 𝟐 MeV at 90% C.L.

PRL112, 092001 (2014)
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B±→X(3872)K±

• The determination of the B(B±→X(3872)K±) leads to B(X(3872)→J/ψπ+π−), bringing 

useful information regarding the complex nature of the X(3872).

• The original tetraquark model [PRD 71, 014028 (2005)] predicts it to be about 

50%. Various molecular models [PRD 72, 054022 (2005); PRD 69, 054008 

(2004)] predict it to be ≲10%.

BaBar, 424 fb-1, PRL 124, 152001 (2020)

• Increase signal efficiency by a factor of 3 by retaining all B tag candidate instead of 

the best one.

• There is 3σ evidence of the decay B±→X(3872)K±, detected for the first time using 

this recoil technique.

• B(B±→X(3872)K±) =( 2.1±0.6±0.3) ×10-4
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Absolute branching fractions of X(3872) decays 

• Globally analyzing the measurements by 

BESIII, Belle, Babar, LHCb

• The absolute branching fractions of 

X(3872) is free parameters in the fitting

• Statistical uncertainties are dominant for 

most measurements.

• Possible correlation between the 

systematics of different measurements 

in an experiments is neglected.

C.H.Li, C.Z.Yuan, Phys.Rev. D100 (2019) 094003
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Absolute branching fractions of X(3872) decays 

• Fitting results

• X(3872)→π+π-J/ψ ~ (4.1−1.1
+1.9)%

• X(3872)→D0D*0 ~ (52.4−14.3
+25.3)%

• Unknown decay ~ (31.9−31.5
+18.1)%

C.H.Li, C.Z.Yuan, Phys.Rev. D100 (2019) 094003

58

• Statistical uncertainties are dominant.

• At Belle II, we need improve the measurements related with X(3872) decays
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X(3872) decay channels
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X(3872) from Belle
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6161

易凯
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e+e-
+-J/ cross section

D0 – D1 “molecule”

D1

D0
Hadro-charmonium

PDG

PDG

J/

BABAR   PRL95,142001(2005)
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The Y states

PRL110,252002 
967/fb

PRD86,051102 
454/fb

Belle: PRL99,142002, 670/fb
BaBar: PRD89, 111103, 520/fb

M(c
+c

-)

PRL101,172001 
695/fb
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e+e-
+-J/ cross section

 Most precise cross section measurment to date from BESIII

 Fit I =|BW1+BW2*eif2+BW3*eif3|2 or Fit II =|exp+BW2*eif2+BW3*eif3|2  (other fits ruled out)

M = 4222.0±3.1±1.4 MeV (lower)

G = 44.1±4.3±2.0 MeV (narrower)

8.2 fb−1

19 points

0.8 fb−1

103 points

PRL118, 092001 (2017)

data data

 A 2nd resonance Y2 with M=4320.0±10.4±7.0 MeV/c2

G=101.4+25.3
-19.7±10.2 MeV

Observed for the first time, significance > 7.6s
65
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Observation of the Zc(3900)

— a charged charmoniumlike structure —

BESIII:   2013年3月24日
Belle： 3月30日
CLEOc：4月10日

Zc established！

66

Belle with ISR data (PRL 110, 252002)
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发现带电类粲偶素粒子Zc(3900)

67

6月17日，发现Zc(3900)的论文在《物理评论快报》发表，杂志编辑推荐，

并特别配发题为“新粒子暗示存在四夸克物质”的评论；《自然》杂志发

表了题为“夸克‘四重奏’开启物质世界的大门”的研究热点报道。

Zc(3900)因其衰变产生和J/

介子，组成中含有粲夸克和反

粲夸克且带有和电子相同或相

反的电荷，提示其中至少含有

四个夸克，可能是科学家长期

寻找的一种奇特强子。

BESIII:  PRL110, 252001 (2013)Belle:  PRL110, 252002 (2013)
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M(J/)[4.2, 4.4] GeV via ISR

548/fb at 10.58 GeV

Peaks at 12 & 15 GeV2?

Shown at QWG’2011
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X+Y+Z

153 页

Phys.Rept. 873 (2020) 1-154
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Upgrade and Prospects 
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SuperKEKB Collider

71
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Current integrated luminosity

We kept SuperKEKB and Belle II running in 2020/2021 during the COVID-19 

crisis, with extra effort from the local crew and the help of remote shifters
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Luminosity Plan
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Belle II energy points
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• 合作组规模: 26个国家和地区，>120个研究单位, >1000名成员。

– 50%为博士后及以上。

– 众多实验室：KEK, IHEP(Beijing), BNL, SLAC, TRIUMF, 

DESY, LAL, INFN, BINP, …

• 中国组： 复旦，高能所，中科大、河南师大等12个单位。

• 技术支持：

– 网页: https://napp.fudan.edu.cn/belle2/ （复旦）

– Indico: https://indico.ihep.ac.cn/category/109/ （高能所）, 

https://napp.fudan.edu.cn/indico/ （复旦）

 参与内容:

 物理分析：传统强项，但需要拓展
研究领域

 硬件：高能所，复旦

 计算：高能所，复旦，北航；+科
大，山大，南师

 DAQ和触发：高能所，辽师，+山
大

 探测器刻度：复旦，高能所，

 数据检查：中科大，北航

61名
成员！
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79X.Y.Zhou, S.X.Li, C.P.Shen et al (Belle II), CPC 44,021001(2020)
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我系始建于1958年，曾用名原子能系、物理二系、原子核科学系。1997年，

原子核科学系改建为现代物理研究所。2009年重建核科学与技术系并恢复本

科教育。现有教师53人，其中正高级职称25人（4名外籍），含2名全职中科

院院士、2名美国物理学会会士、5名国家杰出青年基金获得者、2名科技部科

技创新万人计划领军人才及其他8名国家级人才。

复旦大学
核科学与技术系/现代物理研究所

全国首批原子核物理本科专业（1958年）之一、首批硕士点（含粒子物理与原子
核物理、原子与分子物理、等离子体物理等三个专业, 1962年）和博士点（含粒
子物理与原子核物理、原子与分子物理两个专业, 1981年）及物理学博士后站点
之一（1985年）。目前建有核电子学、热工水力学等5个本科专业教学实验室，
与中国工程物理研究院等单位建立实习实训基地10余个。在校本科生120余名、
在校研究生130余名。
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BNL RHIC-STAR Experiment

CERN LHC-ALICE ExperimentKEK Belle II Experiment GSNL CUORE Experiment

Center NICA

B
M
@
N

JINR  NICA-MPD Experiment

核物理与离子束应用教育部重点实验室 上海EBIT实验室 国家基金委创
新研究群体 科技部重点领域创新团队 教育部重离子物理创新引智基地

主持纵向项目50余项，包括国家基金创新研究群体、重大项目、杰出青年基
金、科技部重点研发计划、中科院战略性先导项目。

主要研究领域 ：粒子物理与核物理
核技术及其应用
原子与分子物理
核相关理论与计算物理

BNL RHIC-sPHENIX Experiment

复旦大学
核科学与技术系/现代物理研究所

参与的部分国际合作组实验



82

Summary

一

二

三

 Although Belle has stopped data taking for >10 years ago, we are still 

producing exciting results [China group has made great contributions].

 Belle II started data taking on 25 March 2019 with its full detector. 

 The Belle II experiment at SuperKEKB aims to find New Physics beyond the 

SM with ultimate precision measurement (a few %, typically) of heavy flavor 

decays. 

 SuperKEKB has achieved Lpeak =2.4 x 1034cm-2s-1 (world highest 

luminosity) 

 Belle II is performing as expected, and obtained early physics results. 

 SuperKEKB/Belle II aims at accumulate 50ab-1 by ~2030, by further 

improving the luminosity performance. 



感谢您的批评指正
shencp@fudan.edu.cn沈成平



BackUp : Semileptonic decays

Semileptonic decays of charmed baryons: 
be calculated with QCD factorization approach

The cleanest processes among charm decays

Decay rate depend on CKM matrix element 𝑉𝑐𝑞
and strong interaction (form factor)

Verify lepton universality.

q = s, dഥ𝓊𝜈 and 𝓋ℓ: Dirac bispinors

𝐺𝐹: Fermi constant



BackUp: Ξ𝑐 → Ξ Λ 𝑙 𝜈
Ξ𝑐 → Ξ Λ 𝑙 𝜈 have been well studied theoretically.

• Total branching fraction(ℬ),

• forward-backward asymmetries(𝒜𝐹𝐵),

• differential decay rates(dΓ/𝑑𝑞2) 

are observable values that uncover the underline dynamics of QCD.

ℬ Ξ𝑐
0 → Ξ−𝑙+𝜈𝑒 = 1.35~7.26%

Theories such as: 
SU(3) symmetry arXiv:1901.05610 PRD, 97, 073006 (2018)  PLB, 792, 214 (2019);

Quasipotential approach relativistic quark model EPJC, 79, 695 (2019); light-front quark 

modelCPC, 42,093101(2018); light-cone QCD sum rules EPJC, 79, 695 (2019)

calculated: 

ℬ Ξ𝑐
+ → Ξ0𝑙+𝜈𝑒 = 3.3~28.6%

ℬ Ξ𝑐
+ → Λ𝑙+𝜈𝑒 = 0.082~0.17%

Also EPJC, 79, 695 (2019) predict: 



BackUp: Excited states: By John Yelton
https://hflav-eos.web.cern.ch/hflav-

eos/charm/baryons/Excited_Apr19/baryons_April19.html



BackUp:  Current charmed baryon status 

****:Existence is certain, properties fairly explored.

***:Existence is very likely or certain, further 

confirmation is desirable and/or quantum 

numbers, branching fractions, etc. are not well 

determined.

**:Evidence of existence is only fair.

*:Evidence of existence is poor.

Only 𝚲𝒄
+, 𝚵𝒄

𝟎 and 𝚺𝒄(𝟐𝟒𝟓𝟓) in **** status


