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Outline

这里输入标题文字二

 Observation of 𝜩𝒄(𝟐𝟗𝟑𝟎)
𝟎 and 𝜩𝒄(𝟐𝟗𝟑𝟎)

±

 Measurement of 𝚵𝒄 absolute BRs

 Measurement of BRs for 𝑩− → ഥ𝚲𝒄
−𝚵𝒄

∗𝟎

 A charmoniumlike state in e+e- →DsDs1(2536)

 Status of Belle II

Although Belle stopped data taking more than ten years ago and BelleII has 

already started data taking, Belle is still producing many excited results. 
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𝐁𝐞𝐥𝐥𝐞 𝐞𝐱𝐩𝐞𝐫𝐢𝐦𝐞𝐧𝐭 𝐚𝐧𝐝 𝐝𝐚𝐭𝐚 𝐬𝐚𝐦𝐩𝐥𝐞𝐬
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𝚵𝐜(𝟐𝟗𝟑𝟎)
𝟎 in  𝐁+ → 𝐊+𝚲𝐜

+ഥ𝚲𝐜
−

• Belle reported a structure, called Y(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 spin partner Y(4616) is predicted. PRD 82, 094008;  

PRL102, 242004

PRL 101, 172001

PRD 77, 031101

4
About Y(4630/4660), please see below for our latest results in e+e- →DsDs1(2536)
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𝚵𝐜(𝟐𝟗𝟑𝟎)
𝟎 in  𝐁+ → 𝐊+𝚲𝐜

+ഥ𝚲𝐜
−

5
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Observation of 𝜩𝒄(𝟐𝟗𝟑𝟎)
𝟎 in  𝑩+ → 𝑲+𝜦𝒄

+ഥ𝜦𝒄
− 𝐚𝐭 𝐁𝐞𝐥𝐥𝐞

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

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

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

8

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

EPJC 78, 928 (2018)

https://arxiv.org/abs/1806.09182
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Evidence of charged 𝜩𝒄(𝟐𝟗𝟑𝟎) in 𝑩𝟎 → 𝑲𝟎𝜦𝒄
+ഥ𝜦𝒄

−

 Charged 𝜩𝒄(𝟐𝟗𝟑𝟎) extracted by fitting 𝑀𝐾𝑠
0Λ𝑐

3.9σ

9

• N(Ξ𝑐
±(2930))=21.2±4.6, stat. significance 4.1𝜎

• M(Ξ𝑐
±(2930))=2942.3±4.4±1.5 MeV/c2

• Γ (Ξ𝑐
±(2930))=14.8±8.8±2.5 MeV

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

EPJC 78, 928 (2018)

https://arxiv.org/abs/1806.09182
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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)].



16

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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preliminary
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preliminary
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The Y states Belle: PRL99,142002, 670/fb

BaBar: PRD89, 111103, 520/fb

PRL110,252002 

967/fb

PRD86,051102 

454/fb

M(c
+c

-)

PRL101,172001 

695/fb
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Y(4630)=Y(4660)? Are there other decay modes? 

Belle:   PRD91, 112007 (2015), 980/fb

BaBar: PRD89, 111103 (2014), 520/fb

e+eK+K-J/

e+e’

e+e+
c


c 

Belle:   PRD89, 072015 (2014), 980/fbBelle:   PRL101, 172001 (2008), 695/fb

Experiment Mass (MeV) Width (MeV)

Belle, +
c


c 4634+8

-7
+5

-8 92+40
-24

+10
-21

Belle, ’ 4652108 68111

BaBar, ’ 4669213 1044810
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e+e− → γISRDs
+Ds1(2536)

−(→ ഥD∗0K−/D∗−KS
0)+c.c.

For ഥD∗0K− mode, full reconstruction of the γISR, Ds
+ , and K−

• Ds: K
+K-+, KsK

+, K+K-+0, KsK
+0, +, ’+

• and require Ds
+K−γISR recoil mass ~ ഥD∗0 mass

• To improve mass resolution, Mrec γISRDs
+K− is constrained to nominal mass of ഥD∗0: 

the resolution of Mrec(γISR) is drastically improved (∼180 → ∼ 5 MeV). 

For D∗−KS
0 mode, full reconstruction of the γISR, Ds

+ , and KS
0, and do similar selection

𝐬 (GeV) Luminosity (fb-1)

10.52 89.5±1.3

10.58 711±10

10.867 121.4±1.7

Total 921.9±12.9

Mrec γISRDs
+K− = (Ec.m.

∗ − E
γISRDs

+K−
∗ )2 − p

γISRDs
+K−

∗ 2

S.Jia, C.P.Shen, C.Z.Yuan, X.L.Wang et al.(Belle): arXiv:1911.00671 
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Mrec(γISRDs
+K−/KS

0) and Mrec(γISRDs
+)

• Mrec(γISRDs
+K−/KS

0) distribution is making before

applying the ഥD∗0/D∗− mass constraint.

• Due to the poor mass resolution, the ഥD∗0/D∗− signal is 

very wide. 

• The yellow histogram shows the normalized 

Ds1(2536)
− mass sidebands (see below). 

• Mrec(γISRDs
+) distribution is making after applying the 

ഥD∗0/D∗− mass constraint.

• The yellow histogram shows the normalized Ds
+ mass 

sidebands.

• The fit yields 275±32 Ds1(2536)
− signal events with 

the statistical significance of 8.0𝜎.

ഥD∗0/D∗− signal 

Ds1(2536)
− signal
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final mass spectrum M(Ds
+Ds1(2536)

−)

Possible background from e+e− → Ds
∗+(→ Ds

+γ)Ds1(2536)
−, where the photon from the Ds

∗+ remains 

undetected is studied in data, no obvious structure is observed in e+e− → Ds
∗+(→ Ds

+γ)Ds1(2536)
−.   

An unbinned simultaneous likelihood fit:

• signal: BW convolved with a Gaussian 

function, then multiplied by an efficiency 

function

• Ds1(2536)
− mass sidebands: threshold 

function

• e+e− → Ds
∗+Ds1(2536)

− background: 

threshold function

• non-resonant: two-body phase space 

M=(𝟒𝟔𝟐𝟓. 𝟗−𝟔.𝟎
+𝟔.𝟐(𝐬𝐭𝐚𝐭. ) ± 𝟎. 𝟒(𝐬𝐲𝐬𝐭. ) 𝐌𝐞𝐕/𝐜𝟐

𝜞 = (𝟒𝟗. 𝟖−𝟏𝟏.𝟓
+𝟏𝟑.𝟗(𝐬𝐭𝐚𝐭. ) ± 𝟒. 𝟎(𝐬𝐲𝐬𝐭. ) 𝐌𝐞𝐕

𝚪𝐞𝐞 × 𝓑(𝐘 → 𝐃𝐬
+𝐃𝐬𝟏(𝟐𝟓𝟑𝟔)

−) × 𝓑(𝐃𝐬𝟏 𝟐𝟓𝟑𝟔)− → ഥ𝐃∗𝟎𝐊− = 

(𝟏𝟒. 𝟑−𝟐.𝟔
+𝟐.𝟖(𝐬𝐭𝐚𝐭. ) ± 𝟏. 𝟓(𝐬𝐲𝐬𝐭. ) 𝐞𝐕

5.9σ
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Cross section

The product of e+e− → Ds
+Ds1(2536)

− + 𝑐. 𝑐. cross section and 

B(Ds1(2536)
− → ഥD∗0K−). 

The peak value of the 𝜎 ×B at 

M(𝐷𝑠
+𝐷𝑠1(2536)

−) ~ 4.63 GeV is 

(0.18±0.06) nb.

If B(𝐷𝑠1(2536)
− → ഥ𝐷∗0𝐾−)=50%

 Peak cross section ~ 0.4 nb

S.Jia, C.P.Shen, C.Z.Yuan, X.L.Wang et al.(Belle): arXiv:1911.00671 
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Y(4630)=Y(4660)? 

Belle:   PRD91, 112007 (2015), 980/fb

BaBar: PRD89, 111103 (2014), 520/fb

Experiment Mass (MeV) Width (MeV)

Belle, +
c


c 4634+8

-7
+5

-8 92+40
-24

+10
-21

Belle, ’ 4652108 68111

BaBar, ’ 4669213 1044810

Belle, DsDs1 4635.9+6.2
-6.0 0.4 49.8+13.9

-11.5 4.0

e+e’

e+e+
c


c 

Belle preliminary, 922/fb

Belle:   PRL101, 172001 (2008), 695/fb

e+eDsDs1
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A combined fit to Belle data 

by X.Y.Gao, S.Jia, C.P.Shen [preliminary]

Should be 

renormalized 

with new c BR

High precision 

BESIII data 

should be 

added
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What is Y(4660)?

• Charmonium?

• Molecule

[f0(980)’,cc]?

• Hadron-charmonium?

• Tetraquark state?

• Hybrid?

• ……

Experimental measurements:

Y(4660) 

 Ds*Ds0(2317)

 DsDs1(2460)

 Ds*Ds1(2460)

 DsDs2(2573)

at Belle with ISR; and

at BESIII with data to be taken in 2019-

2020 running year (Ecm=4.62, 4.64, 4.66, 

4.68, 4.70 GeV, 500 pb-1 at each energy)

Why does Y(4660) couple toss strongly?

Why does Y(4660) couple to charmed baryon strongly?

May these 

rates be 

estimated 

according to 

DsDs1(2536)?
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34X.Y.Zhou, S.X.Li, C.P.Shen et al (Belle II)
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Quick review of Phase-3 2019 Spring
• Phase-3 2019 Spring run started from 11th, March, and 

ended 1st, July, 2019.

• Aims of Phase-3 2019 Spring:
• Starting full-scale physics run with complete VXD in Belle II.
• Accelerator and collision tunings with lower b* for higher 

luminosity.
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Luminosity goal for 

ICHEP 2020 is 200/fb
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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 with its full 

detector. 

 Belle II will reach 50 ab-1 by 2027, which will provide 

greater sensitivity and precise measurements in hadron 

physics

Belle II physics book (arXiv:1808.10567):

https://arxiv.org/abs/1808.10567 



Thanks for your attention

shencp@buaa.edu.cn沈成平



PRL 122, 072501 

(2019)

½-?



One star:

Evidence of existence is poor

E. Briefel, PRD 16, 2706 (1977)

But !! 

J.K.Hassall says “no evidence”

In NPB189 (1981) 397

Combined

the Argonne 12 foot bubble chamber



Data set:
Data sample Luminosity(fb-1) Data sample Luminosity(fb-1)

5.74 24.91

2.9 89.5

711.0 121.4

Total 980fb-1

PRL 122, 072501 
(2019)



Mass (MeV/c2)

Width (MeV)

PRL 122, 072501 
(2019)



Observation of an excited 𝛀− baryon

𝜴− = s s s (S=-3, I=0)

1. 𝛺− excited states have proved difficult to find 
• Only one excited 𝛺− state, 𝛺(2250), has been confirmed until now.

• In addition, evidence for two other states of 𝛺− was reported.

• The masses of these excited 𝛺− are much higher than the ground 

state (>600MeV). 

2. 𝛺∗− → 𝛺− + 𝜋0 is highly suppressed since 𝛺− has isospin 

zero 

3. Preferred modes

• 𝛀∗− → 𝚵− + 𝐊𝐒
𝟎 ✓

• 𝛀∗− → 𝚵𝟎 + 𝐊− ✓

• Low-lying states 

• Analogous to Ωc
0 → Ξc

+K−[R. Aaij et al. PRL 118, 182001 (2017)] 

[J. Yelton et al. PRD 97, 051102 (2018)] 

PRL 121, 052003 (2018)

• Decays of these narrow resonances 

proceed via gluons.

• Production of baryon is enhanced.

Data sample Luminosity(fb-1) Events

(× 𝟏𝟎𝟖)

Υ(1𝑆) 5.7 1.02

Υ(2𝑆) 24.9 1.58

Υ(3𝑆) 2.9 -

45



Observation of an excited 𝛀− baryon
Results & Summary

𝚵𝟎 + 𝐊−

𝚵− + 𝐊𝐒
𝟎

ℛ =
ℬ(Ω∗−→Ξ0𝐾−)

ℬ(Ω∗−→Ξ− ഥ𝐾0)
=1.2±0.3

• The gap in the spectrum between the 

ground state and this excited state 

(∼340 MeV) is smaller than in other 𝛺−

excited states, which is closer to the 

negative-parity orbital excitations of 

many other baryons. 

• The narrow width observed implies that 

the quantum number 𝐽𝑃 =
3

2

−
is 

preferable.

PRL 121, 052003 (2018)
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Theoretical interpretation for the 𝛀∗(𝟐𝟎𝟏𝟐)

It is generally accepted that 𝛺∗(2012) is 1P orbital excitation of

the ground state 𝛺 baryon with the three strange quarks, whose
quantum numbers are 𝑱𝑷 =

𝟑

𝟐

−
.

Notably, the newly observed 

𝛺∗(2012) is revealed as a 

KΞ(1530) hadronic molecule. 

[PRD 98, 054009 (2018), 

PRD 98, 056013 (2018), 

arXiv:1807.02145, 

arXiv:1807.06485, 

arXiv:1807.06485,

......]

The K𝛯𝜋 three-body 

component is largely 

dominant. 

From PRD 98, 056013 (2018)
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Search for Ω(2012) → KΞ(1530) → KπΞ
We use the same data samples to search for Ω(2012) → KΞ(1530) → KπΞ in the 

decay of the narrow resonances Υ(1S), Υ(2S), and Υ(3S). 

Mode NFit NUL

Ω → Ξ(1530)0(→ Ξ−π+)K− 22.5±12.9 41.0

Ω → Ξ(1530)−(→ Ξ−π0)KS
0 -3.5±11.6 16.6

Ω → Ξ(1530)−(→ Ξ0π−)KS
0 -1.0±3.6 7.2

Ω → Ξ(1530)0(→ Ξ0π0)K− -12.0±9.8 13.2

Ω → Ξ0(1530)(→ Ξ+π−)K− Ω → Ξ−(1530)(→ Ξ+π0)K−

Ω → Ξ−(1530)(→ Ξ0π−)K− Ω → Ξ0(1530)(→ Ξ0π0)K−

Ω → Ξ(1530)0(→ Ξ−π+)K− Ω → Ξ(1530)−(→ Ξ−π0)KS
0

Ω → Ξ(1530)−(→ Ξ0π−)KS
0 Ω → Ξ(1530)0(→ Ξ0π0)K−

No clear Ω(2012) signals are 

observed. 

We give the upper limits on the 

ratios of the branching fractions at 

90% C.L. as below.  

RΞ−ഥK0
Ξ−π+K− =

ℬ(Ω → Ξ(1530)0(→ Ξ−π+)K−)

ℬ(Ω → Ξ−ഥK0)
< 9.3%

RΞ−ഥK0
Ξ−π0ഥK0 =

ℬ(Ω → Ξ(1530)−( → Ξ−π0)ഥK0)

ℬ(Ω → Ξ−ഥK0)
< 81.1%

RΞ0K−
Ξ0π−ഥK0 =

ℬ(Ω → Ξ(1530)−(→ Ξ0π−)ഥK0)

ℬ(Ω → Ξ0K−)
< 21.3%

RΞ0K−
Ξ0π0K− =

ℬ(Ω → Ξ(1530)0(→ Ξ0π0)K− )

ℬ(Ω → Ξ0K−)
< 30.4%

1.8𝜎

arxiv: 1906.00194

RΞ−ഥK0
Ξ0π−ഥK0 =

ℬ(Ω → Ξ(1530)−(→ Ξ−π0)ഥK0)

ℬ(Ω → Ξ−ഥK0)
< 25.6%

RΞ0K−
Ξ−π+K− =

ℬ(Ω → Ξ(1530)0(→ Ξ−π+)K−)

ℬ(Ω → Ξ0K−)
< 7.8%



Search for Ω(2012) → KΞ(1530) → KπΞ

A simultaneous fit to all three-body decay modes is performed. 

1.0𝜎
NFit= 22.4±14.0

RΞK
ΞπK =

ℬ(Ω→Ξ(1530)(→Ξπ)K)

ℬ(Ω→ΞK)
= (6.0±3.7(stat.)±1.3(syst.))%

RΞK
ΞπK =

ℬ(Ω→Ξ(1530)(→Ξπ)K)

ℬ(Ω→ΞK)
< 11.9% at 90% C.L.


