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B-factories in the last decade

arXiv:1808.10567

https://arxiv.org/abs/1808.10567


The Physics Program

Initial state radiation
JPC=1− −.
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The Charmed Baryon Physics 
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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− states, 𝛺(2250), has been confirmed until now.
• In addition, the evidence for two other states of 𝛺− were reported.
• These 𝛺− excited states’ masses are much higher than the ground state 

(>600MeV). 

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

• The decays of these narrow resonances 
proceed via gluons.

• The production of baryon are enhanced.

Data 

sample

Luminosity(fb-1) Events

(× 𝟏𝟎𝟖)

Υ(1𝑆) 5.7 1.02

Υ(2𝑆) 24.9 1.58

Υ(3𝑆) 2.9 -

7



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 other 𝛺− excited 
states, which is more close 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 three strange quark, 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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Channel ε ℬdecay 𝓑(𝜴(2012) → K𝜩/K𝜩𝝅) Nobs Nexpected

𝛯−𝐾𝑆
0 15.7% ℬ(𝐾𝑆

0 → 𝜋+𝜋−) ×ℛ( ത𝐾0 → 𝐾𝑆
0) 6.5% 279 -

𝛯0𝐾− 4.0% ℬ(𝜋0 → 𝛾𝛾) 7.8% 242

𝛯−𝐾−𝜋+ 9.4% - 28.6% - 2091

𝛯−𝐾𝑆
0𝜋0 1.5%

ℬ(𝐾𝑆
0 → 𝜋+𝜋−)× ℬ(𝜋0 → 𝛾𝛾)

× ℛ( ത𝐾0 → 𝐾𝑆
0)

14.3% -
55

𝛯0𝐾𝑆
0𝜋− 2.3%

ℬ(𝜋0 → 𝛾𝛾) × ℬ(𝐾𝑆
0 → 𝜋+𝜋−)

×ℛ( ത𝐾0 → 𝐾𝑆
0)

28.6% -
177

𝛯0𝐾−𝜋0 0.8% ℬ(𝜋0 → 𝛾𝛾) × ℬ(𝜋0 → 𝛾𝛾) 14.3% - 82

The number of expected 𝛀(2012) events at Belle

𝐍𝐞𝐱𝐩𝐞𝐜𝐭𝐞𝐝 = 𝑵𝛀
𝐭𝐨𝐭𝐚𝐥 × 𝓑𝐩𝐫𝐨𝐝𝐮𝐜𝐭 × 𝜺 × 𝓑 𝜴(2012) → K𝜩/K𝜩𝝅

• ℬ(Ω(2012) → KΞ): ℬ(Ω(2012) → KΞ𝜋) = 14.3 : 85.7 in Ref.[arxiv:1807.00997].

• 𝒯 𝛯− ഥ𝐾0 : 𝒯 𝛯0𝐾− = 1 : 1.2 from PRL121, 052003 (2018)

• The isospin analysis shows 𝒯 𝛯−𝐾−𝜋+ : 𝒯 𝛯− ഥ𝐾0𝜋0 : 𝒯 𝛯0 ഥ𝐾0𝜋− : 𝒯 𝛯0𝐾−𝜋0 =
2:1:2:1

• In the calculation of ℬdecay, the common ℬ, e.g., ℬ(Λ → p𝜋−) is cancelled. 

ℛ(ഥ𝐾0 → 𝐾𝑆
0) = 0.5

• If theoretical predictions are correct, we will most likely observe 𝛺(2012)  in 

mode 𝛺(2012) → 𝛯−𝐾−𝜋+. 10



Double-Cabibbo suppressed decay 𝚲𝐜
+ →

𝑝 𝐾+𝜋−
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DCS decay 𝚲𝐜
+ → 𝑝 𝐾+𝜋−
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A new Λ excited states ?
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Observation of Pc states at LHCb
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Reference modes
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Search for Ps states at Belle

• No significant Ps signal
• Best fit yields a peak at M=(2025±5) MeV/c2

and Γ=(22±12) MeV

16

PRD96, 051102(R) (2017 ); 915fb-1

https://link.aps.org/doi/10.1103/PhysRevD.96.051102


17

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

17



𝚵𝐜(𝟐𝟗𝟑𝟎)
𝟎 in  𝐁+ → 𝐊+𝚲𝐜

+ഥ𝚲𝐜
−
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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)



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

21

arXiv:1806.09182 

https://arxiv.org/abs/1806.09182


Evidence of charged 𝜩𝒄(𝟐𝟗𝟑𝟎) in 𝑩𝟎 → 𝑲𝟎𝜦𝒄
+ഥ𝜦𝒄

−

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

4.1σ
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Measurements of absolute Brs of 𝚵c
0

⚫ Weak decays of charmed hadrons play an unique role in the study of 

strong interaction；the charmed-baryon sector also offers an unique 

and excellent laboratory for testing heavy-quark symmetry and light-

quark chiral symmetry.

⚫ For the charmed baryons of the SU(3) anti-triplet, only Λ𝑐 absolute 

Brs were measured by Belle [PRL113,042002(2014), first time] and 

BESIII [PRL116,052001(2016)]

⚫ Since 𝚵c
0 [PRL62,863(1989)] and 𝚵c

+[PLB122,455

(1983)] were discovered ~30 years ago, no absolute

Brs could be measured.

⚫ For 𝚵c
0, the Brs are all measured with ratios to the Ξ−𝜋+, the so 

called reference mode.
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Measurements of absolute Brs of 𝚵c
0

⚫ Theory: 𝐵(𝚵c
0 → Ξ−𝜋+)~1.3% [PRD48, 4188 (1993)], 

(2.24±0.34)% [JHEP03, 66(2018)].

⚫ The 𝐵(𝚵c
0 → ΛK−𝜋+)/ 𝐵(𝚵c

0 → Ξ−𝜋+) = 1.07 ± 0.12± 0.07 and 

𝐵(𝚵c
0 → 𝑝K−K−𝜋+)/ 𝐵(𝚵c

0 → Ξ−𝜋+)= 0.33 ± 0.03±0.03 [PLB 605,237] 

⚫ 𝚵c
0 → 𝑝K−K−𝜋+ plays a fundamental role in lots of bottom baryons study 

at LHCb .

⚫ How to measure 𝚵c
0 absolute Brs ? Model Independent ! 

⚫ For inclusive 𝑩− → ഥ𝚲𝒄
−𝚵c

0, 𝚵c
0 →anything, never measured before.

⚫ For exclusive 𝐵(𝑩− → ഥ𝚲𝒄
−𝚵c

0) 𝐵(𝚵c
0 → Ξ−𝜋+); 𝐵(𝑩− → ഥ𝚲𝒄

−𝚵c
0) 

𝐵(𝚵c
0 → ΛK−𝜋+), measured by Belle and BaBar with large errors. 
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Measurements of Br of 𝑩− → ഥ𝜦𝒄
−𝜩𝒄

𝟎, 𝜩𝒄
𝟎 →anything

⚫ The ഥ𝚲𝒄
−reconstructed via its തpK+π− and ҧ𝑝𝐾𝑠

0 decays

⚫ A tagged B meson candidate, 𝐵𝑡𝑎𝑔
+ , is reconstructed using a neural network 

based on the full hadron-reconstruction algorithm

⚫ An unbinned maximum likelihood fit: N(𝚵c
0)=40.9 ±9.0, 5.5σ(stat.)

⚫ B(𝑩− → ഥ𝚲𝒄
−𝚵c

0, 𝚵c
0 →anything)= (9.51±2.10±0.88)×10−4 for the first time

772M BഥB
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Measurements of Brs of 𝑩− → ഥ𝚲𝒄
−𝚵c

0,with 

𝚵c
0 → Ξ−𝜋+;𝚵c

0 → ΛK−𝜋+; 𝚵c
0 → 𝑝K−K−𝜋+

Ξ−𝜋+

44.8 ± 7.3
9.5σ

ΛK−𝜋+

24.1 ±5.5
6.8σ

𝑝K−K−𝜋+

16.6 ± 5.4
4.6σ 
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Measurements of absolute Brs of 𝚵c
0

Summary of the measured branching fractions and the ratios of 𝚵c
0 decays 

Channel Br/Ratio

𝐵(𝑩− → ഥ𝚲𝒄
−𝚵c

0) (9.51±2.10±0.88)×10−4

𝐵(𝑩− → ഥ𝚲𝒄
−𝚵c

0) 𝐵(𝚵c
0 → Ξ−𝜋+) (1.71±0.28±0.15)×10−5

𝐵(𝑩− → ഥ𝚲𝒄
−𝚵c

0) 𝐵(𝚵c
0 → ΛK−𝜋+) (1.11±0.26±0.10)×10−5

𝐵(𝑩− → ഥ𝚲𝒄
−𝚵c

0) 𝐵(𝚵c
0 → pK−K−𝜋+) (5.47±1.78±0.57)×10−6

𝐵(𝚵c
0 → Ξ−𝜋+) (1.80±0.50±0.14)%

𝐵(𝚵c
0 → ΛK−𝜋+) (1.17±0.37±0.09)%

𝐵(𝚵c
0 → pK−K−𝜋+) (0.58±0.23±0.05)%

𝐵(𝚵c
0 → ΛK−𝜋+)/𝐵(𝚵c

0 → Ξ−𝜋+) 0.65±0.18±0.04

𝐵(𝚵c
0 → pK−K−𝜋+)/𝐵(𝚵c

0 → Ξ−𝜋+) 0.32±0.12±0.07

1.07±0.14 

PDG

0.34±0.04 

⚫ We have performed an analysis of 𝑩− → ഥ𝚲𝒄
−𝚵c

0 inclusively and exclusively 

⚫ First model-independent measurement of absolute Brs of 𝚵c
0 decays

⚫ The branching fraction 𝐵(𝑩− → ഥ𝚲𝒄
−𝚵c

0) is measured for the first time

⚫ The measured 𝐵(𝚵c
0 → Ξ−𝜋+) can be used to determine the BR of other 𝚵c

0 decays.

(2.4±0.9)×10−5

(2.1±0.9)×10−5
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Xfrag :  a few unflavored mesons



Summary
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Belle data taking is over, but still actively publishing results.

Many interesting results are from (charmed)baryon spectroscopy.

--Observation of an excited 𝛺− baryon: 𝛺*(2012)

-- First observation of doubly Cabibbo-suppressed decay in 𝛬𝑐
+ → 𝑝 𝐾+𝜋−

-- First observation of 𝛯𝑐
0(2930) and evidence of 𝛯𝑐

+−(2930) in B decays

-- Search for Ps in 𝛬𝑐
+ → 𝑝𝜙𝜋0 decay

-- Measurements of absolute Brs of 𝛯𝑐
0

Interesting results are expected at Belle II, where 50 times

more statistics than Belle.

--Spin-parity determination of most (charmed)baryons and hyperons.

--Search for new (charmed)baryon/hyperon resonances

-- And more …


