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Outline

• Introduction to Belle experiment

•𝚵𝚵𝒄𝒄𝟎𝟎 → 𝚵𝚵𝟎𝟎𝝓𝝓(→ 𝑲𝑲+𝑲𝑲−)

• Evidence for 𝛀𝛀𝐜𝐜
𝟎𝟎 → 𝛑𝛑+𝛀𝛀 𝟐𝟐𝟎𝟎𝟐𝟐𝟐𝟐 −

• Measurements of 𝓑𝓑 𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝒍𝒍 𝝂𝝂 and 𝒜𝒜𝒄𝒄𝒄𝒄 of 𝜩𝜩𝒄𝒄𝟎𝟎→ 𝜩𝜩−𝝅𝝅+

• 𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲�𝐊𝐊∗𝟎𝟎, 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎, and 𝚺𝚺+𝐊𝐊∗−

• Masses and Widths of the 𝚺𝚺𝒄𝒄 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 + and 𝜮𝜮𝒄𝒄 𝟐𝟐𝟐𝟐𝟐𝟐𝟎𝟎 +

• Summary
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𝐁𝐁𝐞𝐞𝐥𝐥𝐥𝐥𝐞𝐞 𝐞𝐞𝐱𝐱𝐩𝐩𝐞𝐞𝐫𝐫𝐢𝐢𝐦𝐦𝐞𝐞𝐧𝐧𝐭𝐭 𝐚𝐚𝐧𝐧𝐝𝐝 𝐝𝐝𝐚𝐚𝐭𝐭𝐚𝐚 𝐬𝐬𝐚𝐚𝐦𝐦𝐩𝐩𝐥𝐥𝐞𝐞𝐬𝐬
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8 × 3.5 GeV
22 mrad crossing

Data taking: 1999 – 2010

On/off/Scan Υ(nS) peaks

Total luminosity: 980 fb-1

772M B�B events @Υ(4S)
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Ξ𝑐𝑐0 → Ξ0𝜙𝜙(→ 𝐾𝐾+𝐾𝐾−)

4

• Belle recently discovered Ω(2012)
excited baryon via Ξ𝐾𝐾 decay. 

• There should be a partner of Ω(2012 )
near 1.95 GeV

PRD 100, 032006

• Ξ𝑐𝑐0 → Ξ0𝜙𝜙( 𝐾𝐾+𝐾𝐾−) with polarized 
𝜙𝜙 → 𝐾𝐾+𝐾𝐾− could produce peaks in the 
Ξ𝐾𝐾 invariant mass spectra.

PRD 88, 114018

• Ξc0 → Ξ0ϕ( K+K−) can only proceed 
via W-exchange together with ss 
production, add to our knowledge of 
the weak decay of charmed baryons

Ξ0𝐾𝐾−

Ξ−𝐾𝐾𝑆𝑆0

𝛀𝛀(𝟐𝟐𝟎𝟎𝟐𝟐𝟐𝟐)

PRL 121, 052003

PRD.103.112002
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Ξ𝑐𝑐0 → Ξ0𝜙𝜙(→ 𝐾𝐾+𝐾𝐾−)

5

PRD.103.112002

Ξ𝑐𝑐0 → Ξ0𝜙𝜙 → 𝐾𝐾+𝐾𝐾− will not 
contribute to event excesses in the
MΞ𝐾𝐾 near 1.95 GeV.

All Ξ𝑐𝑐0 → Ξ0𝜙𝜙 Ξ𝑐𝑐0 → Ξ0𝐾𝐾+𝐾𝐾−
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Evidence for Ω𝑐𝑐0 → 𝜋𝜋+Ω 2012 −
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Motivation:
• Searching for new production model is very important to understand 

the nature of Ω 2012 −;
• A theoretical study of the Ω 2012 − in the nonleptonic weak decays

of Ω𝑐𝑐0 → 𝜋𝜋+�𝐾𝐾 Ξ 1530 𝜂𝜂Ω → 𝜋𝜋+ �𝐾𝐾𝜋𝜋Ξ − and �𝐾𝐾Ξ −was reported; 
the authors predicted the clearly Ω 2012 −peak in the �𝐾𝐾Ξ − invariant
mass spectrum of the Ω𝑐𝑐0 → 𝜋𝜋+ �𝐾𝐾Ξ −. [PRD 102, 076009 (2020)]
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• To extract the Ω 2012 − signal events  from Ω𝑐𝑐0 decay, a 2D maximum-
likelihood fit is performed  to 𝑀𝑀 K−Ξ0 /𝑀𝑀(𝐾𝐾𝑆𝑆0Ξ−) and 𝑀𝑀 𝜋𝜋−Ω 2012 .

• The statistical significance of Ω𝑐𝑐0 → 𝜋𝜋+Ω 2012 − → 𝜋𝜋+𝐾𝐾−Ξ0 and Ω𝑐𝑐0→
𝜋𝜋+Ω 2012 − → 𝜋𝜋+𝐾𝐾𝑆𝑆0Ξ− decays are 4.0𝜎𝜎 and 2.3𝜎𝜎, respectively.

𝐵𝐵𝐵𝐵 Ω𝑐𝑐0 → 𝜋𝜋+Ω 2012 − 𝐵𝐵𝐵𝐵(Ω 2012 − → 𝐾𝐾−Ξ0)
𝐵𝐵𝐵𝐵(Ω𝑐𝑐0 → 𝜋𝜋+𝐾𝐾−Ξ0)

= (9.6 ± 3.2 stat. ± 1.8(syst. ))%

𝐵𝐵𝐵𝐵 Ω𝑐𝑐0 → 𝜋𝜋+Ω 2012 − 𝐵𝐵𝐵𝐵(Ω 2012 − → �𝐾𝐾0Ξ−)
𝐵𝐵𝐵𝐵(Ω𝑐𝑐0 → 𝜋𝜋+ �𝐾𝐾0Ξ−)

= (5.5 ± 2.8 stat. ± 0.7(syst. ))%

Nfit K−Ξ0 = 28.3 ± 8.9

Nfit KS
0Ξ− = 17.9 ± 8.9

Evidence for Ω𝑐𝑐0 → 𝜋𝜋+Ω 2012 −
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• A 2D un-binned maximum-likelihood simultaneous fit is performed 
to 𝑀𝑀( �𝐾𝐾Ξ −) and 𝑀𝑀(𝜋𝜋+Ω 2012 −) distributions.

Nfit = 46.6 ± 12.3

Signal significance: 4.2𝜎𝜎
(including systematic uncertainties)

𝐵𝐵𝐵𝐵 Ω𝑐𝑐0 → 𝜋𝜋+Ω 2012 − × 𝐵𝐵𝐵𝐵(Ω 2012 − → (�𝐾𝐾Ξ)−)
𝐵𝐵𝐵𝐵(Ω𝑐𝑐0 → 𝜋𝜋+Ω−)

= 0.220 ± 0.059 stat. ± 0.035(syst. )

Evidence for Ω𝑐𝑐0 → 𝜋𝜋+Ω 2012 −
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ℬ 𝛯𝛯𝑐𝑐0 → 𝛯𝛯−𝑙𝑙 𝜈𝜈 and 𝒜𝒜𝑐𝑐𝑐𝑐 of 𝛯𝛯𝑐𝑐0→ 𝛯𝛯−𝜋𝜋+

 ARGUS:495.0 pb−1at Υ 1𝑆𝑆,2𝑆𝑆, 3𝑆𝑆 and off_res energy points; 18 events; PLB 303, 368(1993)

𝜎𝜎 𝑒𝑒+𝑒𝑒− → Ξ𝑐𝑐0𝑋𝑋 ℬ Ξ𝑐𝑐0 → Ξ−𝑙𝑙+𝜈𝜈𝑙𝑙 = 0.74 ± 0.24 ± 0.09 pb 𝑙𝑙+ = 𝜇𝜇+ 𝑜𝑜𝐵𝐵 𝑒𝑒+

11

 CLEOII:2.1fb−1at and bellow Υ 4𝑆𝑆 energy point; 54 signal events;  PRL 74 16(1995)

𝜎𝜎 𝑒𝑒+𝑒𝑒− → Ξ𝑐𝑐0𝑋𝑋 ℬ Ξ𝑐𝑐0 → Ξ−𝑒𝑒+𝜈𝜈𝑒𝑒 = 0.63 ± 0.12 ± 0.10 pb
𝜎𝜎 𝑒𝑒+𝑒𝑒− → Ξ𝑐𝑐+𝑋𝑋 ℬ Ξ𝑐𝑐+ → Ξ0𝑒𝑒+𝜈𝜈𝑒𝑒 = 1.55 ± 0.33 ± 0.25 pb

BESIII measured the ℬ Λ𝑐𝑐+ → Λ𝑙𝑙+𝜈𝜈 PRL 115, 221805(2015) & PLB 767, 42 (2017)

ℬ(Ξ𝑐𝑐→ Ξ 𝑙𝑙+𝜈𝜈 ) was measured by ARGUS and CLEOII

ARGUS
CLEOII



12

Measurements of 𝓑𝓑(𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝒍𝒍 𝝂𝝂 )

More types of backgrounds are considered 
such as:
𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝜋𝜋𝒍𝒍 𝝂𝝂
𝑩𝑩− → 𝚵𝚵 + 𝐡𝐡𝐚𝐚𝐫𝐫𝐝𝐝𝐡𝐡𝐧𝐧𝐬𝐬, 𝑩𝑩+ → 𝑫𝑫𝟎𝟎𝒆𝒆+𝝂𝝂𝒆𝒆
𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝑛𝑛𝜋𝜋,𝑛𝑛 = 1,2,3 …

𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝜋𝜋𝒍𝒍 𝝂𝝂 𝑩𝑩 decay

𝚵𝚵− sideband

𝚵𝚵−ℓ− wrong sign
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Measurements of 𝒜𝒜𝒄𝒄𝒄𝒄 of 𝜩𝜩𝒄𝒄𝟎𝟎→ 𝜩𝜩−𝝅𝝅+

𝜃𝜃Ξ:
angle between the pΛ and 
− pΞ𝑐𝑐0 in the Ξ− rest frame

value 𝒕𝒕𝒕𝒕𝒆𝒆𝒕𝒕𝒕𝒕𝒕𝒕 old result：

𝓑𝓑 𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩− 𝒆𝒆+𝝂𝝂𝒆𝒆 𝟐𝟐.𝟑𝟑𝟐𝟐 ± 𝟎𝟎.𝟑𝟑𝟑𝟑 % 𝟐𝟐.𝟑𝟑𝟑𝟑 ± 𝟎𝟎.𝟐𝟐𝟐𝟐 %/ 𝟑𝟑.𝟐𝟐 ± 𝟐𝟐.𝟕𝟕 %
LQCD/QCD sum rule

𝟐𝟐.𝟑𝟑 ± 𝟐𝟐.𝟐𝟐 %

𝓑𝓑 𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩− 𝝁𝝁+𝝂𝝂𝝁𝝁 𝟐𝟐.𝟐𝟐𝟕𝟕 ± 𝟎𝟎.𝟑𝟑𝟑𝟑 % 𝟐𝟐.𝟐𝟐𝟑𝟑 ± 𝟎𝟎.𝟐𝟐𝟑𝟑 %

𝓑𝓑 𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩− 𝒆𝒆+𝝂𝝂𝒆𝒆 /
𝓑𝓑 𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩− 𝝁𝝁+𝝂𝝂𝝁𝝁

𝟐𝟐.𝟎𝟎𝟑𝟑 ± 𝟎𝟎.𝟎𝟎𝟑𝟑 𝟐𝟐.𝟎𝟎𝟐𝟐𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐

𝜶𝜶𝜩𝜩− 𝝅𝝅+ −𝟎𝟎.𝟔𝟔𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟐𝟐𝟐𝟐 −𝟎𝟎.𝟔𝟔𝟎𝟎 ± 𝟎𝟎.𝟐𝟐
𝜶𝜶𝜩𝜩+ 𝝅𝝅− 𝟎𝟎.𝟐𝟐𝟑𝟑 ± 𝟎𝟎.𝟎𝟎𝟐𝟐𝟐𝟐

𝓐𝓐 𝟎𝟎.𝟎𝟎𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟐𝟐𝟔𝟔

arXiv:2103.06496
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𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲�𝐊𝐊∗𝟎𝟎, 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎, and 𝚺𝚺+𝐊𝐊∗−

 It is difficult 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 Ξc0 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]

𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲𝟎𝟎�𝐊𝐊∗𝟎𝟎 1.55 1.15 0.46±0.21 1.37±0.26

𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎 0.85 0.77 0.27±0.22 0.42±0.23

𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚺𝚺+𝐊𝐊∗− 0.54 0.37 0.93±0.29 0.24±0.17

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

𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲𝟎𝟎�𝐊𝐊∗𝟎𝟎 0.58 +0.49 -0.67±0.24

𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎 -0.87 +0.25 -0.42±0.62

𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚺𝚺+𝐊𝐊∗− -0.60 +0.51 −𝟎𝟎.𝟕𝟕𝟔𝟔−𝟎𝟎.𝟐𝟐𝟐𝟐
+𝟎𝟎.𝟔𝟔𝟐𝟐

[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)
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𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲�𝐊𝐊∗𝟎𝟎, 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎, and 𝚺𝚺+𝐊𝐊∗−

Ξc0 → Λ0�K∗0 Ξc0 → Σ0�K∗0 Ξc0 → Σ+K∗−

JHEP 2021, 160 
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𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲�𝐊𝐊∗𝟎𝟎, 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎, and 𝚺𝚺+𝐊𝐊∗−

JHEP 2021, 160 

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

• Introduction to Belle experiment

•𝚵𝚵𝒄𝒄𝟎𝟎 → 𝚵𝚵𝟎𝟎𝝓𝝓(→ 𝑲𝑲+𝑲𝑲−)

• Evidence for 𝛀𝛀𝐜𝐜
𝟎𝟎 → 𝛑𝛑+𝛀𝛀 𝟐𝟐𝟎𝟎𝟐𝟐𝟐𝟐 −

• Measurements of 𝓑𝓑 𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝒍𝒍 𝝂𝝂 and 𝒜𝒜𝒄𝒄𝒄𝒄 of 𝜩𝜩𝒄𝒄𝟎𝟎→ 𝜩𝜩−𝝅𝝅+

• 𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲�𝐊𝐊∗𝟎𝟎, 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎, and 𝚺𝚺+𝐊𝐊∗−

• Masses and Widths of the 𝚺𝚺𝒄𝒄 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 + and 𝜮𝜮𝒄𝒄 𝟐𝟐𝟐𝟐𝟐𝟐𝟎𝟎 +

• Summary

18
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Masses and Widths of the 𝚺𝚺𝒄𝒄 2455 + and Σ𝒄𝒄 2520 +

arXiv:2107.05615

𝑀𝑀Σ𝑐𝑐 2455 + − 𝑀𝑀Λc+= 166.17 ± 0.05−0.07
+0.16 MeV/𝑐𝑐2

ΓΣ𝑐𝑐 2455 + = 2.3 ± 0.3 ± 0.3 MeV/𝑐𝑐2

𝑀𝑀Σ𝑐𝑐 2520 + − 𝑀𝑀Λc+= 230.9 ± 0.5−0.1
+0.5 MeV/𝑐𝑐2

ΓΣ𝑐𝑐 2520 + = 17.2−2.1
+2.3

0.7
+0.31 MeV/𝑐𝑐2.

Consistent with theories:
Phys. Lett. B 808, 135619
Phys. Rev. D 92, 074014
Phys. Rev. D 12 2077 

• Little experimental information 
on the singly-charged Σ𝑐𝑐+, due 
to lower efficiency, higher 
backgrounds of 𝜋𝜋0 transitions

• CLEOII measured the mass, set 
the limits on width

• Useful to check the quark 
model predictions

• Critical to study the Λ𝑐𝑐 2593 + , 
whose pole mass appears to be 
between the Σ𝑐𝑐 2455 + 𝜋𝜋0and 
Σ𝑐𝑐 2455 ++ 𝜋𝜋−

Phys. Rev. Lett. 86, 1167
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Summary 
•𝚵𝚵𝒄𝒄𝟎𝟎 → 𝚵𝚵𝟎𝟎𝝓𝝓(→ 𝑲𝑲+𝑲𝑲−)
Branching fraction measured
event excesses in the MΞ𝐾𝐾 near 1.95 GeV not from Ξ𝑐𝑐0 → Ξ0𝜙𝜙

• Evidence for 𝛀𝛀𝐜𝐜
𝟎𝟎 → 𝛑𝛑+𝛀𝛀 𝟐𝟐𝟎𝟎𝟐𝟐𝟐𝟐 −

Branching fraction measured with 4.2𝜎𝜎 signal 

• Measurements of 𝓑𝓑 𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝒍𝒍 𝝂𝝂 and 𝒜𝒜𝒄𝒄𝒄𝒄 of 𝜩𝜩𝒄𝒄𝟎𝟎→ 𝜩𝜩−𝝅𝝅+

Error reduce by 1 order

• 𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲�𝐊𝐊∗𝟎𝟎, 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎, and 𝚺𝚺+𝐊𝐊∗−

First observation 

• Determined masses and widths of the 𝚺𝚺𝒄𝒄 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 + and 
𝜮𝜮𝒄𝒄 𝟐𝟐𝟐𝟐𝟐𝟐𝟎𝟎 +
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Backup: Jp of Xic2970

22

The uncertainty will be dominated by the BF of the ground-state Ξ𝑐𝑐 baryons.
Such uncertainties are avoided by calculating the ratio in a different way, with 
inclusive measurements of Ξ𝑐𝑐0 and Ξ𝑐𝑐+ and an assumption of isospin symmetry in their 
inclusive cross sections. We note that this assumption is confirmed within 15% in the 
Σ𝑐𝑐

(∗) case.
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Backup: Xic to Xi KK

23
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Backup: Xic to Xi KK

24

These topological substructures are due to the helicity angles of the Xic0 polarizing the in the ½ 
-> ½  + 1 resonant decay process
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Backup: Sigmac mass and width

A fit is made to Fig. 2 using a third-order Chebychev polynomial function to 
represent the background, and a P-wave relativistic Breit-Wigner function 
convolved with the previously described double-Gaussian resolution function, taking 
into account the small mass offset. The Breit-Wigner signal function includes a Blatt-
Weisskopf barrier factor, with radius parameter of R = 3 GeV .
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Outline

• Introduction to Belle experiment

• Spin and parity determination of 𝚵𝚵𝒄𝒄 𝟐𝟐𝟑𝟑𝟕𝟕𝟎𝟎 +

•𝚵𝚵𝒄𝒄𝟎𝟎 → 𝚵𝚵𝟎𝟎𝝓𝝓(→ 𝑲𝑲+𝑲𝑲−)

• Evidence for 𝛀𝛀𝐜𝐜
𝟎𝟎 → 𝛑𝛑+𝛀𝛀 𝟐𝟐𝟎𝟎𝟐𝟐𝟐𝟐 −

• Measurements of 𝓑𝓑 𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝒍𝒍 𝝂𝝂 and 𝒜𝒜𝒄𝒄𝒄𝒄 of 𝜩𝜩𝒄𝒄𝟎𝟎→ 𝜩𝜩−𝝅𝝅+

• 𝚵𝚵𝐜𝐜𝟎𝟎 → 𝚲𝚲�𝐊𝐊∗𝟎𝟎, 𝚺𝚺𝟎𝟎�𝐊𝐊∗𝟎𝟎, and 𝚺𝚺+𝐊𝐊∗−

• Masses and Widths of the 𝚺𝚺𝒄𝒄 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 + and 𝜮𝜮𝒄𝒄 𝟐𝟐𝟐𝟐𝟐𝟐𝟎𝟎 +

26
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𝐽𝐽𝑐𝑐 of Ξ𝑐𝑐 2970 +

27

• No experimental determination 
𝐽𝐽𝑐𝑐 for Charmed baryons

• Low excited Ξ𝑐𝑐 states can be 
uniquely identified as 
particular states predicted by 
the quark model

• Identification failed in higher 
excitation region, due to 
multiple states within the 
typical mass accuracy of 
quark-model predictions.

• Similar tendency in mass of the excited 
states of Λ𝑐𝑐 and Ξ𝑐𝑐

• It is conceivable that Ξ𝑐𝑐(2970) is the 
counter part of Λ𝑐𝑐(2675).[PRD 75, 014006 (2007)]

PRD 103, L111101 (2021)
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Measurements of 𝓑𝓑(𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝒍𝒍 𝝂𝝂 )

𝑝𝑝Ξℓ 𝜋𝜋
∗ is the momentum of Ξℓ 𝜋𝜋 in center of mass system ,  𝑝𝑝𝑚𝑚𝑚𝑚𝑚𝑚

∗ = 𝐸𝐸𝑏𝑏𝑒𝑒𝑚𝑚𝑚𝑚2 − 𝑀𝑀Ξ𝑐𝑐0
2

𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝜋𝜋𝒍𝒍 𝝂𝝂
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𝚵𝚵 ℓ 𝚵𝚵𝒄𝒄𝟎𝟎

① √ ╳ √ or ╳
② ╳ √ √ or ╳
③ ╳ ╳ ╳
④ √ √ ╳

Background component 

•𝛯𝛯− sideband from Ξ−𝜇𝜇+: ②+③

•Ξ−𝜇𝜇− selection: ①+③+④

•𝛯𝛯− sideband from Ξ−𝜇𝜇−: ③

Ξ−ℓ− is the combination of the same charged Ξ−and ℓ−

Measurements of 𝓑𝓑(𝜩𝜩𝒄𝒄𝟎𝟎 → 𝜩𝜩−𝒍𝒍 𝝂𝝂 )

•BKG candidates from generic MC
•Filled histograms are stacked.

For data under resonance:
Backgrounds such as:

B− → Ξ + hardons
B+ → D0𝑒𝑒+𝜈𝜈e

are not covered in this
method

Data-driven method used to describe background shape
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𝐽𝐽𝑐𝑐 of Ξ𝑐𝑐 2970 +

30

• Parity: 
Ratio of partial width           

Γ Ξc 2970 →Ξc 2656 𝜋𝜋
Γ Ξc 2970 →Ξc′𝜋𝜋

PRD 103, L111101 (2021)
• Spin:
•cos𝜃𝜃ℎ, cos𝜃𝜃𝑐𝑐
𝜃𝜃ℎ: helicity angle of Ξc 2970
𝜃𝜃𝑐𝑐: helicity angle of Ξc(2645)

𝜽𝜽𝒕𝒕

𝜽𝜽𝒄𝒄



31

𝐽𝐽𝑐𝑐 of Ξ𝑐𝑐 2970 +

31

𝐽𝐽 =
1
2

𝐽𝐽 =
3
2

𝐽𝐽 =
5
2 𝐽𝐽𝑐𝑐 = 1

2

± 𝐽𝐽𝑐𝑐 = 3
2

−
𝐽𝐽 =

5
2

−

inconclusive

𝑱𝑱𝒄𝒄 =
𝟐𝟐
𝟐𝟐

±

R= Γ Ξc 2970 +→Ξc 2656 0𝜋𝜋+

Γ Ξc 2970 →Ξc′0𝜋𝜋+
= 1.67 ± 0.29 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. −0.09

+0.15(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. ) ± 0.25

isospin-symmetry 
breaking effects

R=
1.06 for 𝑱𝑱𝒄𝒄 = 𝟐𝟐

𝟐𝟐

+
with light-quark degrees of freedom 𝒔𝒔𝒍𝒍 = 𝟎𝟎

0.26 for 𝐽𝐽𝑐𝑐 = 1
2

+
with light-quark degrees of freedom 𝑠𝑠𝑙𝑙 = 1

<<1 for 𝐽𝐽𝑐𝑐 = 1
2

−
since Ξc′0𝜋𝜋+ is in S wave while that to Ξc 2656 0𝜋𝜋+ in D wave

𝜽𝜽𝒕𝒕
𝜽𝜽𝒄𝒄
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