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Outline

• Υ 𝑛𝑆 → 𝑍𝑐
(′)
𝑍𝑐
(′)

• Υ 1,2,3𝑆 → Ω− + 𝑋

• 𝑒+𝑒− → 𝜔𝜒𝑏𝐽 and 𝜙𝜒𝑏𝐽
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Belle data



Υ 1,2𝑆 /𝑒+𝑒− → 𝑍𝑐
+𝑍𝑐

′ −

Double 𝑍𝑐 production provide experimental inputs

Tag one 𝑍𝑐 with 𝜋±𝐽/𝜓, 𝜋±𝜒𝑐1, 𝜋
±𝜓(2𝑆)

The missing mass should be within the mass window of 𝑍𝑐
(′)
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PLB 764,174(2017); PRD 91, 114025 (2015).

PRD97, 112004 (2018)

Ref. [23] cited PDG here



• Use Υ 1𝑆 → 𝑍𝑐 + 𝑋, 𝑍𝑐 → 𝜋±𝐽/𝜓 as an example

• The recoiling mass should be satisfy
• 𝑀𝑚𝑖𝑠𝑠 −𝑚𝑍𝑐 3900 < 0.03 GeV/c2

• or 𝑀𝑚𝑖𝑠𝑠 −𝑚𝑍𝑐 4200 < 0.21 GeV/c2
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MC simulation for (a)𝑍𝑐(3900)𝑍𝑐(3900) (b) 𝑍𝑐(4200)𝑍𝑐(4200) (c) 𝑍𝑐(3900)𝑍𝑐(4200)

Fit to 𝑀(𝜋±𝐽/𝜓) after missing mass requirement
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 No evident signal is found in every signal channel.
 Upper limits are obtained at 90% C.L.

 Didn’t deny the expectation, which is much lower than the 
measured production cross section.

𝐵(Υ(1,2S) → 𝑍𝑐𝑍𝑐) Born cross section at 𝑠 = 10.52, 10.58
and 10.867 GeV



Observation of an excited Ω− in 
Υ 1,2,3𝑆 decays

Decay chain:
Ω− → Ξ0𝐾− and Ξ−  𝐾0
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Λ𝜋−

Λ𝜋0

Λ → 𝑝𝜋−, 𝐾0 → 𝜋+𝜋−, 𝜋0 → 𝛾𝛾

+ 𝐾−

+ 𝐾0

8.3𝜎

𝑀 = 2012.4 ± 0.7 ± 0.6 MeV/c2, Γ = 6.4−2.0
+2.5 ± 1.6 MeV

Υ(1,2,3𝑆) data samples

Simultaneous fit

PRL 121, 052003 (2018)

𝑀(Λ𝜋0)

𝑀(Λ𝜋−)
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Independent fit result shows good agreement with that from simultaneous fit.

Check with other datasets.

More data, less signal.

Primarily in the decay of Υ(1,2,3𝑆)

PRL 121, 052003 (2018)

𝑀(Ξ0𝐾−)

𝑀(Ξ−𝐾0)

3.4𝜎

1.7𝜎

340 MeV/c2 higher than the ground state



Use Υ(5𝑆) on-resonance data.
Fully construction, 𝜒𝑏𝐽 → Υ 1𝑆 𝛾, Υ 1𝑆 → 𝑙+𝑙−

ω𝜒𝑏1/𝑏2 are observed for the first time in 𝑒+𝑒−

annihilation.
Also, very clear signal of 𝜋+𝜋−𝜋0𝜒𝑏1,2

PRL 113, 142001(2014)

12𝜎

5.9𝜎

Υ 5𝑆 → 𝜔𝜒𝑏𝐽

Out of signal region
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Within signal region

Previous result



No significant signal of 𝑋𝑏 is observed.

−0.4 ± 2.0 𝑋𝑏 from the fit.

From the 2D fit of the 𝑀 𝜋+𝜋−𝜋0 𝑣𝑠 𝑀(𝛾Υ(1𝑆)):

𝜎(e+e−→ω𝜒𝑏2)

𝜎(e+e−→ω𝜒𝑏1)
= 0.38 ± 0.16 ± 0.09, where the common systematic 

uncertainties cancel.

ℬ Υ 10860 → 𝛾𝑋𝑏 ℬ 𝑋𝑏 → 𝜔Υ 1𝑆 < 2.9 ×

10−5 at 90% C.L.

PRL 113, 142001(2014)

 𝑋𝑏, 𝑋(3872) counterpart in the bottomonium sector. 
 𝑋𝑏 is above ωΥ(1𝑆) threshold, should be a more promising 

(PRD 88, 054007(2013)).

𝑋(3872)
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Update of Υ 5𝑆 → 𝜔𝜒𝑏𝐽

Assume the transition is from Υ(5𝑆) and Υ(6𝑆)
 𝐵 Υ 5𝑆 → 𝜋+𝜋−𝜋0𝜒𝑏𝐽 = (2.5 ± 0.6 ± 2.1 ± 0.7) × 10−3

 𝐵 Υ 6𝑆 → 𝜋+𝜋−𝜋0𝜒𝑏𝐽 = (8.7 ± 4.3 ± 6.1−2.5
+4.5) × 10−3

Main systematic uncertainty rises from the assumption. Consistent 
with previous work.
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Full energy scan data PRD 98, 091102(R) (2018)

Do not separate 𝜔 and 
𝜋+𝜋−𝜋0, nor 𝜒𝑏1 and 𝜒𝑏2



Υ 6𝑆 → 𝜋+𝜋−𝜋0𝜒𝑏𝐽
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 2D fit with 𝜔𝜒𝑏1, 𝜔𝜒𝑏2, 𝜋
+𝜋−𝜋0𝜒𝑏1, 𝜋

+𝜋−𝜋0𝜒𝑏2. The significances are 
0.0𝜎, 5.3𝜎, 2.5𝜎, 0.0𝜎.

 2D fit 𝜔𝜒𝑏2 and 𝜋+𝜋−𝜋0𝜒𝑏1. The significances are 6.1𝜎 and 4.0𝜎.
 Observation for Υ 6𝑆 → 𝜋+𝜋−𝜋0𝜒𝑏1 and evidence for Υ 6𝑆 → 𝜔𝜒𝑏𝐽

𝑅21 ≡
𝐵 Υ 6𝑆 →𝜔𝜒𝑏2

𝐵 Υ 6𝑆 →𝜔𝜒𝑏1
= 0.4 ± 0.2, (∼ 1.72 from the prediction)

EPJC 77, 165(2017)

For data in
10.96 − 11.05 GeV



 BESIII observed the process 𝑒+𝑒− → 𝜙𝜒𝑐𝐽
[PRD 97, 032008 (2018)], which might be 
𝜓 4415,4660 → 𝜙𝜒𝑐𝐽.

 The hadronic loop effect theory gives the 
prediction

𝐵 Υ 6𝑆 → 𝜙𝜒𝑏𝐽 ~10
−6

Υ 6𝑆 → 𝜙𝜒𝑏𝐽
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PRD 97, 032008 (2018)

Average Born cross section: 
< 0.7 pb and < 1.0 pb for 
𝑒+𝑒− → 𝜙𝜒𝑏1 and 𝜙𝜒𝑏2, 
respectively.

Υ(1𝑆) signal region

Out of Υ(1𝑆) region

𝑅21 ≡
𝐵 Υ 6𝑆 → 𝜙𝜒𝑏2
𝐵 Υ 6𝑆 → 𝜙𝜒𝑏1

∼ 4.43

PRD 98, 091102(R) (2018)

2.6 𝜎

2.1 𝜎



• A new excited Ω baryon state is observed
• 𝑀 = 2012.4 ± 0.7 ± 0.6 MeV/c2, Γ = 6.4−2.0

+2.5 ± 1.6 MeV

• More likely to be a 
3

2

−
state described in Ref.[PRD 34,2809 (1986)]

• Double exotic states search is performed
• Not in contradiction with the expectation

• 𝜋+𝜋−𝜋0𝜒𝑏𝐽 is observed in Υ(6𝑆) energy region
• Make Analogy between Υ 5,6𝑆 and 𝜓(4660). Will there be more 

interesting physics?

14

Summary


