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Overview

From Yuan & Olsen, Nature Rev. Phys. 1 (2019) no.8, 480-494

 Belle and Belle II detector.

 Previous results of exotic states from Υ(1𝑆𝑆,2𝑆𝑆)

decay.

 Charmed pentaquark candidates reported by LHCb.

 Study on Υ 1𝑆𝑆,2𝑆𝑆 → [𝑃𝑃𝑐𝑐± → 𝑝𝑝 𝑝̅𝑝 ⁄𝐽𝐽 𝜓𝜓] + 𝑋𝑋.

 Study on Υ 1𝑆𝑆,2𝑆𝑆 → [𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠
0 → Λ �Λ ⁄𝐽𝐽 𝜓𝜓] + 𝑋𝑋

 Summary
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KEKB and Belle Detector
KEKB is first to achieve luminosity above 𝟏𝟏𝟏𝟏𝟑𝟑𝟑𝟑 ！

Belle also has Υ 1𝑆𝑆, 2𝑆𝑆
data samples:

 102M Υ 1𝑆𝑆
 158M Υ 2𝑆𝑆
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SuperKEKB and Belle II Detector

The newest luminosity record：
𝟓𝟓.𝟏𝟏 × 𝟏𝟏𝟏𝟏𝟑𝟑𝟑𝟑 𝐜𝐜𝐦𝐦−𝟏𝟏𝐬𝐬−𝟏𝟏
(2024-12-27 01:40:59)
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Decay characteristics of 𝚼𝚼(𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐)

From PDG

 Υ 1𝑆𝑆,2𝑆𝑆  are the bound states of a bottom quark and its antiparticle, with masses below the open-bottomonium threshold.

 The decay of Υ 1𝑆𝑆,2𝑆𝑆  has a gluon-rich environment, resulting in complex final states with a high multiplicity of hadrons.
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Anti-deuteron production in 𝚼𝚼(𝐧𝐧𝑺𝑺) decay
Phys.Rev.D 75,012009(2007)

CLEOARGUS

Phys.Lett. B 236,102(1990)

BABAR

Phys.Rev.D  89,111102(R)(2014)

 The production of anti-deuteron in Υ(1𝑆𝑆, 2𝑆𝑆) inclusive decay was first measured by ARGUS in 1990. 

 CLEO and BABAR experiments also found the anti-deuteron signal in Υ(1𝑆𝑆, 2𝑆𝑆) inclusive decay and 

continuum process,  respectively.

A hint: maybe we can search for more exotic states in 𝚼𝚼(𝒏𝒏𝒏𝒏) inclusive decay? 
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Search for XYZ states in 𝚼𝚼(𝟏𝟏𝑺𝑺) decay 

𝑋𝑋 3872 → 𝜋𝜋+𝜋𝜋− ⁄𝐽𝐽 𝜓𝜓
𝑌𝑌 4260 → 𝜋𝜋+𝜋𝜋− ⁄𝐽𝐽 𝜓𝜓
𝑌𝑌 4260 → 𝜋𝜋+𝜋𝜋−𝜓𝜓(2𝑆𝑆)
𝑌𝑌 4360 → 𝜋𝜋+𝜋𝜋−𝜓𝜓(2𝑆𝑆)
𝑌𝑌 4660 → 𝜋𝜋+𝜋𝜋−𝜓𝜓(2𝑆𝑆)

𝑌𝑌 4260 → 𝐾𝐾+𝐾𝐾− ⁄𝐽𝐽 𝜓𝜓

𝑌𝑌 4140 → 𝜙𝜙 ⁄𝐽𝐽 𝜓𝜓

𝑋𝑋 4350 → 𝜙𝜙 ⁄𝐽𝐽 𝜓𝜓

𝑍𝑍𝑐𝑐 3900 ± → ⁄𝜋𝜋±𝐽𝐽 𝜓𝜓
𝑍𝑍𝑐𝑐 4200 ± → ⁄𝜋𝜋±𝐽𝐽 𝜓𝜓
𝑍𝑍𝑐𝑐 4430 ± → ⁄𝜋𝜋±𝐽𝐽 𝜓𝜓
𝑍𝑍𝑐𝑐 4050 ± → 𝜋𝜋±𝜓𝜓(2𝑆𝑆)
𝑍𝑍𝑐𝑐 4430 ± → 𝜋𝜋±𝜓𝜓(2𝑆𝑆)

𝑍𝑍𝑐𝑐𝑐𝑐± → 𝐾𝐾± ⁄𝐽𝐽 𝜓𝜓

Belle searched for some XYZ states in Υ 1𝑆𝑆  
inclusive decay using 14 decay modes, while 
no evident signal was found.

Phys.Rev.D 93 (2016) 11, 112013
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Search for XYZ states in 𝚼𝚼(𝟏𝟏,𝟐𝟐𝟐𝟐) decay 

(a) (b)

(c) (d)

 Belle searched for 𝑋𝑋 3872 , 𝑋𝑋 3915 ,𝑌𝑌(4160) in 

𝚼𝚼(𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐) radiative decay [Υ 1𝑆𝑆,2𝑆𝑆 → 𝛾𝛾𝛾𝛾(𝑌𝑌)].

 (a)(b)~ Υ(1𝑆𝑆) ; (c)(d)~ Υ(2𝑆𝑆).

 No evident signal was found .
Phys. Rev. D 82, 051504(R) (2010) Phys. Rev. D 87, 071107(R) (2011)

 Belle searched for  𝑍𝑍𝑐𝑐 pair in the decay of 𝚼𝚼(𝟏𝟏𝑺𝑺,𝟐𝟐𝑺𝑺).  

 (a)(b)~ Υ(1𝑆𝑆) ; (c)(d)~ Υ(2𝑆𝑆).

 No evident signal was found and the upper limits on the 

product branching fraction were given.
Phys. Rev. D 97, 112004 (2018)
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Candidates of pentaquark states

Ξ𝑏𝑏− → 𝐾𝐾− + Λ𝐽𝐽/𝜓𝜓

Λ𝑏𝑏 → 𝐾𝐾− + 𝑝𝑝𝑝𝑝/𝜓𝜓

Sci.Bull. 66 1278 (2021)

Phys. Rev. Lett. 115, 072001 (2015) 
Phys.Rev.Lett. 131, 031901 (2023)

𝐵𝐵− → 𝑝̅𝑝 + Λ𝐽𝐽/𝜓𝜓

𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4338 :
M = 4338.3 ± 0.7 ± 0.4 MeV
Γ = 7.0 ± 1.2 ± 1.3 MeV

Phys. Rev. Lett. 122, 222001 (2019)

State 𝐌𝐌 ( ⁄𝐌𝐌𝐌𝐌𝐌𝐌 𝐜𝐜𝟐𝟐) 𝚪𝚪 (𝐌𝐌𝐌𝐌𝐌𝐌)

𝑃𝑃𝑐𝑐 4312 + 4311.9 ± 0.7−0.6
+6.8 9.8 ± 2.7−4.5

+3.7

𝑃𝑃𝑐𝑐 4440 + 4440.3 ± 1.3−4.7
+4.1 20.6 ± 4.9−10.1

+8.7

𝑃𝑃𝑐𝑐 4457 + 4457.3 ± 0.6−1.7
+4.1 6.4 ± 2.0−1.9

+5.7

𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4459 :
M = 4458.8 ± 0.7 ± 0.4 MeV
Γ = 17.3 ± 1.2 ± 1.3 MeV

 Where to search for these potential pentaquark 
states at Belle/Belle II?

 A clue: production of hyperons and deutrons is 
enhanced in Υ(1𝑆𝑆, 2𝑆𝑆) inclusive decays.

OR
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Study on 𝑷𝑷𝒄𝒄± → 𝒑𝒑 �𝒑𝒑 ⁄𝑱𝑱 𝝍𝝍 in 𝚼𝚼 𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐  

inclusive decay
(arXiv:2403.04340)
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Event selection

We search for 𝑷𝑷𝒄𝒄 states in 𝒑𝒑 ⁄𝑱𝑱 𝝍𝝍 final 
states in 𝚼𝚼 𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐  inclusive decay.

Basic event Selection
• 3 well measured charged tracks.

• Identification of 𝑒𝑒±,𝜇𝜇±, and 𝑝𝑝±.

• Λ veto for 𝑝𝑝 candidates.

• Impact parameters between 𝑝𝑝 and 

leptons (Δ𝑑𝑑𝑑𝑑 < 0.5 cm).

Cut on 𝐌𝐌𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫
𝟐𝟐 (𝒑𝒑 ⁄𝑱𝑱 𝝍𝝍)

• Mrecoil
2 𝑝𝑝 ⁄𝐽𝐽 𝜓𝜓 > 10 ⁄GeV c2 2

⁄𝐽𝐽 𝜓𝜓 → 𝑙𝑙+𝑙𝑙−, 𝑙𝑙 = 𝑒𝑒 or 𝜇𝜇
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Invariant mass distributions

: Belle data : ⁄𝐽𝐽 𝜓𝜓 mass sideband
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Fit to M(pJ/ψ)

The formula used in the fit to events 
from ⁄𝐽𝐽 𝜓𝜓 mass region is:

𝑓𝑓𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑓𝑓𝑅𝑅 + 𝑓𝑓no−𝑃𝑃𝑐𝑐 + 𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏 

Signal MC no − 𝑃𝑃𝑐𝑐 MC

𝑃𝑃𝑐𝑐 4312 + 𝑃𝑃𝑐𝑐 4440 + 𝑃𝑃𝑐𝑐 4457 +

no − 𝑃𝑃𝑐𝑐 MC is used to simulate 
the non-resonance process.
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Fit to M(𝒑𝒑 ⁄𝑱𝑱 𝝍𝝍)

 No significant 𝑃𝑃𝑐𝑐 state is obtained in 

the 𝑝𝑝𝑝𝑝/𝜓𝜓 of Υ(1𝑆𝑆,2𝑆𝑆) inclusive decays.

 We set upper limits on 𝑃𝑃𝑐𝑐 productions 

from Υ(1𝑆𝑆,2𝑆𝑆) inclusive decay.

 We measure the branching fractions of 

⁄𝑝𝑝𝑝𝑝 𝜓𝜓 productions from Υ(1𝑆𝑆, 2𝑆𝑆)

inclusive decay:

• 𝐵𝐵𝐵𝐵 Υ 1𝑆𝑆 → 𝑝𝑝𝑝𝑝/𝜓𝜓 + 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =

4.27 ± 0.16 ± 0.20 × 10−5

• 𝐵𝐵𝐵𝐵 Υ 2𝑆𝑆 → 𝑝𝑝𝑝𝑝/𝜓𝜓 + 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =

3.59 ± 0.14 ± 0.16 × 10−5
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Study on 𝑷𝑷𝒄𝒄�𝒄𝒄𝒔𝒔𝟎𝟎 → ⁄𝑱𝑱 𝝍𝝍 ⁄𝚲𝚲 �𝚲𝚲 in 𝚼𝚼 𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐  

inclusive decay
(arXiv:2502.09951)



Event selection
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Basic event Selection
• 4 well measured charged tracks.

• Identification of 𝑒𝑒±,𝜇𝜇±.

𝚲𝚲 selection
• Select Λ with neural network

framework (nisKsFinder).

• We can get about 96% selection 

efficiency for Λ with  nisKsFinder.

We search for 𝑷𝑷𝒄𝒄�𝒄𝒄𝒔𝒔𝟎𝟎  states in 𝚲𝚲 ⁄𝑱𝑱 𝝍𝝍 final 
states in 𝚼𝚼 𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐  inclusive decay.

(a)(b)~ Υ(1𝑆𝑆), (c)(d)~ Υ(1𝑆𝑆), (e)(f)~continuum process

⁄𝐽𝐽 𝜓𝜓 → 𝑙𝑙+𝑙𝑙−, 𝑙𝑙 = 𝑒𝑒 or 𝜇𝜇

Λ → 𝑝𝑝𝜋𝜋−
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Event selection

 89 fb-1 data sample collected at 

10.52 GeV is used to estimate 

the continuum production.

 ⁄𝐽𝐽 𝜓𝜓 mass window:

𝑀𝑀𝑙𝑙+𝑙𝑙− − 3.0969 < 3 ∗ 10.0 MeV/c2

 Λ mass window:

𝑀𝑀𝑝𝑝𝜋𝜋− − 1.1156 < 3 ∗ 1.4 MeV/c2

(a)(d)~ Υ(1𝑆𝑆), (b)(e)~ Υ(1𝑆𝑆), (c)(f)~continuum process.

Both 𝚲𝚲 and 𝑱𝑱/𝝍𝝍 are clear.
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𝚲𝚲 ⁄𝑱𝑱 𝝍𝝍 production

The data shows the first observation of Υ(1𝑆𝑆) , Υ(2𝑆𝑆) decays into Λ ⁄𝐽𝐽 𝜓𝜓 final states and makes 

measurements of their branching fractions:

𝐵𝐵 Υ 1𝑆𝑆 → ⁄𝐽𝐽 𝜓𝜓 ⁄Λ �Λ + 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 36.9 ± 5.3 ± 2.4 × 10−6

𝐵𝐵 Υ 2𝑆𝑆 → ⁄𝐽𝐽 𝜓𝜓 ⁄Λ �Λ + 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 22.3 ± 5.7 ± 3.1 × 10−6

Preliminary
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Invariant mass distributions of 𝚲𝚲 ⁄𝑱𝑱 𝝍𝝍

 We use 𝑀𝑀Λ ⁄𝐽𝐽 𝜓𝜓 = 𝑀𝑀l+𝑙𝑙−𝑝𝑝𝜋𝜋− − 𝑀𝑀𝑙𝑙+𝑙𝑙− − 𝑀𝑀𝑝𝑝𝜋𝜋− + 𝑚𝑚Λ + 𝑚𝑚 ⁄𝐽𝐽 𝜓𝜓 to improve the mass 

resolution 𝜎𝜎𝑀𝑀 (11.6 ⁄MeV c2 → 2.8 MeV/c2)

 Excess seen near 4.46 GeV in both Υ(1𝑆𝑆) and Υ(2𝑆𝑆) data.

: Belle data : ⁄Λ𝐽𝐽 𝜓𝜓 mass sideband
Preliminary
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Fit to M(𝚲𝚲 ⁄𝑱𝑱 𝝍𝝍)

PreliminaryNo sign for 𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4338 0

Peak observed in the region of the 𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4459 0.
 Fit strategy

 The data was fitted by a binned max 

likelihood fit, with

𝑓𝑓𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑓𝑓𝑅𝑅 + 𝑓𝑓𝑛𝑛𝑛𝑛−𝑃𝑃𝑐𝑐�𝑐𝑐s + 𝑓𝑓Sideband
 We include a Gaussian constraint using 

prior knowledge of the LHCb, and 

measurement and minimize the value of:

−𝟐𝟐𝟐𝟐𝟐𝟐𝑳𝑳′ ≡ −𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 + 𝒎𝒎−𝒎𝒎𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳
𝟐𝟐

𝝈𝝈𝒎𝒎𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳
𝟐𝟐 + 𝒎𝒎−𝚪𝚪𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 𝟐𝟐

𝝈𝝈𝚪𝚪𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳
𝟐𝟐

 Signal yield

 𝑁𝑁𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐(4459) = 21 ± 5

 Significance is determined to be 3.3𝝈𝝈
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Fit to M(𝚲𝚲 ⁄𝑱𝑱 𝝍𝝍)

 Resonance parameters

 The Resonance parameters are determined by the fit 

without any constrain.

• 𝐌𝐌 = 𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒.𝟕𝟕 ± 𝟒𝟒.𝟖𝟖 ± 𝟎𝟎.𝟔𝟔 𝐌𝐌𝐌𝐌𝐌𝐌/𝐜𝐜𝟐𝟐

• 𝚪𝚪 = 𝟐𝟐𝟐𝟐.𝟗𝟗 ± 𝟏𝟏𝟏𝟏.𝟏𝟏 ± 𝟐𝟐.𝟕𝟕 𝐌𝐌𝐌𝐌𝐌𝐌

• 𝚫𝚫 −𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 = 𝟏𝟏𝟏𝟏.𝟓𝟓𝟓𝟓 (𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 𝟑𝟑.𝟖𝟖𝟖𝟖)

 𝑷𝑷𝒄𝒄�𝒄𝒄𝒔𝒔 production

 𝐵𝐵[(Υ 1𝑆𝑆 → ⁄𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4459 0 �𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4459 0+anything] =

𝟑𝟑.𝟓𝟓 ± 𝟐𝟐.𝟎𝟎 ± 𝟎𝟎.𝟐𝟐 × 𝟏𝟏𝟎𝟎−𝟔𝟔

 𝐵𝐵[(Υ 2𝑆𝑆 → ⁄𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4459 0 �𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4459 0+anything] =

𝟐𝟐.𝟗𝟗 ± 𝟏𝟏.𝟕𝟕 ± 𝟎𝟎.𝟒𝟒 × 𝟏𝟏𝟎𝟎−𝟔𝟔

 The upper limits of 𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4338 0 production are 

determined to be at 10−6 level.
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Summary

 We search for 𝑃𝑃𝑐𝑐 states in the 𝑝𝑝𝑝𝑝/𝜓𝜓 final state from Υ(1𝑆𝑆,2𝑆𝑆) inclusive decays 

and no significant 𝑃𝑃𝑐𝑐 state is obtained.

 We search for 𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 states in the Λ𝐽𝐽/𝜓𝜓 final state from Υ(1𝑆𝑆,2𝑆𝑆) inclusive decays 

and a peak is found in the region of the 𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4459 0 from Λ𝐽𝐽/𝜓𝜓 mass spectrum 

while no sign of 𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4338 0.

 The significance of 𝑃𝑃𝑐𝑐 ̅𝑐𝑐𝑠𝑠 4459 0 is determined to be 3.3𝜎𝜎 including systematics.

 Looking forward to more data at Belle II.

Thank you very much!
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BACK UP

Momentum of proton
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Fit to M(𝒑𝒑 ⁄𝑱𝑱 𝝍𝝍)
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Generic MC
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Invariant mass from MC
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Systematics from Lambda selection
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Systematics from Lambda selection
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Total Systematics ( ⁄𝚲𝚲𝑱𝑱 𝝍𝝍)
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Total Systematics ( ⁄𝒑𝒑𝒑𝒑 𝝍𝝍)
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