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Motivation I

Ø The X(3872) state was first observed by Belle in 2003 through its decay into 𝜋!𝜋"𝐽/𝜓 in the 

process 𝐵! → 𝐾!𝜋!𝜋"𝐽/𝜓 [1]. It is natural to search for a similar state with 𝐽#$ = 1!! in 

the bottomonium system.

Ø 𝑋% existence has been predicted in molecular [2, 3, 4] and tetraquark models [5, 6, 7], with 

masses close to the 𝐵 +𝐵 or 𝐵 +𝐵∗ threshold [2, 3, 4], or in the 10 to 11 GeV/𝑐' [5, 6, 7] range, 

respectively.

Ø Using 20.7 fb-1 and 16.2 fb-1 of pp collision data at C.M. energy 𝑠 = 8 TeV, CMS and 

ATLAS searched for 𝑋% → 𝜋!𝜋"Υ 1𝑆 , but no evidence for the X(3872) state was found.
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Motivation II
Ø Belle and Belle II have searched for 𝑋! → 𝜔(→ 𝜋"𝜋#𝜋$)Υ(1𝑆) using a 118 fb-1 data sample at 𝑠 =

10.867 GeV and a 19.6 fb-1 data sample at 𝑠 = 10.75 GeV [13, 14].

Ø Using 3.5, 1.6, 9.8, and 4.7 fb−1 data samples at 𝑠 = 10.653, 10.701, 10.746, and 10.804 GeV, Belle II 

search for the 𝑋! with 𝑋! → 𝜋"𝜋#𝜒!%,' in 𝑒"𝑒# → 𝛾X! [15]. No evident signal of X! was found.

Ø In this analysis, we search for the particle 𝑋! corresponding to 𝑋(3872) in the bottomonium energy region 

around 10 GeV. The specific search process is 𝑋! → 𝜋"𝜋# Υ(1𝑆), and 𝑋! is found or the strictest upper 

limit is given.

[13] X. H. He et al. (Belle Collaboration), Phys. Rev. Lett. 113, 142001 (2014).
[14] I. Adachi et al. (Belle Collaboration), Phys. Rev. Lett. 130, 091902 (2023).
[15] I. Adachi et al. (Belle II Collaboration), arXiv:2509.01917.
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Datasets

Ø Software environment: BASF2 release: light-2505-deimos

l Signal MC samples:
ü Generate Signal MC sample for:

𝒆 "𝒆 # → 𝜸𝑿 𝒃 , 𝑿 𝒃 → 𝝅 "𝝅 #𝚼 𝟏 𝐒 , 𝚼 𝟏 𝐒 → 𝝁 "𝝁 # ( 𝒆 "𝒆 # )

at 𝒔 = 𝟏𝟎. 𝟕𝟓𝟏 𝐆𝐞𝐕 by a combination of PHOKHARA and EvtGen.

ü 20000 Events for the sample.

l Generic MC samples:
Run-dependent MC – proc13 + prompt -5S_scan

Mode Luminosity (𝐟𝐛!𝟏)

𝒖$𝒖 76.525

𝒅$𝒅 76.525

𝒔'𝒔 76.525

𝒄'𝒄 76.525

taupair 76.525

ee 1.913

gg 8.262

𝝁$𝝁 76.525

eeee 19.13

ee𝒖$𝒖 19.13

llXX 19.13

hhISR 19.13

charged 19.13

mixed 19.13

BstarBstar 19.13

BstarB 19.13

Event type and size of generic MC samples

ü Generated these following excMC samples of 20000 each:
𝒆"𝒆# → 𝝅"𝝅#𝚼 𝐧𝐒 (𝐧 = 𝟏, 𝟐, 𝟑)

𝒆"𝒆# → 𝝎𝝌𝒃𝑱 (𝐉 = 𝟎, 𝟏, 𝟐)
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Preliminary event selection
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l Charged Tracks:

ü |dr| < 1 cm; |dz| < 3 cm, where dr and dz are transverse and 
longitudinal distances in respect to interaction point (IP).

ü For 𝑒±, perform bremsstrahlung correction: 
ma.correctBremsBelle(outputListName='e+:corrected',inputListName='e+:uncorrected',ga
mmaListName='gamma:bremsinput',angleThreshold=0.05,path=my_path)

ü N"#$% = 4

ü For pion identifications, we require bianaryPID&_211_321NN >
0.6, 

ü For muon identifications, we require 𝜇IDNN > 0.2
ü For electron identifications, we require electronIDNN > 0.9

l Photons:

ü E(𝛾) > 50 MeV and E9/E21 > 0.5.

l 𝝅𝟎 veto:
ü pi0:veto -> gamma:sig gamma:roe
ü require 0.07 < M(𝛾𝛾) < 0.2

l 𝚼 𝟏𝐒 → 𝝁(𝝁)(𝒆(𝒆))

ü Loose mass window: [9.0, 10.0]

l Four momentum constraint (4C) fit:

ü We perform 4C fit using Kfit for 𝛾𝜋(𝜋)𝜇(𝜇)
final states. The best candidate is selected with the 
smallest 4C fit 𝜒*+, .



Signal MC Study I

𝝁𝝁 chanel

𝒆𝒆 chanel
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Signal MC Study II

𝝁𝝁 chanel

𝒆𝒆 chanel
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Signal MC Study III

𝝁𝝁 chanel

𝒆𝒆 chanel
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𝟗. 𝟓𝟖 > 𝑴(𝒆!𝒆") > 𝟗. 𝟐𝟓

𝟗. 𝟔𝟐 > 𝑴(𝝁!𝝁") > 𝟗. 𝟑𝟎

𝝁𝝁 chanel

𝒆𝒆 chanel
𝜀 = 19.28%

𝜀 = 31.07%

Signal MC Study IV
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Generic MC Study I

𝝅 𝐛𝐢𝐧𝐚𝐫𝐲𝑷𝐈𝐃 𝐍𝐍 > 𝟎. 𝟔
𝝁𝐈𝐃𝐍𝐍 > 𝟎. 𝟐

𝐞𝐈𝐃𝐍𝐍 > 𝟎. 𝟗
𝝅 𝐛𝐢𝐧𝐚𝐫𝐲𝑷𝐈𝐃 𝐍𝐍 > 𝟎. 𝟔

𝝁𝝁 chanel

𝒆𝒆 chanel
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Generic MC Study II

𝑬𝟗/𝑬𝟐𝟏 > 𝟎. 𝟖 𝑮𝒐𝒐𝒅𝑵𝒕𝒓𝒌 = 𝟒

𝑬𝟗/𝑬𝟐𝟏 > 𝟎. 𝟖

𝝁𝝁 chanel

𝒆𝒆 chanel
𝑮𝒐𝒐𝒅𝑵𝒕𝒓𝒌 = 𝟒
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Generic MC Study III

𝒄𝒐𝒔 𝝅(𝝅) < 𝟎. 𝟗

𝝁𝝁 chanel

𝒆𝒆 chanel

−𝟎. 𝟖 < 𝒄𝒐𝒔 𝝅(𝝅) < 𝟎. 𝟗

𝝌𝟐/𝒏𝒅𝒇 < 𝟏𝟎

𝝌𝟐/𝒏𝒅𝒇 < 𝟏𝟎
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Generic MC Study IV

𝝁𝝁 chanel

𝒆𝒆 chanel



Bkg Study(𝐞!𝐞" → 𝝅!𝝅"𝚼(𝟏𝐒)(→ 𝝁!𝝁")) 

𝜀 =0.01485𝜀 =0.0218 𝜀 =0.015 𝜀 =0.014
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Bkg Study(𝐞!𝐞" → 𝝅!𝝅"𝚼(𝟏𝐒)(→ 𝒆!𝒆")) 

𝜀 = 0.0096𝜀 = 0.009 𝜀 = 0.00905 𝜀 =0.0098
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Belle Signal MC Sample
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Signal MC Study I

𝝁𝝁 chanel

𝒆𝒆 chanel



𝝁𝝁 chanel

𝒆𝒆 chanel

Signal MC Study II
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𝝁𝝁 chanel

𝒆𝒆 chanel

Signal MC Study III
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𝝁𝝁 chanel

𝒆𝒆 chanel

Signal MC Study IV

𝜀 = 21.84%

𝜀 = 23.16%



Summary and Next to do

pA preliminary study for 𝑋k → 𝜋l𝜋mΥ(1𝑆) is performed.

üGenerate Belle and Belle II signal MC.

üPreliminary determination of signal efficiency.

üPreliminary determination of Upsilon signal region.

üNo obvious background found with Generic MC samples.

pNext to do 

üOptimize the event selection.

üStudy GenericMC of Belle.

üEstimate systematic uncertainty.
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Back Up
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Belle II 𝛆 𝚼 𝟏𝐒 → 𝝁(𝝁) 𝛆 𝚼 𝟏𝐒 → 𝒆(𝒆)

𝑋1 = 10.6 31.07% 19.28%

Belle 𝛆 𝚼 𝟏𝐒 → 𝝁(𝝁) 𝛆 𝚼 𝟏𝐒 → 𝒆(𝒆)

𝑋1 = 10.6 23.16% 21.84%
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𝟏. 𝟏𝟓 > 𝑴(𝝅(𝝅)) > 𝟎. 𝟑𝟓

𝝁𝝁 chanel

𝒆𝒆 chanel
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Generic MC Study VI

𝝁𝝁 chanel 𝒆𝒆 chanel



𝝁𝝁 chanel
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𝒆𝒆 chanel
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