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Introduction of 
Belle experiment
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Belle experiment is the experiment at 
KEK B factory with Belle detector 
dedicated for the CP violation physics 
of B mesons

High resolution, multipurpose, 
good PID, 4π spectrometer

Loose event selection
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• 8GeV(e-)   
×3.5GeV(e+)

• Peak 
Luminosity
2.1×1034 cm-2

s-1

• Integrated 
luminosity
1040 fb-1
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KEK B factory
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• Reference
Prog. Theor. Exp. Phys. 2013, 03A001
DOI: 10.1093/ptep/pts102 
Achievement of KEKB



Belle detector
(already disassembled)
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µ / KL detection
14/15 lyr. RPC+Fe

Central Drift Chamber
small cell +He/C2H6

CsI(Tl)
16X0

Aerogel Cherenkov cnt.
n=1.015~1.030

Si vtx. det.
3/4 lyr. DSSD

TOF counter

SC solenoid
1.5T

8 GeV e-

3.5 GeV e+

Belle Detector
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Data analyses at Belle
Detected particles
• photon
• electron, muon
• Charged hadrons:pion, kaon, proton
• Neutral hadrons:KL

π0-> γγ,  eta-> γγ, Ks -> ππ,  λ-> pπ

KL is not used for hadron physics, but for cp
violation physics.

Energy, momentum, track, vertex point
Combinations of these data are used for 
reconstruction of  hadron resonances
For more detail, see PR D 67, 032003 (2003)
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Physics runs

Reference: J. Brodzicka et. al., PTEP, 2012, 04D001
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• Off-resonance data
60MeV below the resonance peak in 
order to determine the non-BBbar

background

• Energy scan data
between (10.5794GeV) and

(11.019GeV)
• Tau and Charm factory 

There are many 𝑒!𝑒" → #𝑢𝑢, �̅�𝑑, �̅�𝑠, ̅𝑐𝑐, ̅𝜏𝜏
events created too.

ϒ(6S)
ϒ(4S)
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Good points of Belle Experiment
for Hadron physics
• Thanks to KEKB high luminosity, we have 

large data.
• Belle detector is the general purpose, high 

resolution, nearly 4π spectrometer.
• There are many paths to produce hadrons, 

such as, B decays, Initial State Radiation, 
Two photon process, continuum qqbar
process, non- Υ(4𝑆) Υ(1𝑆, 2𝑆, 3𝑆, 5𝑆) decays, 
etc. Process restricts the produced hadron 
quantum numbers.
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Variety of recorded reactions

B decays

gg collisions

Initial state radiation Double cc

Transitions 
between bb 
states

JPC=0-+, 
1− −, 1++

JPC=1− −

C=+1

JPC=0±+, 
2±+,3++

Allowed/favored quantum 
numbers are different 
depending on production 
processes.

14

Miyabayashi-san’s slide for EXA2017

2022/12/7 ELPH Workshop on hadron spectroscopy



Good points of Belle Experiment
for Hadron physics
• As for the decays of hadrons, we can 

measure neutral pion and eta. It helps the 
study of iso-spin structures of the excited 
hadrons, such as a charged partner of 
X(3872) and  a charge conjugation minus 
counterpart of X(3872).

• We can measure radiative decays of 
hadrons too.  The radiative decays give us 
the information of the hadron structures.
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Introduction of 
Belle II experiment
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Belle II Experiment
• Upgrade of Belle experiment

• KEK B-factory -> Super KEK B-factory
40 times luminosity (beam current 2 
times, beam size 1/20)

• Belle detector -> Belle II detector
More layers of VXD, CDC, 
New Tech: TOP counter,
High speed DAQ
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Belle II detector
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Belle II detector
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Time-line of Belle II Experiment

2010

Construction started in 
2010

2016

Run 1: test run, no Belle II 
detector
2016/2 – 2016/6

2018

Run2: Belle II detector with 
part of VXD  2018/3 –
2018/7   4/26:First collision

2019

Run 3: Physics Run, fully 
installed Belle II detector  
2019/3 –

2022

LS1: Long shutdown 1, 
install another layer of 
VXD, replace damaged 
sensers, etc 2022/7-
2023/9
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SuperKEKB integrated luminosity

• Total integrated 
luminosity: 424 fb-1

• Total integrated 
luminosity at the Y(4S) 
resonance: 363 fb-1

• Total integrated 
luminosity below Y(4S) 
resonance: 42 fb-1

• Total integrated 
luminosity above Y(4S) 
resonance: 19 fb-1
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SuperKEKB luminosity projection 
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Recent results on hadron physics  
at Belle

ELPH Workshop on hadron spectroscopy 232022/12/7



Ω(2012) related
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Observation of Excited Ω PRL  121, 052003 (2018)

Evidence for the decay 
𝛀𝒄 → 𝝅! 𝛀(𝟐𝟎𝟏𝟐) → 𝝅!(2𝑲𝚵) PRD  104, 052005 (2021)

Observation of 𝛀(𝟐𝟎𝟏𝟐) → 2𝑲𝚵(𝟏𝟓𝟑𝟎)
arXiv:2207.03090, Chinese Physics C (accepted) 

Search for 𝛀(𝟐𝟎𝟏𝟐) → 2𝑲𝚵(𝟏𝟓𝟑𝟎)
PRD  100, 032006 (2019)



Observation of Excited Ω

PRL  121, 052003 (2018)
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Motivation
• P-wave excited states of Λ, Σ, and Ξ 

hyperons have been observed several 
hundred MeV above the corresponding  
ground states.

• The excited state of Ω baryons has been 
found very little.

• The Ω baryon is isospin=0 and therefore 
Ω∗" → Ω"𝜋% decay is strongly suppressed.
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Data set
• All Belle data 980fb-1 was used, but we 

focused on the following data.

• Υ 1𝑆 data  5.7 fb-1

Υ 2𝑆 data  24.9 fb-1

Υ 3𝑆 data  2.9 fb-1

• It has long been known that they contain 
an enhanced baryon fraction compared 
with continuum events 𝑒!𝑒" → 𝑞#𝑞 .

ELPH Workshop on hadron spectroscopy 272022/12/7



reconstruction
• Ω∗$ → Ξ$ 1𝐾%, Ξ%𝐾$, 
Ξ$ →,Λ𝜋$, Ξ% →,Λ𝜋%, 
1𝐾% → 𝜋&𝜋$, Λ → 𝑝𝜋$

ELPH Workshop on hadron spectroscopy 28

Ξ! Ξ"
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reconstruction
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Ξ!𝐾"

Ξ"𝐾#
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reconstruction
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Ξ!𝐾"

Ξ"𝐾#
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Results
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Summary

ELPH Workshop on hadron spectroscopy 32

• We found Ω (2012): a lower excited 
state of Ω.

• Υ(1S), Υ(2S), and Υ(3S) data are very 
effective for producing (excited) 
hyperons.

• Why is the production rate of Ω (2012) 
so small in the continuum data? 
Is production of ss diquark pair small?

2022/12/7



PRD  104, 052005 (2021)
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Evidence for the decay 
𝛀𝒄 → 𝝅@ 𝛀(2012) →𝝅@(%𝑲𝚵)



Motivation
• In order to understand the structure of 
Ω (2012), studies of other production 
ways may be useful.

• One candidate is the non-leptonic weak 
decay of Ωc. 
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Data set and analysis modes
• All Belle data 980fb-1 was used, but we 

focused on the following data.

• We performed two analysis modes.

Ω&% → 𝜋!Ω(2012)" → 𝜋!𝐾"Ξ%
Ω&% → 𝜋!Ω(2012)" → 𝜋!𝐾'%Ξ"
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Dalitz plots
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Non-resonant 3-body decay



Branching fraction ratios
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Signal yields
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Two modes combined results
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Total signal yield:  46.6±12.3

Statistical significance: 4.6σ

Signal significance with systematic uncertainties included: 4.2σ



ELPH Workshop on hadron spectroscopy 422022/12/7

Observation of 
𝛀(𝟐𝟎𝟏𝟐) → %𝑲𝚵(𝟏𝟓𝟑𝟎)

arXiv:2207.03090, Chinese Physics C (accepted) 

Observation for 
𝛀(𝟐𝟎𝟏𝟐) → %𝑲𝚵(𝟏𝟓𝟑𝟎)

PRD  100, 032006 (2019)



Motivation
• Structure of Ω (2012)-

• Conventional: 
sss P-wave excited state  JP = 3/2-

Ω (2012)- -> K Ξ is D-wave decay, which is 
consistent with the observed small width.

• Exotic:
K Ξ(1530) hadronic molecule
Threshold: 1531.80 + 493.68 = 2025.48 MeV
Expected large K π Ξ decay width.
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Data set and 2019 analysis modes 
• Υ 1𝑆 data  5.7 fb-1 102 million Υ 1𝑆
Υ 2𝑆 data  24.9 fb-1 158 million Υ 2𝑆
Υ 3𝑆 data  2.9 fb-1 12 million Υ 3𝑆

• Analysis mode 
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Cut
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Results
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No significant signals are observed.



Data set and 2022 analysis modes 
• Υ 1𝑆 data  5.7 fb-1 102 million Υ 1𝑆
Υ 2𝑆 data  24.9 fb-1 158 million Υ 2𝑆
Υ 3𝑆 data  2.9 fb-1 12 million Υ 3𝑆

• Analysis mode 
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New Cut
• We require 𝑀 Ξ"𝜋! < 1.517 GeV to 

improve the signal-to-background ratio.
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Mass spectra
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Ω(2012)# → Ξ#𝜋$𝐾# yield: 263±53
Statistical significance: 5.6σ

Signal significance with systematic uncertainties included: 5.2σ



Branching fraction ratios
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If this assumption is good, then present result seems to be 
consistent with hadronic molecule picture.

We assume all Ξ#π$ events are from Ξ(1530)%.

The conventional sss picture and hybrid picture are not 
excluded. 

Assumption



PRD  103, L111101 (2021)
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Spin-parity of 𝚵𝒄(𝟐𝟗𝟕𝟎)

Taken from Tanida-san’s slides presented at NSTAR2022



Xc(2970)
• Relatively low excitation energy
– Good statistics & S/N ratio

• Wide variety of theoretical predictions
• Important decay mode: Xc(2970) à Xc

*(2645)p

Belle, PRD94, 052011 (2016)

2022/12/7 ELPH Workshop on hadron spectroscopy 52



SPIN: Angular correlation of 
Xc(2970) à Xc

*(2645)p1 à Xcp1p2

• Consistent with 1+3cos2qà J = 1/2
[see also: Arifi, Hosaka, Nagahiro, and Tanida, PRD101, 111502(R)(2020)]

[PRD103, L111101]
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PARITY: Decay to Xc
* ⁄! "

# and Xc
’ ⁄$ "

#

• R = ((*!(+,-%)→*!∗0)
((*!(+,-%)→*!#0)

is expected to be small for 

negative parity:
– Ξ'(2970) → Ξ'(𝜋 is in S-wave, while 
Ξ' 2970 → Ξ'∗𝜋 is in D-wave.

• For positive parity, calculable based on HQS

• We got
– Consistent with P=+ and brown-muck spin sℓ=0 only.2022/12/7 ELPH Workshop on hadron spectroscopy 54



Discussion
• We got JP=1/2+. What can we say from this?
• This is the same as infamous Roper resonance, 

N(1440), the first excited state of nucleon.
– Excitation energy (~500 MeV) is also the same.

• Difficult to explain Roper in quark model
– Single quark excitation: 1st excited state should be a 

negative parity state (ex. N(1530)).
– Surprisingly, difficult even in Lattice QCD.
– The present measurement may give a hint.
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Recent results on hadron physics  
at Belle II
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Observation of 𝑒!𝑒" → 𝜔𝜒#$(1𝑃)
and 

search for 𝑋# → 𝜔Υ 1𝑆
at 𝑠 near 10.75 GeV 
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arXiv:2208.13189



Motivation
• What is 𝑌1(10753)

(Υ(10753))?
• 𝑌1(10753) is sitting 

between Υ(4𝑆) and 
Υ(5𝑆).

• GI estimation of Υ(3𝐷)
is 10.70 GeV

• PRD93, 074027 (2016) 
estimation of Υ(3𝐷) is  
10.653 GeV

ELPH Workshop on hadron spectroscopy 582022/12/7
JHEP 10 (2019) 220



Motivation
• Conventional bottomonium with large 

S-D mixing is expected to give 
comparable order of branching 
fractions for Υ(10753) → 𝜔𝜒12(1𝑃)
and Υ 10753 → 𝜋!𝜋"Υ 𝑛𝑆 .

• (Mechanism of large S-D mixing is not 
discussed.)
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Motivation
• Since 𝜒12 is reconstructed by 𝛾Υ(1𝑆), 

we can search 𝑋1 → 𝜔Υ(1𝑆) in the same 
process:
Υ(10753) → 𝜔𝜒12(1𝑃) → 𝜔𝛾Υ(1𝑆)
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Energy Scan
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• We took data near 10.75 GeV in Nov. 
2021. 
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Cross section at Υ(10860) energy is very small compared to one at Υ(10753).
The structure of  Υ(10860) must be quite  different  from that of Υ(10753).



• )!(+"+#→-.$%)
)!(+"+#→-.$&)

= 1.3 ± 0.6 at 𝑠 = 10.745 GeV

Theoretical prediction is 15 for a pure D-wave 
bottomonium. Therefore, Υ 10753 does not 
seem to be a pure D-wave bottomonium.
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Search for 𝑋1 → 𝜔Υ 1𝑆
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No evidence of a Xb signal is obtained 
for Xb masses between 10.45 and 10.65 GeV.

We need more data for Xb search.



Belle Summary
• Although the data taking was finished 

on June 30, 2010, there may be rich 
physics to be analyzed in Belle data.

• Other recent hadron physics results are 
shown in the following slides.
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Other recent hadrons physics results from Belle
• 𝑒!𝑒" → Σ# Σ# and Σ! Σ" by ISR, [arXiv:2210.16761]
• Λ𝜋! and Λ𝜋!near KN (I=1) threshold, [arXiv:2211.11151]
• 𝑒!𝑒" → 𝜂𝜙 by ISR, [arXiv:2209.00810, PRD accepted]
• Threshold cusp at Λ𝜂 in 𝑝𝐾"spectrum, [arXiv:2209.00050]
• a new excited charmed baryon decaying to Σ$(2455)#,!!𝜋±,

[ arXiv:2206.08822]
• Search for 𝑋(3872) → 𝜋!𝜋"𝜋#, [ arXiv:2206.08592, PRD accepted]
• 𝛾𝛾 → 𝜒$'(1𝑃) → 𝐽/𝜓𝛾, [ arXiv:2208.04477, JHEP accepted]

• Search for 𝑋$$)̅)̅ in 𝐷)
∗ ! 𝐷)

∗ ", [PRD 105, 032002 (2022)]
• Two-particle correlations of hadrons, [PRL 128, 142005 (2022)]
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Belle II Summary
• Physics analysis just started!

• We continue data taking and tuning of 
SuperKEKB to improve luminosity in the 
covid-19 era.

• We develop new analysis tools including 
the application of AI technology.
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Using large data ~10/ab

ELPH Workshop on hadron spectroscopy

• Study of double charm hadrons 

• Study of radiative decays of XY’s

• Full amplitude analysis of heavy hadron 
decays and determinations of spin and 
parity of heavy hadrons

• We welcome your suggestions for Belle II 
experiment.
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