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KEKB and Belle

𝒔 ~ 𝟏𝟎. 𝟔 GeV

Peak luminosity: 2.11 × 1034cm−1s−1

Integrated luminosity (~980 fb-1 in total):

Υ(5S): 121 fb-1, Υ(4S): 711 fb-1, Υ(3S): 3 fb-1, 

Υ(2S): 25 fb-1, Υ(1S): 6 fb-1, continuum: 90 fb-1

10σ

X(3872)

PRL 91, 262001 (2003) PRL 100, 142001 (2008)

𝑍𝑐(4430)
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SuperKEKB and Belle II

Nano-beam design:

Beam squeezing: ×20 smaller

Target luminosity: KEKB×40 

• Achieved peak luminosity: 4.7×1034 cm-2s−1 

• Integrated luminosity: 530/fb

New detector: 
tracker, PID, calorimeters electronics…
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What are Exotic States  

M. Gell-Mann, Phys. Lett. 8, 214 (1964)

Gell-Mann in his quark model

paper has mentioned “exotic

states” since 1964. After that,

many experiments focused on

finding exotic hadrons.

• Quark model: hadrons are composed from 2 
(meson) quarks or 3 (baryon) quarks 

• QCD does not forbid hadrons with Nquarks2, 3



Nature Reviews Physics 1, 480 (2019)
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Various interpretations of the exotic states

Glueball：Nquarks = 0 (gg, ggg, …)
Hybrid：   Nquarks = 2 (or more) + excited gluon
Multiquark state： Nquarks > 3 
Molecule： bound state of more than 2 hadrons

Study of exotic hadrons can

❑ provide new insights into internal 

structure and dynamics of hadrons

❑ act as a unique probe to non-

perturbative behavior of QCD
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XYZ production mechanism @B factory:

Direct production
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The start of the journey

Classification:  𝑄 ത𝑄𝑞ത𝑞

X: Neutral, 𝐽𝑃𝐶 ≠ 1−−; Y: Neutral, 𝐽𝑃𝐶 = 1−−;  Z: Charged 



Quarkonium(-like) states observed by Belle as a 
function of the year of observation
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> 20 new (exotic) hadrons were first observed by Belle, including the first XYZ 
state X(3872), the first charged charmonium-like state Zc(4430), and the only two 
bottononium-like state of Zb(10610) and Zb(10650).  
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X(3872)

The most-cited article at Belle: >2000
First observed by Belle in 𝐁 → 𝐊 𝐉/𝛙𝛑+𝛑−

➢ MX close to 𝐃𝟎ഥ𝐃∗𝟎 threshold M = (3871.68±0.17) MeV
➢ Surprisingly narrow: 𝚪𝐭𝐨𝐭 < 𝟏. 𝟐 MeV at 90% C.L.

3σ

B(B±→X(3872)K±) =( 2.1±0.6±0.3) ×10-4 
Belle II can give more precise result 

BaBar, 424 fb-1, PRL 124, 152001
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Zc(4430) and Zc(3900)

Phys.Rev.D 79 (2009) 112001

2014
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Zc(4430) and Zc(3900)

1. Almost full Belle data sample used: Lum=967 fb-1 data.
2. Using ISR photon non-tagged method, Y(4260) was observed significantly.
3. 4.15<𝑀(𝜋+𝜋−𝐽/𝜓)<4.45 GeV to select Y(4260) resonance.
4. Dalitz plot also shows structures.
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Zc(4430) and Zc(3900)

1. S-Wave BW, p*q phase space factor, efficiency 
applied, to fit 𝑀𝑚𝑎𝑥(𝜋𝐽/𝜓) distribution

2. Belle observed 689 events, with 139 
background.

3. M=(3894.5±6.6±4.5) MeV;
G=(63±24±26) MeV.

4. Significance:5.2σ.

Zc(3900)± from Belle

Comment: Since Zc(3900) is charged and can 

decay into J/ it must have at least four quarks. 

BESIII

PRL 110, 252001 (2013)

PRL 110, 252002 (2013)
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𝚼(𝟏𝟎𝟕𝟓𝟎) state

5.2𝛔

observed in e+e− → π+π−Υ(nS)

JHEP 10, 220 (2019) CPC 44 (2020) 8, 083001

A dip at 10.75 GeV may 
correspond to Υ(10753).

The individual cross sections contain more information than sum
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𝜰(𝟏𝟎𝟕𝟓𝟑) → 𝝎𝝌𝒃𝑱 and 𝑿𝒃 → 𝝎𝚼(𝟏𝑺)

Theory: ℬ(Υ(10753) → ωχbJ) and ℬ(Υ(10753) → π+π−Υ(nS)) are ~10−3

if Υ(10753) is Υ(4S) - Υ(3D) mixing state 
[PRD 104, 034036]

[PRD 105, 074007]

σ(e+e−→𝜒𝑏1ω)

σ(e+e−→χ𝑏2ω)
~1: consistent with HQFT

σ(e+e−→𝜒𝑏1ω)

σ(e+e−→𝜋𝜋Υ(2𝑆) )
ቊ
~1.5 @Υ(10753)

~0.1 @Υ(5S)
:

difference in the internal structures Υ(5S) and Υ(10753)

PRL 130, 091902 (2023)
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𝜰(𝟏𝟎𝟕𝟓𝟑) → 𝝎𝝌𝒃𝑱 and 𝑿𝒃 → 𝝎𝚼(𝟏𝑺) PRL 130, 091902 (2023)

From simulated events with m(Xb) = 10.6 GeV/c2

The yield is fixed at the upper limit at 90% C.L.

• No significant Xb signal is observed.

• The peaks are the reflections of e+e− → ωχbJ.
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Search for e+e−→ωηb(1S) and e+e−→ωχb0(1P) preliminary

Recoiling the ω

The yields for χb1(1P) and χb2(1P)
are fixed [PRL 130, 091902 (2023)].

No clear ηb(1S) and χb0(1P)
signals are observed.
not support the prediction

❑ Tetraquark (diquark-antidiquark) interpretation 

enhancement of Υ(10753) → ωηb(1S) transition

[Chin. Phys. C 43, 123102 (2019)].
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Update of the cross section of e+e−→𝜋𝜋Υ(nS)
preliminary

Previous:
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The e+e− →BഥB, BഥB∗ and B∗ഥB∗ cross sections 𝑎𝑟𝑋𝑖𝑣: 2405.18928

New: rapid increase of σB∗ ഥB∗ above the threshold

• Similar behaviour was seen for D∗ഥD∗ cross section 

(PRD 97, 012002 (2018))

• Possible interpretation: resonance or bound state 

(B∗ഥB∗ or bഥb) near threshold 

(MPL A 21, 2779 (2006))

• Also explains a narrow dip in 𝜎(e+e−→ BഥB∗) near 

B∗ഥB∗ threshold by destructive interference between 

e+e−→ BഥB∗ and e+e−→ B∗ഥB∗ → BഥB∗

• Need more data to fill the gaps

Solid curve: fit to Belle + Belle II data 
Dashed curve: fit to Belle data fit only 



19

Summary 
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Summary 

Searching for explanation of families of exotic particle

The results of XYZ are on the way!!!

Thank you!
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