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Real particles are color singlet
Mesons are color-
anticolor pairs

Baryons are red-blue-
green triplets

Other possible combinations of quarks and gluons  :
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artistic illustration

This talk is limited till charm, 
for beauty :  please see T. Pedlar and B. Fulsom talk
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Charmed Baryons

What makes singly charmed baryons physics so special ?
Charm quark is heavy  > > up, down and  strange quark

u

d

u

s/d

c

u

➢ Charmed baryons can be interpreted as a bound state of a light
di-quark and charm quark.

➢ Heavy Quark symmetry can be also applied to the charmed
baryons.

➢ Their study helps in improving our understanding of the quark
confinement mechanism.

➢ Spectroscopy of the charmed baryon provides an information
to understand the role of heavy quark in baryons.
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All ground states and many excited states observed
Many of the excited states are discovered in e+e- colliders.

Kato, Iijima, Progress in Particle and Nuclear Physics 105, 61 (2019)
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Charmed hadron production @ Belle 

e+ e-

Fragmentation

𝒄

ത𝒄𝑞 or ത𝒄ഥ𝒒ഥ𝒒

ത𝒄

𝒄ഥ𝒒 or 𝒄𝒒𝒒

Fragmentation

e+ e-

ത𝒄𝑞 or ത𝒄ഥ𝒒ഥ𝒒

𝚼(𝟒𝑺)

𝐵

ത𝐵

Reconstruction is the only final state
(cut on the momentum of charmed
baryon to reduce background)
Poor signal purity but large
production rate.
Spin is not trivial to be identified.
Use final state angular distribution.
Access to higher spin: production of
them is not suppressed.

Mainly by 𝑏 → 𝑐 (the whole B is
reconstructed )
Good signal purity but small
production rate.
The helicity of the produced
charmed hadrons is constrained.
Easy to study the spin
Production of a higher spin state is
suppressed in B decays.



General purpose detector, built to test Standard Model mechanism 
for CP violation in B decays to charmonium (B0

→J/Ψ,Ψ’,χc1 K0).
Belle,PRL 108, 171802 (2012)

Belle detector

On-resonance:
4S : 711 fb-1

5S : 121 fb-1

3S : 3 fb-1

2S : 25 fb-1

1S : 6 fb-1

Off-resonance/scan     
~100 fb-1

> 1ab-1fb-1

7

Belle (1 ab-1)     
➢ 1.3 x  109 (D) 
➢ 1.5 x 108 (Λ𝑐

+) 
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Measurements of  ℬ(𝐵 → Λ𝑐Ξ𝑐)
𝐵− → ഥΛ𝑐

−Ξ𝑐
0 proceed via 𝑏 → 𝑐 ҧ𝑐𝑠 transition and has relatively large branching

fraction, 𝒪(10−3).
Measurements of their production rate provide a good test for the theoretical
calculation of 𝑏 → 𝑐 ҧ𝑐𝑠 .
Further, it provides an opportunity to search for missing excited Ξ𝑐

0 states.

𝑒− 𝑒+
𝐵

Λ𝑐
Ξ𝑐

Signal side

ത𝐵

𝐷

Pros: High Purity
Cons: Less efficiency

𝜋

𝜋

𝐾

𝐵 tag using neural 
network: full hadron 
reconstruction algorithm

Hadronic tag (𝜀𝑠𝑖𝑔~ 0.2%)

𝑝𝐾−𝜋+

and

𝑝𝐾𝑠
0

Υ(4𝑆)

𝐵− → ഥΛ𝑐
−Ξ𝑐

0 decays are identifies using 
“recoil mass”.

𝑀𝐵𝑡𝑎𝑔Λ𝑐
𝑟𝑒𝑐 ≡ 𝑀𝐵𝑡𝑎𝑔Λ𝑐

𝑚𝑖𝑠𝑠 +𝑀𝐵𝑡𝑎𝑔 −𝑚𝐵 +𝑀Λ𝑐 −𝑚Λ𝑐

𝑀𝐵𝑡𝑎𝑔Λ𝑐
𝑚𝑖𝑠𝑠 = Recoil invariant mass

𝑀: reconstructed mass
𝑚: nominal mass

Not 
reconstructed

711fb-1 data is used
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Belle, PRL 122, 082001 (2019)

Signal region, 𝑀𝑏𝑐
𝑡𝑎𝑔

sideband and 𝑀Λ𝑐 sideband

41 ± 9 events
5.5𝜎 significance.

ℬ 𝐵− → ഥΛ𝑐
−Ξ𝑐

0 = 9.51 ± 2.10 ± 0.88 × 10−4

Absolute ℬ 𝐵− → ഥΛ𝑐
−Ξ𝑐

0 measurement 

Instead of recoil and tag,   exclusive 
reconstruction of the signal B is done.

𝐵 → Λ𝑐Ξ𝑐
0

Λ𝑐 → 𝑝𝐾−𝜋+

Λ𝑐 → 𝑝𝐾𝑠
0

Ξ𝑐
0 → Ξ−𝜋+

Ξ𝑐
0 → Λ𝐾−𝜋+

Ξ𝑐
0 → 𝑝𝐾−𝐾−𝜋+

We get the absolute branching 
fraction of Ξ𝑐

0 decays
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Belle, PRD 100 112010 (2019)Search for  the excited Ξ𝑐
0 states

First-time measurement of the branching fractions.
This opens up a new portal: one can search for new excited states !
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Branching fraction measurement of Ξ𝑐
0 → Ξ0𝐾+𝐾−

𝛯𝑐
0 occur via 𝑐 → 𝑠 transition :
➢ Cabibbo allowed 𝑊-exchange (𝛯𝑐

0 → 𝛯−𝜋+)
➢ Also occur via  W-exchange between 𝑐 and 𝑑 quarks

(𝑐𝑑 → 𝑊+ → 𝑠𝑢 𝑔 → 𝑠 ҧ𝑠 such a 𝛯𝑐
0 → 𝛯0𝐾+𝐾−).

Ξ𝑐
0 → Ξ−𝜋+ Ξ𝑐

0 → Ξ0𝐾+𝐾−

ℬ(Ξ𝑐
0→Ξ0𝜙 →𝐾+𝐾− )

ℬ(Ξ𝑐
0→Ξ−𝜋+)

= 0.036 ± 0.004 ± 0.002

Λ → 𝑝𝜋− Ξ− → Λ𝜋− Ξ0 → Λ𝜋0

Ξ𝑐
0 → Ξ0𝜙 → 𝐾+𝐾−

Non-resonant

❖ 𝑀(Ξ0𝐾−) shows some events at 1.95 GeV, will be interesting to 
visit the study with more  data at Belle II. 

ℬ(Ξ𝑐
0→Ξ0𝐾+𝐾−)

ℬ(Ξ𝑐
0→Ξ−𝜋+)

= 0.039 ± 0.004 ± 0.002

Please see  Yang Li’s talk Belle, arXiv:2012.05607

preliminary

311 ± 23

13.5σ
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Branching fraction and asymmetry measurement of Ξ𝑐
Ξ𝑐
0 → Λഥ𝐾∗0 Ξ𝑐

0 → Σ0 ഥ𝐾∗0 Ξ𝑐
0 → Σ+𝐾∗−

Λ → 𝑝𝜋−, Σ0 → 𝛾Λ and Σ+ → 𝑝𝜋0 𝐾∗0 → 𝐾+𝜋− and 𝐾∗+ → 𝐾𝑠
0𝜋+

➢ Non-leptonic weak decays are caused by
the W-boson exchanges with QCD
corrections.

➢ Not easy to make quantitative
predictions of decay rates and
asymmetries with QCD corrections.

➢ Theoretical calculations for the hadronic
decays of the Ξ𝑐 have been performed
based on SU(3)F flavor symmetry and
dynamical models.

❖ ℬ Ξ𝑐
0 → Σ0𝐾∗0 > ℬ(Ξ𝑐

0 → Λ𝐾∗0) which 
contradicts all the predictions based on SU(3)F

flavor symmetry and dynamical models.

Please see  Yang Li’s talk

Belle, JHEP 06 ,160 (2021)



Ξ𝑐
0 → Ξ−𝜋+

➢ Plays an important role in strong
and weak interactions.

➢ Theoretical calculation of form
factors and hadronic structure
can be performed in relatively
simple versions of QCD.

➢ One can also use these decays to
test lepton flavor universality
(LFU) tests.

➢ Similar to the hint of LFU in 𝑏 →
𝑠ℓℓ and 𝑏 → 𝑐ℓ𝜈 processes.

Semileptonic decay of Ξ𝑐
0

Ξ𝑐
0 → Ξ−𝑒+𝜐𝑒

Ξ𝑐
0 → Ξ−𝜇+𝜐𝜇

89.5 fb-1 @ 𝑠 = 10.52 GeV

ℬ(Ξ𝑐
0 → Ξ−𝑒+𝜈𝑒)

ℬ(Ξ𝑐
0 → Ξ−𝜇+𝜈𝜇)

= 1.00 ± 0.11 ± 0.09

𝒜𝐶𝑃 =
𝛼Ξ−𝜋+ + 𝛼Ξ+𝜋−

𝛼Ξ−𝜋+ − 𝛼Ξ+𝜋−
= 0.015 ± 0.052 ± 0.017 Present the first measurement of the CP asymmetry in 

Ξ𝑐
0 decays, consistent with no CP violation

Λ → 𝑝𝜋−, Ξ− → Λ𝜋−

Semi-leptonic decay branching fractions are greatly 
improved.

Please see  Yang Li’s talk

Belle, arXiv:2103.0649

Belle Preliminary

B
el

le
 P

re
lim

in
a

ry
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Electromagnetic decays of Ξ𝑐 2790 and Ξ𝑐 2815

EM decays provide useful information regarding L=1 orbital excitations of the ground 
states.
❖ 𝜆 mode : where the unit of angular momentum is between the charm quark and a 

spin-0  light diquark system.
❖ 𝜌 mode: is between the two light quarks.

Observation of EM decay of Ξ𝑐
∗ baryons:

Ξ𝑐(2790)
0→ Ξ𝑐

0𝛾 and Ξ𝑐(2815)
0→ Ξ𝑐

0𝛾 provides crucial 
Information for the charmed baryon models.

s/d

c

u

𝜆 mode

𝜌 modePlease see  Jin Li’s talk
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Modes Ratio

ℬ(Ξ𝑐 2815
0 → Ξ𝑐

0𝛾)

ℬ(Ξ𝑐 2815
0 → Ξ𝑐

0 2645 +𝜋− → Ξ𝑐
0𝜋+𝜋−)

0.41 ± 0.05 ± 0.03

ℬ(Ξ𝑐 2790
0 → Ξ𝑐

0𝛾)

ℬ(Ξ𝑐 2790
0 → Ξ𝑐

′+𝜋− → Ξ𝑐
+𝛾𝜋−)

0.13 ± 0.03 ± 0.01

ℬ(Ξ𝑐 2815
+ → Ξ𝑐

+𝛾)

ℬ(Ξ𝑐 2815
+ → Ξ𝑐

0 2645 0𝜋+ → Ξ𝑐
+𝜋+𝜋−)

< 0.09

ℬ(Ξ𝑐 2815
0 → Ξ𝑐

0𝛾)

ℬ(Ξ𝑐 2790
+ → Ξ𝑐

′0𝜋+ → Ξ𝑐
0𝛾𝜋+)

< 0.06

2591 ± 140 1646 ± 50

1231 ± 87
1121 ± 40

401 ± 45
222 ± 55

Ξ𝑐(2790)
0 Ξ𝑐(2815)

0

Γ[Ξ𝑐 2790
0 → Ξ𝑐

0𝛾] ~ 300 keV/c2 , Γ[Ξ𝑐 2815
0 → Ξ𝑐

0𝛾] ~ 800 keV/c2, Γ[Ξ𝑐 2790
+ → Ξ𝑐

+𝛾] < 350 keV/c2 , Γ[Ξ𝑐 2815
+ → Ξ𝑐

+𝛾] < 80 keV/c2

❖ Consistent with charmed baryon model with orbital excitation
between charmed quark and spin-0 light diquark system (𝜆 mode)

Belle, PRD 102, 071103(R) (2020)

Please see  Jin Li’s talk
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Measurement of Spin and Parity of Ξ𝑐(2970)
+

There are many possibilities for the spin-parity assignment of Ξ𝑐(2970)
+

The unclear theoretical situation on JP motivates an experimental determination. 

Ξ𝑐 2970 + → Ξ𝑐
′0𝜋+ → Ξ𝑐

0𝛾𝜋+

Ξ𝑐 2970
+ → Ξ𝑐

0(2645)𝜋+ → Ξ𝑐
+𝜋−𝜋+

ℬ(Ξ𝑐 2970
+ → Ξ𝑐

0(2645)𝜋+)

ℬ(Ξ𝑐 2970
+ → Ξ𝑐

′0𝜋+)
= 1.67 ± 0.29−0.09

+0.15 Favours JP= 1/2+ state

Parity determination from branching fraction ratio.

First successful attempt to measure spin.Belle, PRD 103, L111101 (2021)

Please see  Jin Li’s talk

𝜋+
𝚵𝒄 𝟐𝟗𝟕𝟎

+

Ξ𝑐 2645
0

Ξ𝑐
+

𝜋+

𝜃ℎ

𝜃𝑐

1/2
3/2
5/2

Spin determination from angular study 
strongly favours J=1/2

Ξ𝑐 2970
+ → Ξ𝑐

′0𝜋+

577 ± 34

201 ± 33



Branching fractions of Λ𝑐
+ → 𝜂Λ𝜋+, Λ𝑐

+ → 𝜂Σ0𝜋+

Λ𝑐
+ → 𝜂Λ𝜋+ decay mode is ideal decay mode to study Λ(1670).

Λ𝑐
+ → 𝜂Λ𝜋+

Λ𝑐
+ → 𝜂Σ0𝜋+

Σ0→ Λ𝛾 , 
𝛾 is not reconstructed

17058 ± 871

51276 ± 454

Yield extraction in each bin

Belle, PRD 103, 052005 (2021)

Λ(1670)

𝑴 = 𝟏𝟔𝟕𝟒. 𝟑 ± 𝟎. 𝟖 ± 𝟒. 𝟗
𝚪 = 𝟑𝟔. 𝟏 ± 𝟐. 𝟒 ± 𝟒. 𝟖

𝑴 = 𝟏𝟑𝟖𝟒. 𝟖 ± 𝟎. 𝟑 ± 𝟏. 𝟒
𝚪 = 𝟑𝟖. 𝟏 ± 𝟏. 𝟓 ± 𝟐. 𝟏Σ 1385 +

First measurement of Λ 1670 mass and width determined directly 
from a peaking structure in the mass distribution.

Please see  Yang Li’s talk

Λ𝑐
+ → 𝑝𝐾𝜋+ control mode 
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SCS decays of Λ𝑐
+ → 𝑝𝜂, 𝑝𝜋0

Weak decays of charmed baryons are useful for testing theory.
Singly Cabibbo Suppressed (SCS) decays  proceed via W-emission and W-exchange.

Λ𝑐 → 𝑝𝐾−𝜋+ Λ𝑐 → 𝑝𝜋0 Λ𝑐 → 𝑝η

1.48 Million

7734 ± 26311 ± 140

➢ Λ𝑐
+ → 𝑝𝜂 decay mode with significant events observed.

➢ Measured ratio of 
ℬ(Λ𝑐

+→𝑝𝜂)

ℬ(Λ𝑐
+→𝑝𝐾+𝜋+)

= 2.258 ± 0.077 ± 0.122 × 10−2.

➢ One can estimate  ℬ∗ Λ𝑐
+ → 𝑝𝜂 = 1.42 ± 0.05 ± 0.11 × 10−3, consistent with previous 

measurement but much more precise.
➢ Also provide ℬ∗ Λ𝑐

+ → 𝑝𝜋0 < 8.0 × 10−5 (90% CL) which is three times more stringent than the 
earlier precise measurement.

➢ Measured ℬ Λ𝑐
+ → 𝑝𝜂 is an order of magnitude larger than ℬ Λ𝑐

+ → 𝑝𝜋0 , which is consistent with 
theoretical prediction of an internal W-emission mechanism involving an s quark in Λ𝑐

+ → 𝑝𝜂

Please see  Yang Li’s talk

Belle, PRD 103, 072004 (2021)
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Evidence for Ω𝑐
0 → 𝜋+Ω(2012)− → 𝜋+(ഥ𝐾Ξ)−

Predict  Ω(2012)− structure in  Ω𝑐
0 → 𝜋+(𝐾−Ξ0) and → 𝜋+(ഥ𝐾Ξ−) decays.

Ω(2012)− → ഥ𝐾Ξ−is observed but no evidence of   Ω(2012)−→ ഥ𝐾Ξ(1530)−

decays.
2D fit to M ഥ𝐾Ξ− and    M 𝜋+Ω 2012 − distributions.

Please see  Yang Li’s talk

Belle, PRD 103, 112002 (2021)

PRD 102, 076009 (2020)



𝑞ത𝑞 (-like) states till now

▪ 1.7 decade has passed  after the discovery of first 𝑐 ҧ𝑐-like [ X(3872) ] by the Belle collaboration. 
▪ Plenty of states have been found.
▪ Several states are seen in one process (not easy to understand).
▪ States have a non-zero charge, suggesting them to be tetraquark/molecule-like states.
▪ Instead of conventional spectroscopy, it is now exotic spectroscopy.
▪ However, the limited statistics always come as the evil limiting factor.

20
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Search for 𝜂𝑐2 1𝐷
▪ Mass of 𝜓2 1𝐷 [ 13𝐷1 ] and 𝜂𝑐2 1𝐷 [11𝐷2] are very close.
▪ 𝜂𝑐2 1𝐷 is expected to decay predominantly via E1 transitions to ℎ𝑐𝛾.
▪ ℬ 𝐵+ → 𝜂𝑐2 1𝐷 𝐾+ × ℬ 𝜂𝑐2 1𝐷 → ℎ𝑐𝛾 is expected to be 1.0 × 10−5.

𝜂𝑐2 1𝐷 → ℎ𝑐𝛾 and ℎ𝑐 → 𝜂𝑐γ 𝜂𝑐 → 𝐾+𝐾𝑆
0𝜋−, 𝐾+𝐾−𝜋0, 𝐾𝑆

0𝐾𝑆
0𝜋0, 𝐾+𝐾−𝜂, 𝐾+𝐾−𝐾+𝐾−, 𝜂′ → 𝜂𝜋+𝜋− , ҧ𝑝𝑝, ҧ𝑝𝑝 𝜋0, 𝑝 ҧ𝑝 𝜋+𝜋−, 𝑎𝑛𝑑 ഥΛΛ

𝐵+ → 𝜂𝑐2 1𝐷 𝐾+ 𝐵0 → 𝜂𝑐2 1𝐷 𝐾𝑆
0 𝐵0 → 𝜂𝑐2 1𝐷 𝜋−𝐾+ 𝐵+ → 𝜂𝑐2 1𝐷 𝜋+𝐾𝑆

0

Recently, we also search for 𝑒+𝑒− → 𝛾𝜂𝑐2(1𝐷)

Taking ℬ(𝜂𝑐2 1𝐷 → 𝛾ℎ𝑐 1𝑃 > 50%, the value of 𝜎 𝑒+𝑒− → 𝛾𝜂𝑐2 1𝐷 < 

9.8 fb (@ 90 %CL).
Consistent with theoretical prediction of  1.5 fb.

PRD 102, 034018 (2021)

Belle, arXiv:2106.09224

Belle, JHEP 2020, 34 (2020)

preliminary
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𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝐷𝑠
+𝐷𝑠2

∗ 2573 −(→ 𝐷0𝐾−)

We require full reconstruction of 𝛾𝐼𝑆𝑅, 𝐷𝑠
+, and K

𝐷𝑠
+ → 𝜙𝜋+, 𝐾∗0𝐾+, 𝐾𝑠

0𝐾+, 𝐾+𝐾−𝜋+𝜋0, 𝐾𝑆
0𝜋0𝐾+, 𝐾∗+𝐾𝑠

0, 𝜂𝜋+, 𝑎𝑛𝑑 𝜂′𝜋+

For the signal, mass recoiling against 𝐷𝑆
+𝐾−𝛾𝐼𝑆𝑅 system should peak around the 𝐷0

nominal mass

𝑀𝑟𝑒𝑐 𝛾𝐼𝑆𝑅𝐷𝑆
+𝐾− = 𝐸𝑐𝑚

∗ − 𝐸
𝛾ISR𝐷𝑆

+𝐾−
∗

2
− 𝑝

𝛾ISR𝐷𝑆
+𝐾−

∗
2

Measured mass is consistent with the structure observed in 

𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝐷𝑠
+𝐷𝑠1 2536 −(→ 𝐷∗0𝐾−)

Belle PRD 101, 091101 (2020)



23

Search for  𝑅++ → D+Ds
∗+

By exchanging a kaon, a 𝐷+𝐷𝑠0
∗+(2317) molecular state can be formed (regardless of 

whether   𝐷𝑠0
∗+(2317) is a 𝑐 ҧ𝑠 state  or a 𝐷𝐾 molecule).

One expect to have the molecule state at 4140 MeV/c2 as  (denote as 𝑅++)

A doubly-charged and doubly-charmed molecule 𝑅++ expected to decay to D+Ds
∗+ with 

modest rates. 
Mass of 𝑅++ is predicted to be in the range of 4.13-4.17 GeV/c2 with width of (2.3-2.5) MeV.

M.S. Sanchez et al,  PRD 98, 054001 (2018)

A.M. Torres et al, PRD 99, 076017 (2019)

𝚼(𝟏𝑺) 𝚼(𝟐𝑺) 𝒔 = 𝟏𝟎. 𝟓𝟐𝟎 GeV 𝒔 = 𝟏𝟎. 𝟓𝟖𝟎 GeV 𝒔 = 𝟏𝟎. 𝟖𝟔𝟕 GeV

5.7fb-1
24.9fb-1 89.5fb-1 711fb-1 121fb-1

No significant signal for 𝑅++ → 𝐷+𝐷𝑠
∗+ is observed

𝑅++ mass of 4.14 GeV/c2 with a width of 2 MeV.

𝑒+𝑒− → 𝐷+𝐷𝑠
∗+ + 𝑋 Ds

+ → 𝜙𝜋+ and 𝐷𝑠
+ → 𝐾∗ 892 0 𝐾+

𝐷+ → K−𝜋+𝜋+ and 𝐷+ → 𝐾𝑠
0(→ 𝜋+𝜋−)

Belle, PRD 102, 112001 (2020)
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Evidence for 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓 produced in single-tag 
two photon interactions

X(3872) with 𝐽𝑃𝐶 = 1++ is not allowed in 𝛾𝛾 → 𝑋(3872), but if one or both photons are virtual 
then, 𝑋(3872) can be produced.

Nucl. Phys. B 523, 423 (1998).

Measurement of 𝑋(3872) in two-photon reactions will help to understand its internal 
structure.



*

e-

e+
e+

e-

𝑱/𝝍

e+

e-

𝜋+

𝜋−

If X(3872) has a molecular
component in its structure, it
must have a steeper Q2

dependence than regular
charmonium state.

-Q2 is the invariant 
mass-squares of the 
virtual photon.

3 events

❖ 𝑀(𝑋 3872 = 3.8723 ± 0.0012 GeV/c2

❖ With 0.11 ± 0.10 backgrounds events,
❖ Number of signal events is 2.9−2.0

+2.2 ± 0.1 with significance 

of 3.2𝜎. ෨Γ𝛾𝛾ℬ 𝑋 3872 → 𝐽𝜓𝜋+𝜋− = 5.5−3.8
+4.1 ± 0.7 eV

❖ Obtain 0.995 < 𝑁𝑠𝑖𝑔 < 7.315 (@90% CL) gives 20 < ෨Γ𝛾𝛾 <

500eV. Values consistent with 𝑐𝑐 ҧ model. 

For more details, see  Y. Teramoto’s talk

Belle, PRL 126, 122001 (2021)

𝛾𝛾∗ → 𝑋(3872)

Schuler et al, Nucl. Phys. B 523, 423 (1998).
T. Branz et al, PRD 83, 114015 (2011).
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ECL
Old crystals are used with 
modified waveform sampling 
electronics to reject pile-up 
events.
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Vertex detector
4 SVD layer → 2 layers
DEPFET + 4 layers DSSD
Expected resolution of
~25μm while in Belle ~50μm

CDC
Larger volume drift chamber,
smaller drift cell. Faster
electronics

ECL
Old crystals are used with 
modified waveform sampling 
electronics to reject pile-up 
events.

KLM
Resistive place counter 
(Barrel)
Scintillation + WLSF + MCCP 
(endcap)

ECL crystals and part of KLM sub-detector are re-used. 31arXiv:1011.0352

PID
More compact. Time of 
Propagation (barrel) and prox. 
foc. ARICH (Endcap) is used.
Provide better K/π separation 
with worse background 
condition.
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SuperKEKB: asymmetric e-(7GeV) - e+(4 GeV) Collider

Tsukuba, Japan

Goal > ~ 30 x KEKB instantaneous 
luminosity ℒ =6 × 1035cm−2s−1

Luminosity record :
3.1 × 1034cm−2s−1

𝓛 = 𝟎. 𝟓 − 𝟏 𝐚𝐛−𝟏 2022

𝓛 = 𝟏𝟎 𝐚𝐛−𝟏 2026

𝓛 = 𝟓𝟎 𝐚𝐛−𝟏 2031

𝓛𝒑𝒆𝒂𝒌 = 𝟔 × 𝟏𝟎𝟑𝟓 𝐜𝐦−𝟐𝐬−𝟏 2029

See talk by E. Prencipe, 
B. Fulsom & B. Scavino
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B to ҧ𝑐𝑐 decays at Belle II

Rediscovery of X(3872) with 14.4 ± 4.6 signal events  (4.6𝜎) at Belle II.

W-

s
ū

ū
b

c
c̄

J/Ψ,Ψ’,
ηc , χc , …

➢ At Belle II, possible to study 𝐽 𝜓 𝜋+𝜋− and 𝐷𝐷∗ , the
coupling will provide information about the X(3872)
nature.

➢ Production of 𝑋(3872)[ 𝐵 → 𝑋 3872 𝐾 𝜋] also provides
useful information about the nature of X(3872)

➢ At Belle II, one can do full reconstruction and, using the
missing mass technique calculates the ℬ(

)
𝐵+ →

𝑋 3872 𝐾+ .
❖ Able to measure by 7σ (naïve estimation).

See talk by E. Prencipe

➢ One can also measure ℬ 𝐵+ → 𝑋 3915 𝐾+ .
➢ Searching for the molecular/tetraquark partners are important tasks that can be done at 

the Belle II.
➢ Amplitude analysis at three-body B decays (𝐵 → ҧ𝑐𝑐 𝐾 𝜋) provides the opportunity to 

search or understand these states. (Reminder: first charged state was seen in 𝐵 →
(𝜓 2𝑆 𝜋+)𝐾− by Belle.
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Initial state radiation
JPC = 1--





𝒒
ഥ𝒒

e-

e+

J/Ψ sideband

> 5.2σ

Measured properties
▪ Mass   = (3894.5±6.6± 4.5) MeV
▪ Width =  (63±24±26) MeV

𝐵𝑅 𝑌 4260 → 𝑍 3895 ±𝜋∓

𝐵𝑅[𝑌 4260 → 𝐽/𝜓𝜋+𝜋−]
= 29.0 ± 8.9 %

➢ Belle II will compliment BESIII here.
➢ Expects improvement in mass resolution  due to longer CDC
➢ One possible study e+e-

→Y(→J/π0π0 )γISR for neutral partner

3.5 σ
Mass   = (4054±3± 1) MeV
Width =  (45±11±6) MeV

Belle, PRD 91, 112007 (2015)e+e-
→’π+π- study

Any relation to Z(4050)+
→ χc1π+ ?

Search  Z(4430)+
→’π+ as in 

B0
→’π+K- ?

❖ One can also search for Zcs
+ in e+e-

→J/KK.
❖ Further, interesting to study e+e-

→D0D-π+ and e+e-
→Λc

+Λc
-.

See talk by S. Jia
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ISR preliminary results 

❖ Clear observation of ISR 𝐽/𝜓 and 𝜓(2𝑆) signal
❖ Soon, we can expect 𝑌 4260 rediscovery (~60 events per 100 fb-1 )

𝐽/𝜓 𝜓(2𝑆) 𝜓(2𝑆)

See talk by S. Jia
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~8600 events

Baryon spectroscopy

❑ Ground states along with many excited
states have been observed.

❑ Still, JP of only a few has been
determined.

❑ One can utilize the Belle II data to
increase our understanding of the
charmed baryons.

❑ Learn more about the 𝜆 − 𝜌 modes.

❑ Search for new states and new decays.
❑ Absolute branching fractions will be

done in the Belle.

❑ One can expect to search for New
Physics using the semi-leptonic decays of
the charmed baryons.

❑ Lifetime measurements of the charmed
baryons.

1.5 Million in 
Belle full data
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Summary
❖ Belle has a vibrant Hadron spectroscopy program.
❖ Still exciting results are coming from the Belle final data.

❖ Belle II has started and already taken over the luminosity record.
❖ One can search for new hadrons and study their properties.

❖ Direct as well production from B decays provide a unique
opportunity to get insight inside the hadrons.

For more details, please see
o Recent results on charmed baryon weak decays from Belle: Yang Li

o Study of charmonium-like states in two-photon collisions at Belle: Yoshiki Teramoto

o Recent results on charmed baryon spectroscopy from Belle: Jin Li

o Study of 𝜒𝑏𝐽 𝑛𝑃 → 𝜔Υ 1𝑆 in Belle: Zachary Stottler

o Exploration of bottomonium states at Belle : Todd Pedlar

o Studies of the X(3872) at Belle II: Elisabetta Precipe

o Bottomonium-like exotics and new physics in bottomonium decay at Belle II: Bianca Scavino

o Bottomonium results and prospects at Belle II: Bryan Fulsom

o ISR studies at Belle II: Sen Jia
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