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•QCD and charmed baryon

•Belle experiment

•Ξ𝑐𝑐0 decay branching fraction

•Prospective 



Quantum ChromoDynamics (QCD)
Theory of the strong interaction 
between quarks and gluons

𝜓𝜓𝑖𝑖: quark field                          𝛾𝛾𝜇𝜇: Dirac matrixes
𝐷𝐷𝜇𝜇:gauge covariant derivative
𝐺𝐺𝜇𝜇𝜇𝜇𝑎𝑎 ：gauge invariant gluon field strength tensor

𝒜𝒜𝜇𝜇
𝑎𝑎: gluon fields              g: coupling factor
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Perturbative QCD
• In high energy or short distance 
interactions, 𝛼𝛼𝑠𝑠 is small, perturbative 
QCD works well.

• When 𝛼𝛼𝑠𝑠 is large,
In QCD factorization theorem
two parts of cross section :
 perturbatively-calculable short-distance
universal long-distance -> experiment 
input
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演示者
演示文稿备注
Infinite topologically-inequivalent interactions makes prediction difficult!



Charmed Baryon
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• baryons with one c quark
• Splits form 𝑢𝑢,𝑑𝑑, 𝑠𝑠, 𝑐𝑐 SU(4)  into two SU(3) 

multiplets, a �3 and a 6.  



Charmed Baryon
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•Charm energy scale, 𝛼𝛼𝑠𝑠~1: 
boundary of (non-)perturbative 

•Charmed baryons better than meson, since:
 (non-)factorized contribution is 

comparable
 Narrow states make it

easy to isolation

•Excited states spectrum 
is a good check for theory
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•Great wealth of information and many 
theoretical treatises

•Little is known experimentally about the 
charmed baryons
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•Charmed Baryons are difficult to produce
 no resonant production mechanisms
 continuum production with small 

cross-sections
•Products in the decays of heavy mesons

Or high energy colliders
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Measurements of absolute  branching fraction of 𝚵𝚵𝒄𝒄𝟎𝟎

The Branching fraction of Ξ𝑐𝑐0 → 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 palys key role in many    
bottom-baryon studies at LHCb

The decay 𝐵𝐵− → Λ𝑐𝑐−Ξ𝑐𝑐0, proceed via 𝑏𝑏 → 𝑐𝑐 ̅𝑐𝑐𝑠𝑠 transitions, has a 
branching fraction about the 10−3 order according to the theoretical 
calculation

 A good chance to analysis 𝐁𝐁− → 𝚲𝚲𝐜𝐜−𝚵𝚵𝐜𝐜𝟎𝟎 decay in Belle.



Belle experiment
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KEKB: world highest luminosity  e+e− collider



Belle experiment
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~711 fb-1 Y(4S)

772M 𝑩𝑩�𝑩𝑩 data 
sample

Updated to Belle2, 
Has restarted.

B factory 



Full Reconstruction 
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 𝐵𝐵 meson comes from Υ 4𝑆𝑆 → 𝐵𝐵 �𝐵𝐵
 If we reconstruct a 𝐵𝐵 , the recoil is �𝐵𝐵
 1042 𝐵𝐵 decay channel, 71 neural networks
 An overall efficiency:

0.36% for 𝑩𝑩+ 0.24% for 𝑩𝑩𝟎𝟎
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PRL 122, 082001 
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Prospective 
How about Ξ𝑐𝑐+? 

arXiv:1904.12093

Λ𝑐𝑐 → 𝑝𝑝𝑝𝑝𝑝𝑝 only
𝑁𝑁Ξ𝑐𝑐+ = 18.8 ± 6.8,𝟑𝟑.𝟐𝟐𝟐𝟐

𝑁𝑁Ξ𝑐𝑐+→Ξ𝜋𝜋+𝜋𝜋+ = 24.2 ± 5.6,𝟔𝟔.𝟗𝟗𝟐𝟐

Theory prediction: 1.47 ± 0.84 %

https://arxiv.org/abs/1904.12093


17

Prospective 
In the Heavy Quark Symmetry (HQS) picture:
the two light quarks →light diquark

Three parts of the spectrum of the charmed baryons: 
 the ground states

 the low-lying excited states 

 the higher excited states
 Need discovery and explanation
 Help to understand quark confinement 

mechanism and hadron structure
 ………… 

constituent quark models 

heavy quark symmetries

u

s
c
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Eur. Phys. J. C78, 928 (2018)
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Prospection 

We have Belle2：50 times DATA!!! 
Better Detector

Measure the BR  for excited Ξ𝑐𝑐
Maybe find new particles？
……………………….

We can ：



Back UP
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Charmed baryons offer new information for two 
reasons:
 W-exchange diagrams can contribute 

without the helicity suppression that 
decreases their contribution to pseudo-
scalar meson decays

 internal W emission is expected to be 
significant. 

 parity violation in charm baryon decays is 
readily observable because the decay of the 
daughter hyperon also violates parity.



Back UP
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sigmoid function



Back UP

23



Back UP
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In the Heavy Quark Symmetry (HQS) pic7

ture [3], the two light quarks are 
regarded as a light di8

quark and the spectrum of the known 
charmed baryons
9 can be divided into three parts: the 
ground states, the
10 low-lying excited states and the 
higher excited states. For
11 the ground states and the low-lying 
excited states, the
12 constituent quark models and heavy 
quark symmetries
13 describe them very well, respectively



Belle2 
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Belle2 
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Belle2 
Advantage  of Belle2 detector:
• Clean event environment
• High trigger efficiency
• High-efficiency detection of neutrals
• Many control samples to study systematics
• Good kinematic resolution
• Missing energy and missing mass analysis 

are straightforward
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