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Discovery 4

• A new platform for precise testing 
standard model.

• A new platform for searching new 
physics.



Experimental progress 5

PhysRevLett.121.052002

PhysRevLett.121.162002

✔️
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Two most promising 
channels!

PhysRevLett.121.052002

PhysRevLett.121.162002

✔️

✔️

Experimental prograss



Theorical progress 7

• Weak decays of doubly heavy baryons: 

the 1/2→1/2 case

• Discovery potentials of doubly charmed baryons

• Weak decays of doubly heavy baryons: 

SU(3) analysis

Eur.Phy.J.C(2017) 77:781

Chinese Physics C Vol.42,No.5(2018)051001

Eur.Phy.J.C(2017) 77:800
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1. Doubly heavy baryon weak decays: 𝚵𝒃𝒄
𝟎 → 𝒑𝑲−, 𝚵𝒄𝒄

+ → 𝚺𝒄
++𝑲− 1701.03284

2. Discovery potentials of doubly charmed baryons 1703.09086
3. Weak decays of doubly heavy baryons: the 1/2 -> 1/2 case 1707.02834
4. Weak decays of doubly heavy baryons: SU(3) analysis 1707.06570
5. Weak decays of doubly heavy baryons: decay constant 1711.10289
6. Weak decays of doubly heavy baryons: Multi-body decays 1712.03830
7. Weak decays of doubly heavy baryons: the 1/2 -> 3/2 case 1805.10878
8. Weak decays of doubly heavy baryons: the FCNC processes 1807.03101
9. Weak decays of doubly heavy baryons: 𝑩𝒄𝒄 → 𝑩𝒄𝑽 1810.00541
10. Weak decays of triply heavy baryons 1803.01476

......

List of studies on weak decays

• Most of them adopt QCD-based phenomenological 
model in which systematic errors can not be 
estimated

• QCD calculation is highly demanded

Theorical progress
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• Comparing to the Ξ𝑏𝑏 → Σ𝑏 processes,  the branching ratio of 
Ξ𝑏𝑏 → Ξ𝑏𝑐 → Ξ𝑏/ Σ𝑏 is still larger.

• The processes of doubly heavy baryon decay to doubly 

heavy baryons are also important.

Motivation 

Model calculation(%) [1]

B(Ξ𝑏𝑏 → Σ𝑏𝑙
− ҧ𝜐) 2.98× 𝟏𝟎−𝟓

B(Ξ𝑏𝑏 → Ξ𝑏𝑐𝑙
− ҧ𝜐) 3. 𝟑𝟖 × 𝟏𝟎−𝟐

B(Ξ𝑏c → Ξ𝑏𝑙
− ҧ𝜐) 𝟏. 𝟖𝟏 × 𝟏𝟎−𝟐

B(Ξ𝑏c → Σ𝑏𝑙
− ҧ𝜐) 2.0𝟔 × 𝟏𝟎−𝟑

[1]. 2001.06375

The quark model predictions:

Feynman diagram

Theorical progress
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Form Factors 11

• The parameterization  are usually used in SCET and Lattice.  
1111.1844

•In this parameterization all form factors are in same order. 
(Reducing calculation errors)

helicity Form Factors Numerical results



Correlation functions 12

hadron level quark level

Hadron complete set

Form factors

• Consider the contribution of parity(+1) and (-1) .  

•Masses and pole residue were also calculated using two 
point correlation functions. Comparing to the Hadron 

level and extract the form 

factors

Hadron quark duality
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Phenomenological results 14

Masses and pole residues the leading logarithmic 
corrections

[1]. 1409.0497
[2]. 1707.01621
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Convergence of OPE

• For b decay processes, QCD Sum Rule calculations are dominate ed by 

perturbative term.

• The leading order correction in 𝛼𝑠 of perturbative term need to 

considered.

next to 𝛼𝑠 order

One of the 34 diagrams

Phenomenological results 



34 diagrams!!!
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next to 𝛼𝑠 order contributions

• The complete correction of leading order in 𝛼𝑠 is ~𝟓%.

• The leading order in 𝜶𝒔 correcctions will be considered in the future.

One diagram contribution

next to 𝛼𝑠 order

One of the 34 diagrams

Phenomenological results 
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𝒒𝟐-dependence of form factors Numerical results

Phenomenological results 
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Helicity amplitude method decay width

Phenomenological results 
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decay width𝒒𝟐-dependence of decay width

• The error of 𝒔𝟏
𝟎, 𝒔𝟐

𝟎

represent the dependence 
of 𝒔𝟏

𝟎, 𝒔𝟐
𝟎.

• The error of T𝟏
𝟐, T𝟐

𝟐

represent the error in 
calculation.

Phenomenological results 
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QCD Sum Rules compare with model calculation

O𝐮𝐫 𝐰𝐨𝐫𝐤 (𝟏𝟎−𝟏𝟒𝐆𝐞𝐕) Model calculation(𝟏𝟎−𝟏𝟒𝐆𝐞𝐕)[1] Model calculation(𝟏𝟎−𝟏𝟒𝐆𝐞𝐕)[2]

Γ(Ξ𝑏𝑏 → Ξ𝑏𝑐𝑙
− ҧ𝜐) 1.9±𝟎. 𝟕 6.02 3.30

Γ(Ξ𝑏𝑏 → Ξ𝑏𝑐𝑙
− ҧ𝜐) 3.0±𝟎. 𝟖 5.24 3.69

Γ(Ξ𝑏𝑏 → Ξ𝑏𝑐𝑙
− ҧ𝜐) 4.1±𝟎. 𝟖 4.26 4.50

Γ(Ξ𝑏𝑏 → Ξ𝑏𝑐𝑙
− ҧ𝜐) 4.7±𝟏. 𝟏 4.11 3.94

[1]. 2001.06375

[2]. 1707.02834

• Our predictions are consistent with model calculation.

Phenomenological results 
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Summary 22

• We have adopted QCDSR to investigate the weak decays of spin-1/2 doubly-heavy baryon to spin-

1/2 doubly-heavy baryon.

• On the OPE side, the 𝒃 → 𝒄 processes of doubly heavy baryon decays are perturbative term 

dominate.

• We estimate the next to 𝛂𝐬 order contribution ~𝟓%.

• We have also considered the contribution from the negative parity baryons to eliminate the

ambiguousness on the choice of the form factors.

• No model-dependent parameters are introduced.

• Our results are comparable to other works.
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Thank you for your attention!


