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Quark model

Doubly heavy baryons 
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Observation of 𝚵𝒄𝒄
++

Ξ𝑐𝑐
++ → Λ𝑐

+𝐾−𝜋+𝜋+

Phys. Rev.  Lett. 119. 112001

𝑚Ξ𝑐𝑐
++ = [3621.40 ± 0.72(stat) ± 0.27(syst) ± 0.14 Λ𝑐

+ ]MeV/c2

𝜏Ξ𝑐𝑐++ = 0.256−0.022
+0.024 stat ± 0.014 syst ps

Phys. Rev.  Lett. 121.
052002 (2018)
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▪ Doubly heavy baryons decays

Theoretical framework 
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spin 1/2→ spin 1/2 or spin 3/2: V-A current  and FCNC 
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▪ The Hamiltonian for 𝑐 → 𝑑, 𝑠 𝑙+𝜈𝑙

▪ The Hamiltonian for 𝑏 → 𝑢, 𝑐𝑙− ҧ𝜈𝑙

▪ The Hamiltonian for 𝑏 → 𝑠𝑙+𝑙−

The effective Hamiltonian 
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Helicity Amplitude

ℋ𝑒𝑓𝑓 =
𝐺𝐹

2
𝑉𝑐𝑑
∗ [ ҧ𝑑𝛾𝜇 1 − 𝛾5 𝑐][ ҧ𝜈𝑙𝛾

𝜇 1 − 𝛾5 𝑙]

ℳ = Λ𝑐
+𝑙+𝜈𝑙 ℋ𝑒𝑓𝑓 Ξ𝑐𝑐

++

=
𝐺𝐹

2
𝑉𝑐𝑑
∗ Λ𝑐

+ ҧ𝑑𝛾𝜇 1 − 𝛾5 𝑐 Ξ𝑐𝑐
++

𝑙+𝜈𝑙 ҧ𝜈𝑙𝛾
𝜇 1 − 𝛾5 𝑙 0



9/22

Helicity Amplitude

Physical form factors

𝐹 𝑞2 =
𝐹(0)

1 −
𝑞2

𝑚𝑓𝑖𝑡
2 + 𝛿(

𝑞2

𝑚𝑓𝑖𝑡
2 )2

𝐹 𝑞2 =
𝐹(0)

1 −
𝑞2

𝑚𝑝𝑜𝑙𝑒
2

For b quark decay

For c quark decay
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Light front quark model

▪ For the baryons with spin Τ1 2

For an axial-vector diquark Γ = 1For a scalar diquark

Ref: Chun-Khiang Chua, Phys. Rev. D 99, 014023 (2019)

Γ′Γ
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Light front quark model

▪ For the baryons with spin Τ3 2
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Transition matrix element : LFQM

Tensor current

ത𝑞i𝜎𝜇𝜈
𝑞𝜈

𝑀
1 + 𝛾5 𝑄

For FCNC channels
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Transition matrix element: form factors
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Form factors 

parametrization

Transition 

matrix element

𝑭𝑺
-------
𝑭𝑨

𝑭𝑷𝒉𝒚𝒔𝒊𝒄𝒔

Light Front Quark 
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Helicity amplitude
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extraction
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Extraction of transition form factors
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Form factors 
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Overlapping factors

Physical form factors 𝐹𝑆𝐶𝑠

𝐵𝐴

𝐹𝐴

| ۧ𝑄1𝑄2𝑞 𝐵𝑠 | ۧ𝑄1[𝑄2𝑞]

𝐶𝐴

Decided by flavor-spin space wave function

𝐵′ Γ𝜇 𝐵

= 𝐶𝑆 𝑞1[𝑄2𝑞]𝑆 Γ𝜇 𝑄1[𝑄2𝑞]𝑆 + 𝐶𝐴 𝑞1[𝑄2𝑞]𝐴 Γ𝜇 𝑄1[𝑄2𝑞]𝐴

| ۧ𝐵
| ۧ𝑄1{𝑄2𝑞}
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For example:

Ξ𝑐𝑐
++ =

1

2
[−

3

2
𝑐1 𝑐2𝑞 𝑆 +

1

2
𝑐1 𝑐2𝑞 𝐴 + (𝑐1 ⟷ 𝑐2)]

Λ𝑐
+ = −

1

2
𝑑 𝑐𝑢 𝑆 +

3

2
𝑑 𝑐𝑢 𝐴

𝐹𝑃ℎ𝑦𝑠
Ξ𝑐𝑐
++→Λ𝑐

+

=
6

4
𝐹𝑠 +

6

4
𝐹𝐴

𝐶𝑆 =
1

2
−

3

2
× 2 × −

1

2
=

6

4
𝐶𝐴 =

1

2

1

2
× 2 ×

3

2
=

6

4
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The numerical result of form factors

𝑚

𝑚𝐵𝑏𝑐~6.9𝐆𝐞𝐕
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The numerical result of decay widths

SU(3) Symmetry: Γ(Ξ𝑐𝑐
++ → Λ𝑐

+𝑙+𝜈𝑙) = Γ(Ω𝑐𝑐
+ → Ξ𝑐

0𝑙+𝜈𝑙)

Γ(Ξ𝑐𝑐
++ → Ξ𝑐

+𝑙+𝜈𝑙) = Γ(Ξ𝑐𝑐
+ → Ξ𝑐

0𝑙+𝜈𝑙)

Γ(Ξ𝑐𝑐
+ → Σ𝑐

0𝑙+𝜈𝑙) = 2Γ(Ξ𝑐𝑐
++ → Σ𝑐

+𝑙+𝜈𝑙) = 2Γ(Ω𝑐𝑐
+ → Ξ𝑐

′0𝑙+𝜈𝑙)

Γ(Ω𝑐𝑐
+ → Ω𝑐

0𝑙+𝜈𝑙) = 2Γ(Ξ𝑐𝑐
++ → Ξ𝑐

′+𝑙+𝜈𝑙) = 2Γ(Ξ𝑐𝑐
+ → Ξ𝑐

′0𝑙+𝜈𝑙)



Numerical analysis
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Γ
1

2
→
1

2
𝑤𝑖𝑡ℎ 𝑐ℎ𝑎𝑟𝑔𝑒𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 ~ 10−15~10−13

Γ
1

2
→
3

2
𝑤𝑖𝑡ℎ 𝑐ℎ𝑎𝑟𝑔𝑒𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 ~(10−16~10−14)

Γ(
1

2
→
1

2
𝑤𝑖𝑡ℎ 𝐹𝐶𝑁𝐶)~(10−21~10−19)

Γ(
1

2
→
3

2
𝑤𝑖𝑡ℎ 𝐹𝐶𝑁𝐶)~(10−22~10−19)

ℬ(Ξ𝑐𝑐
+→ Ξ𝑐

′0𝑙+𝜈𝑙)~2.15 × 10−2 ℬ(Ξ𝑐𝑐
+→ Ξ𝑐

0𝑙+𝜈𝑙)~1.31 × 10−2

ℬ(Ξ𝑏𝑐
+ → Ξ𝑏

′0𝑙+𝜈𝑙)~2.5 × 10−2

May be firstly examined in experiment:  LHCb, Belle-II 

Number
of 

channels

Charged
current

FCNC

1

2
→
1

2
57 90

1

2
→
3

2
36 54



▪ The transition form factors are calculated within light front quark model.

▪ This work modified the baryon wave function involved  axial-vector diquark: Γ

▪ For the baryon wave function is decided by the spin and flavor space wave 

function, the physics form factors is 𝐹𝑝ℎ𝑦𝑠𝑖𝑐𝑠 = 𝐶𝑆𝐹𝑆 + 𝐶𝐴𝐹𝐴.

▪ This work study four kinds of the doubly baryon weak decays and find that :

Γ
1

2
→
1

2
𝑤𝑖𝑡ℎ 𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 > Γ

1

2
→
3

2
𝑤𝑖𝑡ℎ 𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 > Γ

1

2
→
1

2
𝑤𝑖𝑡ℎ 𝐹𝐶𝑁𝐶

> Γ
1

2
→
3

2
𝑤𝑖𝑡ℎ 𝐹𝐶𝑁𝐶

▪ These channels may be firstly examined by experiment:

▪ We compared our results with SU(3) symmetry results.

Summary

ℬ(Ξ𝑐𝑐
+→ Ξ𝑐

′0𝑙+𝜈𝑙)~2.15 × 10−2 ℬ(Ξ𝑐𝑐
+→ Ξ𝑐

0𝑙+𝜈𝑙)~1.31 × 10−2

ℬ(Ξ𝑏𝑐
+ → Ξ𝑏

′0𝑙+𝜈𝑙)~2.5 × 10−2
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