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Research Background and Significance

In heavy flavor physics, 𝒔 → 𝒖 weak decays of heavy flavor 

hadrons play a unique role:

The phase space is extremely small, and precise measurement of 

LFU is expected to be an important tool for testing the standard model.

The heavy quark symmetry can also be discussed, and it exhibits 

properties completely different from the case of heavy quark decays.
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Experimental Progress

LHCb:

In 2015, it was discovered evidence of the Ξ𝑏
− → Λ𝑏

0𝜋−.

In 2023, ℬ Ξ𝑏
− → Λ𝑏

0𝜋− = 0.89 ± 0.10 ± 0.07 ± 0.29 %.

In 2020, ℬ Ξ𝑐
0 → Λ𝑐

+𝜋− = 0.55 ± 0.02 ± 0.18 %.

In 2022, Belle revisited this decay channel [arXiv:2206.08527 [hep-ex]], 

confirming the previous measurement results of LHCb.
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Research Objectives and Methods

Method:

LFQM, within the three-quark picture: the three valence

quarks in the baryon are treated independently.

Objective: 𝑠 → 𝑢 transitions

Categorized into four types based on the diquark species in the 

initial and final baryons (S-wave):

The 0+ → 0+ processes, 0+ → 1+ processes, 1+ → 0+ processes, 

1+ → 1+ processes.
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Framework and some 

applications 
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The baryon state

𝓑 𝑷, 𝑺, 𝑺𝒛 = න 𝒅𝟑෥𝒑𝟏 𝒅𝟑෥𝒑𝟐 𝒅𝟑෥𝒑𝟑 𝟐 𝟐𝝅 𝟑𝜹𝟑(෩𝑷 − ෥𝒑𝟏 − ෥𝒑𝟐 − ෥𝒑𝟑)
𝟏

𝑷+

× ෍

𝝀𝟏,𝝀𝟐,𝝀𝟑

𝜳𝑺𝑺𝒛 ෥𝒑𝟏, ෥𝒑𝟐, ෥𝒑𝟑, 𝝀𝟏, 𝝀𝟐, 𝝀𝟑 𝑪𝒊𝒋𝒌|𝒒𝟏
𝒊 𝒑𝟏, 𝝀𝟏 𝒒𝟐

𝒋
𝒑𝟐, 𝝀𝟐 𝒒𝟑

𝒌 𝒑𝟑, 𝝀𝟑 ⟩

spin and momentum                color                   flavor
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Λ𝑄(𝑑𝑖𝑞𝑢𝑎𝑟𝑘: 0
+) 𝐴0 ത𝑢 𝑝3, 𝜆3 ത𝑃 ⋅ 𝛾 + 𝑀0 −𝛾5 𝐶ത𝑢𝑇 𝑝2, 𝜆2 ത𝑢 𝑝1, 𝜆1 𝑢 ത𝑃, 𝑆𝑧 Φ(xi, ki⊥)

Σ𝑄(𝑑𝑖𝑞𝑢𝑎𝑟𝑘: 1
+) A1 ത𝑢 𝑝3, 𝜆3 ത𝑃 ⋅ 𝛾 + 𝑀0 𝛾𝜇 − 𝜐𝜇 𝐶ത𝑢𝑇 𝑝2, 𝜆2 ത𝑢 𝑝1, 𝜆1 (

1

3
𝛾𝜇𝛾5)𝑢 ത𝑃, 𝑆𝑧 Φ(xi, ki⊥)

Z. X. Zhao. [arXiv:2304.07698 [hep-ph]]
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Transition form factors

The form factors for four types of processes：Ξ𝑄 → Λ𝑄/Σ𝑄, Ω𝑄 → Ξ𝑄
(′)

.

overlap factor:

Ξ𝑐
+(𝑐𝑠𝑢) → Σ𝑐

++(𝑐𝑢𝑢) 1/ 2 × 2

1/ 2:normalization of flavor wave function.     2: the contraction of two equivalent quarks.

Ξ𝑄 → Λ𝑄 Form factors:

1.Calculate the matrix elements in LFQM

2.Write the matrix elements in terms of form factors:

⟨𝜦𝑸(𝑷
′, 𝑺𝒛

′ )|ഥ𝒖𝜸𝝁𝒔 𝚵𝐐 𝑷, 𝑺 = ഥ𝒖(𝑷′, 𝑺𝒛
′ ) 𝜸𝝁𝒇𝟏 𝒒𝟐 + 𝒊𝝈𝝁𝝂

𝒒𝝂
𝑴
𝒇𝟐 𝒒𝟐 +

𝒒𝝁

𝑴
𝒇𝟑 𝒒𝟐 𝒖(𝑷, 𝑺𝒛)

⟨𝜦𝑸(𝑷
′, 𝑺𝒛

′ )|ഥ𝒖𝜸𝝁𝜸𝟓𝒔 𝚵𝐐 𝑷, 𝑺 = ഥ𝒖 𝑷′, 𝑺𝒛
′ 𝜸𝝁𝒈𝟏 𝒒𝟐 + 𝒊𝝈𝝁𝝂

𝒒𝝂
𝑴
𝒈𝟐 𝒒𝟐 +

𝒒𝝁

𝑴
𝒈𝟑 𝒒𝟐 𝜸𝟓𝒖(𝑷, 𝑺𝒛)
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Transition form factors

3. Extract the form factors

Choose the 𝑞+ = 0 coordinate system and extract 𝑓𝑖 , 𝑔𝑖(𝑖 = 1,2) :

multiply σ𝑆𝑧𝑆𝑧
′ ത𝑢 𝑃, 𝑆𝑧 𝛾+𝑢(𝑃′, 𝑆𝑧

′) by the “+” component of the LFQM and the parametrization 

formula respectively:

𝑓1 =
1

8𝑃+𝑃′+
න 𝑑3 ෤𝑝2 𝑑3 ෤𝑝3

𝐴0
′ 𝐴0

𝑝1
′+𝑝1

+𝑃′+𝑃+
Φ′∗Φ 𝑇𝑟 ത𝑃 ⋅ 𝛾 + 𝑀0 Γ2 ( ത𝑃

′ ⋅ 𝛾 + 𝑀0
′)(𝑝2 ⋅ 𝛾 + 𝑚2)

× 𝑇𝑟 ത𝑃 ⋅ 𝛾 + 𝑀0 𝛾5𝐶 𝑝3 ⋅ 𝛾 + 𝑚3
𝑇𝐶 −𝛾5 ത𝑃′ ⋅ 𝛾 + 𝑀0

′ 𝑝1
′ ⋅ 𝛾 + 𝑚1

′ Γ1 (𝑝1 ⋅ 𝛾 + 𝑚1)

Γ1 = 𝛾+, Γ2 = 𝛾+.

𝑓2, 𝑔1, 𝑔2 can also be obtained in a similar way
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Transition form factors

The extraction of 𝑓3 and 𝑔3, select the “⊥” components of the transformation matrix:

σ
𝑆𝑧𝑆𝑧

′ ത𝑢 𝑃, 𝑆𝑧 𝛾+𝑢(𝑃′, 𝑆𝑧
′) multiply the 𝑗 − 𝑡ℎ (𝑗 = 1or 2) component of parameterization 

formula

𝑓1 − 𝑓3 1 +
𝑀′

𝑀
=

1

4𝑃+𝑞2
න 𝑑 ෤𝑝2 𝑑 ෤𝑝3

𝐴0
′ 𝐴0

𝑝1
′+𝑝1

+𝑃′+𝑃+
Φ′∗Φ×෍

𝑗=1

2

𝑞𝑗

{𝑇𝑟 ത𝑃 ⋅ 𝛾 + 𝑀0 𝛾5𝐶 𝑝3 ⋅ 𝛾 + 𝑚3
𝑇𝐶 −𝛾5 ത𝑃′ ⋅ 𝛾 + 𝑀0

′ 𝑝1
′ ⋅ 𝛾 + 𝑚1

′ 𝛾𝑗(𝑝1 ⋅ 𝛾 + 𝑚1)

× 𝑇𝑟 ത𝑃 ⋅ 𝛾 + 𝑀0 𝛾+ ത𝑃′ ⋅ 𝛾 + 𝑀0
′ (𝑝2 ⋅ 𝛾 + 𝑚2) } ቚ

𝑃𝑗=0
.

𝑔1 + 𝑔3 1 −
𝑀′

𝑀
=

1

4𝑃+𝑞2
න 𝑑 ෤𝑝2 𝑑 ෤𝑝3

𝐴0
′ 𝐴0

𝑝1
′+𝑝1

+𝑃′+𝑃+
Φ′∗Φ×෍

𝑗=1

2

𝑞𝑗

{𝑇𝑟 ത𝑃 ⋅ 𝛾 + 𝑀0 𝛾5𝐶 𝑝3 ⋅ 𝛾 + 𝑚3
𝑇𝐶 −𝛾5 ത𝑃′ ⋅ 𝛾 + 𝑀0

′ 𝑝1
′ ⋅ 𝛾 + 𝑚1

′ 𝛾𝑗𝛾5(𝑝1 ⋅ 𝛾 + 𝑚1)

× 𝑇𝑟 ത𝑃 ⋅ 𝛾 + 𝑀0 𝛾+𝛾5 ത𝑃′ ⋅ 𝛾 + 𝑀0
′ (𝑝2 ⋅ 𝛾 + 𝑚2) } ቚ

𝑃𝑗=0
.
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The heavy quark limit

Form factors at 𝑞2 = 0 in the heavy quark limit:

Attention:      𝑘1⊥ + 𝑘1⊥
′ ⋅ 𝑞⊥

the initial s quark and the final u quark are on an equal footing

𝑘1⊥ = 𝑘1⊥
′

𝑘1⊥
′ ⋅ 𝑞⊥ = −𝑘1⊥ ⋅ 𝑞⊥

𝑘1⊥ + 𝑘1⊥
′ ⋅ 𝑞⊥ = 0
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Numerical results 
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Inputs

Inputs 𝑚𝑢 = 𝑚𝑑 = 0.25 GeV,  𝑚𝑠 = 0.37 GeV,  𝑚𝑐 = 1.4 GeV,  𝑚𝑏 = 4.8 GeV.

The uncertainty introduced by the quark mass, considering the scope (in units of GeV):

𝑚𝑢 = 𝑚𝑑 = 0.22~0.28,  𝑚𝑠 = 0.37~0.5,  𝑚𝑐 = 1.3~1.81,  𝑚𝑏 = 4.7~5.2.

Masses (in units of MeV) of initial and final baryons

𝑚𝑒 = 0.511 MeV,

𝑚𝜇 = 106 MeV.
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Shape parameters

shape parameters (in units of GeV)

𝛽𝑏[𝑢𝑑] = 0.66, 𝛽𝑐 𝑢𝑑 = 0.56, 𝛽 𝑢𝑑 = 0.32,

𝛽𝑏 𝑠𝑞 = 0.68, 𝛽𝑐 𝑠𝑞 = 0.58, 𝛽 𝑠𝑞 = 0.39,

𝛽𝑏{𝑞𝑞} = 0.68, 𝛽𝑐 𝑞𝑞 = 0.58, 𝛽 𝑞𝑞 = 0.39,

𝛽𝑏 𝑠𝑞 = 0.73, 𝛽𝑐 𝑠𝑞 = 0.63, 𝛽 𝑠𝑞 = 0.42,

𝛽𝑏 𝑠𝑠 = 0.78, 𝛽𝑐 𝑠𝑠 = 0.66, 𝛽 𝑠𝑠 = 0.44.

For the shape parameters of diquarks, we adopt these approximations:

𝛽[𝑢𝑑] = 𝛽𝑢 ത𝑑 , 𝛽[𝑠𝑞] = 𝛽𝑠ഥ𝑢, 𝛽{𝑠𝑠} = 𝛽𝑠 ҧ𝑠.

H. Y. Cheng. [arXiv:hep-ph/0310359 [hep-ph]].

It is expected that there exists approximately 10% uncertainty in these shape parameters

for baryons.
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Form factors and uncertainties

form factors at 𝒒𝟐 = 𝟎

The actual calculation results are 

consistent with the predictions from 

the heavy-quark limit.
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Fitting of form factors

The form factors 𝑓𝑖 and 𝑔𝑖 are calculated in the spacelike region of 𝑞2. To extrapolate to the physical 

region of 𝑞2, we adopt the following fit formula:

𝐹 𝑞2 =
𝑎 + 𝑏 𝑧(𝑞2)

1 −
𝑞2

𝑚𝑝𝑜𝑙𝑒
𝑓

2

,

Where

𝑧 𝑞2 =
𝑡+ − 𝑞2 − 𝑡+ − 𝑡0

𝑡+ − 𝑞2 + 𝑡+ − 𝑡0
.

with 𝑡+ = 𝑚𝐾 +𝑚𝜋
2 and 𝑡0 = 𝑞𝑚𝑎𝑥

2 = 𝑀 −𝑀′ 2. The pole masses 𝑚𝑝𝑜𝑙𝑒
𝑓

are respectively 

taken as 𝑚𝑝𝑜𝑙𝑒
𝑓1,𝑓2 = 𝑚𝐾∗, 𝑚𝑝𝑜𝑙𝑒

𝑓3 = 𝑚𝐾∗(700), 𝑚𝑝𝑜𝑙𝑒
𝑔1,𝑔2 = 𝑚𝐾1(1270),𝑚𝑝𝑜𝑙𝑒

𝑔3 = 𝑚𝐾.
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Fitting of form factors

18

The dependence of our form factors on 𝑞2, where 𝑔3 have been rescaled by a small factor 1 −
𝑀′

𝑀
with 𝑀(′) the 

mass of the initial (final) baryon.



Fitting of form factors

The error is very small because ⟨ℬ𝑓 𝑣′, 𝑠′ ത𝑢𝛾𝜇 1 − 𝛾5 𝑠 ℬ𝑖 𝑣, 𝑠 ⟩ is similar to ⟨ℬ(𝑣′, 𝑠′)|ℬ 𝑣, 𝑠 ⟩.

19



Semileptonic decay prediction

In the heavy quark limit,Γ =
𝐺𝐹
2 𝑉𝐶𝐾𝑀

2 𝑀−𝑀′ 5

60𝜋3
(𝑓1

2 + 3𝑔1
2).

Two semi-muonic decays are not allowed. 20



Lepton flavor universality prediction

Γ(Ξ𝑐
0 → Λ𝑐

+𝜇− ҧ𝜐𝜇)

Γ(Ξ𝑐
0 → Λ𝑐

+𝑒− ҧ𝜐𝑒)
= 0.19 ± 0.00 ± 0.00,

Γ(Ξ𝑏
− → Λ𝑏

0𝜇− ҧ𝜐𝜇)

Γ(Ξ𝑏
− → Λ𝑏

0𝑒− ҧ𝜐𝑒)
= 0.16 ± 0.00 ± 0.00.

Γ(Ω𝑐
0 → Ξ𝑐

+𝜇− ҧ𝜐𝜇)

Γ(Ω𝑐
0 → Ξ𝑐

+𝑒− ҧ𝜐𝑒)
= 0.35 ± 0.00 ± 0.01,

Γ(Ω𝑏
− → Ξ𝑏

0𝜇− ҧ𝜐𝜇)

Γ(Ω𝑏
− → Ξ𝑏

0𝑒− ҧ𝜐𝑒)
= 0.43 ± 0.00 ± 0.01.

Γ(Ω𝑐
0→Ξ𝑐

′+𝜇−ഥ𝜐𝜇)

Γ(Ω𝑐
0→Ξ𝑐

′+𝑒−ഥ𝜐𝑒)
= (1.47 ± 0.00 ± 1.09) × 10−3,

Γ(Ω𝑏
−→Ξ𝑏

′0𝜇−ഥ𝜐𝜇)

Γ(Ω𝑏
−→Ξ𝑏

′0𝑒−ഥ𝜐𝑒)
= (0.96 ± 0.00 ± 1.18) × 10−4.

where the first and second uncertainties are respectively from those of the form factors and the 

masses of initial and final baryons.

The decay width of the semi-𝜇 channel is much smaller than that of the semi-𝑒 channel, which is 

due to the extremely limited phase space. 21



Semileptonic decay comparison

Ref.[5]:S. Faller and T. 

Mannel, [arXiv:1503.06088 

[hep-ph]].

Ref.[6]:N. Soni and J. 

Pandya, Nucl. Phys. 60, 

694-695 (2015).

Ref.[9]:Z. Shah, Nucl. Phys. 

66, 891-892 (2023).
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Summary and outlook
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Summary and outlook

• Calculated the form factors involving 𝑓3 and 𝑔3, taking into account the results 

in the heavy quark limit.

• Predicted semi-leptonic decay and made a comparison.

• Precise measurement of LFU for these processes is expected to be an important 

tool for testing the standard model.  
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