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Symmetry between ത𝒔 quark and 𝒖𝒅
diquark

• 5366 MeV, 5415 MeV

• ±0 charge
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• 5620 MeV

• ±0 charge

• ҧ𝑠 quark and 𝑢𝑑 diquark have same

electric charge and color charge.

• Similar constituent masses.

• A dynamical “supersymmetry” between 

ҧ𝑠 and 𝑢𝑑 has been proposed[1].

• This can be investigated by the decays

of ത𝐵𝑠
(∗)

and Λ𝑏.

𝑏 ҧs
𝑏

𝑢 𝑑

ത𝐵𝑠
(∗)

Λ𝑏

[1] T. Amano and D. Jido, Prog. Theor. Exp. Phys. 2019, 093D02 (2019).
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Decay rates of semileptonic decay(1/2)

• Considering the decay process : 𝐻𝑏 decays into 𝐻𝑐 and two leptons.
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• Here, Ψ = ( ҧ𝑠, 𝑢𝑑).  Under the assumption of ҧ𝑠, 𝑢𝑑 symmetry, their wave functions 

are symmetric about Ψ.

• Previous research [2] separates the decay amplitude into a hadronic part and a 

leptonic part.

[2] T. Amano, D. Jido, S. Leupold, Phys. Rev. D105, L051504 (2022)

𝐻𝑏 = b-hadron
𝐻𝑐 = c-hadron

*
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Decay rates of semileptonic decay(2/2)

•   can be described by 𝑏 → 𝑐 current   , because Ψ is a spectator.
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• Specifying the final states, the spin combinations are as follows:

• By this property, the sum rule of decay rates is derived.

etc.

• We can treat         as the same element because of ҧ𝑠, 𝑢𝑑 symmetry.

(The wave functions are same due to ҧ𝑠, 𝑢𝑑 symmetry.)

𝛼 : b quark spin
𝛽 : c quark spin

*
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What is Heavy Quark Effective Theory?

(HQET)
• HQET : Heavy Quark Effective Theory

• Effective theory for heavy quarks such as 𝑏 and 𝑐.

• Since 𝑏 and 𝑐 are heavy, its velocity is almost constant even when interacting 

with light degrees of freedom (other light quarks and gluons)inside a hadron.

• It simplifies QCD by treating a heavy quark as a “static color source”.

5

Heavy quark

Momentum transfer
（~ΛQCD ≪ 𝑚𝑄）

Light degrees of freedom
（light quarks, gluons）

Almost 
static!
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What is Heavy Quark Symmetry?(HQS)
• HQS : Heavy Quark Symmetry

• In the limit that the heavy quark mass 𝑚𝑄 → ∞, two symmetries emerge for 

heavy quarks : 

1. Heavy Quark Flavor Symmetry

• In the 𝑚𝑄 → ∞, the specific masses of 𝑐 and 𝑏 do not affect the physics.

• As a result, the light degrees of freedom do not distinguish the heavy 

quark flavor.

2. Heavy Quark Spin Symmetry

• The spin-spin interaction between heavy quarks light degrees of 

freedom is suppressed by 1/𝑚𝑄.

• In the 𝑚𝑄 → ∞, the light degrees of freedom do not distinguish the 

heavy quark spin. 6

？
c

b
Ψ

*Ψ = ( ҧ𝑠, 𝑢𝑑)



Baryons 2025Meson decay : ഥ𝑩𝒔 → 𝑫𝒔
(∗)

form factors (1/2)
• Considering the decay : ത𝐵𝑠 → 𝐷𝑠

(∗)
𝑒 ҧ𝜈𝑒
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• The currents for ത𝐵𝑠 → 𝐷𝑠
(∗)

are expressed by 𝑤 and six Lorentz-invariant form 

factors ℎ±(𝑤), ℎ𝑉(𝑤), ℎ𝐴1,2,3(𝑤)

• Here, 𝑤 is inner product of the four-velocities of heavy quarks as a HQET 

parameter.



Baryons 2025Meson decay : ഥ𝑩𝒔 → 𝑫𝒔
(∗)

form factors(2/2)

• Using HQS and HQET, the six Lorentz-invariant form factors can be reduced to 

a single Isgur-Wise function 𝜉(𝑤) [3].
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• By applying this, each current can be described by only this single form factor 𝜉.

[3] A. V. Manohar and M. B. Wise, "Heavy Quark Physics", Cambridge University Press (2000).
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Baryon decay : 𝚲𝒃 → 𝚲𝒄 form factors
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• Similarly considering the decay : Λ𝑏 → Λ𝑐𝑒 ҧ𝜈𝑒 

• Same as a meson decay, the six baryon decay form factors can be 

reduced to a single Isgur-Wise function 𝜉′(𝑤) [3].

[3] A. V. Manohar and M. B. Wise, 

"Heavy Quark Physics", Cambridge 

University Press (2000).
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In this study (1/2)

• Introducing a relativistic (recoil) factor for the relation between full QCD 

hadron state | ۧH 𝑝  and HQET hadron state | ۧH 𝑣 .
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• Taking the spin average for initial state and the spin sum for final state.

Original by A. V. Manohar and M. B. Wise[3] In this research
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In this study (2/2)
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• Assume that the Isgur-Wise functions 𝜉 𝑤 , 𝜉′(𝑤) are identical.

• By also assuming the mass ratio of c-hadrons and b-hadrons 𝑟 = 𝑚𝐻𝑐/𝑚𝐻𝑏, 

and the b-hadron masses 𝑚𝐻𝑏, are identical, we obtain the following sum rule.

• Previous research[2] : assumption of ҧ𝑠, 𝑢𝑑 sym. → wave function → sum rule

Our research : HQET,HQS → assumption of 𝜉 𝑤 = 𝜉′(𝑤) → sum rule

[2] T. Amano, D. Jido, S. Leupold, Phys. Rev. D105, L051504 (2022)
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Prospects
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• Calculate the Isgur-Wise functions 𝜉, 𝜉′ using a specific model, and probe the 

mechanism of the dynamical symmetry between ҧ𝑠 quark and 𝑢𝑑 diquark.

• This discussion has ignored 𝑂(𝑚−1) corrections.

We expect to find further properties of the sum rule by discussing these 

corrections.

• Future experiments can verify this sum rule.
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Summary
Purposes

➢ To verify the dynamical supersymmetry between ҧ𝑠 quark and 𝑢𝑑 diquark.

➢ To clarify the relationship between the decay rates of ത𝐵𝑠 and Λ𝑏.
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Methods

➢ HQS and HQET

Results

➢ The sum rule derived from supersym. was also confirmed from the HQET 

under 𝜉 = 𝜉′. 

Prospects

➢ Calculation of 𝜉(′) using a specific model

➢ Investigation of 𝑚−1 corrections

➢ Experimental verification
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The original sum rule supposed by [2] is :

P stands for the emitted particles such as 𝜋− in pionic decay, 𝐾− in kaonic decay.

Pionic decay and kaonic decay follow 

the sum rule well.

14

[2] T. Amano, D. Jido, S. Leupold, Phys. Rev. D105, 
L051504 (2022) Pionic and Kaonic decay rates[2]
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