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Hyperon history

Λ

π−
p

K 0 π+

π−

G.D. Rochester, C. C. Butler, Nature 160, 855 (1947)

“V” particles

Hyperon: heavier than proton

A. Pais, Phys.Rev. 86, 663 (1952)

M. Gell-Mann, Phys.Rev. 92, 833 (1953) 
T. Nakano, K. Nishijima, Prog.Theor.Phys 10, 581(1953)

• Produce in pairs in strong interactions 
• Decay via the weak interactions

• Strangeness( ): conserve in strong 
interaction, violate in weak interaction 

• Selection rule: 

S

ΔS = 0, ± 1
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Hyperon decays

Semileptonic decays

★Simple environment 
★Decay dynamics (form factors)

Hyperon decays

✓ CKM matrix element  

✓  flavor symmetry 

✓ Source of  violation

Vus

SU(3)

CP J. D. Richman and P. R. Burchat, 
Rev. Mod. Phys. 67, 893 (1995)
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Experimental perspective

➡Current status: long history, large uncertainties, not direct measurement……

Super -charm facilityτ
Front.Phys 19, 14701(2024)

Obstacles

Dominant two-body decay backgrounds
Λ → p + π−, Σ− → n + π−, Ξ− → Λ + π−

Tiny branching fractions ( )10−4 ∼ 10−6
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Theoretical perspective

hadronic part: 

•  transition,  

• parametrized in terms of form factors

s → u ū γμ (1 − γ5) s

leptonic part: 

• lepton current: ℓ̄γμ (1 − γ5) νℓ

⟨B2 |Jh
μ |B1⟩ = ū2[f1γμ + if2σμν

qν

M1
+f3

qμ

M1 ]u1 − ū2[g1γμ + ig2σμν
qν

M1
+g3

qμ

M1 ]γ5u1
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Form factors

N. Cabibbo, Phys. Rev. Lett. 10, 531–533 (1963)  
N. Cabibbo et al., Ann. Rev. Nucl. Part. Sci. 53, 39–75 (2003) 

Cabibbo’s predictions: flavor  symmetrySU(3)

• Symmetry breaking of  :   

• In  symmetry, 

f1 f1/f SU(3)
1

SU(3) (g1/f1)n→p = (g1 f1)Ξ0→Σ+

Potential symmetry breaking

PDG : (g1/f1)n→p = 1.2754 ± 0.013, (g1/f1)Ξ0→Σ+

= 1.22 ± 0.05

★ Isospin symmetry is considered. 

★  vanishes in  symmetry. 

★  and  have little contributions 

to the decays.

g2 SU(3)

f3 g3

Donoghue et al., PRD(1987);  Schlumpf, PRD(1995); 
Villadoro, PRD(2006); Faessler et al., PRD(2008) 
Ledwig et al., JHEP(2008); L. S. Geng et al., PRD(2009); 
Sasaki, PRD(2012); G.S. Yang et al., PRC(2015)

ms ≫ md ∼ mu
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Form factors in QCD sum rules

P. Colangelo et al., QCD sum rules, a modern perspective(2000)

Radiative decay 

FCNC transition 

Strong decay 

Semileptonic decay

pion electromagnetic 
form factor
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Semileptonic decays in QCD sum rules
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Basic idea

three(two)-point 
correlation function

Phenomenological

Quark-hadron duality

mass, decay constant, 
form factors, …

QCD

Operator product 
expansion

Complete relation

diagram calculation hadron information
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Πμ(q2
1 , q2

2 , q2) = i2 ∫ d4x d4y ei(−q1x+q2y) < 0 |T{j2(y)jμ(0)j†
1 (x)} |0 >

Three-point correlation function

 j = ϵabc (qaT
i Cσμνqb

j ) σμνγ5qc
k

jμ = ūγμ(1 − γ5)s

: interpolating currents for the initial and final state baryons 

: weak transition current

j1,2

jμ

dispersion relations Πμ(q2
1 , q2

2 , q2) = ∫ ds1 ∫ ds2
ρμ(s1, s2, q2)

(s1 − q2
1)(s2 − q2

2)
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QCD side

Πμ(q2
1 , q2

2 , q2) = i2 ∫ d4x d4y ei(−q1x+q2y) < 0 |T{j2(y)jμ(0)j†
1 (x)} |0 >

ΠQCD
μ (q2

1 , q2
2 , q2) = ∫

∞

smin
1

ds1 ∫
∞

smin
2

ds2
ρQCD

μ (s1, s2, q2)
(s1 − q2

1)(s2 − q2
2)

operator product expansion: 

Πμ(q2
1 , q2

2 , q2) = ∑
d

Cd, μ(q2
1 , q2

2) < 0 |Od(0) |0 >
dispersion relations vacuum condensate

: spectral densityρQCD
μ

ρQCD
μ (s1, s2, q2) = ρpert

μ (s1, s2, q2) + ρ⟨q̄q⟩
μ (s1, s2, q2) + ρ⟨g2

s G2⟩
μ (s1, s2, q2) + ρ⟨gsq̄σ⋅Gq⟩

μ (s1, s2, q2) + ρ⟨q̄q⟩2

μ (s1, s2, q2)
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Phenomenological side

Πphe
μ (q2

1 , q2
2 , q2) = ∑

spins

< 0 | j2 |B2(q2) > < B2(q2) | jμ |B1(q1) > < B1(q1) | j1 |0 >
(q2

1 − M2
1)(q2

2 − M2
2)

+higher resonances and continuum states,

Πμ(q2
1 , q2

2 , q2) = i2 ∫ d4x d4y ei(−q1x+q2y) < 0 |T{j2(y)jμ(0)j†
1 (x)} |0 >

< B2(q2) | ūγμ (1 − γ5) s |B1(q1) >

= ū2(q2)[f1(q2)γμ + i f2(q2)σμν
qν

M1
+ f3(q2)

qμ

M1 ]u1(q1)

−ū2(q2)[g1(q2)γμ + ig2(q2)σμν
qν

M1
+ g3(q2)

qμ

M1 ]γ5u1(q1) .

< 0 | ji |Bi(p) > = λiui(p)

dispersion relations

Πphe
μ (q2

1 , q2
2 , q2) =

λ2 (q2 + M2)[f1(q2)γμ + i f2(q2)σμν
qν

M1
+ f3(q2)

qμ

M1 ]λ1 (q1 + M1)
(q2

1 − M2
1)(q2

2 − M2
2)

−
λ2 (q2 + M2)[g1(q2)γμ + ig2(q2)σμν

qν

M1
+ g3(q2)

qμ

M1 ]γ5λ1 (q1 + M1)
(q2

1 − M2
1)(q2

2 − M2
2)
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Borel transformation

Suppress the higher excited states and continuum states contributions 

ℬ[g(Q2)] ≡ g(M2
B) = lim

Q2, n → ∞
n /Q2 = 1/M2

B

(−1)n(Q2)n+1

n! ( ∂
∂Q2 )

n

g(Q2)

Quark-hadron duality

Establish the equivalence between two sides 

Πphe
μ (q2

1 , q2
2 , q2) ≃ ∫

s0
1

smin
1

ds1 ∫
s0

2

smin
2

ds2
ρQCD

μ (s1, s2, q2)
(s1 − q2

1)(s2 − q2
2)

: threshold parameterss0
1(2)
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 Symmetry breaking of vector form factor   f1(0)

QCDSR and  expansion suggest 

relatively larger breaking in .

1/Nc

Ξ → Σ

negative corrections

positive corrections
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 Axial-vector form factor g1(0)

• The results are generally consistent. 

•  slightly deviates from the (g1/f1)n→p (g1/f1)Ξ→Σ

(g1/f1)n→p
Exp

= 1.2754 ± 0.013

★ In  symmetry: SU(3)

(g1/f1)n→p = (g1 f1)Ξ0→Σ+
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 Weak magnetism form factor f2(0)

significant disparities

Theory

large uncertainties

Experiment
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 dependence of the form factorsq2
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Employ BCL parametrization to extrapolate the form factors: 

   fi(q2) =
fi(0)

1 − q2/(mpole)2
{1 + a1(z(q2, t0) − z(0,t0))}
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 dependence of the differential decay width q2
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d Γ (B1 → B2ℓνℓ)

dq2
=

G2
F Vus

2
q2 Q+Q−

384π3M3
1

(1 −
m2

ℓ

q2
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helicity amplitude 
(form factors)
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Branching fractions not include  dependence 
of the form factors

q2

• Contributions from the  dependence of the form factors: . 

• Much more impact to  mode.

q2 10 % ∼ 30 %

μ

R.M. Wang, M.Z. Yang, H.B. Li, 
and X.D. Cheng, PRD(2019)
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Summary

We calculated the transition form factors of hyperon semileptonic decays 

in the frame work of QCD sum rules.  

We analyze the flavor  symmetry breaking effects based on the 

relevant form factors. 

We derive the branching fractions of hyperon semileptonic decays and the 

tensor form factor related to the new physics beyond the standard model. 

Potential improvement: inverse problem, NLO corrections……

SU(3)

Thanks


