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Observation of  baryonΛ+
c

Phys. Rev. Lett. 44, 10 (1980)

: Lightest charmed baryon 

• Spin-0 diquark ( ) + charm quark 

•  

• Final state of heavier baryons decay

Λc

ud

c → W+ + s (d )
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 hadronic decayΛ+
c

★BESIII: produce  at , providing a clean environment (2014)Λ+
c Λ̄−

c 4.6 GeV

ℬ(Λ+
c → pK−π+) = (6.84 ± 0.24+0.21

−0.27) %

golden reference channel: 

combining measurements of ratios 

with ℬ(Λ+
c → pK−π+)

Λ−c

Λ+
c

e+e−

K+p̄ π−

K−

p π+

Phys. Rev. Lett. 116, 052001 (2016). 

Phys. Rev. Lett. 113, 042002 (2014). 
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 semileptonic decayΛ+
c

1990s:  

           

           

σ(e+e− → Λ+
c X )ℬ(Λ+

c → Λℓνℓ)

ℬ(Λ+
c → Λe+νe) ≈ (2.53 ± 0.70) %

ℬ(Λ+
c → Λμ+νμ) ≈ (2.35 ± 0.88) %

Phys. Lett. B 269, 234 (1991)   

Phys. Lett. B 323, 219 (1994)  

2015: ℬ(Λ+
c → Λe+νe) = (3.63 ± 0.38 ± 0.20) %

2017: ℬ(Λ+
c → Λμ+νμ) = (3.49 ± 0.46 ± 0.27) %

Phys.Rev.D 108, L031105 (2023)2023: ℬ(Λ+
c → Λμ+νμ) = (3.48 ± 0.14 ± 0.10) %

2022: ℬ(Λ+
c → Λe+νe) = (3.56 ± 0.11 ± 0.07) %

Phys.Rev.D 107, 052003 (2023)2023: ℬ(Λ+
c → Xe+νe) = (4.06 ± 0.10 ± 0.09) %

Phys. Rev. Lett. 121, 251801 (2018). 2018: ℬ(Λ+
c → Xe+νe) = (3.95 ± 0.34 ± 0.09) %

Motivation for studying semileptonic decay: 

• Study the strong interactions in a relatively simple environment 

• Determine the underlying weak couplings of quarks to the  boson 

• Investigate the decay dynamics (form factors)

W

Phys. Rev. Lett. 115, 221805 (2015). 

Phys. Lett. B 767, 42–47 (2017) . 

Phys. Rev. Lett. 129, 231803 (2022) 
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Other possible SL decay mode of Λ+
c

 
ℬ(Λ+

c → Λe+νe)
ℬ(Λ+

c → Xe+νe)
≈ 88 % potential exclusive 

semileptonic decay mode

Phys. Rev. D 106, 112010 (2022) 

excited Λ

ℬ(Λ+
c → Λ(1520)e+νe) =

(1.0 ± 0.5) × 10−3

ℬ(Λ+
c → Λ(1405)e+νe) =

(0.4 ± 0.2) × 10−3

multi-body decay

ℬ(Λ+
c → Λπ+π−e+νe) < 3.9 × 10−4

ℬ(Λ+
c → pK0

s π−e+νe) < 3.3 × 10−4

Phys. Lett. B 843, 137993 (2023) 

neutron:
Λ+

c → nℓνℓ

No available experimental data

……
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Chin.Phys.C 44, 040001 (2020)

Obstacles Recent progress

• Two missing particles in  

• Dominant  backgrounds

Λc → nℓνℓ

Λc → Λℓνℓ

detector performance

analysis technique

Experimental perspective of Λ+
c → nℓνℓ

Phys. Rev. Lett. 118, 112001 (2017)
Λ+

c → nK0
s π+

Phys. Rev. Lett. 128, 142001 (2022)

Λ+
c → nπ+

Chin. Phys. C 47, 023001 (2023) 
Λ+

c → nπ+π0
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Theoretical perspective of Λ+
c → nℓνℓ

hadronic part: 

• Single Cabbibo-suppressed decay mode:  

via external  emission 

• Parametrized in terms of transition form factors, 

taking into account nonperturbative effects

c → d

W+

leptonic part: 

•  decay:  

• Solved by perturbation theory

W+ W+ → ℓνℓ

nonperturbative 
techniques needed
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Form factors in QCD sum rules

pion electromagnetic 
form factor

decay observables

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

Radiative decay 

FCNC transition 

Semileptonic decay 

Strong decay 

……
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Research of SL decay in QCD sum rules
Meson semileptonic decay: 

: [Ball, Braun, Dosch, 1991; M.Z. Yang, 2006] 
: [Ball, 1993] 
: [Narison, 1992; Belyaev, Khodjamirian, Ruckl, 1993; Ball, 1993] 
: [D.S. Du, J.W. Li, M.Z. Yang, 2004] 
: [Leljak, Melic, 2020] 
: [Z.G. Wang, 2014] 

……

D → K
D → π
B → π
B → K
Bc → D
Bc → ηc

Baryon semileptonic decay: 
: [Y.B. Dai, C.S. Huang, M.Q. Huang, C. Liu, 1996; Dosch, Ferreira, 

Nielsen, Rosenfeld, 1999; Marques de Carvalho, Navarra, Nielsen, Ferreira, Dosch, 
1999; Z.X. Zhao, R.H. Li, Y.L. Shen, Y.J. Shi, 2020] 

: [C.S. Huang, C.F. Qiao, H.G. Yan, 1998] 
: [Dosch, Ferreira, Nielsen, Rosenfeld, 1999; Marques de Carvalho, Navarra, 

Nielsen, Ferreira, Dosch, 1999] 
……

Λb → Λc

Λb → p
Λc → Λ
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Other methods of SL decay

Light-front 
quark model

constituent 
quark model

relativistic 
quark model

……

Lattice QCD

MIT bag model

Light-cone 
sum rules

 flavor 
symmetry

SU(3)
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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
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Πμ(q2
1 , q2

2 , q2) = i2 ∫ d4x d4y ei(q1x−q2y) < 0 |T{jΛ+
c
(x) jμ(0) j†

n(y)} |0 >

Three-point correlation function

 

jΛ+
c

= ϵijk(uT
i Cγ5dj)ck

jn = ϵijk(uT
i Cγ5dj)dk

jμ = c̄γμ(1 − γ5)d

: interpolating current that can couple to the hadronic states 

: weak transition current

jΛ+
c (n)

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{jΛ+
c
(x) jμ(0) j†

n(y)} |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

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)

 
• vacuum condensate 
• describe nonperturbative effect

< 0 |Od(0) |0 >
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Phenomenological side

Πphe
μ (q2

1 , q2
2 , q2) = ∑

spins

< 0 | jΛc
|Λc(q1) > < Λc(q1) | jμ |n(q2) > < n(q2) | jn |0 >

(q2
1 − M2

Λc
)(q2

2 − M2
n)

+higher resonances and continuum states,

Πμ(q2
1 , q2

2 , q2) = i2 ∫ d4x d4y ei(q1x−q2y) < 0 |T{jΛ+
c
(x) jμ(0) j†

n(y)} |0 >

< Λc(q1) | jμ |n(q2) > = ūΛc
(q1)[f1(q2)γμ + i f2(q2)σμν qν

MΛc

+ f3(q2)
qμ

MΛc
]un(q2)

−ūΛc
(q1)[g1(q2)γμ + ig2(q2)σμν qν

MΛc

+ g3(q2)
qμ

MΛc
]γ5un(q2)

< 0 | jΛb
|Λc(q1) > = λΛc

uΛc
(q1)

< 0 | jn |n(q2) > = λnun(q2),

Πphe
μ (q2

1 , q2
2 , q2) =

λn (q2 + Mn)[f1(q2)γμ + i f2(q2)σμν qν

MΛc
+ f3(q2)

qμ

MΛc ]λΛc (q1 + MΛc)
(q2

1 − M2
Λc

)(q2
2 − M2

n)

−
λn (q2 + Mn)[g1(q2)γμ + ig2(q2)σμν qν

MΛc
+ g3(q2)

qμ

MΛc ]γ5λΛc (q1 + MΛc)
(q2

1 − M2
Λc

)(q2
2 − M2

n)
.

dispersion relations
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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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 form factors at  Λ+
c → nℓνℓ q2 = 0

General procedure of exclusive SL decay: 

Step1: determinate the form factors at a particular value of   

Step2: extrapolation over the entire  region 

Step3: construct decay observables via form factors

q2

q2
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 form factorsΛ+
c → nℓνℓ

Need entire kinematic region  

• QCD sum rules is applicable in the large recoil region 

• Employ dipole parametrization to extrapolate the obtained value 

   

q2 ∈ [m2
ℓ, (MΛc

− Mn)2]

fi(q2) =
fi(0)

(1 − q2 /M2
Λc) (1 − a1q2 /M2

Λc
+ a2(q2 /M2

Λc
)2)
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 decay observablesΛ+
c → nℓνℓ

differential decay width: 

 

the leptonic forward-backward asymmetry: 

 

asymmetry parameter: 

d Γ (Λc → nℓνℓ)
dq2

=
G2

F Vcd
2

q2 Q+Q−

384 π3 M3
Λc

(1 −
m2

ℓ

q2
)2Htot

AFB(q2) =
dΓ
dq2 (forward) − dΓ

dq2 (backward)
dΓ
dq2

=
3
4

H2
1
2 ,1 − H2

− 1
2 ,−1 − 2

m2
ℓ

q2 (H 1
2 ,0H 1

2 ,t + H− 1
2 ,0H− 1

2 ,t)

Htot

αΛc
(q2) =

d Γλ′ = 1
2 /dq2 − d Γλ′ =− 1

2 /dq2

d Γλ′ = 1
2 /dq2 + d Γλ′ =− 1

2 /dq2

: helicity amplitude 

contain the information of form factors

H
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 decay observablesΛ+
c → nℓνℓ

• : the dependence of  and  

on the lepton mass is significantly different 

• : the dependence of three decay 
observables on the lepton mass is consistent 

•  is indistinguishable throughout the entire 

physical region

q2 → m2
ℓ dΓ/dq2 AFB

q2 → q2
max

αΛc
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 numerical resultsΛ+
c → nℓνℓ
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 numerical resultsΛ+
c → Λℓνℓ

jn = ϵijk(uT
i Cγ5dj)dk jΛ = ϵijk(uT

i Cγ5dj)sk
d → s
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Summary

 We calculated the transition form factors of  in the frame 

work of QCD sum rules. 

 We predicted the branching fractions and decay asymmetry observables 

based on the obtained form factors. They are expected to be measured at 

BESIII, BELLEII, and LHCb experiment.  

 We analyze the semileptonic decay mode . Our results 

exhibit a strong agreement with the experimental data. 

 Potential improvement: NLO corrections

Λc → nℓνℓ

Λ+
c → Λℓνℓ
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Thanks


