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Motivation

• For B-meson case, this parameter is constrained experimentally using  decays (provides only 

the lower limit).


• Using  and QCD sum rules, the value ranges between  GeV. However, non-

leptonic decays demands   GeV.


• For D-meson case, there is no systematic computation. One uses ad-hoc values analogous to B-meson case 

using heavy quark symmetry arguments.

B− → ℓ−νℓγ

B− → ℓ−νℓγ (0.45 ± 0.15)

λB ≈ 0.2

λ−1
M (μ) = ∫

∞

0

dω
ω

ϕM
+ (ω, μ)

• Distribution amplitudes (DAs) are very crucial universal non-perturbative input for theoretical computations.


• DAs for heavy meson case are modelled using the heavy quark expansion. No precise form is known so far.


• Exclusive decay of B-meson indicates that the first inverse moment of these DAs is a very important parameter.

[Lee and Neubert, PRD 72, 094028(2005), 
Baneke et. al, Eur.Phys.J.C 71 (2011) 1818 ]

[Grozin and Neubert, PRD 55 (1997) 272-290]
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• Distribution amplitudes (DAs) are very crucial universal non-perturbative input for theoretical computations.


• DAs for heavy meson case are modelled using the heavy quark expansion. No precise form is known so far.


• Exclusive decay of B-meson indicates that the first inverse moment of these DAs is a very important parameter.

To estimate the inverse moment of the D-meson distribution amplitude using the experimental 
input on the branching ratio of radiative  decays.D*q

Our Objective

[Lee and Neubert, PRD 72, 094028(2005), 
Baneke et. al, Eur.Phys.J.C 71 (2011) 1818 ]

[Grozin and Neubert, PRD 55 (1997) 272-290]



 Decays: An IntroductionD*q → Dqγ

•  The amplitude for   ( ) is:D*q → Dqγ q = u, d, s

ℳ(D*q → Dq(p)γ(k)) = egDq
ϵμνρσkρϵσ

γ vνϵμ
D*q

Coupling

 is the transition magnetic moment.
egDq

2
Γ(D*q (p′￼) → Dq(p)γ(k)) =

αem

3
|gDq

|2 | ⃗k |3
•  The decay width:
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Channel Branching Ratio Decay widths

D*+ → D+γ

D*0 → D0γ

D*+
s → D+

s γ (93.5 ± 0.7) %

(1.6 ± 0.4) %

(35.3 ± 0.9) %

(83.4 ± 1.8) KeV

< 2.1 MeV

< 1.9 MeV

< 10.98

0.47

< 16.27

gDq

Experimental Data

(q = d )

(q = u)

(q = s)
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Light Cone Sum Rules in a Nutshell
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Dispersion relation

• Uses the unitarity and 

analyticity of the 
correlation function.


• Can be written directly in 
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Light cone OPE

(Enables one to write correlation function as a product of 

Hard scattering kernel and DAs)
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Dispersion Relation

(Enables to relate the real part of the hadronic correlation 

function to its imaginary part  ) 

Light cone OPE

(Enables one to write correlation function as a product of 

Hard scattering kernel and DAs)

Quark Hadron Duality

(Relates the non-perturbative spectral function to the perturbatively 

calculated correlation function) 

TOOLS TO DERIVE  LCSR

Borel Transformation

(To suppress the effect of continuum and higher resonances to reduce the 

uncertainty due to duality approximation )



Tμν = − ie∫ d4xeik.x⟨Dq(p) |T {jem
μ (x)jD*q

ν (0)} |0⟩

•  The correlation function involved:
μ ν

γ D*q

Dq

jem
μ jD*q

ν

Coupling in LCSR



Tμν = − ie∫ d4xeik.x⟨Dq(p) |T {jem
μ (x)jD*q

ν (0)} |0⟩

•  The correlation function involved:
μ ν

γ D*q

Dq

jem
μ jD*q

ν

Coupling in LCSR

jem
μ = Qcc̄γμc + Qqq̄γμq



Tμν = − ie∫ d4xeik.x⟨Dq(p) |T {jem
μ (x)jD*q

ν (0)} |0⟩

•  The correlation function involved:
μ ν

γ D*q

Dq

jem
μ jD*q

ν

Coupling in LCSR

jem
μ = Qcc̄γμc + Qqq̄γμq jD*q

ν = c̄γνq



Tμν = − ie∫ d4xeik.x⟨Dq(p) |T {jem
μ (x)jD*q

ν (0)} |0⟩

•  The correlation function involved:
μ ν

γ D*q

Dq

jem
μ jD*q

ν

Coupling in LCSR

jem
μ = Qcc̄γμc + Qqq̄γμq jD*q

ν = c̄γνq

• Bi-quark operator between vacuum & D-state written in terms of D-meson DAs as:

⟨D(p) | c̄α(0)[0,x]qβ(x) |0 > =
ifDmD

4 ∫
∞

0
dω eiωv.x (1 + vμγμ){ϕD

+ (ω) −
ϕD

+ (ω) − ϕD
− (ω)

2v . x
xμγμ} γ5

βα



Tμν = − ie∫ d4xeik.x⟨Dq(p) |T {jem
μ (x)jD*q

ν (0)} |0⟩

•  The correlation function involved:
μ ν

γ D*q

Dq

jem
μ jD*q

ν

Coupling in LCSR

jem
μ = Qcc̄γμc + Qqq̄γμq jD*q

ν = c̄γνq

• Bi-quark operator between vacuum & D-state written in terms of D-meson DAs as:

⟨D(p) | c̄α(0)[0,x]qβ(x) |0 > =
ifDmD

4 ∫
∞

0
dω eiωv.x (1 + vμγμ){ϕD

+ (ω) −
ϕD

+ (ω) − ϕD
− (ω)

2v . x
xμγμ} γ5

βα



Tμν = − ie∫ d4xeik.x⟨Dq(p) |T {jem
μ (x)jD*q

ν (0)} |0⟩

•  The correlation function involved:
μ ν

γ D*q

Dq

jem
μ jD*q

ν

Coupling in LCSR

jem
μ = Qcc̄γμc + Qqq̄γμq jD*q

ν = c̄γνq

• Bi-quark operator between vacuum & D-state written in terms of D-meson DAs as:

⟨D(p) | c̄α(0)[0,x]qβ(x) |0 > =
ifDmD

4 ∫
∞

0
dω eiωv.x (1 + vμγμ){ϕD

+ (ω) −
ϕD

+ (ω) − ϕD
− (ω)

2v . x
xμγμ} γ5

βα

Momentum of the D-meson 
carried by the light quark



Tμν = − ie∫ d4xeik.x⟨Dq(p) |T {jem
μ (x)jD*q

ν (0)} |0⟩

•  The correlation function involved:
μ ν

γ D*q

Dq

jem
μ jD*q

ν

Coupling in LCSR

jem
μ = Qcc̄γμc + Qqq̄γμq jD*q

ν = c̄γνq

• Bi-quark operator between vacuum & D-state written in terms of D-meson DAs as:

⟨D(p) | c̄α(0)[0,x]qβ(x) |0 > =
ifDmD

4 ∫
∞

0
dω eiωv.x (1 + vμγμ){ϕD

+ (ω) −
ϕD

+ (ω) − ϕD
− (ω)

2v . x
xμγμ} γ5

βα

Momentum of the D-meson 
carried by the light quark

TQCD(s, Q2) = efDq
mDq ∫

∞

0
dw ϕD

+ (w)[ QC

(k − wv)2 − m2
c

+
Qq

(k + wv)2 − m2
q ] + ψ D
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QCmc

((k − wv)2 − m2
c )2 +

Qqmq

((k + wv)2 − m2
q)

2
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Dispersion Relation

• Using unitarity:

Thad
μν (p, k) = ie⟨Dq(p) |T {jem

μ (x)jD*q
ν (0)} |0⟩ ∼ ⟨Dq(p) | jem

μ |D*q (p + k)⟩⟨D*q (p + k) | jD*q
ν (0) |0⟩ + ∑

n

⟨Dq(p) | jem
μ |n⟩⟨n | jD*q

ν (0) |0⟩
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• The dispersion relation for  :GD*q Dq

Thad(p, k) = 2e
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GDqD*q (−k2)

(p + k)2 − m2
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s − (p + k)2
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sum rule should be saturated by the 
lowest state and the contributions 

coming from the heavier and 
continuum states are suppressed.
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❖ Proper estimates of the total decay width of the vector heavy mesons and their radiative decay 
channels are required at the experiments.
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