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Introduction

• Non-perturbative hadronic parameters (like form factors) : main source of uncertainty.

• QCD based methods: Sum Rules (analytical) and Lattice QCD (numerical).

QCD sum rules: “The method of expansion of the correlation functions in the vacuum 
condensates with the subsequent matching via the dispersion relations”, Shifman

[M.A. Shifman, hep-ph/9802214]

See talk by Benoit Blossier for Lattice techniques

[M.A. Shifman, A.I. Vainshtein, V. I. Zakharov [1979]
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•  Large recoil region, resonance final states, etc are not yet accessible to lattice QCD  LCSRs in several cases are the 
only available QCD-based method.

⟹

• LCSR allows to calculate the so called soft contribution (not accessible in purely pQCD-based methods) to a form factor.

a review by A. Khodjamirian, B. Melić, Y. M. Wang, [2311.08700]
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Idea: To compute hadronic parameters using 
the analytic properties of the correlation function  
(treated in the framework of light cone OPE).

Light cone sum rule (LCSR) in a Nutshell

TOOLS TO 
DERIVE  LCSR

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) 

Borel Transformation 
(To suppress effect of continuum & higher resonances 
to reduce uncertainty due to duality approximation )
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SVZ Sum Rules LCSR

Correlator Vacuum to Vacuum Vacuum to hadron

Universal Non-
Pert. inputs QCD condensates Distribution amplitudes

OPE expansion Short distance OPE Light-Cone OPE

Expansion 
parameter

Dimension of local 
operators Twist

Used to 
compute

Decay constants, 
threshold parameters, 

condensates, etc

Form Factors, non-local 
effects, strong 

couplings, threshold 
parameters, etc
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constants, amplitude of non-leptonic decays, etc. 
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LCSR techniques have very broad spectrum of applications: from FF calculations involved in various 
radiative and weak decays of heavy and light mesons and baryons to determination of strong coupling 
constants, amplitude of non-leptonic decays, etc. 

• LCSR for Heavy to Light form factors . 

• LCSRs for  form factorsB → PP

• LCSRs for non-local form factors in rare FCNCs.

In this talk:

Majorly based on A. Khodjamirian, B. Melić, Y. M. Wang, [2311.08700]
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Heavy to Light Form Factors
• Exclusive determination of  :  , etcVub B → π, Bs → K, B → ρ
• Rare FCNC decays : , etc.B → K, B → K*, D → π

Two ways of deriving LCSR:

1. Using light meson distribution amplitudes : Quark hadron duality in -meson channel.B
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An example:  Vector FF using Pion DAsB → π

Fμ
Bπ(p, q) = i∫ d4x eiq.x⟨π(p) |T{ū(x)γμb(x), mbb̄(0)iγ5d(0)} |0⟩ = FBπ(q2, (p + q)2) pμ+F̃Bπ(q2, (p + q)2) qμ

Correlation function for   :f +
Bπ Invariant amplitude important for f +

Bπ
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LCSR methods are flexible and universal: 
Access to different FFs by adopting right 
currents, DAs and constant parameters.
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Current status of  OPE

Status of  OPE calculation
Three layers of expansion in play:
1. Expansion in : coming from gluonic corrections to perturbative kernel. 

2. Expansion in twist “ ” 

3. Expansion in quark gluon multiplicities of DA:

αs

t

A. Khodjamirian, B. Melić, Y. M. Wang, [2311.08700]
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Dependence of each DA on fractions of meson momenta 
shared between light degrees of freedom brings another 
level of expansion : Conformal partial wave expansion

Twist-2 -DA: Expansion in Gegenbauer polynomialsπ

ϕπ(u, μ) = 6u(1 − u)(1 + aπ
2 (μ)C3/2

2 (2u − 1) + aπ
4 (μ)C3/2

4 (2u − 1) + …)
Usually taken up to .aπ

4(u)

V. M. Braun, G. P. Korchemsky, D. Müller, [hep-ph/0306057]
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Inputs and accuracy

1.  from PGD : mainly provided by lattice QCD (Known with good precision). 

2. LCSRs combined with 2-point QCD sum rules are “self-sufficient”: but the accuracy of certain input parameters 
(e.g. ) is limited: Nowadays using FLAG averages 

3. Gegenbauer moments  of , and  DAs calculated in lattice QCD (still large uncertainties). 

4. Duality Threshold  using a daughter (derivative) sum rule. 

5. Borel Parameter: usually chosen in a window where FFs are more or less independent of it

mb, mc, ms, αs

fB, fD

a(2)
n π K

sB
0 :

eg. V.M. Braun, et al., [1503.03656]
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(e.g. ) is limited: Nowadays using FLAG averages 

3. Gegenbauer moments  of , and  DAs calculated in lattice QCD (still large uncertainties). 

4. Duality Threshold  using a daughter (derivative) sum rule. 

5. Borel Parameter: usually chosen in a window where FFs are more or less independent of it

mb, mc, ms, αs

fB, fD

a(2)
n π K

sB
0 :

Important: to check that higher/continuum states contribution is ≤ 30 − 40 %

eg. V.M. Braun, et al., [1503.03656]

The systematic uncertainties related to quark hadron dualities remain the main challenge:
Can not be fully captured or reduced
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are non-zero.

aK
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FFs for  final states are complicated:  mixing.η, η′￼ η − η′￼

G. Duplančić, B. Melić [1508.05287]
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LCSRs can only be used for low or negative  values: Convergence of LCOPE.q2

Extrapolate to cover the whole physically allowed region: Need for parametrization

Idea: Parametrize FFs and fit the coefficients to LCSR results (+ extra input from LQCD).
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Form Factor Extrapolation
LCSRs can only be used for low or negative  values: Convergence of LCOPE.q2

Extrapolate to cover the whole physically allowed region: Need for parametrization

Idea: Parametrize FFs and fit the coefficients to LCSR results (+ extra input from LQCD).

K=2: usually enough to provide excellent description of data : 
Truncation error?

Usually adopted parametrization (BCL):
Bourrely, Caprini, Lellouch’ 08, Barucha, Feldmann, Wick’ 10
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Dispersive bounds
Upper bounds on modulus squared of HMEs : Derived using Dispersion Relations + Unitarity

Main idea: Compute the inclusive  cross section and relate it to the form factorse+e− → b̄q

Πμν
Γ (q) ≡ i∫ d4x eiq.x⟨0 |T {Jμ

Γ(x)J†,ν
Γ (0)} |0⟩

ImΠΓ(q2) =
1
2 ∑

X∈B*,Bπ,...
∫ dρX (2π)4 δ4(q − pX) Pμν⟨0 |Jμ

Γ(x) |X⟩⟨X |Jν
Γ(0) |0⟩

∼ |Form Factor |2

• OPE for  : in general divergent: take derivative, m2
b − q2 ≫ Λ2

QCD χΓ |OPE

• DR: Π(q2) =
1
π ∫

∞

0
ds

ImΠ(s)
s − q2

Bharucha, Feldmann, Wick ’10



Dispersive bounds
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• Result into a bound on parametrization coefficients: : Useful in estimating truncation error
∞

∑
n=0

|aλ,n |2 < 1
A. Khodjamirian, T. Mannel, D. Van Dyk [1409.7816]



An alternative:  Vector FF using B-meson DAsB → π

Two particle DA (defined in HQET):

⟨0 | q̄α(x)[x,0]hvβ(0) | B̄v⟩ = −
ifBmB

4 ∫
∞

0
dω e−iωv.x (1 + v){ϕB

+(ω) −
ϕB

+(ω) − ϕB
−(ω)

2v . x
x} γ5

βα

⊕  higher twist

 corrections are unknown.1/mB

F(B)
μ (p, q) = i∫ d4x eiq.x⟨0 |T{d̄(x)γμγ5u(x), ū(0)γνb(0)} | B̄(p + q)⟩

OPE

at p2 ≪ 0, q2 ≫ m2
b
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An alternative:  Vector FF using B-meson DAsB → π
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Status of  results with B-meson DAs
Key input parameter: the inverse moment

1
λB(μ)

= ∫
∞

0
dω

ϕB
+(ω, μ)

ω

Possible extraction:  B → ℓνℓγ

Current limit from Belle II : λB > 240 MeV

QCD sum rules in HQET: λB(1 GeV) = 460 ± 110 MeV

Results from lattice are still awaited.
See talk by Martino Borsato for experimental updates
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(LCSRs at LO + SCET SRs at NLO)
A. Khodjamirian, B. Melić, Y. M. Wang, [2311.08700]

Two important questions: 
1. Size of  effects? :Expected to be small. 
2. Size of NLO ( ) : Using SCET sum rules 

1/mb
𝒪(αs)

Y. M. Wang, L. Y. Shen, [1506.00667]

An alternative method bypassing use of semi-local quark hadron 
duality is proposed to mitigate the systematic errors associated to 
LCSR in trade of the need of going higher in LCOPE

see talk by Alexandre Carvunis

A. Carvunis, F. Mahmoudi, Y. Monceaux [2404.01290]



 Form Factors in Narrow Width ApproximationB → V
Results for  FFs can be simply extended to  with proper 
modifications in input parameters & DAs.

B → P B → V

A. Khodjamirian, B. Melić, Y. M. Wang, [2311.08700]
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 Form Factors in Narrow Width ApproximationB → V
Results for  FFs can be simply extended to  with proper 
modifications in input parameters & DAs.

B → P B → V

Question: Is narrow width approximation really a good 
approximation for broad resonances like -meson, etc?ρ A. Khodjamirian, B. Melić, Y. M. Wang, [2311.08700]

A. Khodjamirian, B. Melić, Y. M. Wang, [2311.08700]



Going beyond Narrow Width Approximation: 
LCSR for  Form FactorsB → PP

1. Using di-meson Distribution amplitudes. 

2. Using B-meson Distribution amplitudes.

Two ways:



 decays and LCSRB̄0 → π+π0ℓν
 resonance is the dominant part of dipion   FFs are resonance part of  FFs (isospin 1).ρ ⟹ B → ρ B̄0 → π+π0

⟨π+(k1)π0(k2) | ūγμ(1 − γ5)b | B̄0(p)⟩ = − F⊥(q2, k2, ζ)
4

k2λB

iϵμαβγqαk1βk2γ ⊕  axial current form factors

Form Factor:

Expansion in partial waves ( ): Series in Legendre Polynomialsℓ = 1,3,5,…

See also talk my Florian Herren
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⟨π+(k1)π0(k2) | ūγμ(1 − γ5)b | B̄0(p)⟩ = − F⊥(q2, k2, ζ)
4

k2λB

iϵμαβγqαk1βk2γ ⊕  axial current form factors

Form Factor:

Expansion in partial waves ( ): Series in Legendre Polynomialsℓ = 1,3,5,…

For  resonance,  component,  is required:ρ ℓ = 1 F(ℓ=1)
⊥ (q2, k2)

3F(l=1)
⊥ (q2, k2)

k2 λB

=
gρππ

m2
ρ − k2 − imρΓρ(k2)

VB→ρ(q2)
mB + mρ

+ …

Captures non-resonant effect

Slight model dependence is unavoidable

Width effect

See also talk my Florian Herren



 form factors: Using dipion DAsB̄0 → π+π0

⟨π+(k1)π0(k2) | ū(x)γμ[x,0]d(0) |0⟩ = − 2kμ ∫
1

0
du eiuk.xΦl=1

∥ (u, ζ, k2)

⟨π+(k1)π0(k2) | ū(x)σμν[x,0]d(0) |0⟩ = 2 2i
k1μk2ν − k2μk1ν

2ζ − 1 ∫
1

0
du eiuk.xΦl=1

⊥ (u, ζ, k2)

Dipion DAs: introduced for  processesγ*γ → 2π

Available twist-2 DAs:

Normalised using pion timelike FFs.

M. Diehl, T. Gousset, B. Pire, O. Teryaev’ 98

D. Müller, D. Robaschik, B. Geyer, F.M. Dittles, J. Horejsi’ 94, M.V. Polyakov’ 99

C. Hambrock, A. Khodjamirian [1511.02509]
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⟨π+(k1)π0(k2) | ū(x)σμν[x,0]d(0) |0⟩ = 2 2i
k1μk2ν − k2μk1ν

2ζ − 1 ∫
1

0
du eiuk.xΦl=1

⊥ (u, ζ, k2)

Dipion DAs: introduced for  processesγ*γ → 2π

Available twist-2 DAs:

Normalised using pion timelike FFs.
Double expansion: Legendre & Gegenbauer polynomials: Coefficients are complex valued functions of k2

Known for only small k2

M. Diehl, T. Gousset, B. Pire, O. Teryaev’ 98

D. Müller, D. Robaschik, B. Geyer, F.M. Dittles, J. Horejsi’ 94, M.V. Polyakov’ 99

C. Hambrock, A. Khodjamirian [1511.02509]



 form factors: Using dipion DAsB̄0 → π+π0
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OPE in dipion DAs (known upto LO twist-2) equals to hadronic dispersion relation in B-meson channel:

ΠV
μ(q, k1, k2) =

⟨π+π0 | ūγμb | B̄0(p)⟩fBm2
B

m2
B − p2

+ ∑
Bh

⟨π+π0 | ūγμb |Bh⟩⟨Bh | imbb̄γ5d |0⟩
m2

B − p2

Credit: A. Khodjamirian
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⟨π+π0 | ūγμb |Bh⟩⟨Bh | imbb̄γ5d |0⟩
m2

B − p2

Credit: A. Khodjamirian



 form factors: Using dipion DAsB̄0 → π+π0
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S. Cheng, A. Khodjamirian, J. Virto, [1701.01633]

 form factors: Using B-meson DAsB̄0 → π+π0

LCSR with B meson DA and  interpolating current.ūγμd

Correlation function:

Fμν(k, q) = i∫ d4x eik.x⟨0 |T{d̄(x)γμu(x), ū(0)γν(1 − γ5)b(0)} | B̄0(q + k)⟩

OPE Dispersion Relation

2ImFμν(k, q) = ∫ dτ2π⟨0 | d̄γμu |π+π0⟩⟨π+π0 | ūγν(1 − γ5)b | B̄0(q + k)⟩ + …

Fπ(s) B → 2π (ℓ = 1) form factors

F(ϵ)(k2, q2) =
1
π ∫

∞

4m2
π

ds
ImF(ϵ)(s, q2)

s − k2



Resulting sum rule: (eg. for  of vector current)F(ℓ=1)
⊥

∫
s2π
0

4m2
π

dse−s/M2 s[βπ(s)]3

4 6π2 λ
F*π (s)F(ℓ=1)

⊥ (s, q2) = fBmB [∫
σ2π

0

0
dσe−s(σ,q2)/M2 ϕB

+(σmB)
σ̄

+ 3-particle DA contri.]

The complex phases of  FFs and  equal at low s: a usual Watson theorem.B → 2π Fπ(s)

Not a direct calculation, given the shape of the  FFs, these sum rules can provide normalisation.B → 2π

 form factors: Using B-meson DAsB̄0 → π+π0

Similar sum rules for other form factors.



Resulting sum rule: (eg. for  of vector current)F(ℓ=1)
⊥

∫
s2π
0
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π
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4 6π2 λ
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⊥ (s, q2) = fBmB [∫
σ2π

0

0
dσe−s(σ,q2)/M2 ϕB

+(σmB)
σ̄

+ 3-particle DA contri.]

The complex phases of  FFs and  equal at low s: a usual Watson theorem.B → 2π Fπ(s)

Not a direct calculation, given the shape of the  FFs, these sum rules can provide normalisation.B → 2π

Necessary inputs in these sum rules:  

1. B-meson DAs. 

2. Timelike vector form factors of pion : experimentally well known

 form factors: Using B-meson DAsB̄0 → π+π0

Similar sum rules for other form factors.
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 an appreciable contribution of  is consistent with the fit.⟹ ρ′￼
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Applications to  form factors with  in P and S waves.B → Kπℓ+ℓ− Kπ
S. Descotes-Genon, A. Khodjamirian, J. Virto, [1908.02267]

S. Descotes-Genon, A. Khodjamirian, J. Virto, K. K. Vos, [2304.02973]

S. Cheng, A. Khodjamirian, J. Virto, [1701.01633]



Non-local FFs in rare FCNCs



Non-Local Form Factors in  decaysb → sℓ+ℓ−
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mb
ℋλ(q2)]}

Leading contribution: Local form factors

See also talks by Simone Mutke 
and Ariana Tinari
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For , the integral is dominated by light-like distances: LCOPEq2 ≪ 4m2
c

 using LCSRB → Kμ+μ−

ℋμ(k, q) = i∫ d4x eiq.x⟨M̄(k) |T{Jem
μ (x), Ci𝒪i} | B̄(q + k)⟩

• Method: LCSR  QCDf ( )  dispersion relation (parametrisation)⊕ q2 < 0 ⊕
W/o non-local contribution

BR ( )B+ → K+μ+μ−
[1.0−6.0 GeV2] = (2.19 ± 0.33) × 10−7

Using more accurate LCSR for fBK(q2)

A. Khodjamirian, T. Mannel, A. Pivovarov, Y.M. Wang [1006.4945]

A. Khodjamirian, A. Rusov  [1703.04765]
A. Khodjamirian, T. Mannel, Y.M. Wang [1211.0234]
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Presence of relevant sub-threshold:  while  : 
z-parametrization with dispersive bounds
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Improved NLO factorisable diags + Bayesian analysis of uncertainties
 smaller soft gluon effect⟹

BR ( )B+ → K+μ+μ−
[1.0−6.0 GeV2] = (2.3 ± 0.2) × 10−7
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LCSR with kaon DAs: soft gluon effects vanish upto twist-4 in low q2

D. Mishra, N. Mahajan, [2409.00181]

Charm loop effects still under investigation.

A. Khodjamirian, T. Mannel, Y.M. Wang [1211.0234]
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s − (p + q)2

=
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m2

D − (p + q)2
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∞

shd

ds
ρhD

(s, q2, P2 = m2
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s − (p + q)2

Light Cone OPE (LO twist-2) Dispersion relation in (p + q)2

contribution from D-meson state ≈
1
π ∫

∞

sD
0
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ImF(OPE)(s, q2, P2 = m2

D)
s − (p + q)2

Quark Hadron duality
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• Z-parametrization model

Results for  using LCSR assisted dispersion relationD+ → π+ℓ+ℓ−

Models for Hadronic dispersion relation: AB, A. Khodjamirian, T. Mannel, [2505.21369]
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Results for  using LCSR assisted dispersion relationD+ → π+ℓ+ℓ−

Models for Hadronic dispersion relation:

A more sophisticated fit procedure (bayesian methods) may help in reducing the uncertainties.

AB, A. Khodjamirian, T. Mannel, [2505.21369]



Summary and Outlook

❖ LCSR have a very broad spectrum of applications : provides approximate analytic expressions for hadronic quantities.

❖ LCSRs have been succesfully complimenting LQCD so far.

❖ Presently, resonance final states , non-local effects, etc are only accessible using LCSR techniques.

❖ Non-leptonic amplitudes also studied in LCSR: requires better understanding of final state interactions.

❖ Unknown systematic uncertainties from quark hadron duality approximations: need for alternative methods

❖ Major sources of parametric uncertainties lies in poor knowledge of LCDA parameters: input from Lattice will be useful. 

❖ Recent applications of LCSR to study dark matter models

A. Khodjamirian et. al., hep-ph/0012271, hep-ph/0304179, hep-ph/0509049, 1706.07780 ,.. 
B. Melić, [hep-ph/0303250], Y.M. Wang, et. al, [2202.08073], M.L. Piscopo et. al., 2307.07594

A. Khodjamirian, M. Wald [2206.11601], A. Boushchmeleva, M. Wald, [2311.13482]
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π(p)

p − q q

๏ For  and : The correlation functions are dominated by 

regions near light cone ( ).

Q2 = − q2 → ∞ | (p − q)2 | → ∞

x2 → 0

|ν | = |p . q | ∼ | (p − q)2 | ∼ Q2 ≫ Λ2
QCD ξ =

2ν
Q2

∼ 1⟹

Light Cone dominance

x2
0 ≃ x2

3 +
4

Q2
+ O ( μ2

Q4 ) ⟹ x2 ∼ 1/Q2 → 0

q . x ≃
Q2ξ
4μ

(x0 − x3) −
2μ
ξ

x3

๏ Consider a reference frame where  is small (non-zero) :   such that 

.

⃗p | ⃗p | ∼ μ,   |p0 | ∼ μ

μ2 ≪ Q2, ν ⟹

Argument of the exponential in typical correlation function

๏ To avoid large oscillations:    and    x0 − x3 ∼
4μ

(Q2ξ)
x3 ∼

ξ
(2μ)

Fig. : Diagramatic 
representation of a typical 
correlation function of two 
currents between the initial 
and the final state 
containing pion and 
vacuum.
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• The dispersion relation relates the imaginary part of these functions to the real part.

• According to the optical theorem:

2ImΠμν ∼ ∑
n

⟨0 | jμ |n⟩⟨n | jν |0⟩
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properties of a typical correlation 

function in field theory.
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 in deep space like-region Πh(q2) → ΠQCD(q2) (q2 → − ∞)

Local quark-hadron dualityGlobal quark-hadron duality

∫
∞

tmin

ds
ImΠ(s)
(s − q2)

≃ ∫
∞

4m2

ds
Im(ΠQCD(s))

s − q2
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Π(M2) ≡ ℬM2Π(q2) = lim
−q2, n → ∞
−q2/n = M2

(−q2)(n+1)

n! ( d
dq2 )

n

Π(q2)

Borel Transformation
• Uncertainty due to quark hadron duality is to be reduced  suppress the higher states contribution⟹

• Borel transform is a mathematical operations which can be used for this purpose.
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 (the continuum threshold) and  (the Borel mass): Two independent parameters in sum ruless0 M



Operator Product Expansion (OPE)

• OPE enables one to separate short and long distance physics.

• The short distance physics can be calculated using perturbative QCD and long distance physics can be written in 

universal non-perturbative objects like condensates or distribution amplitudes (DAs)



ΠQCD(q2, s) = ∫
1

0
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LCSR uses the light cone OPE



Twist in QCD and Conformal symmetry

๏ For practical purpose: Conformal symmetry          Scaling Symmetry (no dimension-ful parameter in the theory like )

๏ The full conformal algebra in 4 dimensions include 15 generator:

๏ Collinear subgroup of full conformal group: ( )

๏  where,  and t is the twist.

๏ Twist ( )= Canonical dimension ( ) - Spin ( )

ℒ = −
1
4

FμνFμν

P+, M−+, D, K−

[E, ϕ(α)] = tϕ(α) E =
i
2

(D − M−+)

t d s

 (4 translations) 

 (6 Lorentz rotations) 

 (dilatation/scaling) 

 (4 special conformal transformations)

Pμ

Mμν

D

Kμ

⟹

Π+ =
1
2

γ−γ+ Π− =
1
2

γ+γ−

๏Spin projection operators

Spin +
1
2

Spin −
1
2

Twist-2: 

Twist-3: 

Twist-4: 

𝒬+ = ψ̄+γ+ψ+ ≡ 𝒬1,1

𝒬⊥ = ψ̄+γ⊥ψ− + ψ̄−γ⊥ψ+ ≡ 𝒬1,1/2 + 𝒬1/2,1

𝒬− = ψ̄−γ−ψ− ≡ 𝒬1/2,1/2



Light Cone OPE

๏The matrix element of non-local operator,

⟨π0 | ū(x)γργ5u(0) |0⟩ > =
∞

∑
n=0

1
n!

xμ1
xμ2

…xμn
⟨π0 | ū(0)D̄μ1D̄μ2…D̄μnγργ5u(0) |0⟩

(−i)n+1pρpμ1pμ2…pμnℳd
n − (−i)n+1gμ1μ2pρpμ3…pμnℳd+2

n + …

Here, , and  are non-perturbative parameters of increasing twist.ℳd
n ℳd+2

n

๏The coefficient of  implies,n = 0

⟨π0 | ū(0)γργ5u(0) |0⟩ = − ipρℳd
0 ⟹ ℳd

0 ∝ fπ



๏ The propagator :  is not gauge invariant. 

๏ Gauge invariance requires the insertion of a wilson line ( ) between  and  in a non-local 
operator. 

๏ Using the  gauge i.e. the fixed-point gauge, light cone expansion of the quark propagator is

S(x1, x2, m) = − i ⟨0 |T{q̄(x2)q(x1)} |0⟩
W(x1, x2) q̄(x2) q(x1)

𝒜μxμ = 0

Light cone propagator

W(x1, x2) = P exp (ig∫
x1

x2

𝒜a
μ(z)Tadzμ)

S(x1, x2, m) = ∫
dk

(2π)4
e−ik(x1−x2) {

γβkβ + m
k2 − m2

− ∫
1

0
dvGμν(vx1 + (1 − v)x2)[ 1

2
kβγβ + m

(k2 − m2)2
σμν −

1
k2 − m2

v(x1 − x2)μγν]}



Heavy to Heavy Form Factors


