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MotivationMotivation

 The heavy-light (HL) pseudoscalar mesons are of great importance in evaluating 

charmonium cross sections.

 The absorption of charmonium by kaons in a nuclear medium can explain the J/𝝍
suppression in heavy-ion collision experiments. 

 J/𝝍 suppression is believed to be the signal of Quark-gluon plasma in the early 

universe.

 Both B and the new charmonium states ( X’ s, the Y’ s and the Z’ s)decay into an 

intermediate two body state with D’ s and/or D*’ s 

 A precise determination of the coupling constants in the hadronic vertices is a vital 

task due to allow obtaining the cross sections.
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WhyWhy pseudoscalar pseudoscalar mesonsmesons??



Why we need nonperturbative methods?Why we need nonperturbative methods?
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 Perturbative theory

 Nonperturbative  theory



Nonperturbative Nonperturbative MethodsMethods
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 QCD Sum Rules (QCDSR)

 Lattice QCD

 Nambu-Jona-Lasinio Model (NJL)

 Heavy-Quark Effective Theory

 Relativistic Quark Model or Light-front Quark Model  

 Finite Energy Sum Rules (FESR)

 Chiral Perturbation Theory

 Linear Sigma Model



QCD QCD SumSum RulesRules
 Shifman, Vainshtein and Zakharov (1979)- Mesons

Ioffe (1981)- Baryons

=

=

 Mass, decay constant, coupling constant, form factor….
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Physical (or Phenomenological side)

Hadronic degrees of freedom

QCD (or Theoretical side)

Quark degrees of freedom

Correlation function

=



CalculationCalculation of of DDss
**DK (DK (BBss

**BK)BK) couplingcoupling

constantconstant
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Three  point correlation function for D and K offshell states, respectively:

Currents associate to meson fields:

Physical side for the correlation function:

Meson decay constants definitions:
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1. 1. PhysicalPhysical SideSide

(1)

(2)

(3)

(5)

(4)

Here p is DDss
* ’ * ’ momentum,

p' is D D oror KK momentum,

q is the transfer momentum



PhysicalPhysical side of the side of the correlationcorrelation functionfunction forfor D(B) D(B) 

offoff--shellshell andand K K offoff--shellshell statesstates
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(6)

(7)



DiagramsDiagrams contributingcontributing toto correlationcorrelation functionfunction forfor DDss
**DK (DK (BBss

**BK)BK)
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1960 –Wilson • 1960 –Wilson 

• Separate short and long distance quark-gluon interactions
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OperatorOperator ProductProduct ExpansionExpansion (OPE)(OPE)

Perturbative part 
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Nonperturbative part 

2. QCD Side

QCD

pert . nonpert .
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(8)
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Using  Cutkosky  rule

Here,  
1

( ) Im[Π ( )]
4

QCD
ρ s s

2 2 2 2
1 /( ) 2 ( )k m i k m    
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Perturbative Perturbative partpart of QCD sideof QCD side

s and s′ continuum thresholds 

(9)

(10)
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(11)

(12)

(13)

(14)

(15)

(16)
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2 2 2
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Nonperturbative Nonperturbative partpart of QCD sideof QCD side

2 2' '
p M,

Here M and M′ are Borel parameters

(23)

(24)
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2 2
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r p m 
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D(B) off-shell state: D(B) off-shell state:

K off-shell state : K off-shell state :

(25)
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PhysicalPhysical SideSide

Hadron Hadron DoFDoF
=

Chosen structure is pµ



Our Our AnalyticAnalytic ResultsResults
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(26)

(27)

(28)

(29)



 Fit Fit functionsfunctions usedused in in ourour calculationscalculations::
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Monopolar

Exponential

2 2 2 2

meson
Q q , Q m   Here, 
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ConclusionConclusion

Strong coupling constants of bottom and charmed mesons with scalar, pseudoscalar and axial vector kaons.
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InputInput ParametersParameters (µ=1GeV):(µ=1GeV):
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CouplingCoupling constantconstant versusversus MM2 2 andand M′M′22 grafsgrafs forfor the the DDss
**DK DK decaydecay
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CouplingCoupling constantconstant versusversus grafsgrafs forfor the the BBss
**BK BK decaydecay
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MM2 2 andand MM′′2   2   
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Ds
*DK vertex:

D off-shell : 8GeV2 ≤ M2 ≤ 25GeV2 ve 5GeV2 ≤ M′2 ≤ 15GeV2

K off-shell : 6GeV2 ≤ M2 ≤ 15GeV2 ve 4GeV2≤ M′2 ≤12GeV2

Bs
*BK vertex:

B off-shell :14GeV2 ≤ M2 ≤ 30GeV2 ve 5GeV2 ≤ M′2≤ 20GeV2

K off-shell : 6GeV2 ≤ M2 ≤ 20GeV2 ve 5GeV2≤ M′2 ≤15GeV2
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WorkingWorking RegionsRegions
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