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MOTIVATION

Exotic heavy hadrons
Understanding exotic mesons is one of the most important subject in hadronic physics, 
for example:

A charmonium-like state X(3872) is interpreted as tetra quark state or hybrid 
exotic state, meson-molecular states…
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MD0 +MD⇤0 �MX(3872) = 0.00± 0.18 MeV
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MOTIVATION

Exotic heavy hadrons
Understanding exotic mesons is one of the most important subject in hadronic physics, 
for example:

A charmonium-like state X(3872) is interpreted as tetra quark state or hybrid 
exotic state, meson-molecular states…

The correlated 2𝝿 exchange could be approximated to OBE

𝞼, 𝞺, 𝟂 …The mid-range contribution may governed by light mesons : 
The multi-pion exchange can be dominated by multi-pion resonances

Two-meson bound state through OBE

Meson-molecular state

Zc(3900), X(3940), Zc(4020), Zb(10610), Zb(10650) . . .
<latexit sha1_base64="BBFwnSfwVY7IdmnrbD6dLvAihXs="></latexit>

Magnitude of coupling constants

One pion exchange gives a long-range interaction
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nearby thresholds :
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DD→𝞹𝞹 and D*D*→𝞹𝞹 amplitudes

D*-exchange



FORMALISM

MJ
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We construct the 2𝝿-correlated DD→𝝿𝝿 amplitudes by combining with the 𝝿𝝿 
transition amplitude.

Rescattering equation



FORMALISM

Spectral function
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Spectral function of DD→DD for J, I channel 



FORMALISM

Spectral function
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Spectral function of DD→DD for J, I channel 



FORMALISM

Dispersion relation
Analyticity of the S-matrix

The s-channel process(DD) is analytically continued from that of t-channel(DD)



FORMALISM

⇢(+)
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Extracting the coupling constants
Pole approximation

We assume that the spectral function have a zero-width distribution:

t = m2
�(15.5m

2
⇡)
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FORMALISM

Extracting the coupling constants
Coupling constants from the pole approximation

Off-mass-shell coupling constants
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Coupling constant as a phenomenological form factor

Fitting the t-dependent coupling constants to monopole-type form factor: 
We can determine the value of the on-mass-shell coupling constants

The extracted coupling constants will describe very well the DD(D*D*) amplitudes

for t  0
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DD coupling constants

Coupling constants



DD coupling constants

Coupling constants

F (t) =
⇤2 �m�(⇢)

⇤2 � t
, ⇤ = 1.0 GeV,

m� = 0.55 GeV, m⇢ = 0.70 GeV
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D*D* coupling constants

Coupling constants



D*D* coupling constants

Coupling constants

D*D*→𝝿𝝿 amplitudes have stronger momentum dependence

DD𝝿 coupling is forbidden due to parity conservation



D*D* coupling constants

Coupling constants

They do not agree with each other, even these models are based 
on the same heavy effective Lagrangians.



DD and D*D* amplitudes



BB and B*B* coupling constants

BB and B*B* coupling constants

In those models, the coupling constants for charmed and beauty mesons are 
considered to be coincident with each other.



BB and B*B* coupling constants

BB and B*B* coupling constants

In those models, the coupling constants for charmed and beauty mesons are 
considered to be coincident with each other.

However, according to our calculation B and B* coupling constants are much 
larger than those for D and D* :

gBB⇤⇡ =
2g

f⇡

p
MBMB⇤ = 45.0
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gDD⇤⇡ =
2g

f⇡

p
MDMD⇤ = 17.3
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CONCLUSION

Conclusion

We derived the spectral functions for DD and D*D* from the 
pseudo-physical DD(D*D*)→𝝿𝝿 amplitudes 

We extracted those coupling constants through the pole 
approximation

Having introduced a monopole-like form factor, we examined 
successfully the off-mass-shell coupling constants.

Coupling constants for the beauty mesons are much larger 
than D and D* coupling constants.

These coupling constants will be useful for understanding 
the exotic heavy mesons.
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