
The large-Nc masses of light mesons from QCD sum rules 
and the scalar sigma-meson

Sergey Afonin,

Timofey Solomko

Saint Petersburg State University

Based on: S.S. Afonin and T.D. Solomko,

Eur. Phys. J. C76, 678 (2016) [arXiv:1705.01899]



Linear mass spectrum with universal slope

(in the light-flavour sector!)

Large-Nc QCD

Introduction

 narrow resonances

In two-point correlators of quark currents:

Sum of narrow resonances
?

Operator Product 

Expansion (OPE)

Constraints on meson mass spectrum?

Dual models,

hadron strings
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(Anisovich et al. 2000)

Linear Regge and radial trajectories: Experiment
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Two-point correlators in Euclidean space (q denotes u- or d-quarks):
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Operator Product Expansion (chiral limit, large-Nc, LO of PT)
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gluon condensate four-quark condensate

After summing over resonances and comparing with the OPE (at each

power of        ) one arrives at the so-called planar QCD sum rules.
2

1 Q

from the pert. theory



Example: Vector and axial-vector mesons

Linear ansatz:

OPE:

Introduce the dimensionless variables:

After summation and expansion



The axial-vector case is similar:

The final set of sum rules
6 equations for 6 variables



The numerical solution



Scalar mesons

Consider

One obtains for the lowest scalar

?

A natural interval

?





Borelized sum rules in the large-Nc limit
Consider the 
vector correlator:

OPE:

The Borel transform:

(1)

(extension of Shifman-Vainstein-Zaharov sum rules)



For linear spectrum

(2)

(2)=(1):

(3)

Consider

correction to SVZ formula 

In the scalar sector:

2 solutions!



Perturbative approach: step 1 – calculate the ground state mass from the classical SVZ sum rules;
step 2 – find the slope a using this mass 



The scalar sector

(the second solution)

Finally

Our estimate for averaged
slope of light meson
radial trajectories

Phenomenology



CONCLUSION

may be obtained naturally in QCD sum rules in the large-Nc limit



Answers to some questions



A.V. Anisovich, V.V. Anisovich and A.V. 
Sarantsev, PRD (2000) 

Angular Regge trajectory with the sigma-meson on the top? (f2, f4, f6, … companions of f0(500)?)

this trajectory!
corrected trajectory

prediction

prediction

of PDG?  (J=2,4)

but it is produced in reactions with K-mesons!

a natural candidate from PDG!



Similar result from the sum rules in the large-Nc limit:

Who also arrived at a similar conclusion for sigma-meson?

But! It was obtained for the 2-point correlator of energy-momentum tensor



Mixing with other states?

A popular phenomenological tool – K-matrix approach.

It could be reasonable to compare our predictions with K-matrix “bare states”.

Take for instance

- the slope of “bare” radial trajectory



Why overlooked in the QCD sum rules, including the large-Nc ones?

In the large-Nc sum rules:

A consequence of ad hoc ansatz.



STOP



SPECULATIONS!



SURE?



Nature of sigma-meson?

The scalar meson in the quark model:

P-wave state
Q QL=1

J=1/2 J=1/2

In reality: seems to be a

Tetraquark

But! Containing 2 constituent
and 2 current quarks!

Q Q
q q

Q Q q q+

S-wave state!

A possible scenario:

A hint from the NJL model:



Consequences:

- Decay to pions is OZI superallowed → large width

-The Coulomb part of the confinement potential is not small
→ the ground state mass is decreased (similarly to rho-meson)
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