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Introduction

Introduction

Impossible to solve QCD exactly

No perturbative expansion of QCD at low energies with respect to g

’t Hooft suggested to generalize QCD to Nc color (1974)

1/Nc should be the expansion parameter of QCD

Witten power counting rules (1979)
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Large Nc power counting rules for Feynman diagrams

Planar gluon insertions do not change the order of the diagram

Internal quark loops are suppressed by factors of 1/Nc

Each non-planar gluon line is suppressed by a factor of 1/N2
c

The leading Feynman diagrams are planar and contain a minimum
number of quark loops
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The total wave function of baryons Ψ

Ψ = ψlmχφC

where ψlm, χ, φ and C are the space, spin, flavor and color part.

Baryons in large Nc QCD

εi1i2i3···iNc
qi1qi2qi3 · · · qiNc

bound state of Nc quarks completely antisymmetric in color because
baryons are colorless

Baryon mass grows with Nc
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Baryon spectrum (SU(6) notation: [X, lP ])
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SU(2Nf ) is a good symmetry in Nc →∞ limit

SU(2Nf ) ⊃ SUS(2)× SUf (Nf )

Assume a SU(6) × O(3) symmetry at leading order.

SU(2Nf ) generators

Si = q†(Si ⊗ l1 )q (3, 1)
T a = q†( l1 ⊗ T a)q (1, adj)
Gia = q†(Si ⊗ T a)q (3, adj)

SO(3) generators
`i = q†`iq (3)
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1/Nc Expansion of a QCD 1-body operator

1/Nc expansion of a static QCD 1-body operator (baryon mass, axial
vector current, magnetic moment) transforming according to a given
SU(2)×SU(Nf ) representation

O1−body
QCD =

∑
n

1
Nn−1

c

cnO
n, On = O` ·OSF

where O` and OSF are expressed in terms of products of SO(3) and
SU(2Nf ) generators
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Baryon Regge Trajectories

Baryon Regge Trajectories [1]

Analyze the evolution of the dynamical coefficients ci vs. `

M =
∑

ciOi

Operators considered: spin-flavor singlet, hyperfine, strangeness and
hyperfine SU(3) breaking for symmetric multiplets only

One-body contributions in the hyperfine operator removed

1
Nc

∑
i 6=j

~si · ~sj

Large Nc Hartree picture for all excited multiplets: core composed of
Nc − 1 quarks in the ground state + excited quark

Hyperfine interactions between core quarks only

[1] J. L. Goity and N. Matagne, arXiv:0705.3055 [hep-ph], to be published in Phys. Lett. B.
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Baryon Regge Trajectories

Mixings between multiplets neglected

Mass formulas used to the analysis

For the ground state baryons

M̂GS = Nc c11+
1

Nc
cHF
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For excited baryons

M̂ ′ = Nc c11+
cHF
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Symmetric multiplets
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Mixed symmetric multiplets
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Baryon Regge Trajectories

Solid line: symmetric multiplets

(3 c1([56, `]))2 =(1.179± 0.003) + (1.05± 0.01) `

dashed line: mixed symmetric multiplets

(3 c1([70, `]))2 =(1.34± 0.02) + (1.18± 0.02) `
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Conclusions

1/Nc expansion is successful for baryon spectroscopy

N = 0,...,6 bands have been studied

Classification of resonances into octets, decuplets and singlets
(Gell-Mann–Ne’eman classification for excited states)

Regge trajectories for symmetric and mixed symmetric multiplets
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