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ELECTROMAGNETIC

FORM FACTORS IN DUAL-LARGE Nc QCD



AD-HOC MODELS FOR 

FORM FACTORS

NO SYSTEMATIC 
IMPROVEMENT



QCD SUM RULES

Fπ (q2)  OK





QCD SUM RULES

NUCLEON

F1 (q2)  OK

F2(q
2) DISASTER



QCD SUM RULES F1,2(-q
2)









SYSTEMATIC IMPROVEMENT

• QCD∞ : QCD IN THE LIMIT Nc → ∞



QCD ∞

• Lim Nc → ∞ (Nc = 3) ( t’Hooft ’74 & Witten ’79)

• Spectrum: ∞ number of zero width resonances
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M2



QCD IN THE LIMIT Nc → ∞

INFINITE NUMBER OF 0-WIDTH 

RESONANCES

NEEDS A REALIZATION (MODEL) FOR 
HADRONIC MASSES & COUPLINGS

DUAL-RESONANCE MODEL (VENEZIANO) 
DUAL QCD∞

PION, NUCLEON, DELTA FORM FACTORS

CORRECTIONS DUE TO FINITE WIDTH (Γ/M)



RealisticSpectral Function

Im G

E2



CORRECTIONS to 1/Nc

/ M 10 %



Dual – QCD∞

• ∞ number of zero width 
resonances, equally spaced

• Masses & couplings fixed to 
give an Euler Beta Function: 
B(x,y) = Γ(x) Γ(y) / Γ(x+y)



EQUALLY SPACED

Im G

M2

…



1) Mass Spectrum: Linear Regge Trajectories
(equal spacing)

2) Functional Dependence: Euler β-Function



Mn
2 = M0

2 + μ2 n   [μ2 = 1.35(4) GeV2]
Ruiz-Arriola et al.

Mn
2 = M0

2 (1 + 2 n)
μ2 = 1.20 GeV2

CAD











ONE FREE PARAMETER: β

β=2:  VMD (ρ-) DOMINANCE:    → 1/q2

χF = 11 , <r2
π> = 0.394 fm2, gρππ / f ρ = 1 

<r2
π>EXP = 0.439(8) fm2, gρππ / f ρ|EXP = 1.21(2) 

β = 2.3      → (1/q2)1.3

χF = 1.4 , <r2
π> = 0.436 fm2, gρππ / f ρ = 1.2



How about the PQCD Logs ?

Masjuan, Ruiz Arriola, Broniowski: PRD 87 (2013)



Nucleon Form Factors

Dual-Large Nc QCD

• F1 (q2) → β1

• F2  (q
2) → β2

• GM (q
2)

• GE (q2)

• GE (q2) / GM (q
2)



Data base: E. J. Brash et al. Phys. Rev. D 65 (2002)













(SACHS) PROTON RADII

< rE > = 0.81 fm

< rM >= 0.76 fm

< rE >  ≈  < rM > ≈ 0.8 fm



FORM FACTORS OF Δ(1236)

G*
M (q

2) , G*
E (q

2) , G*
C (q

2)





REM (Q
2) = - G*

E(Q2) / G*
M(Q2)

RSM (Q
2) = - f(Q2) G*

C
(Q2) / G*

M(Q2)





OFF-SELL THREE-POINT FUNCTION

F(p1
2, p2

2, p3
2) = F(p1

2) ∙ F(p2
2) ∙ F(p3

2)

CAD (1980-1983) 

Broniowski, Masjuan, Ruiz-Arriola (2002 - )



THEORETICAL CALCULATION OF 

a
HAD

S. Bodenstein, CAD, K. Schilcher

PRD 85, 014029 (2012)










