The Abdus Salam
International Centre for Theoretical Physics

SMR.1751 - 8

Fifth International Conference on
PERSPECTIVES IN HADRONIC PHYSICS
Particle-Nucleus and Nucleus-Nucleus Scattering at Relativistic Energies

22 - 26 May 2006

Electromagnetic form factors
in the relativized Hypercentral CQM

E. SANTOPINTO
Universita' degli Studi di Genova & INFN
Dipartimento di Fisica
Via Dodecaneso, 33
16146 Genova
ITALY

These are preliminary lecture notes, intended only for distribution to participants

Strada Costiera ||, 34014 Trieste, ltaly - Tel. +39 040 2240 | | |; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



Electromagnetic form factors in the relativized
Hypercentral CQM

E. Santopinto
Trieste 22 26 May 2006

M. Ferraris, M.Giannini, M. Pizzo, E. Santopinto, L. Tiator,Phys. Lett. B 364, 231 (1995).

M. Aiello, M. Ferraris, M. Giannini, M.Pizzo, E. Santopinto, Phys. Lett. B 387, 215 (1996).
E. Santopinto, F. lachello, M. Giannini, Eur. Phys. J. A 1, 307 (1998).

R. Bijker, E. Santopinto, F. lachello, J. Phys. A 31, 9041 (1998).
M. De Sanctis, M.M. Giannini, L.Repetto, E. Santopinto, Phys. Rev. C 62, 025208 (2000).

De Sanctis, M.Giannini, E.Santopinto, A.Vassallo, Nucl. Phys. A.755,294(2005)



Work done in collaboration with M. Giannini, A. \&dlo, M. De Santis






VMD models (fits)

FF=F

intr

*VMD propagators

Mesons .
JIL p w@ dipole
monopole

G K P WO

@ Gari-Kruempelmann

B |achello

QCD-interpolation




Jones et al. [00]
Gayou et al. [02]
Lomon [0Z]

Gari and Kriumpelmann [85]

- lachello [73]

10~

Q? (GeVic)?



Skyrme Model
Holzwarth 1996,2002

ff given by soliton + VMD
dip at 3 Ge\?

Boosting of the soliton
dip at 10 Ge\?

Skyrmion (nucleon) mass 1648 MeV
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SPACE WAVE FUNCTION

Jacobi coordinates

F«-r
14 A 2 \/2
F{+r- -2r
A= —=°3
A \ 6

Hyperspherical coordinates
(P, A, Qp, Qr) = (X, & Qp, Q)

X = ¢p2+ A2 (size)

= arc tg—i (shape)




Hypercentral Hypothesis

V =V(z)

e Factorization

?P(l": tv ‘Qp: Q‘}m) — Trbu’r(:ﬂ) Yi"}',lp,h]
(“dynamics”) (“geometry”)

v hyperradial excitation - grand angular quantum number

« 3 Body Forces



Motivations

e QCD fundamental mechanism
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e Hypercentral approximation

Z Viry) = V(z) +...
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Hypercentral Model

ng =3m + —* ‘\'V(-T) +thp
i—1

M. Ferraris, M. M. Giannini, M. Pizzo, E. Santopinte, L. Tiator, Phys. Lett. B384 (1595), 231
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Quark-antiquark lattice potential

G.S. Bali Phys. R&48, 1 (2001)

[V(r)-V(rp)l rg




3-quark lattice potential G.S. Bali Phys. Rep. 343, 1 (2001)
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Electromagnetic properties

Photocouplings
M. Aiello et al., PL B387, 215 (1996)

Helicity amplitudes (transition f.f.)
M. Aiello et al., J. of Phys. G24, 753 (1998)

Elastic form factors of the nucleon
M. De Sanctis et al., EPJ Al, 187 (1998)

Structure functions
to be published

Fixed parameters : predictions
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Dynamical model (Mainz group)
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but not in the constituent quark model
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1.- Relativistic corrections to form factors

Breit frame
Lorentz boosts applied to the initial and finaltst

Expansion of current matrix elements up to first
order in quark momentum

Results

Arel (QZ) =F Ah.reI(Qzeff)
F = kin factor G = Q@ (M/Ey)?



Elastic Form Factors in the hCQM

M. De Sanctiz, M.M. Giannini, L. Repetto, E. Santopinto, Phys. Rev. C&2, (2000) 025208,
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2.- Results with the semirelativistic

M. De Sanctis, M. Giannini., E. Santopinto, A. Valks
Nucl. Phys. A.755,294(2005)

Relativistic kinetic energy

Boosts to initial and final states

Expansion of current to any order

Conserved current



Hypercentral Model

3
Hsq = Z \/ p; +m? + V(z) + Hpyp
=1

M. M. Gisnnini, E. Santopinto and A. Vessalle, To be published.
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3.- Quark form factors

M. De Sanctis, M. Giannini, E. Santopinto, A. Vdksa
Nucl. Phys. A.755,294(2005)

 Quark form factors are added into the current
ff = F

Intr

|

semirelativistic NCQM input (calculated)

* guark form factors

 Monopole + dipole form for gff
o Fit of:

— GPIGPratio (polarization data)
- GyP; G Gy"
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Conclusion

« The hCOQM provides a consistent framework for
the description of all thé nucleon
electromagnetic form factors

o Relativityis crucial in explaining the decrease of
the ratio G/G,,

* Quark form factorare necessary in order to get a
good reproduction of thedpehaviour





