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Motivations
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Experiment: Fur-(q®) ~ 1/q* FT'(Q?) ~ 1/Q% F3(Q?) ~ 1/Q°

Quark counting rules: F(Q?) ~1/Q?", Q2 — 0o, n = 1,2, ... depending on the
process.

Radiative versus vector meson decays of baryonic resonances: I'(R — Nv) is too large
when calculated from I'(R — NV) using VDM.
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Extension
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The destructive interference of V, V' ... vector mesons can reduce I'(R — Nv)
radiation width in comparison to contribution of only ground state vector meson V.

Quark counting rules give constraints on the unknown couplings of excited vector
mesons V', ... to baryons and photon.
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Helicity amplitudes

The process of decay R — N~* of baryonic resonance with spin J =1+ 1/2 to nucleon
and virtual photon is described by helicity amplitudes
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Due to P-invariance only 3 of them with A\, > 0
1 3 1 1
As =< —§1|S\§ >, Ai=< 51\8\5 >, S

are independent and it means that there are 3 (F1 2.3(q?)) independent invariant form
factors
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Magnetic, electric and Coulomb form factors

The width

k 81
3272m?2 2J + 1

I(N* — Nv*) = (|As|*+|AL]® +[S1[?)

is not diagonal in invariant form factors F1 2 3(q?).

Another set of magnetic, electric and Coulomb amplitudes

1, E — % — i,
Ac = S%
with corresponding magnetic, electric and Coulomb form factors
_ I+1 2 _ 2 _ q’ 2
Am = A\ ——Gml(a”), Ag =N/ (I +1)(+2)Gr(d®), Ac=X\ o Geld)

is introduced (\; = e3(m tm) | /(m —q? k'™ %))
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Quark counting rules

Electroproduction of baryonic resonances in deep inelastic region
q®> = —Q?, Q2 — oo is described by quark model that gives in asymptotics
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This requires the following behaviour of invariant form factors
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F3(Q?) ~ (Q2)113 -

F1(Q?) ~ F2(Q?) ~

In extended VMD model it can be produced by destructive interference of the ground
vector meson and [ + 2 its radial excitations

C; — C'Q2
Fi(Q2) = 2 2 - 2 ) /2 - és -
(1+§_%)(1+mQ—%1)”'(1+m%l+2)

So, we have 4 fitting parameters C1, C, C5, C3 for the description of RIN~*
transition.
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Fit of AN~* data

0.04} -
0.02} -
=
= 0r R =
| . . &
0025 ‘€°°. o 1
L ° [ ] .. ° i
-0.04}- ¢
n | n | n | -0.37 L | s | i
0 2 4 6 0 2 4 6
Q" (GeV?) Q" (GeV?)

C; =177, C, =0.025, Co=—1.1, C3 = —0.93

July 5, 2008 Extended VMD model and A Dalitz decay (page 7) Amand Faessler, C. Fuchs,
HADES Meeting 2008 Annals of Phys., 296, 299 — 346 (2002) M. I. Krivoruchenko, B. V. Marte
Phys. Rev. D65, 017502 (2002)

Tibingen Universitat & ITEP, Moscow

12 August 2009 Nucleon formfactors in eVMD model (page 7) Boris Martemyanov
Workshop on Virtual Bremsstrahlung Tiiebingen University

and HADES,Insitut fiir Kernphysik,
Goethe-University, Frankfurt am Main



HIC
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They are used in calculation of dilepton production in HIC.

Using the coupling constants of nucleon resonances to the nucleons and vector mesons
the spectral functions of vector mesons in nuclear medium can be determined.
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Nucleon form factors

Dirac and Pauli form factors

< NN @) >= @) (B (@) + 0 5= F3 () u(p)
Charges and anomalos magnetic moments

FP(0)=1, FP(0)=1.79, Fr0)=0, F}0)=—1.92

Quark counting rules
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Isovector and isoscalar form factors
Fﬁz(@% —Fﬁz(Qz) F£2<Q2> +Fﬁ2<Q2>
2

FY,(Q%) = F1'5(Q%) =

2 )

are linear superpositions of contributions from degenerate p and w family mesons
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Nucleon form factors
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The fit of electric and magnetic form factors of nucleons

C]2

4m?
defines ¢? = 0.463GeV 2, ¢" = —0.297GeV 2 At small Q2 the decomposition
GR ~ F{V(0) — §Q? < r% > defines the charge radii of proton /< r2 > = 0.83 fm
(exp: 0.875 fm) and neutron < r2 >= —0.06 fm? (exp: —0.113 fm?). For known

coupling constants of the photon to p and w mesons g, = 5.03 and g,, = 17.1 their
coupling constants to the nucleon are equal to

Gy =FN + Y, Gy =FN+F

Y

pINN pNN

P =, NN =

=20.8, feNN =172, NN = _247

what is close to corresponding coupling constants used to describe Bonn potential of
nucleon-nucleon interaction:

pNN pNN
PNN 32  f

=19.8, fNN =159, fs
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Time-like region

In time-like region the finite widths of vector mesons should be taken into account
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Conclusion

[J An extended vector meson dominance model with a minimal number of free
parameters is applied to the description of electromagnetic form factors of nucleons.

[J The couplings of ground state p and w mesons to the nucleons are calculated and
appear to be close to those of Bonn potential model of nucleon interaction.

[J In the time-like region the absolute values of electric form factors are considerably
larger than those of magnetic form factors and this can be used in the reanalysis of
experimental data obtained with the assumption |G'.| = |G” ;| in the proton case
and |G7| = 0 in the neutron case.
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