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Moti vati ons

————

* Experinental puzzle: the ratio ppGeEp/ Gvp very different from1l for
Q2(SL) >1

The i nvestigation of nucleon electromagnetic formfactor in the
spaceli ke and in the tinelike regions, within the |ight-front

dynam cs:

e open a unique possibility to study the hadronic state, both in the
val ence and in the non-val ence sector

imeson) = |q@) + |qqqq) + (9@ g) ...

the Fock expansion

lbaryon) = |qqq) + 1999 4G@) + |99q g)-.... 35 neEmbEEn
— o ot within LF framework!!
valence nonvalence

e yields the possibility to address the vast phenonenol ogy of
hadroni ¢ resonances (Vector Meson propagation...) in the tinelike
region, and then inpose strong constraints on dynam cal nodel s
pointing to a mcroscopi cal description of hadrons

e allows one to obtain insights into the two-body currents associ ated
to the quark-antiquark pair production (very inportant in reference
frame where q* > 0)



Mandel stam Formul a for the EM nucl eon current: SL

The matrix elenent in the spaceli ke region for the EM

current is given by final and
initial
_ 1 g nucleon
(V; UJ:PIH# p,o; N) = UN(}OI,O';) |:—F2(Q2 I)\Qﬂ;'i —+ momenta
N
2 2 I3 \ nucleon
(F:L(Q )+ FL(Q )) ~y } Un(p,0) «— Cpinoce

F1(@) and Fo(@) are the Dirac and Pauli formfactors.

This matri x el enent can be approxi mated m croscopically by
t he Mandel st am f or nmul a:

d* &y d*k;
(2m)= J (2m)*
# S_l(kl) S_l(kg) Ip(klg k?g kS}Q) i)?\f(kla kg.} k31p)}

(N;o',p'|3" |p,o; Ny =

Tr {@ﬂ;(kl, ko, ks, ')

S(ki) are the Feynnman propagators, IHis the quark-photon

vertex function, and ®y IS the nucl eon Bet he- Sal peter
anpl i tude.



Nucl eon Bet he- Sal peter anplitude
—

The nucl eon Bet he- Sal peter anplitude is given by:
@?\T(klakﬁak%p) — ﬁ(klakﬁakfﬁ) p(klakE:kS)XTN UN(pa'j)

where A is a nonentum dependent function and P accounts
for the Dirac structure of the qqqg-N vertex.
Pis based on the follow ng effective Lagrangi an:

-'!:Efflir1 T1y T2y T3, TN:I = Eabe /ﬂlﬁﬁ] ﬂi:q.fj ﬂqu-Tg,:Fl::El.l Eo, Ta, E:| s

1 : M. Beyer et al,
N o E Z F(r1]7. *.a*r.y TE Y galz) Q‘C[xgj?;g + nucl-th/9804021
17275
L to t T
— (1 -« 7 >, Ple)Theny 590w g6(za) @ (2a)TH(=e 8) | n(z)Tr, +
T, T 2.Ta
+ cyelic + h.e.

We take =1



Quar k- phot on vertex function

—

We have an i1 soscal ar and an i sovector contri buti on:

1 1 —
T (kayg) = ( Jf) ks ) + ( f) 75 (ks q) =

Tilks, q) + T5(ks, q) Tolka q) — I
; + T :

— I?.‘E{I:'Eﬂh q:l + TEI?[.J'I:'EEE "-I:I

Each termcontains a purely valence contribution (in the
spaceli ke region only), 1. e. an elastic term (triangle)
and a pair production term (Z-di agram



Projecting out the Mandel stam fornul a
on the Light-Front: SL

—

...through a k- integration, by adopting the so-called PPA

( Propagat or Pol e Approximation), i.e. by disregarding the
anal ytical structure formthe Bethe-Sal peter anplitudes.
The reference frane we wll adopt is g+ > 0 and gperp= O.

Spacel i ke process:

o4 triangle 4 Pair contr. *
Y contr. (Z—diagram)_ 2 on-shell
2 . amplitudes

B off-shell
amplitudes

() bare photon
vertex

@? dressed
photon
vertex

x indicates that the quark is on its mass-shell



Projecting out the Mandel stam fornul a
on the Light-Front: TL

—

...and tinelike process:




Phenonenol ogi cal approximations: 1

#

W will introduce sone phenonenol ogi cal approxi mations:
t he nonentum dependent parts of the nucl eon Bet he- Sal peter
anplitudes are approxi nated as foll ows:

In the valence sector the spectator
quarks are on their own k- -shell,
Nucl eon: and the momentum dependence,
Wi o 1 reduced to a 3-momentum
N M32-+.ﬂ42(1 9 S)FE dependence through the LF
O\ < projection, is approximated through
a Nucleon Wave Function
a la Brodsky (pQCD ispired)

In the non-valence C;N - 1 { 1 4
vertex, needed to evaluate 2 2 z 2_+_ﬂ42 3/ 9
the Z-diagram contribution, U? %_ﬂﬂﬁ(l’Q)] M? D( ’ H
the momentum dependence 1

is approximated by this -+

expression: U32-+_ﬂf§(3f,1ﬂ



Quar k- photon vertex function

—

It is conposed by a bare termand by a dressed term

1
I?S{IL":I(FE‘ "-I:I = E E(p-l- - 'ii:+:| EI:

3

dressed term

bare terms

proportional to VM

The dressed term
| s descri bed

t hrough a

m cr oscopi cal

VMD appr oxi mat i on:

T. Frederico et al, PRD 66 (2002) 116011

where the vertex . k4 — (q— k)
function is taken V*(k & —F,)=~"— on on
as Mo(k+,ki;q7,q1) +2m




Adj ust ed paraneters

—

In this nodel, the foll ow ng paraneters appear:

e constituent quark mass my= ny = 220 MeV

e the oscillator strength w = 1.556 GeV2 appearing in the
VMD approxi mati on, chosen in order to reproduce the e.m
decay wdths of the first four vector nesons

* 3=0.118 eV, fixed through the anomal ous nagnetic
nonents: up= 2.878 (Exp. 2.793), upn= -1.859 (Exp. -1,913)
e the wdths for the vector nmeson I'h= 0.15 GV

e the renornalization constants for the pair production
term Zg and Zywp



Results i n the spaceli ke region: PROTON
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Tt *PRELIMINARY

Considerations:

e From these results turns out

to be very important the Z-diagram
term

e The almost linear decrease in
the ratio is well reproduced
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Results i n the spaceli ke region: NEUTRON
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Proton results in the tinelike region
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Concl usi ons. ..
—

®* A mcroscopical nodel for nucleon electromagnetic form
factors in both spacelike and tinelike region has been
pr oposed

e The quark-photon vertex for the process where a
virtual photon materializes in a quark-antiquark pair

| s approximated by a VMD nodel plus a bare term

e the Z-diagramare fundanental in the adopted reference
frame (qt > 0)

e The prelimnary results in the spacelike region are
quite good, and the possible zero in the ratio

UpGEp/ GVp seens to be strongly related to the Z-di agram
contri bution

and Perspectives

®*A better description of the quark-photon vertex may

| nprove the results: a fully covariant VNMD nodel is under
| nvesti gati on

e Dfferent approximations for the nucl eon wave function
may be test ed.



