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A reaction theory is needed to
properly interpret the extensive amount of data

The main two ingredients are:

The bare reaction mechanism

An account of external dynamics: coupled channel
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Theoretical Framework: CoupledChannels

Non-resonant + resonant

dressed resonant vertexes

resonant self-energies

non-resonant tmatrix
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Dynamical SL model

(V1 ) (V2 )

(V3 ) (V4 )

� ; � �

Variation of original model which

improves P13 partial wave

Parameter L2 L

g �N N g �� � 37.133 38.4329

k � 2.8496 1.825

� � N N 3.6177 3.2551

� � 7.4639 6.2305

� � N � 3.2132 3.29

Bare m � 1296.9 1299.07

[ f � N �
p

25 = 72 ] 1.1664 1.207
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Extraction of bare form factors

The photoexcitation of the � is described through,

h� jI � jN i = e�	 � (p� )� � � 	( p) ; � � � =
P

i Gi (Q2) K� �
i :

GE ; GC and GM are de�ned from Gi Jones, Scadron (1972)

Originally, the form factors were parametrized as:

G� (Q2 ) = G� (0)
�

1
1+ Q 2 = 0 : 71

� 2
R � (Q2 )

R � (Q2 ) = (1 + aQ 2 ) exp( � bQ2 )
� = E ; M ; C
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Extraction of bare form factors (II)

Bare form factors do not contain any intermediate
meson-baryon states

No particular behavior
assumed for bare FF

Fit at each Q2 the
electroproduction data
�xing G� (Q2)

Fits using both L and L2
models for � N
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Relativistic Quark Models

few GeV region relativity is important:

1 fm

Different ways of implementing
relativity into a quark model formalism:

Instant form

Point form

Front form
In collaboration with D. O. Riska (U. Helsinki) Plots form A. Krassnigg's PhD thesis
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RQM (II)

Common assumptions to the three forms
Single quark current operator

baryons

Ground state wave functions with 2 or 3 parameters

SU(6)F S is used to build resonances
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RQM (II)

Common assumptions to the three forms
Single quark current operator

baryons

Ground state wave functions with 2 or 3 parameters

' G
0 (~q) = 1

(b
p

� )3=2 e� ~q2=2b2
; ' R

0 (~q) = N (1 + ~q2=2b2)� a ;

' 0(P) = N
�

1 + P2

4b2

� � a
; with P :=

p
2(~� 2 + ~q2)

SU(6)F S is used to build resonances
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Proton Form Factors
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 N ! �

The general expression for the transition
current operator:

h� jI � (0) j N i = e �	 � ( p� )� � � 	( p) ;

has the conventional decomposition:

� � � =
X

i

G i ( Q 2 ) K � �
i :

The operators K � �
i are defined as:

K � �
1 =

Q � 
 � � ( 
 � Q ) g� �

p
Q 2

p
M � M 
 5 ;

K � �
2 =

Q � P � � ( P � Q ) g� �

p
Q 2


 5 ;

K � �
3 =

Q � Q � � Q 2 g� �

p
Q 2

M � 
 5 :

G �
E =

M

3( M � + M )

"
M � 2 � M 2 � Q 2

M �

p
M � M

Q
G 1

+
M � 2 � M 2

Q
G 2 � 2M � G 3

#

;

G �
M =

M

3( M � + M )

"
(3 M � + M )( M � + M ) + Q 2

M �

�

p
M � M

Q
G 1 +

M � 2 � M 2

Q
G 2 � 2M � G 3

#

;

G �
C =

2M

3( M � + M )

"
2M � p

M � M

Q
G 1

+
3M � 2 + M 2 + Q 2

2Q
G 2 +

M � 2 � M 2 � Q 2

Q 2
M � G 3

#

:
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 N ! � (II)

In instant form kinematics the relation between the different spin state matrix elements of the
electromagnetic current and the form factors, G j ,
I � 0;� = h� m s = � 0j I jN m s = � i

I 1
3
2 ; 1

2
=

"
M � + M

p
Q2

G1 +
M � 2 � M 2

2
p

Q2 M M �
G2 �

r
M �

M
G3

#
Q3

2
p

E (M + E )
;

I 1
1
2 ; � 1

2
= �

p
3

6

"
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p
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G1 +
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2
p
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r
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p
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+

p
3

3

Q3
p
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M + E
p

E (M + E )
G1 ;

I 0
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2 ; 1

2
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p
3

3

"
Q3

p
Q2

G1 +
Q3

p
Q2 M M �

E + M �

2
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Q3 Q0

Q2
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Meson-cloudeffects

In the dynamical coupled channel formalism, the following
meson cloud diagrams can be isolated:

+

DN,

pion cloud effect

]

[+

=

p

pp

Quark Model Prediction

N D

+

g
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Inter pretation of bare form factors

Bare Form factors parametrize the internal structure
thus their interpretation should be sought in microscopic
theories

We compare quark model results to
the extracted bare form factors

Capstick-Keister computations done in
front form

Pion cloud effects are more pronounced
in GE and GC .
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Inter pretation of bare form factors

Comparison with QCD
should be pursued
In the near future, connection with form
factors computed in Lattice-QCD will be done

This, however, may require speci®c LQCD studies

In the ®gure,

Our extracted bare and dressed form factors

Recent LQCD analysis
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Inter pretation of dressedratios

Ratios of form factors are usually plotted
reminder of pQCD predictions:
RE M ! 1 Q2 ! 1
RSM ! constant Q2 ! 1

solid symbols: L and L2 models, together

squares: LQCD of Alexandrou et al [PRL05]

Chiral extrapolation?

band: EFT of Pascalutsa and Vanderhagen [PRD06]
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Curr ent efforts

“Dynamical Coupled-Channel Analysis of N* at EBAC”
B. Julia-Diaz, T-S.H. Lee, A. Matsuyama, M. Paris, T. Sato

First step: Build a well constrained model for � N � � N
including � N , � N , (� � , � N , �N )
and explicit � � N states. (expected � Dec 2006)

A parallel version of the code has been derived
Computing time at several supercomputing facilities:

NERSC (LBNL, USA) (startup grant)
Marenostrum (BSC, Spain) (production grant)

Study of bare/dressed form factors
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Preliminary: 5 channelmodel for � N

Extension of the � N model up to 2 GeV.
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Summary

Delta excitation

We havestudiedmodeldependence
Bare and dressedform factors obtained
Bare GE extracteddiffers fr om original SL
Quark modelsanalizedclosein GM and GE

In progress
Multichannel � N model
Meson-Cloudeffectson other resonances
Extensive parallel computationsto re�ne the model
Investigaterelativistic quark modelcalculation of N-N* f.f.

Desiderata
Relation to LQCD studiesshouldbe better understood
Maybe a join effort shouldbe pursued
Work with CLAS collaboration
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