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TWO PION ELECTROPRODUCTION�J.C. Na
her and E. OsetDepartamento de Físi
a Teóri
a and IFICCentro Mixto Universidad de Valen
ia-CSIC, Valen
ia, Spain(Re
eived June 15, 2000)We have extended a model for the 
N ! ��N rea
tion to virtualphotons and sele
ted the diagrams whi
h have a � in the �nal state. Theagreement found with the 
vp ! �0�+ and 
vp ! �++�� rea
tions isgood. The sensitivity of the results to N� transition form fa
tors is alsostudied. The present rea
tion, sele
ting a parti
ular �nal state, is an extratest for models of the 
vN ! ��N amplitude.PACS numbers: 25.30.Rw 1. Introdu
tionThe 
N ! ��N rea
tion in nu
lei has 
aptured some attention re
entlyand has proved to be a sour
e of information on several aspe
ts of resonan
eformation and de
ay as well as a test for 
hiral perturbation theory at lowenergies. A model for the 
p ! �+��p rea
tion was developed in [1℄ 
on-taining 67 Feynman diagrams by means of whi
h a good reprodu
tion of the
ross se
tion was found up to about E
 ' 1 GeV.A more redu
ed set of diagrams, with 20 terms , was found su�
ient todes
ribe the rea
tion up to E
 ' 800 MeV [2℄ where the Mainz experimentsare done [3,4,5℄.The extension of this kind of work to virtual photons should 
omplementthe knowledge obtained through the (
,2�) and the related rea
tions. The
oupling of the photons to the resonan
es depends on q2 and the dependen
e
an be di�erent for di�erent resonan
es. Hen
e, the interferen
e of di�erentme
hanisms pointed above will depend on q2 and with a su�
iently largerange of q2, one 
an pin down the me
hanism of (
,2�) with real or virtualphotons with more pre
ision than just with real photons, whi
h would helpsettle the di�eren
es between present theoreti
al models.� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2413)
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her, E. OsetHowever, there are already interesting two pion ele
troprodu
tion exper-iments sele
ting � in the �nal state. The rea
tions are, ep! e0���++ andep ! e0�+�0 [6℄. It is thus quite interesting to extend present models of(
; 2�) to the realm of virtual photons and 
ompare with existing data. Inour paper [7℄ we do so, extending the model of Ref. [2℄ to deal with the ele
-troprodu
tion pro
ess. This model is �exible enough and one 
an sele
t thediagrams whi
h 
ontain �� in the �nal state in order to 
ompare dire
tlywith the measured 
ross se
tions.The extension of the model requires three new ingredients: the intro-du
tion of the zeroth 
omponent of the photon 
oupling to resonan
es (
al-
ulations where done in [2℄ in the Coulomb gauge, "0, where the zeroth
omponent is not needed), the implementation of the q2 dependen
e of theamplitudes, whi
h will be dis
ussed in forth
oming sessions, and the addi-tion of the expli
it terms linked to the S1=2 heli
ity amplitudes whi
h vanishfor real photons.Experiments on (
v,2�) are presently being done in the Thomas Je�ersonLaboratory [8℄, both for N� and N�� produ
tion.2. Model for eN ! e0��We will evaluate 
ross se
tions of virtual photons integrated over all thevariables of the pions and the outgoing nu
leon. In this 
ase the formal-ism is identi
al to the one of in
lusive eN ! e0X s
attering [9,10℄ or pionele
troprodu
tion after integrating over the pion variables [11,12℄. For themodel of the 
vN ! �� rea
tion we take the same diagrammati
 approa
has in Ref. [2℄ and sele
t the diagrams whi
h have a � in the �nal state. Thediagrams whi
h 
ontribute to the pro
ess are depi
ted in Fig. 1We follow the paper from Devenish et al. [13℄ in our approa
h to ele
tro-magneti
 transitions for Roper and N�(1520) resonan
es. As we are workingwith virtual photons we need to 
are about these 
ouplings and hen
e in
ludeterms whi
h vanish for real photons.Gauge invarian
e is one of the important elements in a model involvingphotons and implies that T �q� = 0 : (1)However, as dis
ussed in the study of the eN ! e0N� rea
tion in [14℄,and as 
an be easily seen by inspe
tion of the diagrams and the amplitudes,the 
onstraint of Eq. (1) still requires the equality of four ele
tromagneti
form fa
tors, F p1 (q2) = F�1 (q2) = F
�� = F
(q2) : (2)The form fa
tors of Eq. (2) are respe
tively the 
NN , 
��, 
�� and
�N� ones. These form fa
tors are usually parametrized in di�erent forms,
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D.5 D.6 .D.7 D.8Fig. 1. Feynman diagrams used in the model for 
vp! ��ex
ept for F p1 (q2) and F�1 (q2) whi
h are taken equal, as it would 
ome fromordinary quark models.Although the model is gauge invariant with the pres
ription of Eq. (2)there is the in
onvenien
e that the results depend upon whi
h one of thethree form fa
tors we take for all of them.We should note however, that the dominant term, by large, is the �Kroll�Ruderman and pion pole terms. This is also so in the test of gaugeinvarian
e where the two terms involving the F p1 (q2) form fa
tor in diagramsD4, D6 give only re
oil 
ontributions of the order of O(p�/m) in Eq. (1).This justi�es the use of F
(q2) or F
��(q2) for all the form fa
tors.There is, however, another way to respe
t gauge invarian
e, while at thesame time using di�erent form fa
tors whi
h is proposed in [15℄ and to whi
hwe refer in what follows as Berends et al. approa
h.3. Results and 
on
lusionsWe have tested our results [7℄ with the experimental data of refs. [6,11℄.We show the 
ross se
tion of 
vp! �++�� and 
vp! �0�+ (�0 ! ��p),as a fun
tion of W, the virtual photon-proton (
vp) 
enter of mass energy,and for di�erent values of Q2. We have made di�erent 
al
ulations. One ofthem 
orresponds to using all form fa
tors equal (whi
h we set to F
��) withtwo di�erent values of �2�, 0.5GeV2 and 0.6GeV2. In [7℄ we see that the 
rossse
tion in
reases by about 10 % when going from �2�=0.5 GeV2 and �2�=0.6
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her, E. OsetGeV2. We also show the results taking F p1 , F�1 and setting F
 = F
�� with�2�=0.6 GeV2. This latter 
al
ulation is not gauge invariant. However wesee that the deviation with respe
t to the gauge invariant one assuming allform fa
tors equal is very small [7℄. This re�e
ts the fa
t that the relevantterms in the model are those involving F
�� and F
, the pion pole and �Kroll�Ruderman terms.We also evaluate the 
ross se
tion using Berends gauge invariant ap-proa
h with di�erent form fa
tors [15℄. We show the results in Fig. 2. The
ontinuous line in the �gure is obtained with this pres
ription using F p1 , F�1but setting F
 = F
�� with �2� = 0.5 GeV2.We see that these results are remarkably similar to those where F
 andF
�� had the same values as here but F p1 , F�1 were set equal to F
�� inorder to preserve gauge invarian
e.The dotted line in Fig. 2 
orresponds to the same parametrization for F
as for F
�� but parameter �2
= 0.8 GeV2. This shows the sensitivity of theresults to F
 whi
h appears in the dominant Kroll�Ruderman term.
DESY (1978)
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tions from 
vp! �++�� with Berends formalism in
luded. Con-tinuous line: F p1 ; F�1 ; F
�� = F
 with �2� = 0:5 GeV2. Dotted line: same as
ontinuous line with the parameter for F
�� 0.5 GeV2 and for F
 is 0.8 GeV2.In summary we 
ould remark the following points: We have shown in[7℄ that the peak in the 
ross se
tion is due to an interferen
e between the� Kroll�Ruderman term and the N�(1520) ex
itation pro
ess followed by�� de
ay. Di�erent sets of form fa
tors have been used in our model in
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tion 2417order to show the sensitivity of the results to these 
hanges. These testsshould be useful in view of the 
oming data and the possibility to extra
trelevant information from them. We have 
al
ulated the separation of thetransverse and longitudinal 
ross se
tions and found that the transverse onelargely dominates the 
ross se
tions. Finally, it is also interesting to notethat the present model is just part of a more general 
vN ! ��N modelwhi
h sele
ts only the terms where a �N pair of the �nal state appearsforming a � state. REFERENCES[1℄ J.A. Gómez-Tejedor, E. Oset, Nu
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