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Within the fixedt dispersion relation approach we have analyzed the TINAF and DESY data on the
exclusivep(e,e’p) ° reaction in order to find th@®;5(1232) resonance contribution to the multipole ampli-
tudesM¥? ,E¥? |S¥2 . As an input for the resonance and nonresonance contributions to these amplitudes the
earlier obtained solutions of the integral equations which follow from dispersion relations are used. The
obtained values of the rati&2/M1 for the y*N—P35(1232) transition are 0.0390.029,0.12% 0.032,
0.04+0.031 forQ?=2.8, 3.2, and 4 (Ge\t)?, respectively. The comparison with the data at I@# shows
that there is no evidence for the presence of the visible perturbative (RCQIZD contribution into the
transition yN— P34(1232) atQ?=3-4 Ge\.. The ratioS'2/M3’2 for the resonance parts of multipoles is
—0.049+0.029, — 0.099+ 0.041, — 0.085+0.021 forQ?=2.8, 3.2, and 4 (Ge\d)z, respectively. Our results
for the transverse form fact@®1(Q?) of the y* N— P35(1232) transition are lower than the values obtained
from the inclusive data. With increasif@?, Q*G+(Q?) decreases, so there is no evidence for the presence of
the PQCD contribution here topS0556-282(199)03303-7

PACS numbg(s): 13.60.Le, 11.55.Fv, 11.80.Et, 25.30.Rw

. INTRODUCTION derstanding the role of the range @f=3-4 (GeV£)? in
the transition to the PQCD regime for the*N
It is known that the question of how hig? must be for  — P,4(1232) transition.
perturbative QCD to dominate in exclusive processes is a The investigation of the transitiop* N— P35(1232), us-
subject of controversy and has caused intense debates ovag the experimental data on the pion photoproduction and
the past two decadds detailed discussion of this problem electroproduction on the nucleons, is connected with the
can be found, for example, in Refl]). Although theQ?  problem of the separation of the resonance and nonresonance
behavior of the pion and nucleon form factors manifests theontributions in the multipole amplituded 32 E32 ,S32 |
features which are characteristic of perturbative QCDwhich carry information on this transition. These amplitudes
(PQCD beginning with smallQ?, there is no consistent may contain significant nonresonance contributions, a fact
guantitative description of the experimental data withinwhich was clear when the first accurate df4eb] on the
PQCD. From the quantitative description of the availableamplitudeE}? atQ?=0 was obtained. The energetic behav-
data it is seen that soft mechanisms play an important, aniér of this amplitude, in fact, is incompatible with the reso-
possibly dominant, role in the region of a few GeWfhe  nance behavior. The first investigations of this problem
dominance of the PQCD contribution may depend stronglyf6—8] showed that it is closely related to the problem of
on the specific reaction. For example, it is possjdlethat  fulfilment of the unitarity condition, which for electropro-
the asymptotic value of the leading-order helicity-conservingduction amplitudes in th33(1232) resonance region means
amplitude for they* N— P35(1232) transition is numerically the fulfillment of the Watson theorep8]:
small; as a result, the PQCD contribution into this transition
may be suppressed over a large rang€®f In the present M(W,Q%) =exdi 857 (W)][M(W,Q?)|. (1.7
paper we will analyze experimental data on the cross sec-
tions of the exclusive reaction(e,e’p) #° obtained recently HereM (W, Q?) denotes any of the multipoles under consid-
at TINAF atQ?=2.8 and 4 (GeV¢)? [2] and more earlier eration, ands>~ is the phase of the correspondimi\ scat-
DESY data atQ?=3.2 (GeVk)? [3] in order to extract an tering amplitudeh??(W) = sin 8(W) Jexdi &2(W)].
information on they* N— P35(1232) transition in the region There are different approaches for the extraction of infor-
of Q2=3-4 (GeVk)2. This information is useful for un- mation on they* N— P33(1232) transition from the pion
photoproduction and electroproduction data with the differ-
ent forms of the unitarization of the multipole amplitudes.

*Email addresses: aznaur@jerewanl.yerphi.am, These approaches can be subdivided into the following
aznaury@cebaf.gov groups: the phenomenological approach@s8,1q includ-
"Email address: stepanyan@jlab.org ing the approaches based on genatrix formalism[11,12,
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the effective Lagrangian approachds8—-17 with different  Ref. [30], Chap. 9. This modification unitarizes the Born
phenomenological forms of the unitarization of amplitudes,contribution which by itself is real:
the dynamical approachekl8-24, and the approaches

based on the fixet-dispersion relationf25-27. MP(W, Q%) =exi S(W)]
In this work our analysis will be based on the solutions B 2 a(Ww) 2
X +
for the multipole amplitudesv’? ,E32 S32 obtained in [MP(W,Q7)coso(W) +eTr(W.Q7)1,
Ref. [27] using the fixed- dispersion relations within the (1.7

approach of Refd.28,29. This approach is very useful for h
the extraction of information on thg* N— P35(1232) tran- where
sition, because in a natural way it reproduces the resonance

- —a(W')a; ’ B Y
and nonresonance contributions into the multipole ampli- r(W,Q2)=Ef € sinS(W)MA(W',Q )dW’

tudes, and the obtained solutions satisfy unitarity condition T J Wy, W' —-w '

(1.1). Let us discuss this in more detail using the simplified (1.9
version of the dispersion relations for these multipoles with

the s-channel cut only, i.e., in the form which is similar to a(W)= E = WaW') W (1.9

the dispersion relations in the quantum mechanics T Jwy, W (W' — W) ' '

o B ,0 1= ImMW,Q% So, MPa(\W,Q?) should be considered as the nonresonance
M(W,Q%)=M=W,Q%)+ T Wy, W —W—ig aw". background to the resonance contribution.
1.2 It is natural to identify with the resonance contribution the

solution M™™(W), because the dispersion relatidf.2)
HereM®(W,Q?) is the contribution of the Born tertfie., of  takes the form(1.6), when only thePs(1232) resonance
the nucleon and pion polgénto the multipoles. As it was contribution in thes channel is taken into account. This so-
discussed in more detail in RgR7], we can write in the |ution satisfies the unitarity conditiofi.1) too,
integrand of Eq.(1.2) Im M(W,Q%)=h* (W)M(W,Q?) due to
the fact that therN amplitudehf’f(\/\/) is elastic up to quite
large energies. Thus, the dispersion relatibr2) transforms
into the singular integral equation which has a solution in the
following analytical form (see Ref.[28], and references From Eq.(1.7) it is seen thatMP¥{(W,Q?) has a non-
therein: trivial energy dependence. The factor at [@8pN)] in

MPaW,Q?) is determined mainly by the first term in the

M(W,Q%)=MP¥(W,Q3)+cyM™MW),  (1.3)  brackets and changes the sign in the vicinity of the reso-
nance. The comparison with the experiment shows that the

M oMW = =exdis(W)]eeW,  (1.10

1
D(W)

where amplitude E¥? at Q?=0 is described, in fact, by
11 MPa(W,Q2=0) [27]. Hence, this amplitude is mainly of
MP(W, Q%)= MB(W,Q%) + — ——— nonresonance nature, and its nontrivial energy dependence is
7 D(W) due to the the final state interaction in the Born term.

w / "MBW O2 It is important to note that such type nonresonance con-
xf D(W )h(,W M ,(W Q )dW’ tributions exist in all dynamical mode[48-24. They are
Winr W —W-—ie produced by rescattering effects in the pole terms of these
(1.4) models and have the same type nontrivial energy dependence
as Eq.(1.7). However, the magnitudes of these contributions
is the particular solution of the singular equation, generate@re quite different, because their investigations within the

by the Born term, and models contain many model uncertainties coming from the
cutoff procedures, the methods of taking into account off-
MPOT(W) = —ox W= (W) dw shell effects, and the methods of the treatment of the gauge
D(W) T Jw W (W' =W—ie) invariance. These uncertainties are discussed in detail in

(1.5 Refs.[31,32.
It is interesting that in the phenomenological approaches

is the solution of the homogeneous equation based on th&-matrix formalism[11,12 and in the effective
e o Lagrangian approach of Refl6], with the unitarization
MO W) if‘” h*(W")M™M(wW )dW’ 1.6 made by the Noelle methd@3] or using theK-matrix an-

T Jwy,, W —W-ie ’ ) satz, the nonresonance contributions into the multipoles

Mm32 E32 S32 have the same kind of energy dependence as

which enters the solutiofl.3) with an arbitrary weight, i.e., Eq. (1.7). In these cases such energy behavior of the non-

multiplied by an arbitrary constarm, . resonance contributions is also connected withstheinter-
The analogy with quantum mechanics shows that the sacaction in the final state.
lution MPa(W,Q?) is the modification of the Born contribu-  In Refs.[25,26 at Q?=0 the fixedt dispersion relations

tion produced by therN rescattering in the final stalsee are used in the same way as in RE2Z7]. However, the
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interpretation of the obtained solutions of the integral equa- e?/4w=1/137, g%l4w=14.5,
tions is different, although the results for the whole ampli-

tudesM¥? E32 are the same as in ReR27]. In order to (0, 2 g7 R
extract theP35(1232) resonance contribution in Ref&5, FI(Q)={ 1+ 77—/ Gain(Q),
27] the method of the speed plot analysis is used. As a result,
ignoring the physical nature oiP*{W), the resonance con- (B)y 2 9™ Ggip(Q?)
tributions in these parts of the amplitudes are found. FX(Q%)= om 11,
In Sec. Il the multipole amplitudes which are included
into the fitting procedure in our analysis are listed, and the Gaip(Q%) =111+ Q?0.71(GeV/c)?],
fitted parameters are specified. In Sec. Il the results of our
analysis of the TINAF data §>=2.8 and 4 (GeW)? [2] r=Q%4m?, gP=1.79. 2.3

and of the DESY data af?=3.2(GeVk)? [3] are pre- o

sented. The comparison with theoretical predictions and witf'he imaginary parts of the amplitud®{™ P'(s,t,Q%) we

the behavior of the amplitudes, which is characteristic of thedbtain using their expressions through the intermediate am-

PQCD asymptotics, is made. plitudesf; (the corresponding formulas are given in our ear-
lier work [27]) which have the following decomposition over

Il. DISPERSION RELATIONS AND PARAMETRIZATION multipole amplitudes:

OF MULTIPOLE AMPLITUDES

fi= IM 4 +Ej;)P/, (X

In our analysis we use the fixgddispersion relations for ! 2 (M + BP0

the Ball invariant amplitudesB,,B,,B;,B;,Bg,Bg [34], FLA+ 1M, +E,_1P]_4(x)}
i iom* 0p (B(™°P) = B L B(*) re- R

which for the reactiony* p—a°p (B;" "=B;"’+B;"’) re

quire no subtraction: ,
f2= 2 [(1+ DM +IM_]P{ (%),

ReBE”OP)(s,t,QZ):Rfm( _1 +%)
sTme o umm fa= > [(Ej =M )P] () +(E_+ M, )P/_1(x)],

P %)
= | mBT(s,1,Q?)
f4=2 (Mi;—Ej.—M_—E_)P/(x),

5 i
—u

!

s’—s+s )ds’. (2.1
fs=2 [+ 1S, P[0 ~1S-P{_1(x)],

Here s=(k+p;)?% u=(k—p,y)? t=(k—q)? Q%=-k2

k,q,p1,p, are the four-momenta of virtual photon, pion, ini- fe=2 [1S_—(1+1)S, 1P/ (x) 2.4

tial, and final protons, respectivelyp,= n,=ns=1,73 '

o _ _ 2

~ 5T M8 1’thf_,(m+'“)(p)' m and p ar.e magses of the wherex=cos#, 0 is the polar angle of the pion in the c.m.s.

nucleon and the pion, arig™ are the residues in the Bom Tpe relations of the amplitudes to the helicity amplitudes

pole terms and to the cross section are also given in R27).
0 It is known that ats’ <s in the integrands of the disper-
RI™ P'=ge(F{P+2mFY), sion relations(2.1) written at fixedt there is an unphysical
region, wherdx’|=|cos#’|>1. In this work we analyze data
R(Zw°p>: —geF<1P>(Q2), in the P33(1232) resonance region, and, therefore, the un-

physical region is close to the threshold, where the imaginary
ge parts of the multipole amplitudes are proportionald{' * 1.
Rgﬁomz - =FP(Q?), (2.2 For this reason the role of this region in our analysis is not
2 significant. In addition, with increasin@? the unphysical
region becomes smaller. For example, if we analyze data at
' (a0 9€ W=1.232GeV the range ok’ near threshold atW’
R§(™ P = Z-(n=Q*-OFP(Q?), =1.1GeV is[0.72—(-9.1)] at Q?=0, [3.3—(-2.3)] at
Q?=4 (GeVk)?, and[3.7—(—1.6)] whenQ?— .
Let us consider the parametrization of the multipole am-
plitudes now. For the resonance amplitudtﬂz%ﬁ2 Ef/f 1/f
o we use as an input the solutions of the integral equations
R P=geR(Q?), which follow from the dispersion relations for these ampli-
tudes. According to these solutions obtained in IR2T] the
where in accordance with the existing experimental data weesonance multipoles are sums of the particular and homoge-
have neous solutions of the integral equations. The particular so-

RE" P =2geFP(Q?),
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lutions which correspond to the nonresonance contributionsaance region. In this analysis we had additional fitting pa-
into the multipoles have definite magnitudes fixed by therameters for the contributions of the amplitudds’2 ,Si’,z
Born terms. The homogeneous solutions corresponding tfor the P,;(1440) resonance, of the amplitudg§? , St for
the resonance contributions have definite shapes fixed by thge S,,(1535) resonance, and of the amplitudes

hompgeneou§ integral gguat;gns v/\éhich correspond to the diE%@ M2 Sl for the D14(1520) resonance. The contribu-
persion relations forM7y, By, S;F with the zero Born  tions of these amplitudes were described in the Breit-Wigner

terms. The weights of these solutions are arbitrary andorm according to the parametrization of RE38]. For the
should be found from the requirement of the best descriptiofnyltipolesM,, ,M,_ ,E,. ,E,_ it has the form

of the experimental data. So, the resonance multipoles bring

into our analysis three fitting parameters which are the ) MI(W,Q3?) (qr)'“<|k|)"
weights of the resonance contributions in the multipoles Mg_wW(W,Q%)= - Tar T
et o poles Me-wlW.Q0= o—we=imrw, @2 el | k.

1+ 51+ 991+ - (27)

In the P35(1232) resonance region a significant contribu-
tion into Imf; for the reactiony* p— #°p can give also the For the multipolesS. ,S,_ the Breit-Wigner parametrization
following combinations of the nonresonance multipole am-is

plitudes:
MI(W,Q?) ar | Ik
2y ar )
Eg°)+1E1/2+EE3/2, Sg_w(W,Q%) M2 W2 —IMT(W,Q% | [q] K. -
+73 0+ 3 0+ (28)
(O)+ 388/24‘ ESS/Z Here |’ =1 for M|+ ,M|_ ,E|+ ,SH_ , I'=1=2if I>1 for
+ 7 g3v0+ T g0+ E_,5_,andl’=1 forS;_, M andI' are the masses and
the widths of the resonancds,,q, are the photon and pion
M32 and S32. (2.5  three-momenta in the c.m.s.\at=M, and
This is connected with the fact that theN phases corre- X lal\ 2+ g2+ %2\
sponding to these multipoles are large enough, so, their F(w,Q%) =T q_r m ' (2.9

imaginary parts can be significant. In order to take into ac-

count these multipoles in Iy, we have calculated their real X=0.35. So, in the analysis of the DESY data there are
parts from the Born terms, then the imaginary parts of theseven additional fitting parameters which are the coefficients
multipoles were found using for the correspondimdN  in Egs.(2.7),(2.8) for the abovementioned multipole ampli-

phases the following analytical formulas: tudes. These parameters we consider as effective values for
the description of the second resonance region, because we
SY2 = 78| did not take into account backgrounds in the multipole am-
0+~ 1+2.5q|’ plitudes in this region and did not include the resonances
from higher resonance regions in our analysis. Let us note,
2= —45q[1+(2.20)2], however, that the value of the amplituéig, for the reso-
nanceS;;(1535) obtained in this analysis agrees well with
32=—(6.9q))°, (2.6)  the value known from the analysis of tigelectroproduction
data.

whereq is the three-momentum of the pion in the c.m.s. in|n the analysis of the TINAF data, which do not cover the
the GeV units, the phases are in the degree units, and akcond resonance region, we used the results for the multi-
numbers are in the GeV units. These formulas describe poles from this region obtained in the analysis of the DESY
well experimental data on the phas#¢ , 532,632 [35-37  data with theQ? evolution corresponding to the results of

up to E, = (W?—m?)/2m=0.5GeV. At larger energies the Ref. [39]. Then the small variation of the multipoles was
smooth cutoff for the contributions of E42.5 was made. allowed.

We have introduced in our analysis four additional fitting
parameters in the form of the coefficients at the combinations . RESULTS
(2.5 found in the above described way. These parameters
were allowed to vary in the narrow region in the vicinity of ~ The data used in our analysis are differential cross sec-
1. tions of «° production on protons atQ?=2.8 and

In the description of the data in tHeyy(1232) resonance 4 (GeVic)? [2] andQ?=3.2 (GeVk)? [3]. A total 751 and
region the contributions of the resonances with highe867 points which extend over an invariant mass raiige
masses, predominantly from the second resonance regior;,1.11—1.39 GeW were included in the fit aQ?>=2.8 and
should be taken into account in the dispersion integrals. l@ (GeV/c)?, respectively. ARQ?=3.2 (GeVk)? we have in-
the region ofQ?=3-4 (GeVt)? which we analyze in this cluded in the fit 598 points which extend frowi=1.145 to
work there is no information on the form factors of these1.595 GeV. The reduceg?® obtained in the analyses were
resonances, excefi;(1535). By this reason we begun our 1.53, 1.18, and 1.35 a)?=2.8, 3.2, and 4 (Ge\¥)?, re-
analysis with the DESY data which cover the second resospectively. The obtained results for the multipole amplitudes
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o . FIG. 2. Experimental data for the transverse form factor of the
FIG. 1. Our results for the imaginary parts of the multipole yN— P35(1232) transition defined by Eq3.2). The data are di-

amplitudesM$? [E3? ,SY2. Dashed curves are the resonance parts;ided by By, WhereG,(Q?)=1[1+Q?/0.71 (GeVt)?]. Data

of the multipoles corresponding to ths;(1232) resonance contri- denoted by boxes are taken from Table 5 of Ré€] by recalcu-
bution, dotted curves are the nonresonance background contribygtion for our definition ofG+; data denoted by asterisks are ob-
tions, full curves are the sums of these contributions, &hd tained in our analysis.

=(W2—m?)/2m.

o 3 Ref.[40] by a recalculation of our definition @& which is
M7T,E7T,SiT are presented in Fig. 1. In this figure the related to the magnetic dipole and electric quadrupole form
resonance and nonresonance contributions to these amplactors of Ref[41] by
tudes are presented separately. It is seen that the nonreso- )
nance contributions play a significant role in the description 21D |2 w2y Matm
of the amplitudes, especially f&>2 andS>? . In the case of [G(QIF=(CuI"+3IGE[)| ] - B2
E32 the sum of the resonance and nonresonance contribu-

R . L. 2 . e . . . y
tions gives the nontrivial energy dependence of the wholé\t large Q our definition ofGy coincides with the Stoler’s

amplitude. At all investigate®?, Im E>? changes sign near definition from Ref.[40]:

the resonance. So, the energy behavior of this amplitude, 2
similar to the behavior a®?=0, has nonresonance charac- 2_32 -~
or. G7=G7(Stolep (Ma—m2+ 02" 3.3

In the center of theéP;3(1232) resonance &¥=m, the
resonance contributions into the amplituddg? ,E3?  S3/2
are

The form factorG defined by Eq(3.2) is more suitable for
the description of lowQ? data. This form factor is related to
the helicity amplitudes of the/* N— P35(1232) transition
and to the total cross section of the reactidip— «N in the

ImM32(re9=0.772+0.031, 0.5230.021, 0.4-0.016, . i
following way:

ImE¥2(re9=0.03+0.022, 0.0630.017, 1 (i —m?)
G$=—4 (|ARI%+ A% (ma—m)Z+ Q% (3.9
0.016+0.012, T A
Im /2(reQ:—O 038+0.022, —0.052+0.022 (y*p—mN)=4 aez(mA_m)2+Q2 a5
1+ . . ) . . ) agly'p m Tm_ .
—0.034+0.008 3.0

It can be expressed through the multipolds , =(2A;
atQ?=2.8, 3.2, and 4 (Ge\t)?, respectively. —3B;.)/4 andE;, =(2A, +B,,)/4 using Eq.(3.4) and
In Fig. 2 our results for the transverse form fac@s of ~ the relations
the y* N— P35(1232) transition are presented in comparison
with the data obtained from inclusive experiments and partly A32— _ Aﬁ/z( (3.6)
from exclusive data. These data are taken from Table 5 of
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FIG. 5. Comparison of our results fa@b distributions with the
FIG. 3. Experimental data for the ratl}2/M3? obtained in  TINAF data[2] at W=1.235 GeVQ?=2.8 (GeVk)?,e=0.56.
our analysis(asterisks and the data at lowQ? [47] and atQ?
=3.2(GeVk)? from Ref.[48] in comparison with the predictions ) a2 ) ) . o
of Refs.[46] (full line), [49] (dotted ling, [50] (dashed ling [51] plitude M7’f which gives the main contribution in®+. Our
(dash-dotted lines results confirm the whole tendency of tie data to fall
more rapidly with increasing)? than 1Q*. Let us remind
km vz the reader that in the PQCD asymptoti@s behaves as Q*
[42-44. So, there is no evidence for the presence of the

N PQCD contribution inG at Q?<4 (GeVk)?2.
Our results forGy in Fig. 2 are lower than other data. In Figs. 3,4 our results for the ratioEf’f/Mf’f and

This is connected with the fact that they are obtained b . A
y % ’2/M§’+2 corresponding to the resonance contributions to

taking into account only resonance contributions in the am>13 " 14 =~ .
M1t ,ElT.Sis are presented together with the data at
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FIG. 4. Experimental data for the rat8;2/M3'? obtained in
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FIG. 7. Comparison of our results for angular distributions with  FIG. 9. Comparison of our results fab distributions with the
the DESY datd3] at W=1.235 GeVQ?=3.2 (GeVk)?,e=0.89. TJINAF data[2] at W= 1.235 GeVQ?=4 (GeV/c)?,e=0.51.

smallerQ? [47]. We have also presented the data points atotics. The conservation of quark helicities in the asymptotic
Q?=3.2(GeVt)? obtained from the DESY data in Ref. region of QCD leads to the asymptotic relatij’?/m 32
[48], assuming that the multipoled3? E32,S¥2 are de- 1,02 [42-46. In contrast with this, aQ?=0 quark
scribed by the sums of the resonance contributions taken imodel predicts the strong suppressioregf/M3'? which is
the Breit-Wigner form and the smooth nonresonance backeonfirmed by experiment. Thus, the transition from the non-
grounds. perturbative region of QCD to the PQCD asymptotics should
It is known that the information on th@? evolution of  be characterized by a striking change of the behavior of this
the ratioEf’f/Mf/f may play an important role in the inves- ratio. Summarizing our results one can say that the ratio

tigation of mechanisms of the transition to the QCD asymp£32/M3'2 is positive atQ?=2.8—4 (GeVt)2. However, the
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FIG. 8. Comparison of our results for energy dependence of the FIG. 10. Comparison of our results for energy dependence of
cross sections with the DESY daf8] at Q?=3.2(GeVk)%,¢  the cross sections with the TINAF dd@] at Q?=4 (GeV/c)?,
=61.5°,=0.89. c0s6=0.7,e=0.51.
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magnitude is small, and the comparison with the data at lownultipoles and the couplings of the resonance miltipoles
Q? does not show a visible change in the behavior of thiswith each other. AtQ2=0 these contributions were evalu-
ratio with increasingQ?. Therefore, there is no evidence for ated in Ref[29], where it was found that the contributions of
the presence of the visible PQCD contribution into the trannonresonance multipoles are negligibly small and the cou-
sition y* N— P35(1232) atQ?=2.8—4 (GeVE)%. plings of the resonance multipoles with each other are rea-
In Figs. 3,4 the predictions obtained in the light cone rela-sonably small. Using the results for the resonance multipoles
tivistic quark model in Refs[45,4 and in the relativized optained in this paper and the values of the nonresonance
versions of the quark model in Ref#9,50 are presented. It mtipoles E,, ,S,, ,M;_,S,_, evaluated via the proce-
is seen that the predictions of Refd5,4q are not in bad e described in Sec. II, one can estimate additional contri-

?greefment%/v i]EhStTe dﬁta' We hﬁve alts_o pre(sjentte?_ tr;e Predifgtions coming from other multipoles in the dispersion rela-
ions from Ref[51], where an attempt is made to find some .~ - M32 E32 S92 o 02-3_4 (GeVE)?. Our

3/2 3/2
estimations show that these additional contributions can be

approximate formula for the rati&; /M5, which con-
nects the quark model prediction @€=0 with the PQCD neglected and, therefore, the assumption on the smallness of
<’ﬂwese contributions made in R¢R7] is correct. There are

asymptotics. One of the curves, which corresponds to
larger asymptotic value ok, describe the data quite well. high-energy contributions into dispersion integrals. The
calculations made in Ref27] had shown that a?=0

Figures 5-10 are presented to show the typical agreeme

of our results with experimental data for the differential cross > e ; § -
sectionsda/dQ = do/d¢d cos at definite values of the po- these contributions can be neglected in comparison with the
larization factore of the virtual photons and ¢ are the polar ~ contributions of the Born terms. The informationGd+ 0 is
and azimuthal angles of the pion according to the virtualnot enough to estimate such contributions; the solutions of
photon in the c.m.s. integral equations in Ref27] were obtained under assump-
tion that high-energy contributions into the dispersion rela-
tions for M32 E¥? S¥2 can be neglected. In the future,
IV. DISCUSSION when experimental data in the whole resonance region will
. be available, this assumption can be checked. If it will be
In this work we have analyzed the TINAE] and DESY found that the high-energy contributions are important, a

[3] data on the cross sections of the exclusive reactiorilI ew analysis in th@43(1232) resonance region, taking into
p(e,e'p)7® at Q?=2.8, 3.2, and 4 (Ge\W)? and found the Y 33 gon, 9

P33(1232) resonance contribution into the multipole ampli-acioettjrgstz(:;\?v ;(t)tr(]atrrlltti)c?rtll?g?ﬁ;v;glﬁ)iv?rfcez?r?tr){éo The con-
tudesM?? E¥? S¥2  As an input for the resonance and gp '

nonresonance contributions into these amplitudes the soILEEIbUtlons of the diagram, corresponding to the process

. . : ,
tions of the integral equations for the multipoles obtained in” 3',\52223(12,3’2)_’ mN, into the multipole amplitudes

Ref. [27] were used. These integral equations follow fromMi+,E1+,Si- we identify with the solutions of the homo-
the dispersion relations fdvl §/+2 E?’f 1/3, if we take into  9eneous pgrts of the integral equatlon_s which follow from
account the unitarity condition for the multipoles. As was the dispersion relations for these amplitudes. The rescatter-
discussed in the Introduction on the example of the simpliing effects connected with theN interaction in the final
fied version of the dispersion relations for the multipolesstate modify themNP33(1232) vertex in this diagram. A
with the s-channel cut only, the solutions of the integral conclusion on the form of this modification can be made
equations foM 32 E32 S¥'2 contain two parts which have using the results of the dynamical model of ReX0], if the

an interpretation in terms of the resonance and nonresonanegplitudeh3’? of 7N scattering is the pure resonance ampli-
contributions into the multipoles. One part is the particulartude. According to these results in this case the factor at
solution of the integral equations generated by the Borml/(W—m,—il'/2) for y*N—P33(1232)— N is equal to
term. This part is the modification of the Born contribution, the product of the vertex/* NP3;5(1232) and the dressed
produced by therN rescattering in the final state; we con- vertex N P35(1232). The dressed vertexN P;3(1232) can
sider it as the nonresonance background contribution. It hasige found from experimental data on the width of the
definite magnitude fixed by the Born term. The other part ofp,(1232) 7N decay. This fact was used in the derivation

f‘hte 5°||Uti0n ‘tﬁo”ess\‘/)”qs t(i'f;h?[ h%rﬁ)r?eneous parts Oftt_h@f the relationg3.6),(3.7), which connect the helicity ampli-
Integral equations. Ve ldenuty It with the resonance contri~,jas AP AP and the resonance parts of the amplitudes
butions. These solutions have the definite shapes fixed by thes, a2 -/ P P

32 r; H 3/2 3/2
dispersion relations and arbitrary weights which determind 1+ *B1+ [i.e., of the amplitudes 7T ,ETT (3.1)]. Our*re-
32 E32 g3 sults for the transverse form factoG; of the y*N

the resonance contributions td175 ,E75,S7f. These " -
weights were fitting parameters in our analyses and werg’ P3(1232) transition presented in Fig. 2 are foug(,jz from

found from experiment. Eq. (3.4 using these relations betweéd,,, A5, andM7;
The dispersion relations for the multipole amplitudesEi/f (3.2).

M32 E32 S¥2  which were investigated in Ref27], in The situation is more complicated if the amplitudi?

addition to the integrals over treechannel cut in Eq(1.2) contains a nonresonance background. In this case it is rea-

also contain integrals over thechannel cut. Thei-channel ~ sonable to assume that the ratios of the resonance parts of the
cut brings the contributions of other multipoles into the dis-multipole amplitudesv¥? ,E¥? S¥2 are equal to the ratios

persion relations, namely, the contributions of nonresonancef the verticesy* NP55(1232) for these amplitudes, i.e., the
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