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Abstract. Electrocouplings of excited proton states with massestlems 1.8 GeV were determined for the first time from
the CLAS data orrr™ 17~ p electroproduction at photon virtualiti€d® < 1.5 Ge\2. Electrocouplings were obtained from a
combined fit of all available observables within the framekvaf a phenomenological reaction model.
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INTRODUCTION

Studies of nucleon resonance electrocoupligggNN* from ep — " m p channel represent an important part
of the N* Program with the CLAS detector [1]. Ther and 71" 77 p exclusive electroproduction channels are
major contributors in the resonance excitation region veitirely different non-resonant mechanisms. Therefore,
they provide independent information @@, NN* electrocouplings, that is vital for the reliable extractiof these
fundamental quantities. Comprehensive informatiorggrNN* electrocouplings of various excited proton states in a
wide range of photon virtualitie®? gives access to active degrees of freedom if\thstructure at various distances.
This allow us to explore non-perturbative strong inte@etmechanisms, that are responsible for baryon formation.
Preliminary results on th@?-evolution of kit NN* electrocouplings for excited proton states with masses thesn

1.8 GeV are reported. They were obtained for the first timenfro” 77— p electroproduction off protons [2, 3].

ANALY SIS APPROACH

The CLAS data ot im p electroproduction [2, 3] for the first time provided infortitm on nine independent one-
fold differential and fully integrated cross sections ircledin of W andQ? in a mass range 1.32 W < 2.1 GeV and

at photon virtualities from 0.25 to 1.5 G@VAnalysis of these data allowed us to establish all esdengahanisms
contributing torrt 1 p electroproduction in this kinematical area. The presemuk strengths of the contributing
1 p electroproduction mechanisms was established by studyaginematical dependencies in differential cross
sections and their correlations in a variety of availableeylables. This resulted in the development of meson-lparyo
reaction model JM for the description @ft 71~ p electroproduction off protons [4, 5]. The primary objeetiis to
determiney; NN* electrocouplings andA and pp partial hadronic decay widths &*’s from a combined fit of

all available observables. The model incorporates therftilit p production amplitude of ther A+, A, pp,

" D94(1520), - Py5"(1600), mtF(1685) isobar channels and direct double pion production mech@ighe latter
describe processes when the fimalr p state is created without formation of unstable hadronsterinediate states.
Direct 2t production mechanisms, required by general unitarity @@m[8], were established for the first time in the
analysis of CLAST" ir~ p electroproduction data. Implementation of direntioduction processes into the JM model
allowed us to move beyond the isobar approximation for thecdtion of 71 71~ p electroproduction off protons.
The JM model incorporates al*’s with masses less than 2.0 GeV that couple to the two pionmadlaResonant
amplitudes contribute tatA and pp isobar channels, while the other isobar channels contaiyn on-resonant
mechanisms. Breit-Wigner parametrization for resonangglitudes, employed in the JM model, is described in [6, 7].
In the 2010 JM model version the resonant amplitudes wemnpetrized using a unitarized Breit-Wigner ansatz, that
was initially proposed in [8]. This ansatz was modified to milconsistent with resonant amplitude parametrization
adopted in the JM model. The unitarized Breit-Wigner ansdltaved us to account for transitions between various
N* states in the dressed resonance s-channel propagator angdse restrictions on resonant amplitudes required



by general unitarity condition. Non-resonant amplituderporated into the JM model were presented in the papers
[4, 3].
A reasonable description of the" 71~ p electroproduction channel was achieved, allowing us t@aisgp resonant

and non-resonant contributions to the measured cros®ascivhich is needed for the evaluationygRN* electro-
couplings.

FITTING PROCEDURE

The N* electrocouplings and themA and pp partial hadronic decay widths were obtained from fits to ther p
electroproduction data [2, 3] within the framework of JM nebf#}, 5]. These resonance parameters, as well as param-
eters describing the non-resonant mechanisms in the JM Im@de varied simultaneously in the? minimization.

In this way we accounted for correlations of resonant andnesonant contributions. For each trial set of computed
cross sections thg?/d.p. value was estimated in point by point comparison betwmeasured and computed nine
one-fold differential cross sections in all binswfandQ? covered by measurements.

§ 60T
I S [

L Q [

20 [ ||'J|] (O] 50 F

[ =1 [

[ | I IS

s * 2ot
b I [ sS40
" [

-20 _ l

A,,*1000 GeV
w
o
T
—=
——
I

ey

o
T

N

o
T

>

[any

o
T

-60 —+'

-I 1 1 1 1 1 1 1 0- 1 1 1 1 1

0 01 02 03,04 05 06 07 08 02 03 04 05 06 07 08
Q" GeVv Q“ GeV

FIGURE 1. Aqp (left) and Si/2 (right) electrocouplings oPy1(1440 state determined from the CLAS data [3] arf ™ p
electroproduction (filled squares) and fravar electroproduction [9] (filled circles). Results from a camdd analysis oN7T and

1 p channels [10] are shown by open squares. Filled circle aangte at the photon point correspond to PDG and CLAS [11]
analyses oN7 channels, respectively.

wirt NN* electrocouplings, as well as resonameandp p partial hadronic decay widths assigned to selected in the
fit calculated cross sections were averaged, giving us trenmalues of resonance parameters determined from the
data fit. Dispersions in the sets determined in the fit resom@arameters were considered as their uncertainties.

RESULTS

Electrocouplings of thd? (1440 state determined from the analysis are shown in Fig. 1. Ther éars include
guadratic sums of statistical and systematic uncertainiie also show electrocouplings of this state obtained fxom
combined analysis of the data artn andi°p electroproduction channels [9]. Electrocoupling valuesaeted from
analyses of these exclusive channels are in good agreeWverdlso found consistent values for electrocouplings
of D13(1520 and F15(1685 states determined independently from the two channels. Aexample, theAs,
electrocouplings of these states are shown in Fig. 2.

Nrmandmrtmm p exclusive electroproduction channels represent two nejotributors to meson electroproduction
in theN* excitation region with completely different non-resonar@chanisms. The successful description of a large
body of observables in these two exclusive channels usiagyntne same electrocouplings Bf1(1440), D13(1520
andF;5(1685) states provides strong evidence for a reliable evaluatidinese fundamental quantities.
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FIGURE 2. TheA3/2 electrocouplings oD13(1520 (left) andF;5(1685 (right) resonances. The results from analysig6ft p
CLAS data [2, 3] are shown by filled squares. ElectrocouliofD13(1520 state determined from analysis of the CLAS data on
Nt electroproduction [9] and electrocouplingskak(1685 state obtained from analyses of previously available wddt, taken
from the compilation [12], are shown by filled circles. Fdleircles and triangles at the photon point correspond to RBGCLAS
[11] analyses oNmT channels, respectively.
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FIGURE 3. Electrocouplings oD33(1700 resonance. Results from analysis of 1~ p CLAS data [2] are shown by filled

squares, while filled circles represent the results obthimerldwide from analyses dfir electroproduction data, taken from the
compilation [12]. Filled circles at the photon point copesd to the PDG values.

Many excited states with masses above 1.6 GeV preferabpletaN rrrrfinal states. Therefore, analysismwf mp

electroproduction is of particular importance to obtailetgle information on high lyindN* states.

Figure 3 showdD33(1700 electrocouplings determined in our analysis in comparisih previously available
world data from analyses 1 electroproduction. Large uncertainties of previous waldda onD33(1700) electro-
couplings are related to the fact thdtr is a minor decay channel (10-20%) of this state, that coughdesinantly to
N final states (80-90%). Analysis of the™ 71~ p data [2] within the framework of JM model allowed us to obtain
accurate information on electrocouplings of this and af4b®S31(1620), $11(1650), F15(1685), andP;3(1720) states
at photon virtualities from 0.5 to 1.5 GéYMoreover, longitudinal electrocouplings of these resures have become
available from this analysis for the first time.

We found thaty;tNN* electrocouplings determined by employing the regular dredunitarized Breit-Wigner



TABLE 1. 1A and pp partial hadronic decay widths d#3(1720
state determined from analysis of the CLA&S rr~ p electroproduction
data [2], employing the regular [6] and the unitarized [8kBiWigner
ansatzs for resonant amplitudes.

| Breit-Wigner ansatz: | Im, MeV | Mop, MeV |
Regular 15+1.1 114+ 12.
Unitarized 109+ 14 83+ 3.3

formulations are consistent with each other. However,anziation of resonant amplitudes affects substantiatly
andpp partial hadronic decay widths, as may be seen from our eshtiwn in the Table 1.

CONCLUSION AND OUTLOOK

Accurate information on th&?-evolution of iy NN* electrocouplings for many excited proton states with mmsse
less than 1.8 GeV and at photon virtualities up to 1.5 Gesve become available from CLAS data afr p
electroproduction. These results open up new opportsnitie theory to explore confinement mechanisms in the
baryon sector through their manifestation in the structifrexcited proton states of various quantum numbers, as it
was outlined in [13]. The analysis reported here covers #mge of photon virtualities, where both meson-baryon
and quark degrees of freedom can be relevant. Our first eegnlhigh lyingN* electrocouplings extend the scope to
explore the transition from meson-baryon to quark degrédeeedom in theN* structure within the framework of
dynamical coupled channel approaches under developm&BAC at Jefferson Lab [14].
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