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We report on the determination of the electrocouplings for the transition from the proton to the
N(1675)%7 resonance state using recent differential cross section data on ep — entn by the CLAS
collaboration at 1.8 < Q% < 4.5GeV2. The data have been analyzed using two different approaches,
the unitary isobar model and fixed-t dispersion relations. The extracted v*p — N(1675) % "~ helicity
amplitudes show considerable coupling through the A? /2 amplitude, that is significantly larger than

predicted three-quark contribution to this amplitude. The amplitude A§/2 is much smaller. Both

results are consistent with the predicted sizes of the meson-baryon contributions at @2 > 1.8 GeV?

from the dynamical coupled-channel model.

PACS numbers:

The excitation of nucleon resonances has been the sub-
ject of great interest since the development of the quark
model in 1964 [1, 2]. The proposed 3-quark structure
of the baryons when realized in the dynamical quark
models resulted in prediction of a wealth of excited
states with underlying spin-flavor and orbital symmetry
of SU(6) ® O(3). Most of the observed states have been
found with hadronic probes, but they can also be in-
vestigated with electromagnetic probes [3]. From the ex-
cited states predicted by the quark model, only a fraction
has been observed to date. The search for the "miss-
ing” states and more detailed studies of the resonance
structure is now mostly carried out with electromagnetic
probes and has been a major focus of hadron physics
for the past decade [4]. This has led to a broad ex-
perimental effort in the development of large acceptance
detectors and the measurement of exclusive meson pho-
toproduction and electroproduction reactions, including
many polarization observables. As a result, several new
excited states of the nucleon have been discovered and
entered into the Review of Particle Physics (RPP) [5].
Meson electroproduction revealed intriguing new infor-
mation regarding the structure underlying the excited
nucleon states [6].

One of the important insights is strong evidence that
resonances are not excited from quark transitions alone,
but there can be significant contributions from meson-
baryon interactions as well, and that these two processes
contribute to the excitation of the same state. This infor-
mation has been obtained initially through the observa-
tion that the quark transition processes often do not have
sufficient strength to explain fully the measured transi-
tion amplitudes and form factors. One of the best known
examples is the photoexcitation of the A(1232)%Jr on the
proton. This process is mostly due to a magnetic dipole
transition from the nucleon, but only about 70% of the
magnetic dipole transition form factor at the real photon
point is explained by the quark content of the states. A
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FIG. 1: Symbolic representation of the main contributions to
the v*N — N transition: (a) through quark transition; (b,c)
through meson-baryon pairs.

more satisfactory description of the v*p — A(1232)%Jr
transition was achieved in models that incorporate pion-
cloud contributions [7, 8] and also in the dynamical re-
action models, where the missing strength has been at-
tributed to dynamical meson-baryon interaction in the
final state [9-13].

The two main processes that contribute to the v*N —
N* transition are illustrated in Fig. 1 by the diagrams
(a) and (b,c). The relative strength of these processes
is determined by the dynamics of the quark interac-
tion and SU(6) ® O(3) structure of the N and N* in
the diagram of Fig. 1(a), as well by the meson-baryon
coupling constants and dynamics of meson-baryon in-
teraction in the diagrams of Figs. 1(b,c). The com-
mon feature of all approaches that account for meson-
baryon contributions is the fact that these contribu-
tions are rapidly losing their strength when Q? increases.
With electron scattering experiments, we have the tool
to measure how the two contributions change their rel-
ative strength as a function of the distance scale, i.e.
as we change Q2. Furthermore, at relatively small Q?,
we have a unique handle to determine experimentally
the non-quark contribution to v*N — N* if excita-
tion of the state through quark transition is suppressed.
Most suitable for this purpose are measurements of the
transition to resonant states with the total spin of the



quarks S3, = 2 that belong to the SU(6) ® O(3) mul-
tiplet [70,17]. In the approximation of the single quark
transition model (SQTM) [14-17], for the excitation of
these states on proton, both transverse helicity ampli-
tudes are suppressed, i.e. A’f/2 = A§/2 = 0. This sup-
pression is known as the "Moorhouse” selection rule [18],
and is independent of Q2. The states with suppressed

transverse amplitudes are N(1650)1 , N(1675)2 ", and
N(1700)3 . Two of them, N(1650)5 and N(1700)3 ,
have partners in the same multiplet with the same quan-
tum numbers, N (1535)2  and N(1520)2 ", for which the
quark contributions are not suppressed. These states can
mix. The mixing angle for the N(1650)3  is large, ap-
proximately —31° [19, 20], making it unsuitable as a can-
didate for a measurement of the non-quark components.
The second state, N(1700)3 ", has a much smaller mix-
ing angle of about +10° and is a good candidate for such
a measurement, if it can be separated experimentally
from the A(1700)3 . While this separation is possible
with the data in at least two isospin configurations, e.g.
ep — entn and ep — enp, the 7° data do not exist
now in the energy range needed for investigation of the
N(1700)2" and A(1700)2 This leaves
the N(1675)2  as the sole suitable candidate for a mea-
surement of the non-quark contributions to the transition
amplitudes. The suppression of the transverse ampli-
tudes for this state is also obtained in dynamical quark

models that do not rely on the single quark approxima-
tion [21-23].

contributions.

The results on the v*p — N(1675)3 " transition re-
ported in this paper have been extracted as part of global
fits to over 37,000 cross section data points collected re-
cently with CLAS on the ep — ennt at 1.8 < Q? <
4.5 GeV? and 1.60 < W < 2.0 GeV [24]. To further con-
strain the analysis, these data were combined with the
earlier CLAS data in the range 1.15 < W < 1.69 GeV
at close values of Q? [25]. Therefore, the data sets at
each Q% covered four resonance regions from threshold
to 2.0 GeV. Two conceptually different approaches, uni-
tary isobar model (UIM) and dispersion relations (DR),
were utilized in the analysis to model the non-resonant
contributions which must be separated from the direct s-
channel resonance contributions. These approaches were
described in detail in Refs. [26, 29] and have been suc-
cessfully employed in Refs. [27-29] for analyses of pion
electroproduction data in a wide range of Q? values from
0.16 to 6 GeV?2.

The UIM [26, 29] was developed on the basis of MAID
[30]. At the values of Q2 under investigation, the back-
ground of the UIM [26, 29] is built from the nucleon ex-
changes in the s- and u-channels and ¢-channel 7, p and
w exchanges. This background is unitarized via unita-
rization of the multipole amplitudes in the K-matrix ap-
proximation. Resonance contributions are parametrized
in the unified Breit-Wigner form with energy-dependent
widths.

Number of X>/N
Q> w data points
(GeV?) (GeV) (N) UM DR
1.72  1.15-1.69 3530 2.7 2.9
1.8 1.6-2.01 8271 2.4
1.6-1.8 5602 2.3 24
2.05 1.15-1.69 5123 2.3 2.5
2.2 1.6-2.01 8140 2.2
1.6-1.8 5539 2.3 2.3
2.44 1.15-1.69 5452 2.0 2.3
2.6 1.6-2.01 7819 1.7
1.6-1.8 5373 2.0 2.2
291 1.15-1.69 5484 2.1 2.3
3.15 1.6-2.01 7507 1.8
1.6-1.8 5333 21 2.0
4.16 1.15-1.69 5778 1.2 1.3
4.0 1.6-2.01 5543 1.3
1.6-1.8 4410 1.5 1.6

TABLE I: The values of x? for the v*p — 7n cross
sections obtained in the analyses within UIM and DR.
The data at Q®> = 1.8,2.2,2.6,3.15,4GeV? and Q> =
1.72,2.05,2.44,2.91,4.16GeV? are, respectively, from Refs.
[24, 25].

The DR approach [26, 29] is based on fixed-t dispersion
relations for invariant amplitudes. They relate real parts
of the amplitudes to the Born term (s- and u-channel nu-
cleon and t-channel 7 exchanges) and integral over imag-
inary parts of the amplitudes. Taking into account iso-
topic structure, there are 18 invariant amplitudes which
describe 7 electroproduction on nucleons. For all these

amplitudes, except one (Béf) in the notations of Refs.

[26, 29]), unsubtracted DR can be written. For Bé_), the
subtraction is necessary. At the values of Q2 under in-
vestigation, the subtraction was found empirically in Ref.
[29] from the description of the data [25]. This subtrac-
tion was successfully employed in the present analysis.
In Ref. [26], the arguments were presented and discussed
in detail, which show that in 7 electroproduction on nu-
cleons, DR can be reliably used at W < 1.8 GeV. The
same conclusion was made in early applications of DR
(see, for example, [31]). Therefore, in our DR analysis,
the energy region is restricted by the first, second, and
third resonance regions.

Both approaches, UIM and DR, give comparable de-
scriptions of the data as is shown in Table I and Fig. 2.

In the global analysis, we have taken into account
all 4- and 3-star resonances from the first, second,

and third resonance regions: A(1232)%+, N(1440)%+7
N(1520)37, N(1535)17,  A(1600)3", A(1620)17,
N(1650)1 7, N(1675)27, N(1680)2", N(1700)2 ",
A(1700)237, N(1710)3 ", and N(1720)2". From the res-
onances of fourth resonance region, we have included

the resonances A(1905)%+ and A(1950)%+ which have
been clearly seen in 7 photoproduction. For the masses,
widths, and wN branching ratios of the resonances we
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FIG. 2: Differential cross sections for the v*p — nw

reaction at W = 1.675 GeV as a function of pion azimuthal angle

¢ at different values of pion polar angle . Data are from Ref. [24]. The rows correspond to Q% = 1.8 GeV?, ¢ = 0.866;
Q? = 2.6 GeV?, € = 0.792; Q% = 4 GeV?, € = 0.626. The columns correspond to cos = —0.5, 0.1, 0.5. The solid (dashed)

curves are the results obtained using UIM (DR) approach.

used the mean values of the data from the RPP [5]. The
results on the resonances of the first and second res-
onance regions including their model uncertainties are
based on the data [25]. They have been found and pre-
sented in Ref. [29]. The analysis of the combined sets of
data [24, 25] allowed us to get reliable results for the

electroexcitation amplitudes of the states N(1675)3,
N(1680)2", and N(1710)1". The isotopic pairs of the
resonances A(lGOO)%Jr and N(1720)%+. A(1620)3  and
N(1650)2 ", A(1700)2 " and N(1700)3" could not be
separated from each other from the data on the N7 pro-
duction in one channel. For their investigation, data in

at least two channels, e.g. v*p — nmt and v*p — pn¥,
are necessary.

Here we present and discuss the results on the

N(1675)§77 because of the unique role the state plays
in the study of the meson-baryon contributions to the
¥*N — N* transition amplitudes. Detailed results on
the CLAS data and their global analysis have been pre-
sented in Ref. [24].

The results for the y*p — N(1675)2  transverse helic-
ity amplitudes extracted from the experimental data are
shown in Fig. 3. The presented amplitudes are averaged
values of the results obtained using UIM and DR. The un-
certainty that originates from the averaging is considered
as one of the model uncertainties. We consider also two
other kinds of model uncertainties. The first one arises
from the uncertainties of the widths and masses of the
resonances. The second one is related to the uncertainties
of the background of UIM and the Born term in DR. The
pion and nucleon electromagnetic form factors that enter
these quantities are known quite well from experimental
data [32-36], and the second uncertainty is caused mainly
by the poor knowledge of the p — 7 form factor. Ac-
cording to the QCD sum rule [37] and quark model [38]

predictions, the Q2 dependence of this form factor is close

to the dipole form G p(Q?) = 1/(1+%)2. We used
this form in our analysis and have introduced in our final
results a systematic uncertainty that accounts for a 20%
deviation from 0.71 GeV2. All these uncertainties added
in quadrature are presented as model uncertainties of the

amplitudes.

In Fig. 3, we show also the predictions of dif-
ferent quark models [21-23] that do not account for
meson-baryon contributions. They are consistent with
each other and confirm the strong suppression of the
v*p - N (1675)3_ transverse helicity amplitudes that
follows from the SQTM [17]. The values of A} /o and

Ag /20 predicted by quark models, are smaller than statis-

tical and model uncertainties of the amplitudes extracted
from the data [24, 25]. Therefore, taking into account

these uncertainties, the experimental y*p — N(1675)3 "
amplitudes can be considered as determined predomi-
nantly by the contributions caused by meson-baryon ef-
fects. The extracted amplitudes show significant cou-
pling through A} /o> While AY /o I8 consistent with 0 within
statistical and model uncertainties. Taking into account
values of the amplitudes at Q% = 0 [5], we conclude that
AY /o drops much faster than A7 /2

In Fig. 3, we show the results from the dynami-
cal coupled-channel approach by the EBAC group [13].
In this approach the meson-baryon contributions to the
Y p — N(1675)g_ amplitudes have been found at the
resonance pole position. The amplitudes that are pre-
sented in Fig. 3 are absolute values of these contributions
continued to the real axis close to the mass of the state
N(1675)2 . Q*behaviour of the amplitudes extracted
from experiment and their sizes are qualitatively consis-
tent with these results of the dynamical coupled-channel
approach [13].
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FIG. 3: Transverse helicity amplitudes for the v*p — N(1675) % "~ transition. The full circles are the amplitudes extracted from
the data [24, 25] using the following mass, width, and 7N branching ratio of the resonance: M = 1.675 GeV, I' = 0.15 GeV,
and Brxn = 0.4. The bands show the model uncertainties. The full triangles at Q2 = 0 are the RPP estimates [5]. The solid
and dashed curves correspond to quark model predictions of Refs. [22] and [23], respectively; the dots at Q% = 0 are the
predictions of the light-front relativistic quark model from Ref. [21]. Dashed-dotted curves are absolute values of the predicted
meson-baryon contributions from the dynamical coupled-channel model of Ref. [13].

In conclusion, based on new high precision data from
CLAS in the ep — er™n channel [24], combined with
previously obtained data on the same channel at close
values of @2 but at lower values of W [25], we have ex-
tracted the electroexcitation helicity amplitudes for the
resonance N(1675)5 . A special feature of this state is
the strong suppression of the transverse helicity ampli-
tudes for its excitation through quark transition from the
proton. This feature allowed us to draw conclusions re-
garding the dominant strength of the meson-baryon con-
tributions to the y*p — N(1675)2  transition. The re-
sults are important as unambiguous experimental test for
models that account for the meson-baryon contributions
to the electroexcitation of nucleon resonances and will
support theoretical developments towards a more com-

plete understanding of the dynamics of nucleon resonance
excitations.

The data [24, 25] cover the relatively high Q2 range.
It would be desirable to study the state N(1675)2  at
lower Q2 to map out the transition to the real photon
point where the amplitudes are not well known. Further-
more, measurements on the neutron are very desirable, as
significant strength through quark transition is expected
for both transverse amplitudes in the excitation of the
N(1675)2 " from the neutron [17].
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