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The vp — KT A(1520) reaction mechanism is investigated within a Regge-effective Lagrangian
hybrid approach based on our previous study of this reaction [Physical Review C89, 015203 (2014)].
Near threshold and for large Kt angles, both the CLAS and LEPS data can be successfully described
by considering the contributions from the contact, t-channel K exchange, u-channel A(1115) hyperon
pole, and the s-channel nucleon pole and N*(2120) resonance contributions. However, for higher
energies and forward KT angles, systematic discrepancies with data appear, which hint the possible
existence of sizable quark-gluon string mechanism effects. We show how the inclusion of a K Regge—
trajectory exchange in the t-channel leads to an efficient description of the A(1520) photoproduction

channel over the whole energy and angular ranges accessible in the CLAS experiment.

PACS numbers: 13.75.Cs.; 14.20.-c.; 13.60.Rj.
I. INTRODUCTION

The associate production of hadrons by photons has
been extensively studied since it provides an excellent
tool to learn details of the hadron spectrum. In par-
ticular, the yp — KTA(1520) reaction is an efficient
isospin 1/2 filter for studying nucleon resonances decay-
ing to KA(1520). As a consequence, the experimental
database on this reaction has expanded significantly in
recent years. In addition to the pioneering measurements
at Cornell [1], CEA [2], SLAC [3] and Daresbury [4]
laboratories, in 2001 the CLAS Collaboration investi-
gated this process in electroproduction ﬂa] and later in
2010, this reaction has been examined at photon ener-
gies below 2.4 GeV in the SPring-8 LEPS experiment
using a forward-angle spectrometer and polarized pho-
tons |6, [d], and from threshold to 2.65 GeV with the
SAPHIR detector at the electron stretcher facility ELSA
in Bonn [§]. Very recently, the exclusive A(1520) pho-
toproduction cross section has been measured by using
the CLAS detector for energies from threshold up to an
invariant yp mass W = 2.85 GeV [d].

In parallel to this great experimental activity, there
have also been a large number of theoretical investi-
gations of the A(1520) (= A*) resonance production
with the vp — K1A(1520) reaction. For invariant
masses W < 3 GeV, most of these theoretical calcula-
tions @@] describe reasonably well the experimental
data within the framework of effective Lagrangian ap-
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proach. One of the latest of these works correspond to
that of Ref. [15], where in addition to the contact, s-
channel nucleon pole and t-channel K exchange contribu-
tions, which were already considered in previous works,
the s-channel N*(2120) [previously called N*(2080)] res-
onance and the u-channel A(1115) hyperon pole terms
were also included. The latter mechanism had been ig-
nored in all previous calculations ﬂm, |E, [14] that relied
on the very forward K angular LEPS data ,ﬁ], where
its contribution was expected to be small. However, it
produced an enhancement for large KT angles, and it
become more and more relevant as the photon energy in-
creases, being essential to describe the CLAS differential
cross sections at backward angles. On the other hand, the
combined analysis of the CLAS and LEPS data carried
out in Ref. ﬂﬂ] provided further support on the existence
of the J¥ = 3/2= N*(2120) resonance, and additional
constraints to its properties, confirming the previous find-
ings of Refs. [13, [16]. Indeed, the model of Ref. [15]
leads to an overall good description of both sets of data,
both at forward and backward KT angles, and for the
whole range of measured yp invariant masses in the CLAS
and LEPS experiments. However, for invariant masses
W > 2.35 GeV and forward angles, some small discrep-
ancies (though systematic) between the CLAS data and
the theoretical predictions appear (see lower panels of
Fig. 3 of Ref. ﬂﬂ], collected here in the right panels of
Fig. M), which led to a moderate value of the best-fit
x2/dof ~ 2.5.

This should not be entirely surprising, since the model
of Ref. ﬂﬁ] is not suited at high energies and forward an-
gles, where quark-gluon string mechanisms could become
important |. Actually, it is obvious from the analy-
sis of the experimental hadron cross section data that the
Reggeon and the Pomeron exchange mechanisms play a
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crucial role at high energies and small transferred mo-
menta @, ] The underlying philosophy of the Regge
formalism is as follows. In modeling the reaction ampli-
tude for the yp — KY process at high energies and small
[t| or |u|, instead of considering the exchange of a finite
selection of individual particles, the exchange of entire
Regge trajectories is taken into account. This exchange
can take place in the ¢ channel (kaonic trajectories) or
u channel (hyperonic trajectories). As such, Regge the-
ory offers an elegant way to circumvent the controversial
issue of modeling high-spin, high-mass particle exchange.

Different dominant mechanisms have been proposed to
describe the LAMP2 (Daresbury laboratory [4]) high en-
ergy differential cross sections. Thus, in Refs. , ]
it was claimed a large contribution from a t-channel K*
Regge exchange. However, in Ref. ﬂﬂ], it was argued that
the K* contribution should be quite small, almost negli-
gible, since the K* NA* coupling is expected to be much
smaller than the value implicitly assumed in the previ-
ous works!. Nevertheless, a Reggeon exchange model,
but with a K- (instead of a K*) trajectory was also
used in Ref. ﬂﬂ] It was also discussed there that the K
Reggeon mechanism is more favored by the LAMP2 data
than the K* Reggeon one, and that it is able to repro-
duce the available experimental data in the region from
E,I;AB ~ 2.8 GeV up to 5 GeV. Reggeized propagators for

the K and K* exchanges in the t-channel implemented in
a gauge-invariant manner were employed in Ref. ﬂﬁ] and
compared to Daresbury data. Note, however, that the
K* exchange contribution was also neglected in Ref. ﬂﬁ]

In this work, we aim to correlate the systematic
(small) visible discrepancies, at high vp invariant masses
and small angles, among the theoretical predictions of
Ref. [15] and the CLAS data with Regge effects. To this
end, we improve on the model of Ref. ﬂﬂ] by including
the contribution of a K —Regge trajectory exchange at
high energies and low momentum transfers. We use a
hybrid model which interpolates from the hadron effec-
tive Lagrangian approach, for energies close to threshold,
to the quark-gluon string reaction mechanism approach,
respecting gauge invariance.

Recently, it has appeared a work ﬂﬂ] with similar ob-
jectives and ideas. There, the crucial role played by the
u-channel A(1115) hyperon pole term at backward angles
is confirmed, as well as the importance of the N*(2120)
resonance to describe the LEPS data. Moreover, Regge
effects are also discussed and taken into account, within a
hybrid model that has indeed many formal resemblances?

I This is because the A(1520) resonance is located very close to
the threshold energy of the wX* channel, which dominates the
A(1520) dynamics. Indeed, it could be considered as bound state
of these two hadrons, with some corrections from coupled channel
dynamics. For very small binding energies, all the couplings
of the resonance tend to zero as the mass of the bound state
approaches the 7%* threshold }

2 Nevertheless, as we will explain below, some of the parameters

with the one that will be presented in this work. How-
ever, in sharp contrast with the model derived here, K*
Regge trajectory effects are considered in Ref. ﬂﬂ] and
claimed to provide a considerable contribution at high en-
ergies. It is also claimed in this reference that the contri-
bution from K and K* exchange play a similar role in the
reproduction of the CLAS data. Furthermore, the cou-
plings of the N*(2120) state are fixed to those deduced
in the constituent quark model of Refs. [27, [26], and a
large width of 330 MeV is also set for this resonance. In
this way, a great opportunity to take advantage of the
accurate LEPS and CLAS data, not only for claiming
the existence of the two-star N*(2120) state, but also
for constraining/determining some of its poorly known
properties is somehow missed in the analysis carried out
in Ref. [24].

The present paper is organized as follows. In Sec. [
we shall discuss the formalism and the main ingredients
of the model. In Sec. [Tl we will present our main re-
sults and finally, a short summary and conclusions will
be given in Sec. [Vl

II. FORMALISM AND INGREDIENTS
A. Feynman amplitudes

Within the effective Lagrangian approach for the
A(1520) photoproduction reaction,

V(klv)‘)p(k%sp) - K+(p1)A*(p2,SA*), (1)
the invariant scattering amplitudes are defined as
—iT; = ’U,M(pz, SA* )Aé”’u(kg, Sp)e,j(kl, )\), (2)

where the kinematical variables (k1, k2, p1, p2) are defined
as in Refs. , ], with ¢, s and u, the Mandelstam
variables: t = ¢? = (k1 — p1)?, s = (k1 + k2)? and
u = q2 = (po—k1)?. On the other hand, u, and u are di-
mensionless Rarita-Schwinger and Dirac spinors, respec-
tively, while €,(k1, ) is the photon polarization vector.
In addition, s, and sy~ are the proton and A(1520) po-
larization variables, respectively. The sub-index i stands
for the contact, t-channel antikaon exchange, s-channel
nucleon and N*(2120) (= N*) resonance pole terms (de-
picted in Fig. 1 of Ref. [13]) and the u-channel A pole
mechanism (depicted in Fig. 2 of Ref. [15]). In Eq. @),
A" are the reduced tree level amplitudes which can be
obtained from the effective Lagrangian densities given
in Refs. [13, [15]. For the sake of completeness, we also

found in Ref. [24] make difficult/doubtful the theoretical inter-
pretation of the scheme of this reference, since t-channel Regge
effects would have also been considered for large scattering an-
gles.



present here these amplitudes (see Refs. ﬂﬁ, @] for some
more details):

v JK NA* 1 v v
A = e t_m%(qé‘(qt = P05 fes (3)
y grNar 1 v v
ALY = —e p mplf% [F1v” fs + (F2 + my)y” fe
. R
+(k1 + kQ + mN)'L 2—po'vpkf fs:| ) (4)
my
v A v
Apr = I g (5)
mg
y g1 g2 F1 + 2 + My~
A Iy pp 92 pp
R s (mKﬁlg m%(plpl> S — M]2V* +ZMN*FN*
6f1
P - k:o' 174 _ ov
<Py | 2 (47" - 47 )
€f2
2 (pogy — gk -k 6
+(2mN)2( 1Re — g 1 2)} fr, ( )
ARV — hl EHAv iy h2 kv Hv .
u 2mA( 1Y —9g %1)+(2mA>2( 19y —9 1 qu)
W tm
X HQKNA’YSfu' (7)
u — mA

Form factors, needed because the hadrons are not
point-like particles, have been also included in the above
expressions. We use the following parametrization m,

24]:

A4

i=s,1 R, u (8)

2 _ 2
qs_qR_Sa

Ms:mN7

Jfe = fs+ i — fsft, and{ My =mg, 9)
Mp = Mpy~,
M,, = map,

where the form of f. is chosen such that the on-shell val-
ues of the coupling constants are reproduced and gauge
invariance is preserved.

B. Regge contributions

We base our model on the exchange of a dominant
K Regge trajectory in the t-channel, as suggested in
Ref. ﬂﬂ] The kaon trajectory represents the exchange
of a family of particles with kaon-type internal quantum
numbers. We will discuss two different models to include
the Regge contribution in the present calculation 3:

3 We remind that when Reggeized propagators are employed the
gauge invariance is broken, and that t¢-channel Regge effects
should only be relevant for forward angles and high energies.
These two points will be addressed below.

e model A: In this case, the kaon Regge trajectory
contribution is obtained from the Feynman ampli-
tude A}” of Eq. (@) by replacing the usual kaon
pole-like Feynman propagator by a so-called Regge
propagator, while keeping the rest of the vertex
structure, i.e.,

1 s\ ol
e — % —_ R
t—m3 50 I'(1+ ak)sin(rak)

with ag(t) = o (t—m%) = 0.8 GeV 2 x (t—m%),
the linear Reggeon trajectory associated to the
kaon quantum numbers. The constant sg is taken
as the Mandelstam variable s at threshold [sy =
(m+Ma~)?], and it is introduced to fix the dimen-
sions and to normalize the coupling constants. This
approach is similar to that followed in Ref. [23)],
which was also adopted in Ref. ﬂﬂ] The scatter-
ing amplitude for the Reggeon exchange will finally

(10)

read
v\Re JK NA* v Re
(A7 = —e=ai' (a7 — P15 F 4™, (1)
—mZ
oK e (t—m%)
]_—Regg t — i T‘—QK( K , 12
a0 S0 (1 + ak)sin(rak) (12)

where grnA+ = gKNA* X f, with f a overall nor-
malization factor of the Reggeon exchange contri-
bution. Actually, Reggeon couplings to mesons and
baryons might be, in general, different by up to a
factor of 2 [21]. This undetermined scale will be
fitted to the available data.

Note that the Regge propagator of Eq. (I0) has the
property that it reduces to the Feynman propagator
1/(t — m?%) if one approaches the first pole on the

trajectory (i.e. t — m2%, and thus Fy%8 — 1).
This means that the farther we go from the pole,
the more the result of the Regge model will differ
from conventional Feynman diagram based models.

e model B: In the region of negative ¢, the Reggeized
propagator in Eq. (I2)) exhibits a factorial growth?,
which is in principle not acceptable @] Accord-
ingly, the authors of Refs. ﬂﬂ, @] proposed the use
of a form factor that decreased with ¢ and a sim-
plified expression for the Regge contribution®

_ ok (t)
e « s\ K
Thegs ~ JKNA (_) F(b),

1
e \so (13)

4 Note, [[(1 + ag)sin(rag)] ! =1 — ag)/rak.

5 In Refs. Iﬂ, m], trajectories with a rotating (e’i”aK(t)) phase,
instead of a constant phase (see for instance the discussion in
Ref. [30]) were assumed. The difference is an additional factor
(—=1)x®) in Eq. [@3@), which only affects to the interference be-
tween the Regge and hadronic contributions. Such interference
occurs only in a limited window of «p invariant masses and ¢
values, that is not well theoretically defined. Nevertheless, the
CLAS data favor a constant phase as used in Eq. (I3).



with F'(t) a Gaussian form factor that accounts for
the compositeness of the external (incoming and
outgoing) hadrons,

F(t) = e/, (14)

with a typical value of the cutoff parameter a ~
2 GeV. By analogy with model A, we include in
this context the Regge effects by replacing the form
factor f. in Eq. @) by,

o A S ax(?) 2
fo = FxFp®8=fx (S—) et/ . (15)
0

1.  Considerations on gauge invariance

The inclusion of Regge effects, in either of the two
models discussed above, breaks gauge invariance. The
amplitudes of the s-channel N*(2120) and the u-channel
A(1115) pole mechanisms are gauge invariant by them-
selves, while some cancelations among the t-channel K
exchange, the s-channel nucleon pole and contact-term
contributions are needed to fulfill gauge invariance. In
the s-channel nucleon pole amplitude, the terms modu-
lated by the form factor fs are already gauge invariant.
Thus, the cancelations mentioned refer only to the part
of the T, amplitude affected by the form factor f.. We
will denote this partial amplitude as 7. Thus, any mod-
ification of the t-channel K exchange mechanism should
have an appropriate counterpart in the nucleon pole and
contact term contributions. To restore gauge invariance

we follow the procedure discussed in Refs. m, @] and
also adopted in [23], and replace (T;%°%8 4+ T* + T,) by

T8 4+ (TF +To) x f x Fuoge. (16)

2. Hybrid hadron and Reggeon exchange model

We propose a hybrid mechanism to study the yp —
KTA(1520) reaction in the range of laboratory photon
energies explored by the CLAS Collaboration data. At
the lowest invariant masses, near threshold, we consider
the effective Lagrangian model of Ref. ﬂﬁ], which am-
plitudes were collected in Subsec. [[ITAl However, for the
higher photon energies (W > W})) and at low momentum
transfers (|t| < to), or equivalently very forward Kt an-
gles, we assume that the string quark-gluon mechanism,
discussed in Subsec. is dominant. Here, Wy is a cer-
tain value of the yp invariant mass above which the Regge
contribution starts becoming relevant. Similar consider-
ations apply to the Mandelstam variable ¢, and its dis-
tinctive value tg, which limits the kaon scattering angles
where the Regge behaviour is visible. We will imple-
ment a smooth transition/interpolation between both re-
action mechanisms ﬂﬂ], following the procedure adopted
in Ref. [23]. Actually, we define/parametrize this hybrid

model by using the invariant amplitudes of Eqs. (&)—(D),
but replacing the form factor f. by fe

for fo = FYEX R4 L01-R)  (17)
with
R = Rw x Ry, (18)
Rw = 1+e—(W1—W0)/AW’ (19)
Ry = — - (20)

1+ el —to)/At

where we fix Wy = 2.35 GeV and AW = 0.08 GeV from
the qualitative comparison of the predictions of Ref. ﬂﬂ]
with the CLAS data and from the findings of Ref. [23]. In
addition, we consider ty and At as free parameters that
will be fitted to data.

It is easy to understand that Ry goes to one or to
zero when W > Wy or W < Wy, respectively, while R,
will tend to zero if |t| > to and to one when |t| < t¢, as
long as tg is sufficiently bigger than At. In this way, the
amplitude of the reaction smoothly shifts from that de-
termined from Eqgs. @B)-([) for W <« Wj to another one
for W > Wy that it is calculated using T, "% instead
of T;, with the replacement of Eq. (IG) implemented to
preserve gauge invariance. Thus, Regge effects are in-
corporated with the variation of Ry from zero to one.
Similar considerations apply to the variation of the Man-
delstam variable ¢. The transition from the Regge model
to the the effective Lagrangian one is controlled by the
skin parameters AW and At.

Finally, we note that gauge invariance is accomplished
at any value of R.

C. Differential cross section

The unpolarized differential cross section in the center
of mass (c.m.) frame for the yp — KTA(1520) reaction
reads

do  my My~ |E1C'm'||ﬁ1c'm
dcosOy

LS e

8m (S _m%\f)2 A, Sp,SA%

where Elc'm' and p,°™ are the photon and K+ meson
c.m. three-momenta, and 0. . is the KT polar scatter-
ing angle. The differential cross section do/d(cos8c.rm.)
depends on W and also on cos 0. ..

In addition to the three new free parameters (o, At
and f ) introduced to account for Regge effects, the model
of Ref. [15] already had nine free parameters: i) the mass
and width (My+ and T'y+) of the N*(2120) resonance,
ii) the cut off parameters Ay = Ay = A, = Ap and Ag,
and iii) the N*(2120) resonance electromagnetic yNN*
(ef1, ef2) and strong N*A*K (g1, g2) couplings and the
A(1520) magnetic YAA* (h1) one. To reduce the number



of besfit parameters, we have kept unchanged the contri-
bution of the u-channel A pole contribution, and thus we
have set the YAA* coupling to the value obtained in the
Fit II of Ref. [15] (h; = 0.64). This is justified since the
contribution of the u-channel A pole term is only impor-
tant for backward KT angles, and the Regge mechanism
should only play certain role at forward angles, In ad-
dition, we have also fixed Ap to the value of 620 MeV
quoted in Ref. ﬂﬁ] This cutoff parameter also appears
in T, and in the definition of the form-factor f., which
following Eq. ([I7) is replaced by f. to account for Regge
effects at high energies and low momentum transfers 6.

Thus, finally, we have ten free parameters which will
be fitted to the recent differential cross section data from
the CLAS [9] and LEPS [7] experiments.

III. NUMERICAL RESULTS AND DISCUSSION

We have performed a ten-parameter (g1, g2, Agr, €f1,
efa, My~, Ty, tg, At and f) x2—fit to the LEPS ﬂﬂ]
and CLAS [d] measurements of do/d(cos f.rm.). There is
a total of 216 available data (157 points from CLAS and
another 59 ones from LEPS, depicted in Figs. [l and 2]
respectively). The systematical errors of the experimen-
tal data (11.6% [d] and 5.92% [7], for CLAS and LEPS,
respectively) have been added in quadratures to the sta-
tistical ones and taken into account in the fits, as it was
done in Ref. [15]. LEPS data lie in the K+ forward an-
gle region and were taken below E, = 2.4 GeV, while
the recent CLAS measurements span a much larger K™
angular and photon energy regions (nine intervals of the
~vp invariant mass from the reaction threshold, 2.02 GeV,
up to 2.85 GeV) 7.

We have considered two different schemes to include
Regge effects (models A and B), as discussed in Sub-
sec. Best fit results are listed in Table [, where
we also compile the obtained parameters in our previ-
ous work (Fit IT of Ref. [15]). For each fit, we also give
the predicted N*(2120) partial decay width T'n+ -k
(Eq. (18) of Ref. [13]) and the resonance helicity ampli-
tudes (Eqs. (15) and (16) of Ref. [13]) for the positive-
charge state.

A x%/dof around 1.3 is obtained for both model A
and B fits. This is significantly better than the best fit
value obtained (2.5) in our previous work of Ref. [17],
where Regge effects were not considered. We also see
that the effective Lagrangian approach parameters (g1,
92, AR, ef1, efa, My+, I'y+), determined in the new fits

6 Ap also appears in the definition of the fs form-factor that af-
fects to some pieces of the s-channel nucleon pole term. These
contributions are however quite small since they are greatly sup-
pressed by fs, and do affect very little the best fit.

7 To compute the cross sections in each interval, we always use the
corresponding mean value of W, as in Ref. ﬂE}

carried out in this work, turn out to be in good agree-
ment with those obtained in Ref. ﬂﬁ] Thus, the conclu-
sions of that reference still hold, in particular this new
study gives further support to the existence of the two-
star N*(2120) resonance, and its relevance in the CLAS
& LEPS vp — K1TA(1520) data. On the other hand,

the hybrid model parameters (to, At and f) turn out
to be reasonable from what one would expect by a di-
rect inspection of the CLAS data (ty9, At) and previous
estimates [17, 21].

The fits obtained here are of similar quality to the best
ones reported in Ref. ﬂﬂ], where in addition to the Regge
effects driven by kaon exchange in the ¢{—channel, some
sizable Regge contributions induced by K* exchanges are
included as well. However, as mentioned in the intro-
duction, theoretically it is difficult to accommodate a
K* mechanism contribution as large as that claimed in
Ref. [24] (see sections 3.1 and 3.2 of this latter refer-
ence). On the other hand, a bunch of N* resonances
are included in the approach followed in Ref. ﬂﬂ] Their
couplings and masses are in most cases fixed to the con-
stituent quark model predictions of Refs. [23, 26] and a
common width of 330 MeV is assumed for all of them.
Among all of them, it turns out to be the N*(2120),
the state that provides the most important contribu-
tion, which confirms previous claims ﬂE, @] . We have
adopted a different point of view and have used the accu-
rate CLAS & LEPS vp — K1TA(1520) data not only to
claim the existence of the N*(2120) resonance, but also
to establish some of its properties. Thus, we find a much
narrower state (I'y« ~ 170 —175 MeV) and complete dif-
ferent helicity amplitudes. Moreover, the values used in

Ref. [24] (AY), =36 and AL, = —43 in [10°GeV /]
units) are incompatible both with

AT 1073GeVT1?) = 125 £ 45 (22)
AL [1072GeVT1?) = 1546, (23)

given in Ref. [33] and with previous measurements [34]

AL L[1073GeV %) = —20+8 (24)
AL 1072GeVT?) = 1.7+ 11 (25)

quoted in the 2008 PDG edition [35], that in turn are
in quite good agreement with our predictions in Table[ll
Having improved the quality of our fit, achieving now
an accurate description of the CLAS data for all angles
and invariant mass windows (see below), our results give
an important support to the measurements of Ref. 1,
which do not seem entirely consistent with those reported
in Ref. [33]. Given the two stars status (evidence of exis-
tence is only fair) granted to the N*(2120) resonance in
the multichannel partial wave analysis of pion and photo-
induced reactions off protons carried out in Ref. ﬂﬁ],
the discrepancy with our predicted helicity amplitudes
should not be used to rule out our fits, but rather one
should interpret our results as further constrains on these



TABLE I: Values of some parameters determined in this work and in Ref. Iﬁ] Model A(B) parameters have been adjusted to
the combined LEPS [d] and CLAS [d] vp — K A(1520) do/d(cos fc.m.) data including Regge effects as discussed in Eq. (2
(Eq. (@3)). In the last column, we compile some results from Fit II of Ref. IEL where the mechanism of Reggeon exchange
was not considered. Finally, we also give for each fit, the predicted N*(2120) partial decay width I'y+_ =k, and the helicity

amplitudes for the positive-charge N™* state.

This work Ref. [15]
model A model B Fit 11
g 1.3+0.2 1.440.2 1.6 +0.2
92 0.940.5 11405 2.240.5
Ar [MeV] 1252 4+ 78 1259 + 76 1154 + 47
efi 0.134 4 0.016  0.123 £0.015  0.126 + 0.012
efo —0.110 £ 0.014 —0.100 + 0.013 —0.097 £ 0.010
My« [MeV] 2146 + 5 2145+ 5 2135 + 4
Ly« [MeV] 174 + 14 171+ 13 184 + 11
to[GeV?] 0.73 4+ 0.04 0.94 4 0.05 —
At[CeV?] 0.28 £ 0.02 0.30 4 0.04 —
f 0.38+0.01  0.37+0.01 -
x2/dof 1.3 1.3 2.5
Derived Observables
AVL073GeVTY] —97£41  —88£38  —T.3+£3.0
AR L[1072GeV 2] 23411 2.1+1.0 2.5+0.8
P+ oaxr [MeV] 2247 2547 30+8
Dnemaric (%] 129+3.9 148+45 162 +4.2

T

elusive observables. Note that the helicity amplitudes
given in Egs. () and (28) were also used in Ref. [36],
where the ep — eKtA(1520) CLAS data of Ref. [5] was
successfully described.

In addition, there is a disturbing feature in the fits pre-
sented in [24]. There, it is found ty ~ 3 GeV?, though
with a large error, while we obtain values in the range
0.7-0.9 GeV2. A value of ty as high as 3 GeV? neces-
sarily changes the meaning of the interpolating function
R: in Eq. (20), since it will not effectively filter now for-
ward angles. This is easily understood if one realizes
that for W = 2.4 GeV, [t| remains below 2.5 GeV? for all
possible KT c.m. angles, and for the highest invariant
mass W = 2.8 GeV, the bound t = —3 GeV? is reached
for cosf. ., = —0.3. Thus in the scheme employed in
[24], the transition function R, effectively modifies the
predictions of the effective Lagrangian approach allowing
for some Regge effects for large scattering angles, which
seems quite doubtful. Probably, this dis-function of the
physical meaning of R; could be a consequence of the un-
necessary complexity of the scheme used in Ref. ﬂﬂ] with
various N* contributions and the inclusion of K* driven
effects, with parameters in some cases fixed to values with
little theoretical/experimental support. Nevertheless, it
should be acknowledged that the work of Ref. ﬂﬂ] is pi-
oneer in exploring the possible existence of Regge effects
in the CLAS data.

The differential do/d(cosOc.r,.) distributions calcu-
lated with the model B best-fit parameters are shown

in Figs. [l and [l as a function of cosf. . and for var-
ious ~yp invariant mass intervals. Model A results are
totally similar and for brevity, they will not be discussed
any further. Only statistical errors are displayed in these
two figures and the contributions from different mecha-
nisms are shown separately. Thus, we split the full re-
sult into three main contributions: effective Lagrangian
approach background, Reggeon exchange and resonance
N*(2120). The first one corresponds to the ¢-channel K
exchange, nucleon pole, contact and wu-channel A(1115)
hyperon pole terms of Egs. @)—E) and (@), but eval-
uated with the modified form-factor f.(1 — R) instead
of f., as discussed in Eq. (I7). (Note that f. appears
neither in the A(1115) nor in the resonance N*(2120)
mechanisms because both of them are gauge invariant
by themselves). The Reggeon contribution is calculated
from the f. terms of the K exchange, nucleon pole and
contact terms of Egs. [B)—(&) and (@), but now evaluated
with the generalized Regge form-factor Fp %8 fR.

In the left panels of the first of these two figures, we
show our predictions and the data of the CLAS collab-
oration ﬂQ] In the right panels and for comparison pur-
poses, we display the final results from our previous Fit 11
carried out in Ref. ], where Regge effects were not con-
sidered. We find an overall good description of the data
for the whole range of measured ~yp invariant masses and
it is significantly better than that exhibited in the right
panels. We see that the Regge improved model provides
now an excellent description of the CLAS data for val-



ues of cosf. ., above 0.5, and high energies, W > 2.3
GeV, as expected. On the other hand, by construction
Regge contributions effectively disappear at low invari-
ant masses W < 2.3 GeV and backward KT angles.
Thus, we recover for this latter kinematics the effec-
tive Lagrangian approach, including resonance N*(2120)
and hyperon A(1115) contributions, which successfully
described the data in this region ﬂﬁ]

In the left panels of Fig.[2 the differential cross section
deduced from the results of the model B fit, as a func-
tion of the LAB frame photon energy and for different
forward c.m. K™ angles, is shown and compared both
to LEPS [7] and CLAS [d] datasets. In the right panels
and for the sake of clarity, we display the final results
from our previous Fit II carried out in Ref. ], where
Regge effects were not considered. We see the descrip-
tion of LEPS data is almost not affected by the Regge
contributions, and the bump structure in the differential
cross section at forward K angles is fairly well described
thanks to the significant contribution from the N* reso-
nance in the s—channel, as pointed out in Ref. ﬂE, @]
However, the inclusion of Regge effects significantly im-
proves the description of the CLAS data &, as one would
expect from the discussion of the results of Fig.[[l More-
over, the hybrid model presented in this work provides
a better energy behavior for the forward cross section at
energies higher than those explored by the CLAS data
(see the two (d) panels in Fig. 2I).

Fig. Bl shows the A(1520) total photoproduction cross
section as a function of the photon energy. Despite the
overall normalization of the CLAS ? measurements ﬂg]
is in rather strong disagreement with the data from
LAMP2 M], the photon energy dependence of both data
sets seems compatible above 2.3 or 2.4 GeV. This can be
appreciated in Fig. Bl where the LAMP2 cross sections
have been scaled down by a factor 0.6. This agreement
might give some support to the idea of finding Regge sig-
natures in the CLAS data. Results from model B are
also shown, which turn out to provide a good description
of both sets of data. We should, however, prevent the
reader about the ad hoc modification of the normaliza-
tion of the old LAMP2 cross sections '°. Nevertheless,
it is reassuring that the hybrid model presented in this
work, including Regge effects, is able to predict the pho-
ton energy dependence of the LAMP2 data at energies
well above than those explored by the CLAS data.

8 The CLAS cross sections shown in the figure were obtained from
the appropriate CLAS measurements displayed in Fig.[I] relating
W to the LAB photon energy.

9 We display extrapolated total cross sections, from data summed
over the useful acceptance of the detector, to 47 (red points in
Fig. 11 of Ref. [d]).

10 The low energy SAPHIR data ﬂE] is in even in a stronger dis-
agreement with the data from LAMP2, with the CLAS results
lying almost exactly between these two measurements IQ}

IV. CONCLUSIONS

We have presented some evidences of Regge signa-
tures in the CLAS data at forward angles, despite the
energies involved in that experiment are only moder-
ately high. This is not entirely surprising, because above
E, >2.3—-2.4 GeV, and up to an overall normalization,
the CLAS A(1520) total cross section dependence on the
photon energy matches that inferred from the LAMP2
data, which extends up to 5 GeV, in a region where the
Regge behavior is expected to be visible (see Fig. B]). In-
deed, we find a significant improvement on the descrip-
tion of the CLAS high energy forward cross sections,
when the effective Lagrangian approach of Ref. ﬂﬁ] is
supplemented with some string quark—gluon mechanism
contributions determined by a kaon trajectory. Now,
there are no visible systematic discrepancies between the
hybrid approach predictions and the data. Thus, we con-
firm the findings of the recent work of Ref. [24] on the
importance of the Regge effects in achieving an accurate
description of the CLAS forward angular distributions.

We do not need to include any contribution from a K*
trajectory, in accordance to the analysis of the LAMP2
data carried out in Refs. ﬂﬂ, ] This is re-assuring since
the t—channel K* contribution should be quite small, al-
most negligible, in sharp contrast with previous works
m, 14, [14, @], where a large gx-na+- coupling was as-
sumed. Such big values for this coupling are ruled out
by unitarized chiral models ﬂﬂ, 37, @], that predict val-
ues for gx«na~ around a factor 10 (20) smaller than for
instance those used in Refs. ﬂm, , 24], and by mea-
surements of the photon-beam asymmetry, as discussed
in Ref. [23].

We have designed a gauge invariant hybrid model
which smoothly interpolates from the hadron effective
Lagrangian approach ﬂﬁ], at energies close to threshold,
to a model that incorporates quark-gluon string reaction
mechanism contributions at high energies and forward
K™ scattering angles. We find an accurate description of
both CLAS and LEPS data. The latter set of low energy
cross sections is not affected by the inclusion of Regge
effects. The bump structure observed at forward K+ an-
gles in these data is well described thanks to the signifi-
cant contribution from the two-star J¥ = 3/2~ N*(2120)
resonance in the s-channel, which existence gets a strong
support from this improved analysis that is now fully
consistent with the accurate CLAS data. Thus, this as-
sociated strangeness production reaction becomes an ex-
cellent tool to determine the properties of this resonance
(helicity amplitudes determined by the couplings e f1 and
efa or the strength of the KA*N* vertex). In what re-
spects to the CLAS data, Regge effects play a crucial role
at forward angles for energies above 2.35 GeV, as com-
mented before, while the backward angle data highlight
the importance of the u-channel A(1115) hyperon pole
term. This latter fact can be used to constrain the ra-
diative A* — Ay decay, as it was firstly emphasized in

Ref. [15].
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FIG. 1: (Color online) Left: Model B vp — K+A(1520) differential cross sections as a function of cos0c.,. compared with
the CLAS data [d] for different vp invariant mass intervals (indicated in the different panels in GeV units). Only statistical
errors are displayed. The blue-dashed and black-dash-dotted curves stand for the contributions from the effective Lagrangian
approach background and Reggeon exchange mechanism, respectively (see text for details). The green-dotted lines show the
contribution of the N*(2120) resonance term, while the red-solid lines display the results obtained from the full model. Right:
Total results from our previous Fit II carried out in Ref. ﬂﬁ]), where Regge effects were not considered.
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FIG. 2: (Color online) Left: Model B vp — K A(1520) differential cross section as a function of the LAB frame photon energy
for different c.m. KT polar angles. We also show the experimental LEPS [7] (crosses) and CLAS [d] (black dots) data. Only
statistical errors are displayed. The blue-dashed and black-dash-dotted curves stand for the contributions from the effective
Lagrangian approach background and Reggeon exchange mechanism, respectively (see text for details). The green-dotted lines
show the contribution of the N*(2120) resonance term, while the red-solid lines display the results obtained from the full model.
Right: Total results from our previous Fit II carried out in Ref. ]), where Regge effects were not considered.



FIG. 3: (Color online) Total yp — KTA* cross section as a
function of the photon energy. Black filled circles and blue
open circles stand for CLAS |[9] and LAMP2 [4] data, respec-
tively. LAMP2 cross sections have been scaled down by a
factor 0.6. Results from model B are also shown: The blue-
dashed and black-dash-dotted curves stand for the contribu-
tions from the effective Lagrangian approach background and
Reggeon exchange mechanism, respectively (see text for de-
tails). The green-dotted lines show the contribution of the
N*(2120) resonance term, while the red-solid lines display
the results obtained from the full model. The shaded region
accounts for the 68% CL band inherited from the Gaussian
correlated statistical errors of the parameters.

The t-range explored by the CLAS data is not large
enough to fully restrict the Regge form-factor, which is

the major difference among the two models (A and B)
introduced in this work. Though, in the region of neg-
ative ¢, the Reggeized propagator in Eq. ([I2)) exhibits
a factorial growth, which is in principle not acceptable,
the limited range of momentum transfers accessible in
the data does not see this unwanted behaviour. This is
the same reason why the Gaussian cutoff parameter a in
Eq. () is not further constrained. Unfortunately, the
existing large discrepancies among CLAS and LAMP2
data sets prevents the inclusion of this latter experiment
in the analysis carried out in this work. This constitutes
an open problem, that might require new dedicated ex-
periments.
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