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Abstract: In this work, we study the K~ p — yA reaction in an effective Lagrangian approach and isobar model.

Compared to previous studies using a Regge-plus-resonance model, we consider the contributions of the #-channel

(K and K*) and u-channel (proton) exchanges explicitly as the background contribution. To restore the gauge invari-

ance of the amplitude violated by introducing the phenomenological form factors, we employ two different methods

from the literature. Then, we discuss the roles of possible resonance contributions in this reaction and present predic-

tions of A polarization based on various models. We find that the contribution of the background terms plays an im-
portant role in the present reaction. Meanwhile, the A(1520), £(1660), and £(1670) resonances may also contribute
to this reaction. Due to the uncertainties of the present data and relatively small contributions of the hyperon reson-

ances, we cannot identify the roles of various hyperon resonances in the present work. However, we show that the

measurement of the spin polarization of the final A will be helpful to verify various models.
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I. INTRODUCTION

Studies of hadron production in electromagnetic and
hadronic scattering processes are crucial for our know-
ledge of the hadron spectrum and understanding of the
strong interaction in the low energy regime. Our present
knowledge on the light baryon spectrum mainly comes
from the analysis of old 7N and KN scatterings and the
more recent electron and photon induced reactions. In
particular, due to the high quality of yN scattering data,
in the last decade, there has been significant progress in
studying the light baryon resonances [1]. Along with the
significant progress in understanding of the photon in-
duced reactions, it should also be interesting to further
explore the crossing channels of these reactions. On the
one hand, based on the models constrained by studies of
the photon induced reactions, more reliable predictions
for the crossing channels can be anticipated. On the other
hand, studies of the crossing channels can offer further
tests on the theoretical models employed in the photon in-
duced reactions, which may help us to better understand
the underlying dynamics of all the related reactions.

In the present work, we focus our interest on the
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K p — yA reaction, which is crossing-related to the
vp — K*A reaction. For the latter reaction, there have
been extensive studies both theoretically and experiment-
ally. Due to isospin conservation in strong interactions, A
resonances cannot couple to the KA channel. Therefore,
the yp — K*A reaction offers an ideal place to study the
nucleon resonances with strong coupling with the KA
channel and to look for missing resonances. Before 2004,
without high-quality experimental data, there were
already many theoretical studies on this reaction [2—5].
Later, the high quality data published by the CLAS and
LEPs Collaborations offered a very good basis for study-
ing the properties of nucleon resonances and inspired fur-
ther theoretical analysis of this reaction using different
models, such as the isobar model [6—13], dynamical
coupled-channel analysis [14—17], and Regge-plus-reson-
ance (RPR) model [18, 19]. Along with the theoretical
model adopted in this work, here, we focus on the works
employing isobar models, which have been shown to be
useful for analyzing the yp — K*A reaction. In the literat-
ure, although various isobar models can give quantitat-
ively good descriptions of the data, they differ in describ-
ing the reaction mechanisms and model ingredients, such
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as coupling constants, form factors, or the gauge invari-
ance restoration (GIR) procedure. It is evident that some
further studies are still necessary to verify various mod-
els and clarify the reaction mechanism.

To further explore and understand these models, it is
useful to extend the models to study the crossing-related
K p — yA reaction. In fact, the idea that studying the
crossing-related reactions may put further constraints on
the model was realised long ago [7, 20]. However, previ-
ous theoretical studies on the K~ p — yA reaction were
conducted almost 30 years ago, and studies based on the
models developed in recent years are still missing. In ad-
dition, some new data for the K~p — yA reaction were
published in 2010 [21], which seems to have received
little attention. Therefore, it is meaningful to analyze
these data using models consistent with recent studies of
the yp — K* A reaction, which constitutes one of the main
purposes of this work. The other purpose of this work is
to study the role of hyperon resonance in the present reac-
tion while adopting different GIR methods. It should be
noted that in the experimental analysis [21], the roles of
hyperon resonances, such as A(1520), X(1660), and
%(1670), were discussed using the RPR model [18, 19].
Their studies showed that non-resonant contributions
might play an important role in the present reaction. Be-
cause a different GIR method will lead to a different
background contribution, it will also be interesting to ex-
plore and test the GIR methods in this reaction.

The remainder of this paper is organized as follows.
In Sec. II, the theoretical model and ingredients for the
reaction K~ p — yA are presented. In Sec. III, we discuss
the gauge invariance restoration methods employed in
this work. In Sec. IV, the numerical results are presented
with some discussions. Finally, this paper ends with a
short summary in Sec. V.

II. MODEL AND INGREDIENTS

In this section, we present the theoretical model and
related ingredients employed in this work. In our model,
we consider the s-channel hyperon and hyperon reson-
ance exchanges, the #-channel K and K* exchanges, the u-
channel proton exchange, and a contact term. We neglect
potential contributions from nucleon resonance  ex-
changes in the u-channel due to the limited knowledge of
the N*AK couplings for low-lying nucleon resonances.
Moreover, their contributions are expected to be minor
because the exchanged nucleon resonance is far off-shell.
The Feynman diagrams for the K (px)+p(p,)—
v(k)+ A(pp) reaction are shown in Fig. 1, with the sym-
bols in parentheses denoting the four-momenta of the
particles.

For s-channel resonance contributions, we consider
A(1520)(57), Z(1660)(5"), and E(1670)(37) inthe inter-
mediate states, as they lie in the energy region under

K
p
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Fig. 1. Feynman diagrams for the K~ p — yA reaction with

A* denoting A(1520) and =* denoting the £(1660) or X(1670).

study and may have significant coupling to the yA chan-
nel [22, 23]. It should be noted that, according to the
PDG book [24], the couplings of Z(1660) and X(1670) to
the yA channel are still not well identified experiment-
ally. To describe the couplings of the relevant vertices,
the interaction Lagrangian densities are needed. The ver-
tices involving the hyperon and hyperon resonances are
considered as [25, 26]
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where R represents A(1520), X(1660), or X(1670) reson-
ance, and the superscripts of Lgs, and Lrax denote the
J? quantum numbers of the R resonance appearing in the
Lagrangians. I'® and I'® are s and 1, respectively. In
the Lagrangians, e is the electron charge, and «, and «s
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are the anomalous magnetic moments of the correspond-
ing hyperons, taking the values x, =—0.613 and «y =
1.61. The coupling constant gayx is taken as —14, which
is determined by the flavor SU(3) symmetry relation [27,
28]. The coupling constants gzyx can be obtained by us-
ing the PDG values for the partial widths. Meanwhile, the
couplings of the RAy vertices are relatively unknown.
For their values, we shall discuss them in Sec. I'V.

For #-channel meson exchange contributions, we con-
sider the K and K* exchanges in the intermediate state.
The relevant interaction Lagrangian densities are [26, 29]

Lk =ie [K* (8,K) - K™ (8,K")] A¥, ®)
Lywe =507 (9,4,) (0,K7) K. ©)
K

LAN[(* = _g/\NK*[_\ |:('yﬂ - Ma’lvav) K;:| N+ H.c..
2My

(10)

where K is the K* field, and F*"=§"A"-9"A* is the
field-strength tensor. The value of the electromagnetic
coupling g,xx- = 0.413 is determined by the radiative de-
cay width of K* —» y+K given by the PDG book [24].
We take the value of gyyx- from Ref. [27, 29].

For the u-channel diagram, we consider the proton ex-
change in the intermediate state. To calculate the amp-
litude, we still need the Lagrangian for the yNN vertex,
which is taken as

Ly =—eN Ky“ - 2;ZN“W‘9V> A#} N (11)

with «, = 1.793 for the proton [24].

Finally, a contact interaction is also considered in this
work, which is necessary for restoring gauge invariance
of the amplitude. The corresponding interaction Lag-
rangian density is taken as

Lok = ie‘gAMNK Ay*A*KysN + H.c.. (12)
N

The propagators of the intermediate states with spin J
are denoted as S ; and taken as

i
$00)= (13)

i(g,uv - qﬂ%/mz)
- @ -m? ’

ST (q) = (14)

Ci(g4m)
S%(q)— q* —m*+iml”’ (1)
v i(g+m) N B
S{0= 5 fr ¢ 37
1 vV v 2 v
e or= (16)

where ¢ and m are the four-momenta and mass of the in-
termediate state, respectively.

In practice, to consider the internal structure of had-
rons and off-shell effects, phenomenological form factors
are usually introduced in the amplitude. For baryon and
baryon resonance exchanges, we use the following form
factor [29, 30]:

: Ay
- (rp) - O

where ¢ and M are the four-momenta and mass of the in-
termediate particle, respectively, and Ap is the cutoff

parameter. For meson exchanges, we use [29, 30]
o _ (M-
(@)= ( ) (18)

Ay -
The general amplitude of the K~ p — yA reaction can
be written as

M = L_lAMﬂE;MN, (19)

where uy and 7, denote the Dirac spinors for the target
nucleon and recoiled A, respectively, and ¢; denotes the
polarization vector of the outgoing photon. With the in-
gredients given above, it is straightforward to obtain the
individual scattering amplitudes:

(1)
€8RAy8RNK
'u, = % M Vp_ Hp K F 2
M% T MM (kY S% ,kS% )Py ysFr, (20)
(2)
u _ “SRay 8RNK
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The unpolarized differential cross-section for the re-
action in the center-of-mass (c.m.) frame is given by

do M,My Ik )
— = — P 28
dQ ~ 327%s |kl > Myl 28)

A,Sp,SA

where M; is the total transition amplitude from initial to
final state, |l?| and |px| are the magnitudes of the three-mo-
menta of the photon and K~ meson in the c.m. frame, re-
spectively. The differential solid angle dQ =dcos6,d¢
corresponds to the direction of the outgoing photon, with
6, being the angle between the momenta of the photon
and K~ meson in the c.m. frame. The sum runs over the
helicity of the photon A and the spin projections of the
proton s, and A particle sy. Here, s=(px+p,)* is the
square of the total energy in the c.m. frame, where pyg
and p, are the four-momenta of the K~ meson and pro-
ton, respectively.

Furthermore, the spin polarization of the A particle
can be calculated as

:dO'T—dO'l’ (29)
doy +doy

where do; and do| are the differential cross-sections for

the A particle with spin projections +1/2 and —1/2, re-

spectively. The polarization axis is defined along the dir-

ection of Py X % in the c.m. frame.

III. GAUGE INVARIANCE

As shown in the last section, the amplitudes corres-
ponding to the Feynman diagrams shown in Fig. 1 can be
drawn in a standard way. Meanwhile, due to the coupling
of the electromagnetic field with the matter field, the full
amplitude of this reaction should be invariant under

gauge transformations. It is well known that the introduc-
tion of form factors in the amplitude violates the gauge
invariance of the amplitude of the Born terms, and it is
desired to restore the gauge invariance through some phe-
nomenlogical methods. In the literature, there are various
methods to restore gauge invariance of the full amplitude
for meson photoproduction processes [31—35]. In prin-
ciple, such methods can also be applied to the crossing-
related reaction K~ p — yA, which may offer a further test
of the methods developed in studying the meson photo-
production processes and help understand the relevant re-
action mechanisms better. In this work, we shall consider
two different methods of restoring gauge invariance.

Here, we present the main ingredients and formulae
of two GIR methods in the literature: Method A adopted
in Ref. [32] and Method B adopted in Refs. [33—35]. For
more details of the two methods, interested readers can
refer to the corresponding references.

The Born amplitudes concerning the violation of
gauge invariance can be written as

M= M+ Mg+ M. (30)

Hence, the four-divergence of M is

kyMﬁ—‘egANK (k=P fc+ beFp—Hfclys, (31

where fc is the form factor adopted for the contact term.
Obviously, when considering form factors, gauge invari-
ance is violated.

Method A: Following Davidson and Workman's pre-
scription in Ref. [32], the form factor of the contact term
is taken as

Je=F,+ fx—F,fx. (32)

Then, the amplitude for the contact term is

c=—iegAN’<yﬂy5<F +fx—Fofx) (33)

To fulfill the gauge invariance condition k, M* =0, an
additional term is added in the full amplitude, given by

" 1egANK (ZPK k)

add — (K= p)—————

p_prK)

(2pp

thx— 07— (fK F,f)lys. (34)

By including this addltlonal term, the resulting amp-
litude for the Born terms then satisfy the gauge invari-
ance condition.

Method B: In this method, gauge invariance is guar-
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anteed by requiring that the full amplitude satisfies the
generalized Ward-Takahashi identity (gWTI) [36, 37].
Following the logic of Ref. [33—35], the form factor of
the contact term should be the same as the K exchange
amplitude, i.e., fc = fx. By introducing an auxiliary cur-
rent, the additional term that needs to be added to the
amplitude to restore the gauge invariance is written as

Ma = G(px)C" (35)
_ _igANK
where G(px) = 2M,,

ture of the ANK vertex, and C* is the auxiliary current.
The auxiliary current C* is taken as

Pk describes the coupling struc-

F,-
(2 K—k)”—ep

C”=—e,<f{ 2

(2Pp —kyt (36)
-

p

with £ =1-h(1 —F,)(1- fx). Here, in principle, h is an
arbitrary function of Mandelstam invariants going to
unity in the high-energy limit, which is usually set to be
unity for simplicity. In the present work, we also take
h=1. Thus, we have F = F,+ fx —F,fx, which equals f-
in Method A. Therefore, we now have

. 8
¢ = —ie 2/]\‘14v§’}’y75f1( (37)
legank (2px — k)
Mgdd: - oMy - Px I—M?( (Fp_prK)
Q2
b by Dk T = Fofid) | s (38)

One can check that in this way that the four-diver-
gence of M} + M, satisfies the gWTI, which means
that gauge invariance is restored.

Here, it is interesting to compare the resulting amp-
litude for the two methods. By comparing Egs. (33) and
(34) with Egs. (37) and (38), it can be seen that both the
contact term and additional term are different in the two
methods. In Method A, the contact term is affected by the
form factors F, and fx, while it only depends on fx for
Method B. For this reason, one can expect the contact
term in Method A to be more closely related to the u-
channel proton exchange contribution. For the additional
term M., the difference comes from the term propor-
tional to % in Method A, which is absent in Method B.
By inspecting the amplitudes obtained by the two meth-
ods, one can find that the difference is proportional to
F,(1— fx). Therefore, it can be expected that the discrep-
ancy between the two methods can be amplified with a
large value of F, and suppressed by a small value of F,,.

IV. RESULTS AND DISCUSSION

In this section, we present the numerical results and
discussion. The experimental data for the K~ p — yA re-
action are taken from Ref. [21], where the angular distri-
butions of the final photon at eight K~ momenta between
514 and 750 MeV were reported. The new data offer a
chance to analyze the role of hyperon resonances in this
energy region. Compared to the role of the nucleon reson-
ances in the crossing-related yp — K*A reaction, in the
present reaction, the s-channel contributions come from
the excitation of the hyperon resonances in the intermedi-
ate states. In fact, the s- and u-channel contributions are
rather different in these two reactions. Meanwhile, for the
t-channel contribution and contact term, these two reac-
tions are closely related, as they share the same interac-
tion vertices and the physical regions of the 7-channel
contributions overlap. Furthermore, as illustrated in Sec.
I11, the #-channel K exchange and contact term contribu-
tions are also essential in the GIR procedure. Therefore,
the study of the present reaction is helpful for studying
the model dependence of the background contribution
and the method for restoring gauge invariance.

It is well known that without introducing form
factors, the Born terms alone will lead to a substantial
overestimation of the total cross-sections of the yp —» KA
reaction [4]. Thus, it is worth noting that we also find
similar results for the K~p — yA reaction. Therefore, it is
necessary to introduce form factors to suppress the contri-
butions from the Born terms. Here, we adopt the form
factor shown in Egs. (17) and (18) for the Born terms and
set the cutoff parameters A, and Ap as free parameters,
which are fitted to the experimental data. To avoid these
parameters taking some unphysical values, we only al-
low these parameters to vary in a range of 0.5 to 2 GeV in
the fittings. For the background contributions, the coup-
ling constants are well known from the literature, so we
just take the values from the literature and list them in Ta-
ble 1. To reduce the number of parameters, we set the
cutoff parameter for baryon resonances as 1.3 GeV,
which is consistent with the values adopted in Ref. [39].

As the first step, we shall only consider the back-
ground contribution, as it was found that the background
contribution alone in the RPR model could already give a
reasonable description of data except for an underestima-
tion of the data at forward angles [21]. As mentioned
above, here, only the cutoff parameters in the form

Table 1. Values of coupling constants adopted in this work.

Parameter Value Parameter Value
SANK —14 27, 28] Kp 1.793 [24]
SANK* -6.210 [27, 29] KK+ 2.76 [29]
SyKK* 0.413 [38] KA ~0.613 [24]
8ENK 2.69 [26, 27] Ky 1.61 [24]
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factors, i.e., Ay and Agp, will be treated as free paramet-
ers. By considering the two GIR methods discussed in the
last section, the best fitting results for these two paramet-
ers are Ay =1.57 GeV and Az =0.5 GeV for Method A
and Ay =1.58 GeV and Az =0.5 GeV for Method B.
Here, we should mention that the value of Az =0.5 GeV
is at the lower limit allowed in the fitting, which means
that, in this case, the experimental data require a large
suppression of the proton exchange contribution. Further-
more, we find that the background contributions in the
two GIR methods are very similar. This is because the fit-
ted value of Ay is small, which induces a small value of
F, and then a similar background contribution in the two
methods, as discussed in the Sec. III. Therefore, we only
plot the results using Method A (dashed line) in Fig. 2.
As can be seen, using the fitted parameters, the back-
ground contribution indeed can give a relatively good de-
scription of the data (y?/dof =1.12). Compared to the
RPR model [21], we get a slightly better description of
the data at forward angles. This result indicates that back-
ground contribution may play an important role in this re-
action. Meanwhile, it is expected that, in the s-channel,
some hyperon resonances, e.g., A(1520),X(1660), or
¥(1670), may also contribute to the present reaction.
However. at present, our knowledge on the properties of

hyperon resonances is rather limited. For the A(1520), its
couplings with yA and KN are relatively well studied.
Meanwhile, the electromagnetic couplings of other hyper-
on resonances are still not known. Thus, as a next step,
we shall only include the contribution from the A(1520)
exchange (Model I). Then, we will also discuss the pos-
sible contributions from X(1660)(Model 1I) or
3(1670)(Model III) in the present reaction.

In this part, we shall consider both the background
and A(1520) contributions in this reaction. It should be
noted that A(1520) lies below the energies of the experi-
mental data under study. Because current experimental
data still have large uncertainties, it is not possible to con-
strain all the parameters of the A(1520) amplitude simul-
taneously. Thus, we choose to fix the coupling constants
of the A(1520)KN and A(1520)Ay vertices using the PDG
values of the corresponding partial decay widths. Note
that for the A(1520)Ay vertex, there are two independent
Lagrangians, for which their relative magnitudes are still
not well studied. To reduce the number of parameters, we
only consider one of the two A(1520)Ay couplings in the
fitting. It turns out that the £V coupling gives a better de-
scription of the data. Thus, in the following discussions,
we shall concentrate on the results using the £U coup-
ling while taking gas20xv =10.731 and gf\l()lsgo),\y =1.356,

307 p«=514MeV/c 1 p=560MeV/c
~
wn
~
Q
=
G
©
~
)
©
Ccos GY
Fig. 2. (color online) Differential cross-sections for the K~ p — yA reaction as a function of cos¢, while only considering the back-

ground and A(1520) contributions using Method A. The dashed line corresponds to the fitting results with only the background terms
considered. The solid, dotted, and dot-dashed lines show the full, A(1520), and background contributions in Model I, where the bands

correspond to 1o error regions of the fitting results.
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Table 2. Fitted parameters considering both A(1520) and
%(1660)(Model II).
Parameter Method A Method B

Am 1.160+£0.124 1.247+0.134
Ap 0.752+£0.088 0.931+£0.262
PA(1520) -1.520+1.128 -1.635+1.345
83(1660)KNEZ(1660)Ay —-5.825+1.170 6.241 +2.085
P5(1660) -0.401+0.278 2.569+0.538

which are determined using the PDG central values for
the corresponding partial widths. In this way, the mag-
nitude of the A(1520) exchange contribution is fixed, and
the only free parameter introduced for the A(1520) amp-
litude is the relative phase, i.e., ¢aus), between the
A(1520) amplitude and Born terms. By fitting the experi-
mental data, the best results for the parameters in Model I
are Ay =137+0.04 GeV, Az=05+0.16 GeV, and
¢,\(]520) =-1.55+0.53 with Xz/dOf =1.14 for Method A
and Ay =137+0.03 GeV, Az=059+0.15 GeV, and
¢A(1520) =-1.47+0.52 with /\(Z/dof =1.13 for Method B.
With these fitted parameters, we plot the angular distribu-
tions and make a comparison with the experimental data
in Fig. 2. It seems that the inclusion of the A(1520) con-
tribution does not improve the fitting results. However,

because the magnitude of the A(1520) contribution is
fixed, the results also show that the PDG values for the
A(1520)KN and A(1520)Ay couplings are compatible
with the current K~p — yA data. Due to the small value
of A, it shoud not be surprising that the background con-
tributions using the two GIR methods are similar here.
Furthermore, we also find that the interference effects
between the A(1520) and background terms are small.

In the next step, we further include the contributions
from the X(1660) or X(1670) resonances. We can deduce
the couplings with the KN channel using the PDG value
for the corresponding partial decay width. However, be-
cause their couplings to the Ay channel are still un-
known, and it is the product of gs.zy and gs-,, that ap-
pears in the amplitude, here, we treat their product, i.e.,
8s-kn8s Ay, as a free parameter. Besides the coupling con-
stants, we also introduce a phase factor for their amp-
litudes. In this way, by further considering £(1660)(Mod-
el IT) or X(1670)(Model I1I), we have two more paramet-
ers (gsa,8s:kv and ¢s:), and now the number of free
parameters is 5. The best fitting results for the paramet-
ers of Model II are presented in Table 2. By further in-
cluding 2(1660)'s contribution, y?/dof can be reduced to
0.97 with Method A and 0.96 with Method B. By inspect-
ing the fitted value of A, one may expect the discrepan-
cies between the two GIR methods to be enhanced in this

px=514MeV/c px=560MeV/c
-
v
~
o)
E PP S, Sl e
c ;
© px=687MeV/c
~
o
©
coso,
Fig. 3. (color online) Differential cross-sections for the K~p — yA reaction as a function of cosé, based on Model II. The solid,

dashed, dotted, and dot-dashed lines show the results of the full amplitude, A(1520), £(1660), and background terms, respectively. The

bands correspond to 1o error regions of the fitting results.
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case. We indeed find that there are some differences ap-
pearing in the background contribution at most backward
angles using the two GIR methods. These discrepancies
are also reflected in the different fitted parameters of
%(1660) using the two GIR methods, although they are
consistent within the large uncertainties caused by the
large errors of the experimental data at the forward and
backward angles. Meanwhile, it should be noted that des-
pite the differences in the background contributions, the
full results for the angular distribution are still similar,
because the differences in background contributions are
compensated by a different X(1660) contribution in the
two GIR methods. Therefore, in Fig. 3, we only show the
results of Model II using Method B.

The fitting results for the parameters of Model III are
presented in Table 3. Including the contribution of
2(1670), x*/dof is reduced to 1.03 with Method A and
1.02 with Method B. Compared to the results of Model II,
this shows that, using the current data, we cannot distin-
guish these two models well. Furthermore, due to the
small value of Ap, we also find that the results using the
two GIR methods are similar, as also reflected in the sim-
ilarity of the fitted parameters. The results of Model III
for the angular distribution using Method B are presented
in Fig. 4. By comparing the results in Figs. 3 and 4, it is
notable that there are prominent differences between the

Table 3. Fitted parameters considering both A(1520) and
2(1670)(Model III).
Parameters Method A Method B

Ay 1.187+£0.084 1.186£0.074
Ap 0.500+0.187 0.602+0.127
DA(1520) -0.959+0.474 —0.942 +0.464
83(1670)KNEZ(1670)Ay 6.161 £1.537 6.163+1.512
$3(1660) 3.939+0.549 3.931+0.547

background contributions in these two models, especially
at backward angles. The difference mainly comes from
the u-channel proton exchange and contact term contribu-
tions due to the different values obtained for Ap. In Fig.
5, we study the individual contributions to the total cross-
sections using the two models. It can be seen that in both
models, the background terms give important contribu-
tions. At the same time, A(1520) may contribute signific-
antly at the near-threshold region, and X(1660) or X(1670)
may contribute at higher energies. In particular, consider-
ing the X(1660) or £(1670) contributions, the fitted back-
ground contribution changes significantly. In fact, in
Model II, the background contribution is roughly a factor
of 1.6 larger than that in Model III. This result shows that
a reliable determination of the background contribution is

px=514MeV/c px=560MeV/c
-
v
~
o)
3
G
©
~
o)
©
Fig. 4. (color online) Differential cross-sections for the K~p — yA reaction as a function of cosé, based on Model III. The solid,

dashed, dotted, and dot-dashed lines show the results of the full amplitude, A(1520), £(1670) and background terms,respectively. The

bands correspond to 1o error regions of the fitting results.
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Fig. 5.  (color online) Total cross-sections for the K~ +p —
v+ A reaction using Model II (Top) and Model III (Bottom).
The bands correspond to 1o error regions of the fitting results.

crucial for investigating the role of s-channel resonances
in this reaction.

It is also important to investigate the impact of uncer-
tainties in the coupling constants listed in Table 1 on our
fitting results. For the coupling constants gayx- and gsyk,
we find that their variations have a minimal impact on
our results. This can be attributed to the relatively minor
contributions of ¥ and K* exchanges in this reaction. In
contrast, K and proton exchanges play a more significant
role in this reaction, making the uncertainty associated
with gyka potentially influential on the final results.
However, our detailed calculations show that such
changes can be effectively compensated by adjusting the
fitted cutoff parameter A, within a reasonable range of
1.1-1.4 GeV during the fitting process. Furthermore, we
observe that the fitted parameters for resonances remain
largely unaffected by these changes. To further illustrate
the effects of varying g,nyx on our fitting results, Fig. 6
presents the results obtained using different values of
gank at pg =514 MeV and 714 MeV. These plots
demonstrate how changes in g yx influence the quality of
our fits.

Regarding the results presented above, it seems that
due to the relatively large uncertainties of the experiment-
al data, we cannot distinguish various models well. To
verify these models, it is helpful to study their predic-
tions for spin observables. In Fig. 7, we present the pre-
dictions of the spin polarization of A perpendicular to the
scattering plane using the various models. It is found that
the models give distinct predictions for this observable,
which are mainly caused by the different interference pat-
terns of the background and various resonance contribu-
tions. These results show that future measurements of P,
should be helpful for verifying these models.

304 Model II Model I — g\ 14. 0
py=514MeV/c px=714MeV/c == gw13.1
» oot G106
207 o 1
=10 % ; % i /
w Ld d
S ~ ] L™ X 3 ] ?
= 0 $ + t1 T T l + + t t
% 30 Model III Model III
B Pc=514MeV/c Pe=714MeV/c
© >
207 4 b ]
10 % % 4
% I ; e - )
JTETE T g v+t

(0597

Fig. 6.  (color online) Fitting results with different values of
the coupling constant ganx [10, 27].

1 T T T
Model I |
Py=514 Mev/c Pe=629 Mev/c  _ _ yodel II
0.5 T e Model III
0= E—— K e
o5k T R n
gf 1 t } t } f f
Pr=T14 Mev/c P=750 Mev/c
0.5 + i
o ——— Pttt NS
0 f —E—————————
-0.5 T+ .
-1 1 1 1 1 1 1
-1 -0.5 0 0.5 1 0.5 0 0.5 1
cos6
Fig. 7.  (color online) Polarization of A perpendicular to the

scattering plane considering the background and various res-
onance contributions.

V. SUMMARY

In this work, we studied the K~p — yA reaction us-
ing an effective Lagrangian approach and isobar model
while explicitly considering the #-channel (K and K*) and
u-channel (proton) exchanges as the background contri-
bution. We found that the background contribution plays
an important role in this reaction. It was also found that
A(1520) may contribute significantly at the near-
threshold region, and X(1650) or £(1670) may contribute
to this reaction at higher energies. Meanwhile, due to the
uncertainties of the experimental data, we cannot distin-
guish various models well. Our work shows that more ac-
curate data, especially at backward angles, are essential
for studying the background contribution and the two
GIR methods adopted in this work. Furthermore, the po-
larization of A is sensitive to the reaction mechanism and
suitable for verifying the background contribution and
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