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The 7N—KY and KY—KY reactions are studied using a dynamical coupled-channel model of meson-
baryon interactions at energies where the baryon resonances are strongly excited. The channels included are:
7N, KA, and K. The resonances considered ar®[S;;(1650,P;1(1710,P;5(1720,D,5(17007;
A’[$31(1900, P3y(1910, P335(1920]; A'[Sp1(1670, Poy(1810] X'[P44(1660,D14(1670]; and K'(892. The
basic nonresonantN— KY andKY — KY transition potentials are derived from effective Lagrangians using a
unitary transformation method. The dynamical coupled-channel equations are simplified by parametrizing the
7N— 7N amplitudes in terms of empiricakN partial-wave amplitudes and a phenomenological off-shell
function. Two models have been constructed. Model A is built by fixing all coupling constants and resonance
parameters using SB8) symmetry, the Particle Data Group values, and results from a constituent quark model.
Model B is obtained by allowing most of the parameters to vary around the values of model A in fitting the
data. Good fits to the available data faTp— K°A,KSC have been achieved. The investigated kinematics
region in the center-of-mass frame goes from threshold to 2.5 GeV. The constructed models can be imbedded
into associated dynamical coupled-channel studies of kaon photo- and electroproduction reactions.
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I. INTRODUCTION The importance of developing coupled-channel ap-
proaches to meson-baryon reactions is summarized as fol-

Investigation of kaon-nucleon and nucleon-hyperon inter

actions with hadronic probes has a long history in strange™® h hi ired f .
ness physics. However, the interactions involving an addi- (1) Such an approach is required for a proper extraction

tional relevant kaon-hyperon channel have received marginz:ﬂ'c fur|1damental resonance decay propkerties, W.hiCh arehulti—
attention, because of lack of data. More recently, strangene@?tey to be predicted by basic quark dynamics. In SI or,
reactions are also receiving considerable attention in assodfiformation about baryon resonance properties can only be

ated strangeness production with incident photon and eled€liably extracted within the context of an appropriate reac-

tron beams. With the advent of facilities such as JLab,tion theory. The importance of this interplay between extrac-

ELSA, Spring-8, and GRAAL, copious and high precisiontion of fundamental information and the need for a consistent

data on meson electromagnetic production on both nucleoffaction theory has been emphasized by Sato and2jea
and nuclear targets are becoming available. Measurements pY¢ Pion sector. Here we extend their investigation to the

the strangeness associated production channels focus on PN Sector. . .
energy region OE5b$2.5 GeV, corresponding to the total (2) Impressive amounts of high quality data from JLab

center-of-mass energy W2.3 GeV, which cover the baryon [3l: ELSA [4], LEPS[S], and GRAAL [€] offer us the op-
resonances region. A result of our earlier wg@§ on the portunity to pin down the U”de”y'r‘g e m_echanlsm
yp— K*A reaction showed that multistep processes, due tg"d t© study the role andfor properties of intervening baryon
the coupling with themN channel, can have as much as aresonances. Such an effort is a prerequisite for any attempt to
20% effect on the total cross section. To investigate very>¢arch for missing resonande$. Combining models from a
recent strangeness production data, it is necessary to exteRiral constituent quark formalisni8,9 with a coupled-
that work, which was limited to thiA channel, to include ~channel approach, as presented in this work, is expected to
all of the KX channels:yp—KY, with K=K*,K® andY  Provide reliable insights into the elementary strangeness
=A,39 3% Accordingly, a dynamical coupled-channel in- photo- and electroproduction reactions.

vestigation of these processes requires realistic models to In recent years, coupled-channel effects on meson-baryon
describemN— 7N,KY, and KY—KY processes. The pur- reactions with strangeness production have been investigated
pose of this paper is to report on our progress in this direcusing two approaches. Kaiset al. [10] applied a coupled-
tion. channel approach with chiral $8) dynamics to investigate

WS:
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pion- and photon-induced meson production near Khe  baryon propagators, which account for the off-shell dynam-
threshold. Although their recent resultkl] include p-wave ics. The scattering equations used in(SUchiral models of
multipoles, and thus reproduce data slightly above therefs.[10-13,15% can also be derived from the ladder Bethe-
threshold region, their chiral S8) dynamics model cannot Salpeter equation using a procedure similar to a three-
provide the higher partial waves that are important in dedimensional reduction, although this simplification is not
scribing the data_ at higher energjes. Similar approaches ha\é‘belled out explicitly by the authors. In R¢L4], the Bethe-
also been taken in Refgl2—-13. Given the relevant W range - sajpeter equation is solved directly, but only for the simpli-
mentioned above, their simplified dynamics represents Ofigq case that the interaction kernel is of separable form due
course only a first step. Indeed, comparisons with # 1, yhe yse of contact interactions. The difficulties in solving
—KY data clearly sh_ow that_ 99) mod_els of Refs[10,15, the Bethe-Salpeter equation, even with the ladder approxi-
even whenp-waves interactions are includgdl], greatly mation, are well documentei@4].

miss fitting the differential cross sections: theoretical predic- Alte;natively, one can construct models of meson-baryon

tions produce slopes opposite to that required by the data. interactions by deriving an effective Hamiltonidty de-

The second coupled-channel approach used in the Iiterf?"'ned in a chosen channel-space from a specific model La-
ture to investigate photon- and meson-induced reactions IS P P

based on using effective Lagrangians along witk-enatrix grangian. The _scattering equation within the considered
method, developed by the Giessen Grdap—19. In the channel-space is then governed by standard scattering theory
K-matrix approach, all intermediate states are put on-ener _ o
shell and Egnce possibly important off-shell d?/namical egy SuplB) = Oup = 2T op(E), @
fects are not accounted for. The advantage of kKximatrix
approach is its numerical simplicity in handling a large num-
ber of coupled channels. However, the extrad¥&dparam-
eters may suffer from interpretation difficulties in terms of ] ]
existing hadron models, as explicitly demonstrated in an inWherea, 8 represent the relevant channedds the Smatrix
vestigation[2] of the A resonance. andT is the scattering operator. Here we have defihieg
In this paper, we present a dynamical coupled-channefHo+Hi, with Ho denoting the free Hamiltonian artd de-
model in which the meson-baryon off-shell interactions arefining the interactions between considered channels. This ap-
defined in terms of effective Lagrangians. This off-shell ap-Proach formN scattering and pion photo- and electroproduc-
proach is achieved by directly extending existing dynamicafion reactions has been pursued by Sato and [P¢eThey
models[2] for =N scattering and pion photoproduction, to @pplied the unitary transformation method of R¢£5,26 to
include KY channels. The main feature of our approach isd€rive Hert in @ A® 7N® yN channel space. The essential
that the strong interaction matrix elementsfl—KY and ~ idea of the unitary transformation method we adopt is to
KY—KY transition operators are derived from effective eliminate unphysical vertex interactionB— B’ with my,
Lagrangians using the unitary transformation method of Ref* Mg Mg, from the original field theory Hamiltoniagwhich
[2]. This derivation marks our major differences with chiral ¢@n be constructed from a starting model Lagrangian using
SU(3) coupled-channel models mentioned abqi®-15 the standard canonical quantization procegluned absorb
since it allows one to include all relevant higher partial their effects intoMB— M’'B’ two-body interactions of the
waves and our approach is also applicable at energies wd§Sulting He. For the 7N scattering in theA region, the
above threshold. The dynamical content of our approach i§sulting effective Hamiltonian of the Sato-Lee model is
also clearly very different from the on-sheK-matrix _
coupled-channel mode[46-19. Herr = Ho* vanan * Tacan, )
It is necessary to indicate more precisely, and within avhereuv .y .\ is the nonresonant interaction and theexci-
more general theoretical framework, the differences betweetation is described by the vertex interactibny,. . ,. With the
our and other approaches. Similar to the well-studied mesorHamiltonian Eq.(3), it is straightforward(as explained in
exchange models ®IN and 7N scattering, we also start with Ref. [2]) to show that the solution of E@2) can be cast into
relativistic quantum field theory. With a model Lagrangian, the following form:
there are two approaches for deriving models of meson-
baryon scattering. The most common approgd is to find TonaN(E) =t on(E) + tiNmN(E), (4)
an appropriate three-dimensional reduction of the ladder ) ) _
Bethe-Salpeter equation of the considered model Lagrangialf/N€re the nonresonant scattering operajgr,y is defined
Meson-baryon interactions are then identified with the driv-CY the nonresonant potentialy .
ing terms of the resulting three-dimensional scattering equa- _
tion; such as the Blankenbecler-Sugai] or Gross[22] tan,aN(E) = U an + o NCan(E)tan an(E),  (5)
equations. A fairly extensive study of the three-dimensionalvhere thewN propagator is defined by
reductions formN scattering is given by Hunegt al. [23].
Extending such reduction methods to derive coupled-channel G.\(E) = 1
equations withstable two-particle channels is straightfor- N E-E_(k)—En(p) +i€’
ward. In fact, theK-matrix coupled-channel equations em-
ployed in Refs[16,17 can be derived along this line if one with E,(p)=\p?+m:. The resonant amplitudegin the
further neglects that the principal-value parts of the mesoneenter-of-mass frames

Top(E) = (alH, +H, HiB). (2)

E-Ho-H, +ie

(6)
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k’\ } k resultingHg is an important feature of the unitary transfor-
el e mation method developed in Ref®,25. In this work we
: extend Eqs(3)—«9) to includeKY channel and higher mass
: o nucleon and hyperon resonances. The starting Lagrangians
, will be given later. The resulting effective, v anduvgy ky
p p can be calculated from Feynman amplitudes with the rules
illustrated in Eqs(10) and(11).
FIG. 1. Graphical representation forr-exchange N Our goal is to construct models for describing all avail-
interaction. able data of differential cross sections and polarization ob-
servables of thetN— KY reactions in the total center-of-
= — mass energy range @~ 1.3-2.3 GeV. These dafd7-32
R (E)= Lo anE)T s wn(E) (77 have been obtained a few decades ago with low intensity
N, 7N E- mg -3A(E) beams and therefore are not very extensive and not of high
quality. Nevertheless, we will show that they give sufficient
constraints on constructing models Y interactions.
= In Sec. Il, we present the dynamical coupled-channel
Pamn(E) =Taon+ Fa nGan(E)ton mn(E), ® equations and explain our strategy in solving these equations.
o The results are given in Sec. lll. Section IV is devoted to
SAE) =T \(E)GNE)T noa- (9) Summary and Conclusions.

with

It is clear from the above equations that the resonant operator
tR contains off-shell effects due to the nonresonant interac- - PYNAMICAL COUPLED-CHANNEL EQUATIONS

tion vy, . Such off-shell effects must be accounted for in 1, this work, we consider a coupled-channel formulation

order to det_erming from the data tba_revertexFAHwN. For _ obtained by extending Eq&3)~(9) to include theKY chan-
our later discussions, we now point out that the matriXpels. Specifically, we are interested in solving

elements of the effective Hamiltonian, E&), can be calcu-

lated from the usual Feynman diagrams once one specifies Top(B) =t, 4(E) +tzB(E)' (12)
the time components of the propagators of intermediate ’ ' '

states. For example, the exchange(Fig. 1) of vy,  Wherea,8==N,KY. The nonresonant scattering operator is

derived from the LagrangianL =g (X)X ¢, (x)  defined by
+0umr®=(X) P (X)Pps(X) is Of the following form [with the
normalization defined by Eq$l) and(2)] top(B)=vapt 2 046Gs(E)tsp(E), (19

S=mN,KY
n,r1,.(o)
('K fon mlPk) where the propagators are defined by

- go’NNga'ﬂ'ﬂ' 1 mN I 1 mN 1
2m® \2E,(K) VEnD') “V2E (k) VENP)' Gn(E) = (14)

E-E.(k) -Ex(p) +i€’

(10
with the propagator defined by 1
Gky(E) = E_E.K-E i (15
| _}( 1 —Ex(k) —Ev(p) +ie€
7 2\[En(K) - E,(0FP-g?+m +ie with E,(p)=1p?+mZ. The resonant amplitudgn the center-
1 of-mass framgis
"EP) - EPP-q e Y =
N v A T} o(ETy 4(E)
whereq=k-k’=p’-p is the three-momentum transfer. In te 5(E) => — o (16)
this Hamiltonian formulation, all particles are on their mass N, E- My _ENF(E)

shell, but the energies are not conserved during the collisions

and henceE (k') —E_ (k) # Ex(p’) —En(p) in general. Thes  with

propagator form, given in Eql1), is not an arbitrary choice, _

but is rigorously defined by the selected unitary transforma- FN;,,J(E) =FNi*_,D,+ > FN;_“; Gs(B)tso(E), (17)

tion. It is important to note that the matrix element, L), s=mNKY
is independent of the collision energyof Egs.(1) and(2).
If other methods, such as the Tamm-Dancoff method, are EN:(E): D FNi*ﬂa(E)Ga(E)F(sHNi*- (18)

chosen, the resulting effective Hamiltonian could be energy
dependent, which then leads to nontrivial gauge invariant
problems in applying the model to study meson photo- andn momentum space, the matrix element of E1p) in the
electroproduction reactions. The energy independence of theenter-of-mass frame is

o=mN,KY
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! ! n " ! F(p,) F(p)
tea(P'.P.E) Zv0(p"P) + 2 f dp"v 5P, p") tann(P' P.E) == =T NE ==, (25
S F(po) F(po)
1 , where pg is the on-shell momentum defined IB=Ey(py)
XEC Ey (p") - Eg (p,,)+i€t5a(p P.E), +E.(po), Tonan(E) is the empiricalzN amplitudes taken
2 2 from the dial-in program SAID34], and we have introduced
(19 an off-shell function
and the matrix element of the dressed vertex interaction Eq. A2 )2
17 is F(p) = Aep) (26)
T — ' , The matrix elements of andv are calculated
Iy o(p,BE) =Ty o (p) + dp' Ty, L S 007Ny @8N0 UKy ky 8
Ni’“(p )=y —olP) 25 f PN AP) from effective Lagrangians by using the unitary transforma-
tion method of Ref[2]. The effective Lagrangians we con-
% 1 ts.(p",p,E). sider are given in Appendix A. The resulting potentials are
E-Ew,(p')—Eg,(p') +ie " ™ the following:
(20 UKy,aN = UNp T Uy F UK F UYL, (27)

The integrals in the above equations extend over the relative
momentump, the off-shell dynamics is hence included in UKYKY = Ung T U T U, F U, (28)
determining the scattering amplitudes. Thi€-matrix
coupled-channel equation limit used by others can be obwhereZ is a baryon with the strangeneSs -2 and isospin
tained from the above equations only if one keeps the onl=1/2, and 5" its excited statesK™ indicates possible
shell part{~iw&(E-Ey (p")~Es,(p")] of the propagators. ~ Strange vector mesons including (892) and K4(1270; p

Our first task is to define the nonresonant potentials fohere stands for all possible vector mesépsw, ¢).
solving the coupled-channel equatici®). In theKA thresh- However, not every term in Eq$27) and (28) is com-
old energy region, it is reasonable to derive the potential§uted in our calculation for a variety of reasons. We do not
involving the KY channel using effective Lagrangians with consider= and=" exchange terms;=_andvz:, because of
SU(3) symmetry. On the other hand, it is not clear how totheir unknown coupling strength. The vector meson
derive 7N potentialv . . for energies well above theN  t-channel exchange terms, andK4(1270, are also not in-
threshold region. We thus circumvent derivingy .y and  cluded because of their unknown couplings as well as the
instead use a phenomenological procedure to include its efiuality hypothesig35]. Since on the one hand, our formal-
fect using empiricalmN amplitudes[33]. Accordingly, the ism can handle alN" resonances with spi3/2, in thes
main outcome from our calculations are scattering operatorshannels, and on the other hand, contributions from higher
for "N—KY and KY—KY transitions, which are also spin N's are found[36] to be negligible in the processes
needed for dynamical coupled-channel studiegyidf—KY  studied here, it should be a reasonable approximation to keep
reactions. only the t-channel contributions fronK"(892). Due to the

To proceed, we first derive from E@l3) the following  above considerations, the potentials used in this work are
equations:

UKY,aN = UNp ¥ Uy, Uk’ (802 T UYL (29
tiyky(E) = Vv ky(E) + Vi ky(E)Gry(BE)tky ky(E),
(21) UKY,KY = UNp» (30)
i _ +t E)G. o(E 29 as illustrated in Figs. 2 and 3. Their matrix elements can be
kv = Uy + v (B v B)ukey, s (22 calculated from the usual Feynman diagrams except that the
where the effectiv&KY potentialVyy «y(E) is defined by propagatprs of mter_medlate particles are deflned by the pro-
' cedures illustrated in Eq$10) and (11). For Y resonance
Viey ky(E) = vy ky + Uiy [ Gan(E) ex;ha?r?eftellrms_y*E , tge v':n\(/j\;h is mfcluded in the propagators
using the following Breit-Wigner form:
+ GN(BE)tan B Gan(B) v anky,  (23) 9 J J _
. - T
with G(\Vs) = \—I (31
ls=Mg+ T
t']TN,’]TN(E) = U7TN,1TN + vﬂTN,ﬂTNGWN(E)tﬂ'N,‘ITN(E) . (24) X R 2

We see that the operatofgy xy and Ty n Can be obtained In Appendix B, and in the next section, we show how we
by solving Egs.(21)«(23) using the matrix elements of determine the coupling constants associated with the result-
UKY.KYs Uky.an @andt y n. We will calculateviyy, vky-n NG potentials using S(3) symmetry and constituent quark
from effective Lagrangians. On the other hand, we will use amodels. To solve the coupled-channel equati@—(24),
phenomenological procedure to set the matrix elements of the potentials must be regularized by
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K Y
A s K Y
N \
AN K* FIG. 2. Graphical representation of the poten-
N > tials in /N—KY, (@) direct nucleon poIe:ND, (b)
,// Kl )/ hyperon exchangey,, () strange vector meson
e )/ N )/ N exchangevy+, and (d) hyperon resonance ex-
i R r changevy:.
b N E

(a) (b) (©) )

introducing form factors, given in E@28). The cutoffA, of  this coupled-channel model for the following reactions:
these form factors are adjusted to fit theN— KY data

[27-31. K'A — KA, (36)
The calculation of the resonant terrtf§, ., and tgy .y

using Eqgs.(16)<(18) requires bare form factorBy- .y and K°A — K7, (37

'y -~ from a hadron model. The number of the resonances

we need to consider is rather large and such calculations are KeS° s K°S°. (38)

not very certain at the present time. To make progress, we
postpone that more fundamental approach and simply adofo our knowledge no empirical or theoretical information
the following Breit-Wigner form: about the abové&Y — KY reactions is available, although it
— = constitutes an important ingredient in strangeness physics,
R Py ol 'Ng especially in dynamical coupled-channel studies of hyperon
top(E) = 2 T (32 photoproduction reactions, as discussed in Sec. |.
N E-Ey+ —Ffﬁ” To proceed, we need to construct the driving tetgs,n,
2 Figs. 2a)—-2(d) and vkyky, Fig. 3a), for solving Eqgs.(21)
with the total width and(22).
o To produce numerical results for observables, the first step
F(N‘i’t):E T\ of%. (33) is to select a set of resonances relevant to the reaction
a mechanism, to be included in the calculation. To keep the
thQumber of adjustable parameters reasonable, we need some

We will only consider the known resonances and hence . . . oo
above resonant amplitudes can be evaluated using the infogp_wdance from independent investigations on the relevant re-

mation provided by the Particle Data Grol&¥1. For poor action mech_anis_m, or in other words, on the inte_rvening
P y — _[3)7] poorly resonances in differers, u-, andt-channels. As mentioned

determined decay strengtSy ,n and L'y kv, We US€ & iy previous sections, our final aim is to apply this formalism

SU(3) quark model38,39 to fix them. to study associated strangeness production using electromag-
netic probes. We therefore consider resonant states that were
1. RESULTS AND DISCUSSION found to be important in this real(see, e.g., Ref§9,40,41)

In this section we will first use the formalism developed (though our formalism allows us to introduce any nucleon

in the previous sections to build models by fitting the exist-2nd/0r hyperon resonance with spi®3/2). These reso-

ing differential cross section and hyperon polarization asymanCces ares-channel:

metry data for the following processes: N":S,4(1650,Py1(1710, P14(1720,D15(1700,
7 p— KA, (34)
A":S3(1900), P3,(1910, P35(1920.
T p— K2, (35
u-channel:
in the center-of-mass energy region ranging from threshold .
to W=2.3 GeV. We then present our predictions based on A :51(1670,Py,(1810,
K Y
A s K Y
N \
N\
N P FIG. 3. Graphical representation of the poten-
)/ , tials in KY —KY, (&) direct nucleon poIe:ND, (b
, )/ )/ = exchanga;EE, (c) vector meson exchangs,
P ‘K Y 'K Y and(d) E resonance exchang%*E.
‘K Y

(a) (b) © (d)
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TABLE |. Set | coupling constants taken from the TABLE II. Set Il coupling constants inmN—KY and KY
SU(3)-symmetry predictions or PDG partial decay widfl3§], as  —KY. For model A, resonance pseudovector couplings are taken

discussed in Appendix B. from either the prediction of constituent quark mod&/) [38,39
or PDG partial decay widthg37], for model B the values are ex-
Notation Resonance Coupling Value  tracted from our minimization procedure.
fann 0.997 Notation Resonance Coupling Model A Model B
N4 S14(16501/2 fonna 0.272
N5 D,4(17003/2° f NG 0.608 fran -0.950  -0.610
NG P,,(17101/2* f NG 0.093 fsn 0.270 0.120
N7 P,4(17203/2¢ f a7 0.246 frsa 0.741 0.010
L3 S,(16701/2° finLs 0.078 Fass 0.710 0.010
L5 Poy(18101/2" Fenis 0.194 N4 $11(16501/2°  feana ~ -0.204  -0.254
Si P11(16601/2 funst 0.183 ficsna 0.0 -0.200
o D,{(16703/2" fenss 1.054 N5 D15(17003/2°  fyuns ~ —0.665  -1.179
fsns 0.0 -0.468
N6 P1.(17101/25  frane 0.372 0.286
3":P11(1660,D,5(1670. fsne -0.162  -0.237
N7 P13(17203/2°  fyany -0.508 -0.969
t-channel:K"(892). fesn7 0.507 0.461
Notice that the above set efchannel resonances is in line p1 $3,(19001/2° frsor 0.0 ~0.156
with the findings of the Giessen Groipg]. The next stepis p; P,,(19101/2" fsp2 0.0 ~0.200
to choose the coupling constants for various meson-baryorb3 P,4(19203/2" fsps -0.190 ~0.010
bgryon vertices of the mechanisms considered as shown [13 $,,(16701/2 ‘s 0.094 0,200
Figs. 2a)-2(d) and Fig. 3a). 1 mIL3 ' :
We will construct two models. The first model, henceforth -° Poy(18101/2"  fis1s -0.111  -0.010
called model A, is obtained by fitting the data with most of S P11(16601/2° faast 0.0 -0.064
coupling constants fixed by combining &)-symmetry, frsst -0.098 -0.200
with central values reported in the Particle Data Gr§sif, A D45(16703/2° frasa 0.977 0.252
and the predictions from constituent quark mod&g]. In fossr 2.110 0.230

the second model, henceforth called model B, in fitting the
data, we let the rather poorly determined coupling constants
used in model A, vary within the ranges permitted by thecan be determined straightforwardly. These coupling con-
estimated broken S@3@)-symmetry or by the uncertainti¢)  stants are listed in the fourth column of Table Il and are used,
corresponding to the ranges reported in the ABG@. More ~ With no adjustments, in our construction of model A. In
precisely, those adjustable parameters are allowed to vafjodel B, they are treated as adjustable parameters, within
within £26. Accordingly, the fixed and adjustable parameterst2J as explained above.
within our models can be classified into three sets, as ex- Set lll: The set includes three categories, and were treated
plained below. as free parameters in constructing both models A and JLab,
Set I: The coupling constantsrNN, #NN', and KNY"  as listed in Table IlI.
channels can be found in the literature. They are determined (i) The cutoff parametersAg, A, A, andA ;) were al-
from using either the S(3) predictions or from the partial lowed to vary between 500 and 1200 MeyV/
decay widths listed by the Particle Data GrdigY]. Those
coupling constants are listed in Table | and are used, without TABLE lll. Set Il parameters, as extracted from minimizations
any adjustments, in constructing both models A and B. ~ for models A and B.
Set II: This set includes the following coupling constants:

KYN, KYN, KYA", 7YY, and #YY". The coupling con- Parameter Symbol Model A Model B
st_ants,fKYN andf_yy, needed for evaluating the Born terms, Cutoffs Aq 500.0 500.0
Figs. 4a)-2(c), are not very well known. So we adopt the

. . Ay 730.1 1200.0
predictedcentral valuesusing the SW{3) flavor symmetry A 1 1
with the well known[42] pion-nucleon coupling constant t 00.0 99.6
f_nn as input. For the coupling constants associated with the Aan 1017.8 1199.9
decay ofN*, A", andX" into 7Y or KY, we use the results of Off-shell X 1.178 1.484
constituent quark model®M) [38,39, which have modest K'NY couplings f‘lé*NA 0.437 0.367
success in predicting baryon resonances and their properties. f;*NA -2.161 -2.676
Using theN" —KY, 7N and Y' — 7Y,KN decay amplitudes f\é*Nz -0.286 -0.291
tabulated in Refs[38,39, the resonance coupling constants, Flens 0.031 0.186

as defined by the effective Lagrangians given in Appendix A
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(i) The off-shell parameter for describing the propagator  90.0 [ - aaer-woresr Gev | o Baker Wet.ca3 Govy %HT- o Baker ;W72 GeVl
of the spin 3/2 resonances, as introduced in R&f]. For + Knasel  W-1.661 GeV *K"ase';Wﬂ'weél%\ [ Vedals ]
simplicity, we assume this off-shell parametéiin Table IlI, 1 §§/V
is the same for all three spin 3/2 resonances considered. + § .

(i) The K'NY coupling constants for evaluating
K"-exchange mechanism illustrated in Figc2

At this point, we wish to summarize the content of our
models A and B, and discuss briefly the extracted free pa-2
rameters. In the fitting procedure, to save computation time,%
we have used a database of about 500 points for differentias
cross sections and polarization asymmetries in the whole en

e Saxon ; W=1.879 GeV

b/sr)

fif} 63 }

1 e | |

+ Saxon ; W=2.259 GeV %

ergy range of interest. However, the resulting fits are com- + Saxon; W=2.059 GeV + Saxon ; W=2.159 GeV %

pared with the complete database, and a representative set 600t 1 :

data are shown in the rest of this section. 30.0 i 1 4
Model A As described above, only parameters listed in *M:/"'/l\p J f e tuatt

Table IIl are varied in constructing model A. All coupling 00,0 05 00 05 -1.0 05 00 05 -10 -05 00 05 10

constants for defining potentialgy .y andvgy ky are fixed, cos(©)

as listed in Table | and the fourth column of Table Il. We
note that the resultlng'cutoff* parameters for model A, .TableThe curves are from models @ashed curvgsand B (full curves.
[Il, are reasonable, while the€ NY parameters so determined Data are from Refg27,29
remain to be examined theoretically. It is clear that model A T
can only give a very qualitative description of the data. Themodels fail to reproduce the far backward angle data.
model A gives a reduceg? of 3.28. For them p— K°X° reaction, the situation is different: the
Model B As mentioned above, the parameters in Table Imodel B shows a significantly better agreement with the data
are taken from the literature and are not adjusted. The coup to W=2.1 GeV. At the two highest energies, models A
pling constants listed in Table 1l for model A come from the and B produce comparable results and they both miss the
predictions of exact S(3)-symmetry and/or taking the cen- bump around cd®) ~0.3.
tral values of the partial decay widths listed by PD&]. The main gross features of our results might be explained
Since the Sw)-symmetry is on|y an approximate symmetry, by the ingredients of the reaction me(ihanisms in our models.
the predicted values could have uncertainties of up to abouthe K°A channel is dominated by tH¢ resonances. In our
30%. Furthermore, the ranges specified by PDG for most ofodels the included resonances are ararid 1.7 GeV. To
partial decay widths of resonances are very large. To obtain ure the above short comings, we probably need to include
better fit to the data and to shed light on the relative imporhigher mass resonances, especially B3g1900. This hy-
tance of different resonances, model B is constructed by als@othesis is endorsed by the results reported in Ref. In
varying the parameters listed in Table Il in fitting the data.the case of th&"%" channel, thed resonances embodied in
However, the ranges of these parameters are constrained Byr models are aroundll ~ 1.9 GeV and ensure a much bet-
about 30% deviation from exact $8) values or by +2 for  ter reproduction of the data. . .
central values taken from PDG. The resulting parameters of We have noticed that by loosening the constraints on the
model B are compared with the values of model A in Tablesdjustable paramete(s34 instead of +2), the model-data
Il and IlI. It is clear that, according to our study, the central 499

FIG. 4. Differential cross section for the reactianp— K°A.

: . T T T & Baker | W=1.758 Ge T j j
values for the relevant parameters as reported in literature [ cSserwtmey 3 — - E‘Eiléw i Ii o Belcer s Wet 702 GeV |
are not the most appropriate ones. However, the extracte: ' I} k) I
values, allowed to vary within the ranges established by 200 _iﬂﬂi 5 7 iy Exy
other sources, lead to a significantly reduced, improyedt oo T Tt m--d T TR
goes down by roughly a factor of 2: model B leadsyto 40.0 Ir bbb e e
=1.77. % 300 o Baker ; W=1.847 GeV * Hart ; W=1.879 GeV * Hart ; W=1.966 GeV

In the following, we compare the results of models A and § ' 1 t I
B with relevant data. g 200 w q
2 100 |~ s L
_g TEE
40.0 } } t

A. Differential cross section for # p—K°A,K’X° processes
30.0 [ «Hart; W=2.059 GeV

Differential cross section at nine center-of mass total en-

ergies are shown in Figs. 4 and 5 for the reactiong 200 ¢
—K°A,K2°, respectively. 100 fzs e

For the 7 p—K°A channel, the model Bfull curves oo B e et
results are comparable to those of the modeldashed THO 708 00 08 10108 A0S MO 08 00 08 10

curveg up toW=1.7 GeV, and abov&/=2.0 GeV. In the
intermediate energy range, the model B gives a better ac- FIG. 5. Differential cross section for the reactianp— K°S".
count of the data. However, froriVv=1.8 GeV up, both The curves are as in Fig. 4. Data are from R§E8,31].
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Asymmetry
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0.5
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-0.5
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u Baker; W=1683GoV T

E mBaker;W-1661Gev mxgg

+ wBaker; W=1.724GeV =

’
® Baker ; W=1.758 GeV .

=n_
HLL

) | .
-Jéaxon ; W=2.059 GeV

i

1§

i

R

L] Slsxon ; W=1.879 GIeV
+ t t

n ; W=2259 GeV} E

UL Th.l{ :

cos(©)
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FIG. 6. A-polarization asymmetries for the reaction p

—K°A. The curves are as in Fig. 4. Data are from R§#9,3Q.
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120.0 T T 1.0
—— Model B; ©=20 deg.
[ Without N4 T
90.0 - / \\———W:thgﬂtNS ] 05 | rax2” " ]
L — without N& e
60.0 ///N- W:thgﬂtN7 /,’,7 0.0 F T Ty
/ \ ey
30.0 1 \\\\\\\\)4;/’// ] 05t  __ veime-ds ]
0.0 ——+——— : -1.0 F——
— //.: Model B; 8 =90 deg. 0 5 E 1
2 i £ :
. 0.0
g A\ E ‘
T 20.0 - 1N\ 1 @ \ \\\ """""
) R T 05 b poelB =0y i
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0.0 — == -10 } — }
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oo 0.0 |
2000 1
10.0 - % / i\\\\\\ 1 05 ¢ 2t Model B; © = 160 deg.
5 e N
0.0, —== — T
1.6 1.8 2.0 2.2 16 1.8 2.0 2.2
W (GeV) W (GeV)

FIG. 8. Excitation function at three angles for the reaction

agreement gets improved for th&A channel, especially at 7 p— K°A from threshold up taV=2.3 GeV. The curves are from
backward angles. However, we feel that the extracted valu
are less meaningful.

Interpretation of recent data from JL&B| and ELSA[4]

within a constituent quark model is in progre. That
work will allow us to determine the most pertinent reso- significant effect on the extracted coupling constants re-
nances with respect to strangeness electromagnetic produgorted in Tables Il and IIl.

tion. Afterwards, the present formalism will be used to imbed The main features of the polarizédasymmetriegFig. 6)
those resonances into planned future coupled-channel invegte that they are large and positive upvit=1.8 GeV, and
tigations of associated strangeness photo- and electroprodu@bove they show nodal structures. The model B shows a

tion.

B. Polarization asymmetry for 7 p—K°A ,K*X° processes

ergodel B (full curve), and the same model without one nucleon
resonanceN4 (dotted, N5 (dasheg, N6 (long dashey and N7
(dash-dotted

better agreement with the data at lower energies. The short-
comings at higher energies could again be attributed to the
lack of higher mas®'s in our models.

The most noticeable differences between models A and B

The quality of the final state hyperon polarization asym-are in the shapes of the- polarization asymmetry fow

metry data, shown in Figs. 6 and 7 is clearly very poor.< 1.8 GeV(Fig. 7). The higher masda resonances seem to

Nevertheless, as already noticed by the Giessen Git8ip ) : _
the inclusion of those data in the fitting procedure has &ntial cross sectiond=ig. 5).

Asymmetry

1.0
0.5
0.0
-0.5
-1.0

e o =
© » o

|
e
12

-1.0
1.0

05

0.0
-05
-1

FIG.

T

T T T
Hart ; W=1.758 GeV
Model A
Model B

T T
T fan ;W=1.792GeV |

}
£ mHart; W=1.847 GeV

—  Fat Wa1.966 GeV I
. .

® Hart ; W=2059 GeV :[

~® Hart; W=2.159 GeV

R

I ¢ Harl; W=2.259 GeV 3

7. X-polarization

cos(©)

asymmetries

0 . . . . . . . . .
-1.0 -05 00 05 -10 -05 00 05 -1.0 -05 00 05 1.0

for the reaction

7 p—K2°. The curves are as in Fig. 4. Data are from R8f].

play a less important role here than in the case of the differ-

C. Role of the nucleon resonances in the reactions
7 p—KA KX

It is interesting to identify the role of nucleon resonances
within our model B. To do so, we have turned off the
nucleon resonances, one at a time, by putting the relevant
couplings in Table Il to zero, and have calculated the observ-
able without any readjustment of the other parameters. The
excitation functions, at three angles, for the cross sections
and the polarization asymmetries are depicted in Figs. 8 and
9 for the reactiongr p— K°A andK°X’, respectively.

The notation used in the figures for the resonances are
those in Table Il; namelyN4:S;4(1650, N5:D5(1700,
N6:P;4(1710, andN7:P,5(1720.

The most striking feature here is the angular dependence
of the role played by each resonance.

In theK°A channelFig. 8, left column, the effects on the
differential cross sections due to tf8;(1650 goes from
highly dominant at forward angles to marginal at large back-
ward angles.
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800 M ooers 0 Cavs. 10 o Here theS;,(1650 resonance has a significant effect on
ao L mﬁgﬂiﬂ; ] 05 ¢ ’ ] both observables and at all angles. TRg(1710 shows
B o o 0oL ===~ _1  smallcontributions in the whole phase space for both observ-
200 - /,”":y:;/,//'_ \“7/ ables, while the otheP-wave with higher spinP,5(1720),
L Lo 05 ] produces significant effects at forward angles in the differen-
0.0 — ‘ : -1.0 ‘ ‘ ‘ tial cross section below=2.0 GeV, and even more at large
20.0 Model B; © =50 des _ Model B;@=90deg. | backward angles. The role played by thevave resonance,

D,5(1700, in the differential cross section increases with

- angle and becomes .comparable to t'haggf165() at large
05 v ] backward angles. Finally, the polarization observable does
not show any significant sensitivity to thié;5(1720 and

10.0

Asymmetry
o
o

do/dQ (ubfsn)

01 -0 D,5(1700 resonances.
30.0 1 05 [ — owimo-ioms ] Such a partial-wave decomposition has been also per-
20.0 00 f  _ ermaee ] formed by the Giessen GroUf8] on the total cross-section
P R S N ] o5 ” 1 observables, leading also to small contributions fromRhge
I Tl T, ' . resonances. Effects found there for the other three reso-
00 s 20 ;2* T EET T EEY nances are compatible with our findings. N
W (GeV) W (GeV) Finally, we have performed a similar decomposition for
the A resonances included in our model B. However, no
FIG. 9. Same as Fig. 8, but for the p— K°X° channel. noteworthy effect was observed.

For theP-wave resonance®,,(1710 andP,5(1720, we
observe strong effects at extreme angles, which also reveal  D. Total cross section for the reactionsm p— K°A
large interference phenomena. and 7 p— K%’

The D-wave resonancd);5(1700, has a significant effect
only below=1.7 GeV and show a sharp increase at interme
diate and large angles. The possible role playedbyave

resonances has not been investigated in other recent wor For the reactionrp— K°A the two models give compa-

[11,18. The polarized\ asymmetriegFig. 8, right column, ;
show very different behavior. At the forward angles, differentr"’.lble results, and model B does slightly better at lower ener-

resonances have comparable effects. Around 8@ spin glels h - K'S® ch | the si L
3/2 resonance;4(1700 and Py5(1720, produce impor- _ﬁn t g casg (IMETS p— c_an_?_e t Ie st:tuanon is very
tant interference effects. Finally, at large backward angles, aﬁ“ erent: mode gives a significantly better agreement

resonances show significant contributions beled.9 GeV. with the data than does model A. . .
The results of a similar study on the role of the resonances Both features reflect our comments about the differential

for the processTp— K°S* are depicted in Fig. 9 cross sections, showing that the method used to extracted
T total cross-section data from differential cross-section mea-

Total cross-section data were not included in our fitting
database. Our results, shown in Fig. 10, are, hence, postdic-
Egns.

1.0 f ' ' ' ' N K ' ' : surements is sufficiently reliable.
% nasel
08 " Sason -
_ ; — —~ Model A E. Total cross sections oKY—KY processes
é 08 — Model B Using the models we have constructed, one can predict
© 0.4 . the KY —KY amplitudes. These amplitudes, although pres-
ently inaccessible experimentally, are needed for dynamical
02 i . I | coupled-channel investigations of the electromagnetic pro-
0.0 e duction of hyperons. As an example, in Fig. 11 we show the
03 | ® Knasel | predicted total cross sections for tHe€'A —K°A, KA
.  Hart — K2, andK2°— KX° processes.
%% % T mggg:g For each of the models, we show two curvég:contri-
g 02 | i . butions due only to the resonant terraotted curve for
% ‘ ; model A and dash-dotted for model),Kii) full calculation
© o1 - } | (dashed curves for model A and full curves for modgl B
' y = We see that the predictions from model A and model B
/ are strikingly different. Within model B, the resonant terms
0.01'6 17 18 19 20 21 22 23 24 25 play a more significant role in all three c.hannels. Mpreover,
W (GeV) the magnitude of the total cross sections are higher by
roughly a factor of 4 for model B than for model A.
FIG. 10. Total cross section for the reactiongp— K°A (upper We therefore expect that the more realistic model B will
box), and7p— K°3° (lower box. Curves are the same as in Fig. 4. generate very different final stat€Y scattering effects on
Data are from Refg27,29-31. kaon electromagnetic production reactions. Our investiga-
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2.0  Model A (T allowing most of the parameters to vary around the values of
N MgdZm?R)) ; model A in fitting the data. Good fits to the available differ-
— Model B (T) ential cross section and spin observable data #op
10 —-— ModelB(R) ] —K°A,K’>° have been achieved. The investigated kinemat-
05 . 3 ics region in the center-of-mass frame goes from threshold to
0.0 e S : 2.5 GeV. . .
0.4 ] The constructed models will facilitate coupled-channel
) studies of kaon photo- and electro-production reactions. In
5 03 1 particular, the predicteY — KY amplitudes, which are in-
02 ] accessible experimentally, are needed to predict coupled-
% 0.1 T . channel effects, such as that due to §ie— KA — K2 tran-
0.0 s e =S sition. Our effort in this direction will be published
0.6 1 elsewhere.
0.4 .
02 1 ACKNOWLEDGMENTS
. One of us(B.S) wishes to express appreciation for warm
0.0 . 2.0 2.2 hospitality during a visit to the University of Pittsburgh. This
W (GeV) work was supported in part by the U.S. Department of En-

_ _ ergy, Office of Nuclear Physics, under Contract No. W-31-
FIG. 11. Total cross section for the reactidi\ — K°A (upper  109-ENG-38 and in part by the U.S. National Science Foun-
box), K'A—K'X* (middle boy, and K’X*—K'3" (lower bo.  gation, under Grant No. 0244526 at the University of

Curves come from only resonant terms for models A andi@ted  pijyshyrgh. The gracious hospitality during visits to Saclay
and dash-dotted, respectively, and full A and B modgeé&shed and and to Argonne is very much appreciated by F.T
full curves, respectively o

tions in this direction will be published elsewhere. APPENDIX A: LAGRANGIANS
The effective Lagrangians used in this work are given in
IV. SUMMARY AND CONCLUSIONS this appendix for reference.
Based on an extension of the dynamical model of Raf. _ _
we have developed an approach to construct the coupled- 1. Born term interaction
channel models for describing theN—KY and KY —KY The Omeson-1/2'baryon interactions are usually de-

reactions at energies where the baryon resonances asgribed using either pseudoscalRS) or pseudovectofPV)
strongly excited. As a start, we only consideN andKY  coypling,

(=KA,KX) channels. Furthermore, the resonances which o
were found to be important in theN—KY and kaon pho- LS = —igyse ystf ¢+ Hee., (A1)
toproduction reactions are included in the investigations.
Thus the models we construct can be consistently used to f
also investigate kaon electromagnetic production reactions. ﬁ(,\;g)gf = Mlﬂ%nlﬂfaudﬁ H.c. (A2)
Undoubtedly, our objective is very limited compared to a m;
more rigorous coupled-channel approach, which necessaril P P
include(él more chaﬁnels, suchqu,pEN, andwN. However, I¥ba_1ryonsB andB’ are on-shell, the'ﬁfvlgs/ aqdﬁf\ﬂg)B, are
our approach can be used to include additional nucleon angduivalent, and the pseudoscalar coupligggs and
hyperon resonances with sp#3/2. pseudovector couplinfygp are related by

Given that no attempt is made to also fit th®&l elastic
scattering data, we solve the coupled-channel equations with = )
a simplification that therN— 7N scatteringt-matrix ele- m;  Mg+Mg
ments are parameterized in terms of the empirigl
partial-wave amplitudes and a phenomenological off-shel
function. On the other hand, the basic nonresonaht
—KY and KY—KY transition potentials are derived rigor-
ously from effective Lagrangians using a unitary transforma

fuee  Ovem

(A3)

|n this work, the pseudovector coupling is used for bath
andK sectors. Using S(B) symmetry as discussed later, we
can express the interaction Lagrangians in each particle ba-
sis. For example, the Lagrangian for tt€"'pA) vertex can

be written as

tion method.
We have constructed two models. The first omadel A) V) fan _ _
is built by assuming that all coupling constants and reso- Lyrop == = (P57, AFK" + Aysy,pdKD),

nance parameters can be fixed using ®tsymmetry infor- M

mation from the Particle Data Group, plus values from awhere the field operators are denoted by the particle’s iden-
constituent quark model. The second model B is obtained byity.
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2. SU3) symmetry

c -—M (KN) + (N7K) -
The notation used to described the particle fields is de- KEN [ )+ (NK) - 2]

fined here: f _ _ o -
) %[EO(K‘p ~Kn) +23*K% + V25 Kn
P — T
NE( ) N = (p,n), A4 _ _ -
n P (A%) + (PK* = K9S0+ \2pKS * + \2nK*s .
K For interactions involving thd, which is a decouplet baryon
K = (K0>’ o — (K™KY), (A5) with isospin 3/2, the Lagrangians are

f Tan
Lona= ”NA[MTN+NTTM] iy { Aap

T V,'§W+
7-175(,_ ~ 0)’ (AB)
27 - +A* 7Tp ’7Tn +A° 7'rp
20 \,152‘*' . S_,O \;,152_/_ + \/i ) + A +H. :|
leE(\rEE' —20)’ EITE<\,F_+ 50 ) 3 T

25+ =30
(A7) frsa
Lysa=—— - [A*T - %0,K+ 3, KS - TAX]
A++ m
X fm{ A++E+K++A+( \/7 30K - \/7 2*K°)
A=l o | A= (AT AT,A A7), (A8) m

A” +A°(\/72 K*+ \/72°K°)+A2K°+Hc]

Suppressing the factorgy,* for PV coupling(or ivys for

A10
PS coupling, the explicit interaction Lagrangians in the (ALO)
SU(3) sector for octet baryons are: where the four-vector indices and derivatives are suppressed
in the second lines. The couplings in E¢89) and (A10)
fNN— can be related usin symmetry[43].
Lo = — TN g 38) sy y[43]
£ " = 3. Baryon resonance interaction
7NN — [z . -
“m (ppm® —na® + \2pn7” + y2npm), The general interaction Lagrangians for baryon reso-
i nancegqfor spin-1/2 and 3/Rare described here. As in the
. Born terms, the explicit form for each $8) sector can be
o= —TAE AN LAY obtained by making appropriate substitutions in E#s9)
A m, (AZ+3A) - and(A10),
fﬂ'AE N 0_0 -+ (P9 =— R
:—?(A(E 7 + 3070+ 377" EMBR(%i)— ImerRI ¢+ H.C.,
+ (§+7T+ + §07TO+§_7T_)A), . iys for R(% +)
with T = 1= (A11)
; 1 for R(5 )
Loss=i2X(EX3) @
My (PV) fMBR
L 14\ = — Rl ,yd"¢+H.c.,
foss SHSt 5504 (N0 - _ S+ 0+ MBR(E ) m;
—m—[(E XT3 + (VYT -3 )
w0 =tes - for R(:"
+(3730-3%N 7], (A9) with T, = 5Vu (2 ) (A12)

iy, forR(%7),

KAN where the pseudovector couplinfjgsg and the pseudoscalar

S _
Lxan=———"[A(KN) + (NK)A]

m, couplingsgygg for resonanceR(%i) are related by
fran —.0 - L 0 fmer ImBR

= - ——[(pK*+nK)A + A(K'p+K°n)], — =
m, [(pt ) (K'p )] m. - Mot Mg
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fMBR — —
‘CMBR(:—;i) = [R’ur®,u,v(z) ‘ﬂﬁv@ + lﬁl—‘v,u(z) RM&V¢T]1

(A13)

1 forR(Z"

with = (2_) :
lys for R(E )
1

and®,,(2) =g,, - (Z+ E)yﬂy,,. (A14)

4. Vector meson interaction

PHYSICAL REVIEW C 69, 065208(2004)

f%/IBR Eg+ Mg 4

127m2. Mg a

1—‘3/2’5 = Ciso (BZ)
whereEg is the energy of the final baryon, agdienotes the
three momentum of the meson and baryon in the rest frame
of the decaying resonanc€, is the isospin factor, and
Ciso=3 for decaysN" — 7N andN" — K3, andCi,,=1.

2. KYN and #YY couplings

In this section we summarize the situation with respect to
the free parameterfxn, fxsn: frsa, @andf s (See Table ).

Given that in the literature pseudoscalar couplings are
more commonly used, we would like to make clear the rela-

For vector meson interactions, the correspondingt'on between those and the pseudovector ones used in our

Lagrangians are:

r —

K'YNT ™ g\lé*AN(N'V#AK; +K,Ay*N) - g\é*gN(N’Y“T >

+K 2 - 7y*N),

T

Ocan — . =
m _ v v
EK*YN_ - m(NO’“ Aé’MKV + (9MKVAO"M N)
T
ks

- m(NO‘”VT-Eo'?MKV'F é’MKVE - 70*'N),

Lihn= = igk an(NY“7sAK), + K, Aysy*N)

—igk sn(NY# 967 - 2K, + K3 - 7y5y*N),

LT
(T IgKlAN NIV * WA 1%
£K1YN: YRY (No*"ysAd, K, + 3,K,Ays0*"N)
A N
ig-IE12N — * S
- m(Na”w’y5T . EﬂﬂKV + (9MKV2 - 7y50™'N).
3 N

APPENDIX B: COUPLING CONSTANTS
1. Hadronic couplings

In Sec. lll A, we give the interaction Lagrangiad,gg
for spin-1/2 and 3/2 baryon resonancBs(=N",A",Y"),
where B=N,A,Y and M=7,K. The coupling constants in
Egs. (A11)—(A14) can be derived from partial widthe in
the decayR— MB. The derivation is straightforward, and the
formulas are given here.

For resonances with®=1/2*,

JuerEs ¥ Mg

1_‘1/2’5 = Ciso

47T MR
f25r/ Mgt Mg \2Eg ¥ M

=Cy, MBR( R B) B + Bq' (B1)
47T m,., MR

and for resonances withf=3/2%,

work.

3. Expressions

Actually the issues related to the use of pseudos¢RISr
versus pseudovectgPV) couplings have been discussed by
several authorgsee, e.g., Ref444,45), but at the present
time there is no strong argument to prefer one to the other.

Using de Swart convention, we have the following rela-
tions for the PS couplings:

Gkan = — 223 — 207, (B3)
V3
Oksn = 9mn(2ap — 1), (B4)
2
9rAs = =D 9NN (B5)
V3
Omss = 2(1 - aD)ngN! (BG)

with ap=D/D+F the standard fraction oD and F cou-
plings.

The relations between PV and PS couplings(aes, e.g.,
Refs.[45,44:

m

fonn= ﬁngNa (B7)

N
m

fran = MN+KMAgKANa (B8)
Mk

frsn = My + Mngsz (B9)
m7T

fras = mng, (B10)
m7T

foss = —ZMZQWEE- (B11)

Expressions relating PS and PV couplings foXN" and
KNY", for S andP resonances, can be found [45].
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4. Numerical considerations

9KAN 9KAN
. . “F—=-3.934; -535Kk—F—=<-2518
The central values of two main KYN couplings are deter- N T

mined using EqsB3) and(B4), with ap=0.644(Ref.[47]),
and g.nn=14.11 (Ref. [42]). For those couplings, the al-

lowed ranges in the fitting procedure are in line with the OksN _ _ OKksN
findings of a recent work[48] based on generalized V,rE‘1-146’ 0.516< \’,ﬂ$1-777-

Goldberger-Treiman relation combined with the Dashen-

Weinstein sum rule, which puts the following uncertainties Finally, concerning the two other couplingsA3 and

on thegyan and ggsy couplings: +36% and +55%, respec- 722, the most recent works that we are aware of are Refs.
tively. We hence find: [46,49 but they do not give identical values.
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