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1. Introduction

The partial-wave (PW) expansion has been a successful technigoigimgsfew-particle sys-
tems, see for instance Ref. [1]. But as the energy increases PW tialesilabecome more tedious
both algebraically and numerically, since many more higher angular momenttes Stve to be
considered. The three-dimensional (3D) technique appears to balaljemative to the PW one
in solving the Lippmann-Schwinger (LS) equation, see for example Re3].[2n 3D technique the
linear momentum state as part of the basis state is not expanded in the angulantono states,
thus, all partial waves are taken.

In Ref. [4] we compare PW calculations to 3D calculations for the crodsoseaf KN scat-
tering based on a simple Yukawa-tipe interaction with a spin-orbit force. NWdetfiat for higher
energies of a few hundreds MeV, the PW calculations converge slowig. stiggests us more to
use the 3D technique especially for higher energies. In this work we wittef in our investiga-
tion on KN scattering using the 3D technique by taking a more realistic KN interadédved in
Ref. [5]. Our future plan is to refit the parameters of the potential by comgaur 3D calculations
to experimental data for the cross section and some spin observables.

We describe the KN interaction that we take in Section 2. In Section 3 we ste8Dh
formulation. We summarize in Section 4.

2. Hadron Exchange I nteraction

Here we describe briefly the KN interaction model developed by Biittgen [&] aWe show
only those part of the model that we take in our present work. We takeupritythe second order in
accordance with our attemp to create a kind of one-hadron-exchateygtipbfor KN system. The
KN interaction model in Ref. [5] considers mesons and baryons as theategf freedom of the
strong interaction dynamics. In this approach, the interactions are egpeedy the meson-meson-
meson and baryon-baryon-meson vertices. For the baryon-bapaar mesonbps), baryon-
baryon-pseudoscalar mesdn|f), baryon-baryon-vector mesobk), pseudoscalar-pseudoscalar-
scalar mesonpps), and pseudoscalar-pseudoscalar-vector mggm) yertices, respectively, the
interaction Lagrangians take the following forms

Lips = ObbsPpWp®s (2.1)

Zobp = GobpW¥i 5WpPp (2.2)
_ T

Lov = GoovWPoyu Vol + ﬁq’b%v‘“b(a“q’\‘f —0"d) (2.3)

“Zpps = YppsMpPpPpPs (2.4)

Zopv = GppvPp(9uPp) P . (2.5)

HereW, is the baryon field operator aribs, ®p, and®! are the field operators for scalar, pseu-
doscalar, and vector mesons, respectively. Note that in the expresdione only the space-spin
part is given. The isospin factor will be inserted in the equation describimgpotential (see ex-
planations below). As explained in Ref. [5] only tbemeson is considered for the scalar meson,
K-meson for the pseudoscalar mespnand w-meson for the vector mesons, and the nuclson
M-, andZ-hyperon for the baryons. The second-order time-ordered diagaesrshown in Fig. 1.
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Figure 1: Time ordered diagrams for hadrons exchange interactidnghaed in this work.

The diagrams in Fig. 1 lead to the following hadron exchange interaction3 figlo-meson
exchange (diagrams (a)+(b)) gives
 OkkoONNo FikoFPune U(F'A")u(pA)

(PANVG|PA) = =5 o, G- (2.6)

The vector mesornv(= p, w) exchange (diagrams (a)+(b)) gives

FekvF 1
,)\/V ) — _gKKv KKVvINNv
PAIPY = =32 e, &%

- A i) P+ BROUT AU ) @7)

((gnny + fnw) (P + Pr)HUFA ) ypu(pA)

Since thgp-meson has isospin 1, the corresponding contribution should be multipliedibgspin
factor 11 - 72. Note that both kaon and nucleon have isos})iﬁrhe hyperonY = A, %) exchange
(diagram (c)) gives

:gﬁYN Fayn  U(FA) (yupy —my) u(pa)
32m \/w Ev(z— w — ax +Ey +i¢€)

with z= En + ax. The isospin factor foA-exchange i%(1+ 11 - T2) and forz-exchange i%(S—

71+ T2). In these formulations) is the quantum number of the spin projection in some prefered
direction andp and g’ are the relative momentum of kaon-nucleon system in the initial and final
states, respectively. In order to consider the hadron structure[3Rapplies the form factor

F— </\ﬁ—mﬁ>nh (2.9)

2 2
NS+

(FA W |pA) (2.8)

for meson-meson-meson vertices wikth= 1 (h = 0, w, p) andg, = @ — P is the transfered mo-
mentum. For hyperon containing vertices, Ref. [5] applies the form factor

E, — (/\¢+”¢> (2.10)

N +qd

with gy is the transfered 4-momentum. As mentioned in Ref. [5], the reason for tdkséprm
factors is to consider the off-shell behaviour of a hyperon exchéhinge
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3. Three-dimensional (3D) Formulation

The basis state in the 3D technique is defined as [4]

PA) = P2 (3.1)

which is a direct product of the linear momentum stig@edan the spin statgA) with the spin
being quantized along theaxis andA = i%. In this basis, the LS equation is obtained as

T (F.P) = V/\f)\(ﬁ/,ﬁ)+2/d5”V/\/A"(ﬁ', p")Gg (Epr, Ep)Tana (B, P) (3.2)

)\//

where

Ta(P.0) = (FA'[TIPA) (3.3)
Vi (B, 8) = (FAIVIPA) = Z@’)\'\Vh!ﬁ/\) (3.4)

with h=o,p,w,\,Z. The free propagator is given as

1
+ // = i _— .
GO (Ep 7Ep) lILnO Ep +ie— Ep// (35)

whereEp = p?/2u is the initial kinetic energy of the system, which is also the energy at which the
scattering occurs.
The KN potential in momentum space has a general structure as

V(P B) = (F'|ValD)
= An(P,P)+Bn(P,p)5-P T P. (3.6)

with A, (@', p) andBy, (7, P) being some spin-independent function andre the Pauli's matrices.
We evaluate the matrix element of the spin operator in the last term of Eq.(8l @bsain

(2A'|G-F G- Bl2A) = S (cos@’cos@+e’2i"(""*"’>sin9’sin6>
+Oy_y 22 A9 (sin@’cos@ — e 2A@-9) cos@’sin@) . 37
In the casgd = pz, the azimutal behaviour &/, (F, p) andT,., (7', p) show up as

Vi (B, p2) = e "AN9y,,, (p',p, 8') (3.8)
Taa(F,p2) = e W9, (0, p,8)). (3.9)

This azimuthal behaviour leads to the final form of the integral equatiotin@&r -matrix element

00 /12
T (9.98) = Voo (9.0 +2um 5 [“ap' B
A//

1
X / dcosd"Vi,,(p, 0", 8',6")Tan (P, p6") (3.10)
1
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with
2” H ! I ol H !
V)\A/)\”(p/> p//76/76”) = /0 d(ﬂ,VA’A”(ﬁ/a p'//)el()\ v (p')e—l)\((p’—(p’) . (311)
The symmetry behaviour @, (p', p, 8’) shows up as [4]

Taa(P,p.8) = (=) T u a(P,p.8), (3.12)
thus, allowing us to solve Eq.(3.10) only f‘ﬁg%(p’, p,0") andT_%% (p,p'6o).

Having theT-matrix eIementT%%(p’, p,6") and T_%%(p’, p'0’), we can calculate the spin-
averaged differential cross section as

do 2 2
and the polarization, as one example of the spin observable, as
R = E(4712 2Im(T; 0T o' 3.14
y — I “) m ll(papv ) 7%%(p7p7 ) . ( . )
0 22

4. Summary

The KN scattering has been formulated by using a 3D technique. Thertsagochange model
has been applied for the KN interaction by considering the second adetgrchs only. The cross
section and some spin observables will be utilized in determining the paramiktieeswodel. All
this is needed for our intention to make a one-hadron-exchange KN itteracthe next future.
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