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ABSTRACT. The angular distribution and polarization of A's in w-p eollisione

is studied assuming that all but the S-wave comes from the exchange of a K'~meson.

The dats were analyéed at two different energies 960 and 1300 MeV of
the incident pion. A satisfactory result is obtained for the higher emergy and

favours a vector K'-meson. In the region of 960 MeV the model seems inadequate.
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I - INTRODUCTION

A theoretical explanation of the backward peaking of the a's
produced in w-p collisions has been proposed by Tiomno 1 on the
assumption that the pion is absorbed by a meson K¢ (a resonant

state of the Kr-system) which is transformed into a K-meson (fig. 1)

Fig. 1 - Feynman diagram for the exchange of a K'-meson
Such a K'-particle has been experimentally observed by M. Alston
et al. % in the reaction K + p-——a-Ko + 7 + p,; which shows a Kr

resonance at 8§85 MeV.

The simple picture of a Ki-meson exchange is however clearly in-

complete, because:

a) It predicts no po;arization for the A's in contrast with the larg
polarization found experimentally;

b) The mass of the K'-meson required to explain the angular distri-
bution of A's at incident energies around 960 MeV is too small and

imecompatible with the experimental mass.

It thus appears that the exchange of a K'meson is probably a main
source of interaction but there are also some other important factors

which must be taken into account.
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i In this paper we have investigated a modification of the original
ischeme by adding to it an arbitrary complex S-wave. It is indeed
reasonable to expect that the S=wave is not entirely given by  the
graph in Fig. 1. On the other hand, if there are no strongly absorp
tion channels in the other partial waves, then they should be mostly
given by the Kf-exchange term, eicept the Py vave; which has also a
contribution from the term with one nucleon intermediate state. It
should be emphazised that this model is primarily intended to verify
the influence of the K'-meson exchange term and not as a full descrip-

tion of the process. It is in this spirit that the one nucleon ternm
is not being included.

We have calculated the matrix elements for the process, assuming
elther scalar or vector K'-meson, at the energies of 960 and 1300 MeV.
PThe S-wave parameters and coupling constants were adjusted to give
the best fitting to the angular distributions. It was found that
with the same coupling constant one could not fit the data at both
energies. The inclusion of the term with one nucleon intermediate

state i1s unlikely to improve substantially this situation.

Phe average polarization obtained at 960 and 1300 MeV was not in
dlsagreement with the experimental values both for scalar or vector
K'-meson; although the experiments seem to indicate a higher polarizg
tion (specially at 960 MeV), thus favouring the vector case, as
indicated in Table I.

On can conclude that for the higher energies (~ 1300 MeV) and a

veotor Ki-meson this model reproduces fairly well the main features
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of the process. However, for lower energies ( ~ 960 MeV), this model
seems inadequate, and we believe that a different mechanism is in-
velved, which modifies the magnitude and phase of at least one p-~

=Wave .

IT - DYNAMICAL APPROACH

The Feynﬁan amplitude for the reaction 7~ + p —>A+ K° may be

written in the form:

Fon = Eﬂs (pA) [U + V (pw + pk)ﬁ<}” ] U (pp) (1)

where upr(pp) and uAS(pA) are Dirac spinors for the proton and A=

-particle, respectively, and U and V are functions of the invariants:

EZ = (p, + pw)2 = (p, + pk)29 K = - (p, = pA)Z == (p - pv)a
(2)
The Feynman amplitude is related to the scattering matrix in the
C.Me system by:
E +
= 47 'xs (fl + 0. e¢f 0.c¢ fa)'¥

(mAhb)

For r (3)

where the x's are Pauli spinors and €'y € are unit vectors in the
directions of the momentum of the A and the proton, respectively.
The amplitudes fl and fz have the following partial wave expansions:

= + - - - +
£, 23008 Pl -7 Pra)s £, = Y5y -5 Py (4)

t
where fq are the transition amplitudes in states of total angular

momentum j = & £ % and orbital angular momentum {.
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From (1) and (3) one obtains:

17 '% i

wey = =@ ) @ rnp)f [or @ emy -] )
1 r [

art,= = |@ -m) (2, - m)|* [- v+ (28 +m, +m V] (6)

The differential cross section and the polarization of the a's,

normal to the plane of production in the direction 0f’§} X 5; are

glven by:
do [g&l[: 2 2 * }
— = —f=lif.} + |f,| + 2 Re (f, f,) cos® (7)
an IP.H.I I l! | Zl 12
ool 2 Im. (£, £5) sin®
P = —_lik;— - ‘1""“"—& e (8)
lp, | (do/aq)

where'ﬁﬁ and'5; are center of mass momenta and © 1s the angle between

them.,

Iet us now consider the contribution of the graph shown in Fig.1l
to the Feynman amplitudes. Siqce the observed resonance of the K-rw
system at 885 MeV is very sharp, with full width of 16 MeV we shall
neglect the spread of mass of ﬁhe Ki=particle. Thus, we shall use
foi K' the propagator of a stable particle, 1/(1‘:-1}2{,t + KZ), as in refe-
rence {(1). The mesonic and baryonic vertices have the following
structure for either a scalar or a vector K'’-meson:

Scalar Ki-meson Vector K'=meson
Megon vertex 2m , £y £, fi(pv + pk%u 7” (9)

Baryon vertex g8 U, U, Hﬁ{glé§n+ gav(pp + p“?ﬁ ]q”up (10)
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where %& is the isospin matrix, and Ql‘ is the spin function of the

vector K'-meson, satisfying the conditions:
= - - 2
Vppk'}n = 0y 7};1- 7r;1 = = bgpr szpq;y - -g}w + pk‘p Py o, /my  (11)

The coupling parameters fis and g's are, in general, functions of
KZ. In our calculations we take them as constants. We then obtain
the following expressions for U and Vs

Scalar case:

1
U=2J2 f — V=0 (12)
g1 s Bg mﬁ,-FKZ ?
Vector case:
| 1
T = - . 2 _2y\,.2
U=vZ £, mE,-'-KZ{glv (mAump) (my ~ m7)/m, +

gy [(pk +p)e(5,+p) + @ - n2)m? - mf))/mg.]]» (13)

Bringing these expressions into (5) and (6) we obtain f1 and f,.
As explained in the introduction, we shall now add an arbitrary S-
-wave. That means that we replace fl by £ + 9 ei°ﬂ Hence the cross

section becomes:

do.  ip.]
— = —pk—[i‘§+f§+2flf

2
— cos 8 + ¢~ + 2pocosu(f,+ £ cose)]
dQ |2, | . P toe

(14)

The relation between the momentum transfer and the scattering
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angle is:

2 D e _ ml L
K ZEPEA mp m. prpAcose

Thus the differential.cross sections and polarization as a func-

tion of 2 = cos © have the general forms:

d Do B c
-—-—U'---l—l-)l{-l- [A-l- + ] (163

az |3l AeZ  (A=-2)°
IPw] 2 h,p sina sin® 1
P= —& = (17)
I, | (do/dz) A=2Z
where:
A= pa-ap cos « h,
B = 2[p cos m(hl+ Ahz) - by hz] (18)
- ne z
G-hl+h2+2}\hlh2
andé
- 2 yed 2
A= (2 Ep E, = my - mi +mK,)/2 Py P (19)

In these expressions hl and ha are functions of the energy ‘only.

For scalar K'-meson they are:
1

4y =22y, £, 8, = [(5,-m) &, -n)] o
1 -
(2, +n)) (5, +m,)]

4rh,=2+/2m,, £f_ g, —
2 Kt *s ®s 4E
For vector K'-meson,and taking 8oy = 0 we have:
1

45

-

-%
ar by =/2 g8, — [(B -0 )E, =m0 [, -m )@Z -nd)/m, +

+ ZE-—mp—mA]
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1 ~%
ar by =V to8, — [+ )@ #m)] T [m, -m)0E -ndVaZ,

+ 2E + m, + mA] (z1)

II71 - GENERAL RESULTS AND CONCLUSIONS

The values of Ay B and C at the energles of 960 MeV and 1300 MeV
where determined by a least mean square fitting of the experimental
data for angular distribution from F. Eisler et al. 3 The results

are shown in Figs. II and III. The areas were normalized as to give

the total number of events.

an J
i

20 -

15 +

10

-y T T B
+1

0 =1 cos®@

Fig. II - IMngular distribution of . A's for an incidente pion energy of 960 MeV.



241

o
o

r\
25 -

15

1

10

—
- T T T T ¥ T T L] T

3
+] 0 -1 cos ©

Fig. IlI - Angular distribution of As for an incident pion energy of ]300 MeV,
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The coupling constants and S-wave amplitudes at each energy are
determined from the coeffieients of the angular distributions by
means of {18), (20) and (21). They are given in Table I. One remarksg
that the best value of (fg/am)® required to fit the data at the two
energies differ by a factor of 6§ in the case of a vector K'-meson
and a factor of 3.4 in the scalar case. The coupling constant in
the XiKr-vertex may be directly caleulated from the experimental
value of the K'-mesor lifetime. Then one can deduce the APK!=coupl
ing constant g2/4w, also given in Table I. One remarks that for
scalar Kt-meson g2/4v is rather too large even at 1,300 MeV. It is
unlikely that one could fit the data at both energles with a unique

coupling constant, even allowing for statistical errors.

We point out that 1n the vector case one can dispose of another
coupling constant, Bop? which was set equal to zero in our calcula-
tions; however, even with Eoy arbitrary, there remains the same
discrepancy in the magnitude of the coupling constants. The source
of the discrepancy in the coupling constant 1s mainly traced to the
fact that the total cross-section at 960 is larger than that at
1.300 MeV by a factor of 2.6.

We have calculated the polarization averaged over angles using
the parameters listed in Table I. The results are in general lower
than the experimental values 4, However, at 1,300 MeV the polariza
tion predicted in the case of vector K'-meson is 32%, in good agree-

ment with the experimental value.

From these. results one can draw the following conclusions: the
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model us inconsistent with K'-meson being scalar in view of the
large value found for (g2/4v). The'angular distribution and polap
ization around 1,300 MeV can be fairly well explained, assuming
that the contribution from a vector Kt-meson exchange term 1is domi
nant in the sense that even p-waves'cbme mostly from that source
without distorsion. Our analysis favours a vector K'-meson because
it gives a satisfactory polarization, as well asareasonable value
for the coupling constant.

On the other hand, in the region of 960 MeV the model seems Ip
adequate, failing particularly to produce a large polarization. It
was already remarked by Phillips 5 that one could not obtain at low
energles both a large polarization and strong assymetry in the an-
gular distribution if only the S-wave were complex. The reason Iis
that in order to obtain a large polarization the S-wave must be out
of phase with respect to the p-waves. But then thére will be little
interference between them and, therefore, small assymetry.

We conjecture as a possible mechanlsm thét in the region of
960 MeV there exists a channel strongly affecting one of the p~waves
but with little influence in the higher energy region around 1,300
MeV*. Such a mechanism is similar to the one proposed by Kanasawa6.
However if, as he suggests, there exists a resonance of the KA sys-
tem around 960 MeV in the p—wave,lthen the phase would go over n/2
and the effect of the resonance would still be felt at energies in

the region of 1,300 MeV.

For instance, if the parity of the J-particle were opposite to that of the
A and nucleons then the S-wave, X K-channel (with threshold at 904 MeV)
would modify the pj/k-vave'in that region of energies.
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TABLE I
Kt-vector
1ab ) 0 '
T : Bef_l Im El (fg/am )2 ga/rl‘n‘ <P>
(Bev) (Bev *) (Bev™ ")

0.960 0.35 0.37 1.08 4.4 0.25
1.300 0.10 0.20 0.19 0.76 0.32
Kt-scalar

1ab 0 o
T Ref -1 Im El (£g/am)> g~/ am <P>
(BeV) (Bev™ ™) (Bev ™)
0.960 0.39 0.37 1.85 196 0.11
1.300 0.13 0.22 .55 58 0.18
T%ab is the kinetic energy of the pion in the lab. system.

R_ef° is the real part of the total S~-wave, that is, the sum of the
S-wave coming from the K'-exchange term plus p cos oy and Im £O=

= p sin «.
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