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ABSTRACT. K-nucleon scattering is assumed to be due to the set of processes
shown in Fig. 1, in which intermediate states congisting of the vector
meson resonances play important roles. These processes are evaluated using
straightforward perturbation methods. Comparing the results with the ex-
perimental data available for both I =1 and I = O isotopic spin states, it
is found that the only combination of parities of hyperons for which agree=-
ment with experiment is possible is that given by P(AKN ) = P(ZEN ) = -1,the
coupling constants being gf ¥ 5 and gi ~ 2.3. The two-pion isovector reso
nance is found to give negligible contribution to the scattering, while the
exchange of the three-pion isoscalar resonance plays an important role. The
contributions of the fourth order diggrams involving the K¥ resonance to

the scattering in both isotopic spin states are strong and attractive.

+ This work was partislly supported by Conselho Nacional de Pesquisas of
Brazil.
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Introduction.

Experimental results on the K+p interaction at medium énergies
show a remarkable isotropy in the angular distribution for incident
mesons of 225 and 455 Mev kinetic energies in lab system (Ref.1,2).
The total 'ijp — K+p cross section has been obtained at
175, 225, 275 and 455 Mev (Ref. 1, 2). The experimental points are
those indicated in Fig. 9. The observed interference with the cou-
lomb interaction indicates the K+p interaction to be repulsive. On
the other hand, analysis of the K -deuterium experiments (Ref. 3,4)
has shown that the experimental results can be explained by S-wave
interactions in both I = 1 and I = O isotopiec spin states. The
analysis shows that the signs of the amplitudes in the two 1isospin
states are oppositey; the I = O interaction being then attractive.
The analysis of these K+d experiments provides the way to determine,
from the K*d -*—Kppp cross section,; the value of the cross section
for the corresponding free neutron process_K+n *ﬂ*-Kopo The results

are shown by the points indicated in Fig. 10.

Attempts to explain the main features of the K -p elastic inter
action have been made; but none is quite complete. The data we now
‘have on the interaction in the I = O state should be ineluded and
explained by any model which aims to be consistent with all availa-'
ble data. The contributions due to the coupling through the hyperon
fields have been studied by perturbation methods (Ref. 536). These
terms alone cannot give a fair explanation of the data, and no other

simple graphs could be added and evaluated to.improve the situation.

The discovery of new resonances (which we shall eall vector
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mesons ) involving pions and kaons may throw some light in thié prob
lem. The K*-meson (the I = 1, J = 1 resonance in the K-m system)
may affect strongly the K-nucleon processes. A K* resonance can be
formed between the incident K and the pions of the nucleon cloud.
Also, the pP-meson (the I =1, J = 1 two pion resonance) and  the
w-meson (the I = 0, J = 1 three-pion resonance) interact strongly
with the nucleon field (Ref. 738); if the K-meson charge current
also has large contributions coming from these pions states, the ex
change of two or three resonating pions between the K-meson and the
nucleon might play an important rocle in K-nucleon scattering. Dis~
persion relations techniques have been used to estimate separately
some of these effects. The energy dependence of the S-wave phase-
shift for K~nucleon scattering has been estimated by B. W. Lee ?Refo
9) in a model in which a phenomenological zero range force and the
long range forces due to the exchange of a vector meéon with iso-~-
topic spin I = 1 give the only contribution to the scattering. The
results, after adjusting paraméters to fit the data, are that the
long ranée part of the interaction comes out to be attractive in
the I = 1 state and repulsive in the I = O state. The effect qftmw
existence of the K* resonance on the low and medium energies K and
K-nucleon scattering have not yet been examined. Minami (Ref. 10)
and Ball and Frazer (Ref. 11) have made some considerations on the
structure of the K-N and EmN crogss=sections at energies near the

threshold for production of a real K* resonant state.

We may expect the long range forces to be responsible for large
part of the scattering at low and medium energies. Thus we expect

the processes involving smaller masses in the intermediate statesto
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be the most Important ones. It is perhaps due to the fact that the

intermediate states in the EK=N interaction are rather massive, that
the features of this interaction are so simple (uniform angular dis
tribution,; small energy dependence). Fig. 1 shows the Feynman dia
grams which‘have smallér masses in the intermediate states: 1 (a)is
the usual Born graph due to the coupling with the A and 3 fields;
1 (b) represents the exchange of vector mesons {(two and three-pion

resonances) between the K-meson and the nucleon. We represent the
vector mesons by double dotted lines; P 1is the isovector two-pion
broad resonancé of Frazer and Fulco, observed at 750 Mev and a half
4width /2 ~ 95 Mev (Ref. 7); w 1is the three-pion isoscalar reso-
nance at 785 Mev, with [ /2 ~ 15 Mev (Ref. 8). The diagrams (c) and
(@) represent the simplest processes in which a K* resonance (Ener-

gy 885 Mev, [ /2~ 8 Mev) (Ref. 12) oceurs.

In this paper we shdw that all the features of the K~nucleon
scattering in both I = 0 and I==1 isotepic spin states can be de=
scribed‘in terms of a perturbation calculation of the processes in-
dicated in Fig. 1. We find that only with a definite choice of par]l
ties for the A and §: hyperons can the experimeéntal data be repro

duced.

The differential cross section in the center of mass system is
written
- do
—— _— 2
|14

2 * *
by + I_fal + (g E% + £, fa) cos & (1)

where fl and fz are the non-spin-flip and the spin-flip amplitudes

and © 1s the scattering angle in the center of mass gystem, The S~
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Fig. 1 - TFeynman diagrams contributing to EK-N scattering in our model, Double

dotted lines represent vector mesons. p (isovector) and w (isoscalar)
are respectively the two and three pion resonances. K*¥ 4is the iso~
spinor rescnance in the K- system.
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matrix element for meson-nucléon elastic scattering can be written

in general

Sy = <TI0+ 12m) o (Rempy Y/ 280D |2 B (B el Fy 4 (Fy) (T, )]
(2)

where M is the nucleon mass, E and U are the total energies in the

center of mass system of the nucleon and the meson respectively and

Ez'and B; are the initial and final proton momenta in the center of

mass. X and Y depend on the dynamical structure of the scattering

process. fl and fZ are related to X and Y by

£, = (E+M) (Y +X) (&mw )~

(3)

£,=(E=M) (Y~X) (8mw)~L

2

where W = E+ U is the total energy in the center of mass.

LI S

Ihe Fourth Order Disgrams

In the processes (c¢) and (d) of Fig. 1, in which two plons are
exchanged between the K-meson and the nucleon, it is assumed that
the K- m interaction ocecurs mainly through the K* resonance. The
obéérved narrow width of-this_resonance Justifies approximating it
by a particle of definite mass (885 Mev) in the Feynman diagrams.
The strength of the K* -K~-m coupling can be estimated from the

wldth of the resonance (Ref. 13). The isospin of K¥* is I =1/2.
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The angular momentum is not yet well established whether one or

zero; however, there is some evidence in favor of spin 1.
If K*¥ is a vector meson we take for the K* - K- 7 interaction

K* ¥ oK (4)
g K = — E + tho 4

With this interaction, the coupling constant that fits the cbserved

resonance width is

gﬁ*/é'rr v 1 | (5)

The values of the scattering amplitudes obtained by numerical
computation in a Univac 1105 computer in the case of vector K* are
shown in Fig. 2 for several values of the center of mass momentum k.

(We use M = 140 Mev as a convenient unit; )i"z = 20 mb).

Both diagrams (c¢) and (&), disregrading isospin factors, have
the same sign, positive, and about the same order of magnifude at
the energles considered. In the I = 1 state the crossed diagram is
more important because it enters with an isotop;c spin factor 5,
while the factor is 1 for the uncrossed graph (¢). In the I=0 the
unerossed graph gives stronger contribution, with an isospin factor
9, against -3 for the crossed dlagram. Since 1+5 = 9-3.@9 have
that fqr.incident'meson energies up to 400 Mev in lab the two fourth
order graphs give contributions of abﬁut the same magnitude and sign
for the scattering in both I = 0 and I = 1 states. Since the sign
is positive, they contribute like an attrﬁétive KN potential. |

The results are remarkablé in showing an almost isotroplc and

energy independent behaviour of the I = 1 non-spin-flit amplitude
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Fig., 2 - Scattering amplitudes f, end f, for the two fourth order diagrame (o)
and (d) of Fig. 3 conhined, in thm I = 1 and I = 0 isctopic spin
states. K¥ 1s apsumed to be g J = 1, I = 1 perticle, k is the
momentim in the centsr of mass system, in units of = 140 Mev,
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£, (£, 1s mich smaller than f;). Besides this, its magnitude is
about what is required to give the experimental cross sections. If
the contributions coming from all the other:processes would cancel
themselves, these fourth order terms would give ihe right_K+hp cross
section. However, these terms belng attractive would showla.destrqg
tive interference with the coulomb interaction, while the experi
mental indication is that the interference is constructive. We thus
need strong negative contributions to the I = 1 amplitude coming

from other diasrams.

For the case of scalar (J = 0) K* we write the coupling

Pl ¥ K+ hoee (6)

and to satisfy the observed width we must put
t2,/am % 1.6 (7)
K* "~ *

The scattering amplitudes corresponding to the fourth order dlagrams
obtained in this case are shown in Fig. 3. We see that in this case
we have much stronger angular and energy dependences in the ampli-
tudes. The forward-backward asymmetry indicates a large amount of

P-wave contribution to the scattering.

These fourth order diagrams have intermediate states which may
consist of real particles if the incident energy is high enough to
produce them. At these energies in which the graphs begin to have
imaginary parts, the cross'sections might display some pelicular
structure. We thus expect that for total energies in the center of

mass near W =gy + M =mp +M + 391 Mev something (perhaps
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scalar (J =0, I = 1) particle. k is the center of mass momentum, in
units of M = 140 Mev,
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a bump) may occur in the K-=N cross sections due to the process repre
sented by the diagrams (c). This effect will be stronger in the I =
= 0 state (thus in the K'n —> K%p cross section) than in the I =1
state, due to the ratio 9: 1 of the isospin factors. Thig region of
energles 1s not yet expiored in detail in K-nucleon scattering, but
the bump seen in the K:p cross section with peak at W = M + me + 380
Mev (Ref. 14) 1s just in this region and has probably the same origin,
i.e. the production of a real K* in the intermediate state (Note that
the isospin factors are the same in both K-N and K-N scattering for

processes involving exchange of two pions).

A rather peculiar behaviour can be predicted for the K+-p cross
section in the region between 1000 and 1120 Mev/c lab momenta.  We
know the scattering amplitude is negative, but the contribution of
the fourth order diagrams (c¢) is positive. In this region this posji
tive contribution tends to increase rather fast as the energy in-
creases, due to the proximity of a pole in the denominator,; so that
the whole negative real part of the amplitude tends to decrease in
absolute value, the same being true of its contribution to the cross
section. Soon the imaginary ﬁart due t6 the real intermediate state
starts contributing to Iincrease again the eross section, and thi;
tends to cancel the effect of the reduction of the real part of the amplji
tude. It may be that the net effect is weak and difficult to ‘ob-.
serve, but it is possiblie that it can be seen; as the energy . in-
creases, first a decrease in the total cross section, then its  in-

crease due to the mass shell contribution.
\

In the charge exchange process K+n -HP-Kop, on the contrary, the

enhancement of the real part of the cdntribution due to the fourth
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order graph will cause an increase in the absolute value of the ampli
tude. This increase will then have its effect on the cross=section
reinforced by the contribution from the imaginary mass~shell part.
The isotopie spin factor (9==1)/2 = 4 occuring in the fourth oprder
uncrossed graph contribution to K+n . Kop would make the effect

strong and perhaps easy to be seen in the charge-exchange process.

A real intermediate state in the erossed gravh (d) can occur for
a center-of-mass total energy W = M + mg + 671 Mev which corresponds
to a lab momentum 1687 Mev/ec, and again a peculiar behaviour may be
Observed in the cross section. Here the data on the K-N scattering
are still insuficient to show up the effesct, but the K-p data (Ref.14)

shows a small bump just in this region.

Exchange of Resonating Pions

In the fourth order graphs just discussed we considered the ex-
change of two-interacting pions between the incident K-meson and the
nucleon. This exchange was assumed to occur according to a model in

which a K* resonance was formed in the intermediate state.

Strong interactions among pions have been recently observed. In
particular a rather broad two-pion resonance with I =1, J = 1 (Energy
at the peak 750 Mev, half-width [ /2 = 75 Mev) (Ref. 7) and a narrower
three~plon rescnance with I = 0y J = 1 (Energy 785 Mev, half width
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[C/2 = 15 Mev) (Ref. 8) have been observed. Experiments have shown
that these resonances interact strongly with the nucleons. It is
as yet a matter of speculation whether or not they interact . with
the K-meson field. That 1s, the charge current of the K-meson may
have strong contributions coming from one or both of these pion reso
nances. In the unitary theories (Ref. 15) for example, there 1is an
interaction with definite couplings at both vertices of diagram (b)
of Fig. 1. In this kind of theory, as in the evaluation. of  the
Feynman diagrams, these resonance states are %reated as true parti-
cles, vector mesons p(isovector) and w(isoscalar) of well defined
masses. This may not be so good in the case of the broad I = 1 two
-pion resonance; but 1s probably satisfactory in the case of the
isoscalar w meson. This approximation corresponds to replacing
the m=1 cut by a pole in the momentum transfer in a dlspersion the

ory treatment of the two-pion exchange (Ref. 9).

For the coupling of the p and w mesons with the nucleons
we write gpﬂf:? (¥ ¥ o' Pp end gw@? (W o# I\I)w}lo The coupling
with the K meson field takes the form ivarm g(:)[ﬁ oy K- (O},I—()K]wpwith
an analogous expression for the p-meson. The observed energiesof
the resonances are so neér to each other that we can take them both
equal to 785 Mev. Then the isotopiec spin facfors are such that the
contributions of the graphs (b) to the matrix elementsare propor-
tional to a, = (gu,gilf 8p 85 ) for the I =1 state, and to a, =
= (g, 85 - ng g;) for scattering in the I = O state. The contri-
butions tp the scattering amplitudes fl and fz due to this kind of
graphs are shown in Fig. 4. The strong angular dependence, with

important P-wave contribution, is to be noted. If taken by  them-



58

selves, these graphs would give at 450 Mev lab kinetic energy a forward

K-N differential cross section five times larger than that for backward
+

angles. Thus they alone cannot even crudely explain the K =p experi=

ments where the angular isotropy is a remarkable feature.

-1 0 +1
0 Cos6 o
Fig. 4 = Scattering amplitudes for
the processes indicated
in Fig. 1 (b}, involving
1 the exchange of vector
— - mesons of mass 785 Mev. fl
:ﬁ and f2 are obtained by
= k=0 multiplying g, and g, by
k= 8y or a according as I =
k=2 =lor 0.
-2 k=
-1 2 iy
0 Cos0 oy Lx=p
k=
&0
K '-001 - 
k=2
- 02 -
ot 03 7
k=
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Hyperon Dilagrams

The contributions coming from the diagrams (a), Fig. 1, depend

strongly on the parities: of the (AN K) and (Z N K) systems. Writing

2

» for the squares of the coupling constants,

2 _ 2 2 _
GA = 4mrg, and Gy = 4nrg
the isotoplc spin considerations give that the amplitudes for I =1

are proportional to gf and gi respectively for A and 2. hyperons,

2

while fér I =0 we have ~ gA and Bgaz 0

To give an idea of the magnitude and nature of the contriby
tions coming from these processeé we plot in Fig, 5 the amplitudes fl
and f2 for the A dlagram, for both cases of odd and even parities,
and several energies, For the 2.=hyperon the features are essential

ly the same.

L4

From the curves we ‘see that the main features in these processes
are the following. For positive parity, P(Y K N} = + 1, the amplitude
is positive (attractive) and decreases as the energy increases (by a
factor of 1/2 from kX =0 to k = 3 M Y, I'l‘he angular asymmetry increases
with the energy so that at k¥ = 3p the amplitude for backward angles
is 1.5 times t,ha,t for forwg.rd ‘scattering.  For negative parity the apm
plitude is negative (repulsive) and there is véry little _enérgy and

angular dependence.
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Discussions

We now show that in the framework of our model, we can eliminate
the possibilities of all except one combination of parities of the
(AN K) and (2 N K) systems.

*
In this discussion we consider K as a vector (J = 1) resonance.

*
The case of scalar K can be analysed in a similar manner.

We know from the experiments that the K+up (I = 1) interaction is
repulsive. Since the fourth order terms give an attractive effect, it
would be necessary to find in the second order diagrams a strong re-
pulsive contribution. Considering first the case P(AK N) = P(Z K N) =
= + 1, the contributions from the A and 2 graphs are both positive
(attractive) in the I = 1 state. The exchange of vector mesons  would
then have to give a repulsive contribufion strong enough to compensate
the other terms. This would lead to a strong forward peak in the angu-
lar distribution, in contradiction with experiments. Thus this case is

excluded.

Next consider the case PIAK N) =~ 1, {ZKN) =+1. We can
obtain a fairly good fit to the mnearly isotropic angular distfibution
fromk =0 to k = 3F s and giving a repulsivé potential in the I =1
state, by choosing gi ~ 10, gi x 1y a % 1/%3. The /A coupling has
to be so much stronger than the 2. coupling because its term will have
to give a large negative contribution to the amplitude (the graphs due
to the exchange of pion=-resonances; which can also be negative, are not
allowed to be made very large because of the large anisotropy they would
introduce). Now we have to examine what happens when these values of the

coupling constants are used in the I = 0 state. The A term will change
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sign, becoming positive, and the } term will be multiplied by three;
then all terms will be positive; except that coming from the exchange
of the plon resonances, which can be chosen as negative. This negative
contribution however cannot be large enough to cancel the large posi-
tive sum of the other terms and for reasonable values of a, one would
obtain cross sections for the charge exchange process K&n — Kopuwre
than ten times larger than the experimental values. We conclude there

fore that the experimental results for the interactions in the I = 1

and I = 0 states taken together completely exclude this case as well,

For the case PIAK N) = + 1, P(X K N) = - 1, a repulsive nearly

isotrople interaction for I = 1 with the required magnitude can be

obtained if we set g x 1, gi v 12, a,~ 0. However, in the I =0
state the A contribution changes sign, thus becoming negative, and
the negative Y contribution is muiltiplied by three. These two terms
together are so strong and negative that the ecross section for

'K+n ——*-Kpp will result some ten times larger than the experimental
value. No reasonable value of a, characterizing the contribution from
the exchange of resonating pions could modify this situation . (here
again by increasing ag the angular distribution would become Incon~

sistent with data much before the magnitude of the cross section for

-+
K n = K% could be reduced to the experimental value).

We should point out that the impossibility'of explaining the
experimental results with any of the three cases of parities just
discussed is not a matter of refinement in fitting the data. The
situation canhotlbe changed by merely adjusting silightly the value of
the coupling constant Exx of the K* K 7 interaction. A strong re=-

pulsive graph would have to be added to our model if a solution with
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these parities had to be found.

The only possibility left is P(AK N) = P(X K N) = -1. In this
case both A and 2 graphs are repulsive. Due to the proximity of
the values of the masses of AN and Z, in the I = 1 state only the
combination (g + g2) of the coupling constants really matters. We
can fit the experimental angular distribution for K+p-—*— Kfp at 455

Mev (Ref. 2) by choosing gf + g§ = 7.3 and ay; = g

w gL, " gp gé =
= 1/3. This fitting is shown in Fig. 6. The angular distribution
for k = Z2p using these same parameters‘is compared to the e#perin
mental data (Ref. 1) in Fig. 7. The corresponding curves for k = 1y
and ¥ = 0 are shown in Fig. 8. In Fig. 9 we plot the total K+p“*KE)
cross section and put together the experimental data for comparison.

It seems that the fitting is quite good.

We now study what happens in the I = 0 state. Here our knowl=~
edge comes from the K+n — Kop process studied in deuterium and
properly analysed (Ref. 3,4). The analysis indicates that the angu-
lar distribution in the I = O state is consistent with isotropy up
to an incident lab momentum 642 Mev/c (k = 2964)1)° The observed
values of the cross=section for K+d — Kopp correspond to the wvalues

of 0‘(K+n -—*-Kpp) indicated by the points in Fig. 10. Choosing gi =

2
z

where we see that the angular distribution obtained is consistent

= 5.0, g = 2.% and a, = 1/3 we obtain the curves in Fig. 10 and 11

with isotropy. The sign of the I = O amplitude obtained with this

solution 1s positive (attractive interaction) in agreement with the

results of the analysis of the experiments (Ref. 4). Values of gf
and gi very different from the above mentioned ones would lead to

+
values of o (K n — K°p) in disagreement with the experimental re~
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Fig. 7 = Differential cross section for K‘#p scattering at 225 Mev lab kinetic
energy. The experimental points are from reference 1. The curves

are the results from the evaluation of the graphs shown In Fig. 1,
with P(AKN) = P(ZKN) = - 1, g)?f + g% =73 and a; = 1/3.
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Fig. 8 = Differential cross

251 K'+p K+ p section for K'p scattering
mb/sx k =0 and Ip for zero and about 45 Mev
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Fig. 10 - Cross section for the charge-exchange procgess K+n - Kop against the
center of mass momentum k. The experimental points are from refer-
ences 3 and 4. The curve is the result of calculation of the graphs
shown in Fig. 1, with PARN) = PRRY) = -1, g° = 5, g7 = 2.3, a; = 1/3,
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Fig. 11 = Differential cross section for K+n —— ch for lab kinetic energies

near 200 and 400 Mev {center of mass momenba k = 2p and 3p re-
spectively) resulting from evaluation of the diagrams of Fig. 1,
with P(AKN) = P(EKN) = -1, g2 =5, g- =23, 8, =a_=1/3. The
rather flat angular distributions are in agreement with the analy-
sis of the K ~deuterium experiments.
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sults. Any value of a_ very different from 1/3 would modify strongly

9]
the angular distributions of Fig. 10; 11, introducing a strong angy
lar dependence contradicting the experiments. Equal valués of ag and
2,9 which were both chosen as 1/3 in order to satisfy the .condition of
nearly lsotropiec amplitudes mean that, in the framework of our model

the isovector two-pion resonance (the p meson) has a negligible contri
bution to the K~ N scattering (g;, would be small). Thus only the
isoscalar resonance would contribute to the graph in b, with B, B ~
G, Gl /4ar = 1/3. From the point of view of the use of a straight-
forward verturbation calculation this is a pleasant result, because w
is a narrow resonance, with quite well defined mass, while p is =&

rather broad one.

o owe

gengluglons

The set of experimentally observed features of the K~nucleon
interaction in both I = 1 and I = 0 isotopic spin states can be undep
stood on the bagis of a simple perturbation model involving only a few
low order dlagrams. The only choice of parities of the A and % hy-
perons that ars compatible with experimental data is P(A K N) =PEKN )k
= =1, Other choices glve strong disagreement with the data. The
contributions from the fourth order diagrams due to the exlstence of
a vector K¥ resonance are large (of the order of magnlitude necesgsary

to give by themselves cross sections of the order of the experimental
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values) and attractive in both isospin states. The exchange of the
two-pion I =1, J = 1 resonance between the K meson and the nucleon
- seems to have very small effeéfg but the exchange of the three-pion
I =0, J =1 resonance has an important role in preserving the i-

sotropy in the differential eross section.
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