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We again find that the resonant contributions saturate Eq. (16) if we neglect the continuum contri-
bution to the kaon propagator. We may combine Eqs. (4), (11), and (16) to obtain a sum rule involv-

ing op:
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where W is the center-of-mass energy of the lepton pair, and f =fx according to the Cabibbo hypoth-
esis. If we assume that the pion and kaon continuum contributions are small, which seems plausi-
ble because of the a—2 factor in the spectral integrals, then Eq. (17) provides a test of our assump-
tions about currents and fields that could be verified experimentally by colliding-beam experiments.
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The meson-baryon total cross sections and elastic-scattering data in the forward di-
rection are fitted using SU(3)-invariant £-channel amplitudes. The analysis implies that
(1) 0 < 0ypt(s —~)=15.5 mb, and (2) —0.11 <ReT(s,? =0)/ImT(s,t=0)<0 as s ==,

During the past few years, a number of dif-
ferent, yet in some ways similar, approach-
es!™® have been used to describe high-energy
reaction and scattering data successfully. All
of them invoke SU(3) invariance to some extent,
with the consequence that it is not clear how
much of their success is due to SU(3) invari-
ance or to the detailed features of the models.

In the present work, we analyze high-ener-
gy meson-baryon scattering data in as model
independent a manner as possible by assuming
that these processes are described by SU(3)-
invariant, octet and singlet, f-channel S-ma-
trix elements. Using, as input, (i) the exper-
imentally observed energy dependence of me-
son-baryon total cross sections*™ and (ii) the

ratio a of real-to-imaginary part of forward
scattering amplitudes, in the momentum range
6-22 GeV/c, we obtain the following results:

(1) A good fit to all meson-baryon total cross
sections and to o (r*p) and a (K*p) is obtained,
using only ten parameters.

(2) The unitary singlet amplitude, which is
just the sum 2(m*p+ 1 p+K*p+ K p+Ktn+K™n),
is dominant and clearly decreasing with increas-

ing s in the observed energy range.

(3) If we assume that the energy dependence
of the ¢ -channel amplitudes continue to be the
same at higher energies and that SU(3) invari-
ance continues to hold, the asymptotic limit
for all meson-baryon total cross sections must
be equal and less than 15.5 mb unless the ra-

603



VoLUME 19, NUMBER 10

PHYSICAL REVIEW LETTERS

4 SEPTEMBER 1967

Table I, ¢-chanel SU(3) invariant S -matrix elements. The 10 and 10* amplitudes are equal.

. _ 1 1 1 1 1
Amplitude =(—=)8 = (—— = (— =(—— =(——
P 27 10 o (% P (2\/3)8&3 ¢ (zﬁ)sas d=(=g8,,  e=(1
Process
+ +
(K p|K p) 7/40 -1/12 -1/12 2 0 0 -2 1
(K'p|Kp) 7/40 1/12 1/12 2 0 0 2 1
+ +
(r p|n p) ~1/40 1/12 1/12 -1 1 -1 -1 1
(np|np) -1/40 -1/12 -1/12 -1 1 1 1 1
+ +
(K'n|K n) ~1/40 1/12 1/12 -1 -1 1 -1 1
(K'n|K n) -1/40  -1/12  -1/12 -1 -1 -1 1 1
- 1 1
(n"p| n°n) 0 — —_ 0 0 -2 -2 1
62 62 v
- 3 1 1
(n p[nn) - - = —=— a3 V6/3 0 0
56 26 26
(Kp|K °n) -1/5 -1/6 -1/6 -3 -1 -1 -1
+
(K n|K°p) 1/5 -1/6 -1/6 3 1 -1 -1

tio @ were to become large. In particular,
there exists a simple fit to the singlet ampli-
tude which predicts that all o7~ 0 at a rate
PL —-0.0'74.

(4) We predict the forward differential cross
sections for charge exchange processess.” They
are in reasonable agreement with experiment.

The ¢ -channel, SU(3)-invariant S-matrix ele-
ments are listed in Table I. There are seven
amplitudes in the reaction system: meson+
+baryon ~ meson + baryon; 27, 10, 8., 854,
8455 84qqs and 1.° (Due to time-reversal invar-
iance, the amplitudes 10 and 10* are equal in
the ¢ -channel representation.) The octet sub-
scripts refer to the symmetry or antisymmetry
of the meson-meson and baryon-antibaryon
states, respectively, reading from left to right.

The Barger-Rubin sum rule® (also called the
weak Johnson-Treiman relation) holds over
a very wide energy range, indicating even down
to quite low energies that the 10 amplitude has
no effect. Therefore we set the 10 amplitude
=0. In addition we set the 27 amplitude =0.
Keeping the 27 finite in our analysis would re-
quire knowledge of the mp total cross section,
or would require, as input, the forward cross
sections of inelastic channels, which are pro-
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portional to the squares of matrix elements.
As a result of neglecting the 27 amplitude, the
unitary singlet amplitude e is the sum of all
six meson-baryon elastic amplitudes. The
amplitudes a, b, and e are even under charge
conjugation (C=+), whereas ¢ and d are odd
(C=-).

The imaginary parts of the invariant ampli-
tude T in the forward direction are determined
from oot (MB) by the optical theorem, ImT(s,
£=0)=0.127Tm;p j 01y, Where my is the target
mass (GeV) and p is the laboratory momen-
tum (GeV/c) of the incident meson. We define
S(MB)=ImT (MB)+ImT (MB) and A(MB)=ImT (i1B)
~-ImT (M B). Five linear combinations Xj are
used to determine the imaginary parts of aj
through e;. They are the following:

X, =eI=~};[E(Kp)+E(Kn)+E(11p)], X, =4dI=A(Kp),

X, =40 =[Z(mp)-2 (Kn)), X, =2c+2d,=Amp),

and

X5 = 2bI-6a[= [Z@@p)-=&p)].

Figure 1(a) shows the momentum variation
of these combinations on a plot of logXj vs
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FIG. 1. (a) Invariant amplitudes (b) obtained from the total cross sections. (a) Display of the invariant ampli-
tudes xj , which are obtained form the input total cross sections. The fits and cross-section predictions based on
their use are shown in (b) (solid curves). The errors of the fit are 0.5 mb.

log p1,. Guided by these plots we parametrize X,. In determining X, we were able to use the
the momentum dependence of X]- by Xj=Aj Y. new ﬂip data up to 22 GeV/c. In the present
We obtain a good fit to the 44 data points with work py,y, plots are used rather than @ plots?®
these ten parameters. because at these energies, where ¢ channel
Because of the unavailability of KN data above dominates, it is hoped that threshold effects
18 GeV/c, we could not use the recent precise will be unimportant. The best fits to Xj, ob-
7%p data® above 18 GeV/c in obtaining X,, X,, tained by minimizing x2, are found to be the
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following: X, =(3.07+0.11)p0-928%0.03 ¥ -2 76
+0.16)p0-393£0.025 1 X' — (3,29 +(,39)p0 701 +0.051
X,=(0.533+0.061)p°-53¢£0.048 59 X = (2.29
+0,16)p0-802£0:0381  The ynjts are (mb)/2 GeV.

The curves of Fig. 1(b) display the fit to the
individual meson-baryon total cross sections
between 6 and 18 GeV/c. Within the errors
of the fit, which are +0.5 mb (primarily due
to K~™n and K™p), there is reasonable agree-
ment with o(r¥p) above 18 GeV/c. These points
were not used in obtaining X,, X;, and X,.

The near equality and approximate constancy
of o(K*p) and o(Kn) from 6 to 18 GeV/c is
due to a delicate balancing of all five SU(3)
amplitudes (see Table I).

In order to deduce asymptotic limits on tot-
al cross sections we examine the relative mag-
nitudes and energy variation of the SU(3) am-
plitudes determined above. The most striking
feature of the amplitude analysis is the domi-
nance of the unitary singlet amplitude ej. Fur-
thermore, the cross section corresponding
to the ey amplitude (computed via the optical
theorem) is decreasing with energy less rap-
idly than the analogous cross sections for the
octet amplitudes. Assuming that SU(3) invari-
ance holds and that the energy dependence of
the SU(3) amplitudes continues unchanged at
higher energies, asymptotic limits of total cross
sections will be determined primarily by the
behavior of the unitary singlet term. The fit ob-

tained above corresponds to o, =25.6p ~0-074£0.015,

resulting in vanishing cross sections at infinite
energy.

A natural question to ask is why we should
restrict our data fitting procedure to a two-
parameter fit of the form Ap;%. In fact, it is
possible to fit ey by a three parameter form

= Ue <
eI—ClpL+CZpL “, 1 1)

which corresponds to

Up -1

. @)

o,= C 1 '+C 2'])
which results in a constant cross section C,’
as pL = o,

In order to make a quantitative estimate of
the range of allowed values of C,’, experimen-
tal information on ¢, the ratio of real-to-imag-
inary parts of elastic-forward-scattering am-
plitudes, must be used. The evaluation of o
is simplified by the p 1%/ behavior of the imag-
inary parts X;. It has been shown!! that the
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real part of an amplitude which varies as p Lu
is related to its imaginary part by (in the as-
ymptotic region)®

o, =—cotmu, 3
J 2, @)
for C=+amplitudes and
a.=tansmu, 4
i 2 (4)
for C=-amplitudes. The singlet amplitude e

has C=+1; consequently, using Eqgs. (3) and
(1) we find that

a, = —cotzmu 1 o 6a)
—Ue

1+(C 1/ C 2)1) I

The allowed range of values for #, can now

be drastically limited by relating a, to exper-

iment as follows:

Rele) 2 .a.0. .
ot _t
% im(e)” Eioi —Eiat(ot)’ (50)

where o; are the six meson-baryon total cross
sections, oy is their sum, and o;=Re[T;(s,t
=0)]/Im[T;(s,#=0)]. The evaluation of @, is
performed at the low-momentum point, p L= 6
GeV/c. At this momentum, la(r=p)!=0.15 and
la(@p)1=0.22% la(X~p)! and la(K~n)! are con-
sistent with zero above 4 GeV/c!'3; la(K*p)I*

is taken as 0.3 and la(K*%)! as 0.1. (The K*n
value is estimated from the calculation described
in the succeeding paragraphs.) The values of
0;/0; at 6 GeV/c are taken from experiment
and are 0.21, 0.19, 0.13, and 0.13 for 77p,
ntp, K*p, and K*n, respectively. Consequent-
ly, a,=0.126.

A best fit to the ey amplitude of Eq. 1), to-
gether with Eq. (5a), shows that the value a,
=0.126 requires that #,>0.75. The cross sec-
tion 0., which corresponds to u, =0.75, is

- =0.25
09-15.5+11pL mb. 6)

In the range, 0.926 <u, <1, all solutions are
excluded because C,<0. For u,=0.926, C,
= 0 and we have the two-parameter fit. The
solution for #, =1 corresponding to constant
0, is not acceptable because the confidence
level for fitting the present data is less than
3x107%. Our conclusion is that all solutions
with 0.75<u, <0.926 are acceptable, implying
that gg (s~ »)<15.5 mb.

It is also interesting to estimate the varia-
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FIG. 2. Experimental data and predictions for (a) @ =ReT/ImT, and (b) forward charge-exchange proceses. The
predicted values (curves) are based on the use of the amplitudes shown in Fig. 1(a). The uncertainty in the predict-
ed values of (b) are 25% for m~p—7"n, 40% for m~p—nn, and 20% for K~ p— K.

tion of the individual cross sections at higher
energy on the basis of two-parameter fits to
Xj. The predictions are plotted in Fig. 1(b).
The salient features are the following: (1) All
or decrease eventually because of the dominance
of the e amplitude; (2) 7~p approaches 7*p,
K*p approaches K ~p, and K*n approaches K ~n;
(3) the 7~p cross section is bigger than 7%p

at all energies and K*p is the smallest at all
energies. The precise details of the approach
and crossings are affected by the relatively
poorly determined K~ and K ~# input.

By applying Eqgs. (3) and (4) to the octet am-
plitudes (a7, b;) and (cj,dj), respectively, we
can calculate the real part of a, b, ¢, d at ¢
=0. In Fig. 2(a) we compare our predictions
for a(rtp)+a(r~p) and a(r~p)-a(rtp) with re-
cent measurements.® The agreement is good.
Also given in Fig. 2 are predicted values of
a(K*p) and a(K*n). The value obtained for
a(K~p) at 6 GeV/c is small and that for a(K*p)
is large, in agreement with present data.

Using the amplitudes a through e, we calcu-
late (do/dt); _ for the following charge-exchange
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processes: K~p—~EK°%n, K*¥n—~K%, w~p—~1'n,
and 7~p ~nn. Figure 2(b) shows the compari-
son of our predictions with experiment. The
uncertainty in the predicted values is 25% for
77p~1"n, 40% for m"p ~nn, and 20% K ~p - K°n.
The agreement with experiment is good for
K~p ~K°n and reasonable for 77p — %% and 77p
- nn.
We conclude that it is possible to describe
the existing high-energy meson-baryon total
cross sections, and forward elastic scattering
and charge exchange data, in terms of {-chan-
nel SU(3) invariant amplitudes. Using the ra-
tio @, as a powerful tool for restricting the
energy dependence of the SU(3) singlet ampli-
tude, we make quantitative predictions about
asymptotic limits. Not only should all asymp-
totic meson-baryon total cross sections become
equal, but their limit must be less than 15.5 mb.
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informative discussions. We wish to thank
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