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The assumptions that (1) meson-baryon scattering amplitudes are dominated at high energies by Regge-
pole exchange and (2) the residues characterizing the couplings of the Regge poles to the pseudoscalar
mesons are SU (3)-symmetric lead to a superconvergent relation for the following combination of forward

{[TF_P - Tar"p]"’[TK_n"TK+nJ_[TK'p—TK+p]}-
Using experimental data on total cross sections and scattering lengths, we have tested this relation and
found it to be well satisfied for cutoffs on the integrals at 3, 5, and 20 BeV/c.

scattering amplitudes:

ECENTLY there has been a great deal of interest

in superconvergence relations.! Attempts to satu-

rate these by low-lying single-particle states have met

with moderate success.? In this paper we will make use

of experimental data on cross sections and scattering

lengths to test a superconvergent relation involving a

particular combination of meson-baryon forward scat-
tering amplitudes.

We will assume here that Regge theory accounts for
the high-energy behavior of the meson-baryon scatter-
ing amplitudes. Then for elastic scattering, which will
be our only concern here, the forward scattering am-
plitude 7'(s, i=0)~const Xs*(=9 a5 s — o where «(0)
is the intercept of the leading Regge trajectory. In
particular the combinations?

A(rp)=[Trp—Tr*p] 1)

AKN)={[Tx»—Tx*s]—[Txn—Tx*]} (2)

receive contributions only from the p trajectory and
hence behave asymptotically as s%©,

In the SU(3)-symmetric limit, assuming vector
meson exchange and degenerate masses, we have

and

This relation was first obtained by Barger and Rubin*
and was found to be satisfied at high energies.’ We
will assume the factorization property® of Regge residues
and further that the factored residues are related by
SU(3).7:# Then

A(mrp)—A(KN) ~ constXs@©—2, (4)

Since @,(0)<1, we can write the following (nontrivial)
superconvergent relation :

o0
/ dw {[IMT 7~ (w)—ImT 4, (w)]
- +[IT xn (@) — ImT g ()]
—[ImTgp(w)—ImTg*p(w) ]} =0, (5)

where w is the energy of the meson in the lab system.
The optical theorem

ImT (w) =2myk1ab0tot () (6)

relates the imaginary part of the forward scattering
amplitude above the physical threshold to the total

A(rp)=A(KN). (3) cross section. The relation to be tested is then
2m . msP—my?—mg* mpt—myt—mg®
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—[oxp(@)—ox*»(@) 3+

—f—/ dw 2mN(wZ'-m,r2)1/2{0'w"p(w)_‘71r+17(°")}+
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dw 2my (P—mr)V*{[oxn(w)—ox+n(w)]

dw {ImTK-,,(w)-—ImTK—p(w)}zo. (7)
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The experimental data on total cross sections for the
processes appearing in Eq. (7) are, in general, good.’
The total cross sections for 7V and KN scattering are
well known up to 20 BeV/c. For KN the total cross
section is reliably given between 600 MeV/c and 20
BeV/c. Below 600 MeV/c the total cross sections have
not been accurately determined.

At low energies the KN amplitudes can be reasonably
estimated by scattering-length and effective-range ap-
proximations.’® The effective range and scattering
lengths are chosen to reproduce the ¥Y¢* at 1405 MeV
and the ¥,* at 1385 MeV which lie below the physical
threshold of the KN system. We have used Kim’s
solution for the S-wave scattering lengths.* For the
P wave we have used an effective-range approximation
due to Watson.!?

The coupling constants appearing as residues of the
baryon pole terms are assumed to be given by SU(3)
where we have taken a D/F ratio of § and we take
gxnn?/4m=15.

In Table I we show the various contributions to the
sum rule. We have naturally had to cut the integrals
off owing to the finite range of experimental data. We
have chosen three cutoffs: at 3, at 5, and at 20 BeV.
Our original set of assumptions implies that the Barger-
Rubin relation should be increasingly well satisfied
with increasing energy. But the relation seems to hold
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TaBLE L. The contributions of the six amplitudes are shown
with cutoffs at 3, 5, and 20 BeV. The uncertainties in the con-
tributions for Tx~» and Tk~ are due to the uncertainties in the
scattering-length parameters (see footnotes 11 and 12). The last
but one row shows the total contributions to the left-hand side
of Eq. (7). In the last row the percentage deviations from the sum
rule with respect to the average magnitude of the six contribu-
tions are displayed.

Pole terms--continuum

Pole Cutoft Cutoff Cutoff
Amplitude terms 3 BeV 5 BeV 20 BeV
T p —6.4 5536 14 083 190 075
Tatp e 4945 13 039 175 492
Tkn —2.4 3724492 9859492 146 569
Tk*a cee 2642 7 560 124 254
Tk » —40 4 711£50 11 742450 157 236
Tty e 2 466 7250 120 808
Left-hand side —5724142 —1149+142 470
of Eq. (7)
% deviation (14.343.6)% (10.841.3)9% 0.3%

within experimental errors down to energies in the
neighborhood of 5 BeV. Each of the three cases con-
sidered represents the assumption that the relation
holds identically beyond the particular cutoff chosen.

From Table I we see that, for the 20-BeV cutoff the
sum rule holds to within a very small percentage
(compared with the average magnitude of the individual
contributions). This is not surprising as it reflects the
validity of the Barger-Rubin relation (which holds over
much of the high-energy region) which dominates the
individual integrals. The superconvergent sum rule of
Eq. (7) goes beyond the Barger-Rubin relation by
constraining the meson-baryon scattering amplitudes
in an energy region below that at which the Barger-
Rubin sum rule holds. We can see from the table that,
for the cutoff of 5 BeV the sum rule is still well satisfied
and reasonably well satisfied even for the cutoff at
3 BeV.B

In conclusion, we have seen that a superconvergence
sum rule holds for a particular combination of meson-
baryon forward scattering amplitudes provided (1)
these amplitudes are dominated at high energy by
Regge-pole exchange and (2) the (factored) Regge
residues describing the coupling of the pseudoscalar
mesons to the vector meson trajectory satisfy SU(3).
The sum rule was tested using experimental cross-
section data and found to be well satisfied for three
different choices of cutoff for the integrals.
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