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While it may be argued that these lower ener-
gies are not high enough for the application
of Regge theory, even in the energy range of
this experiment where an excellent trajectory
is obtained, Eq. (1) by itself does not provide
a fully satisfactory explanation of the data.
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A set of predictions concerning scatt'ering lengths is obtained by means of the quark

model. The results, however, hold also for some form of U(6) jgjU(6) invariance at rest

We wish to present a remarkably well-satis-
fied set of relations between a large number
of scattering lengths of nonresonant hadronic
amplitudes. These were first obtained from
a quark model with single rearrangement, but
other derivations also lead to the same results.

Consider s-wave scattering between strong-
ly interacting particles. The basic formula
is simply derived from the well-known equa-
tion for low-energy scattering. ' -k cot5 =a.
Since we are considering scattering from bound

quarks, we compare different quark amplitudes

taken at the same velocity. Such an approach
was first pointed out by Fermi' and leads to
the relation

a=-(1/a) tan6=-I P,

where rn~ is the reduced mass of the system
undergoing scattering and P contains the dynam-
ical information due to the forces. In the re-
arrangement model' we consider a, permutation
of two quarks, one in each hadron, without chang-
ing any of the internal quantum numbers, includ-
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ing spin. The transition amplitude is assumed
to be proportional to the number of such single
permutations which transform the initial state
into the final state. If no such permutation is
possible, the amplitude is 0. The rearrange-
ment hypothesis assumes that all possible con-
figurations carry equal weight; hence we can-
not apply this method to channels dominated
by low-lying s-wave resonances. We therefore
exclude the nucleon-nucleon system in both iso-
spin channels, the (KN)1 —1 because of the Dalitz-
Tuan resonance, and the (:.N)1 0 =,' and we

keep the (mv)1 0 since it is not yet established
whether or not a resonance exists in this state.

Consider first meson-baryon scattering. Be-
cause the antiquark must remain in the meson,
the only possible rearrangement is an interchange
of the quark of the meson with one of the three
quarks of the baryon. Since the E contains on-
ly a ~ quark which cannot rearrange, we obtain
Pl+N =0 (the upper indices describe the parti-
cle channel and the lower, the isospin). Also
Ps, 2~N = P, N, since both cases involve the same
rearrangement of a p quark with the quarks in

Table I. Comparison of theory and experiment.
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This is our fitted value.
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a physical proton. The other cases require
some calculation, but the principle is the same.
The baryon-baryon ca,se is somewhat more com-
plicated because of the spin couplings and be-
cause all the quarks in each baryon can partic™
ipate in the rearrangement. We get P~ = 3Ps,2~N

in contrast to the ratio 2 obtained for asymp-
totic high-energy scattering by "quark count-
ing, "because here only quarks participate and
the antiquark is not counted. For meson-me-
son scattering the calculation is very simple
and antiquark rearrangements must be count-
ed, too.

An equivalent formulation that leads to the
same results is obtained from the same addi-
tivity assumption that leads to the high-ener-
gy scattering results. The use of SU(3) for
the two-body quark amplitudes leads to rela-
tions analogous to those in the high-energy case.5

The rearrangement predictions satisfy these
relations, but are stronger. They are obtained
in the additivity model by making the addition-
al assumption of universal U(6) 8 U(6) exchange
which expresses all two-body quark amplitudes
in terms of a single parameter. The amplitudes
are obtained by exchange of 72 boson states
classified in the adjoint representation of U(6)
8 U(6) and universally coupled to the quarks;
i.e., the couplings are proportional to the ma-
trix elements of the corresponding U(6) 8 U(6)
generator. ' It can easily be seen that in this
scheme there is no quark-antiquark scattering
and that the results coincide with the ones ob-
tained by one-body rearrangement. The results
are displayed in Table I and the agreement is
excellent with the only exception of (mN)~».
It is perhaps worth emphasizing the strong de-
pendence on kinematics in the low-energy re-
gion as compared with the corresponding high-
energy case. Besides the agreement with the
measured quantities there is a la,rge body of
predictions that can be tested soon. For exam-
ple, though many baryon-baryon scattering
lengths are one order of magnitude larger than
in the meson-baryon case, the (:.N)I 0
is of the same order of magnitude as (vN)1
This comes about because of the inability of
the A. quark to rearrange and because of par-
ticular combination of spin couplings. Notice
also that the 2 ratio of high-energy cross sec-
tions goes down to about 1/200, in agreement
with experiment. However, all these cross
sections are well below their unitarity limits

giving us confidence that we are far from res-
onances.

Our results a,re compatible with those calcu-
lated from current algebra. e However, current
algebra has not been able to calculate low-en-
ergy baryon-baryon processes. It is important
to remember that most high-energy scattering
results have been also obtained from current
algebra, as well. ' Moreover, our second ap-
proach described in this note requires only
U(6) 8 U(6) symmetry" for classification of
states and couplings at rest and it might be
considered a hint that these results can be ob-
tained from current a,lgebra without any need
for quarks.
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