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IMPLICATIONS OF SU(6) SYMMETRY FOR TOTAL CROSS SECTIONS*

K. Johnsont and S. B. Treiman
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey
(Received 4 January 1965)

There has been much speculation recently
about the possibility of applying to elementary-
particle physics the Wigner! supermultiplet
theory in nuclear physics. One considers the
group SU(6),? which contains as a subgroup SU(2)
X SU(3). The first factor refers to rotations
in spin space, the second to the internal sym-
metry group. The difficult problems of recon-
ciling these ideas with the principle of relativ-
ity are still open. As a consequence, the ap-
plication of SU(6) notions has so far been con-
fined to static questions, such as the identifi-
cation of multiplets, mass formulas, electro-
magnetic properties, etc. Rules for operating
with SU(6) become laid down in the course of
these applications. In the above context the
predictions of the theory have met with remark-
able experimental success.

One would also like to apply (develop?) the
theory to more general questions involving scat-
tering reactions among particles. Here, in
general, one must come to grips with the mean-
ing of SU(6) in a relativistic context. However,
even in advance of any full clarification of the
theory in this direction, we suggest here that
a limited class of new problems can be explored
in something like the spirit of what has already

been developed.

Namely, let us consider the forward elastic
scattering of pseudoscalar mesons on baryons.
In the laboratory frame, the initial and final
baryons are at rest and the forward scattering
amplitude can be written

709~ [d*e' ¥, BI[j(x),i(0)6(x,)10,B), (1)
where 10, B) is the state of a baryon at rest.

The operator j(x) is the source function of the
pseudoscalar meson field ¢(x). Precisely be-
cause the initial and final states describe bary-
ons at rest in the same frame, it presumably
has a meaning to regard the baryon states as
belonging to a definite SU(6) multiplet —the 56-
dimensional representation according to cur-
rently accepted assignments. But the question
arises whether it makes sense to assign defi-
nite SU(6) transformation properties to the me-
son field ¢(x). The state |0, M) of a meson

at rest is obtained from the vacuum state 10)
according to the operation

3 ikxd
0,00~ [*xe ® ¥ L p(2)10) (x,~22), @)
ax,
where k=0 and k,=meson mass. Since the me-
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son states are supposed to have definite SU(6)
transformation properties, so also must the
above zero-momentum Fourier component of
the meson-field operator. In a conventional
situation one would be inclined to assign to the
meson fields themselves, for all Fourier com-
ponents, the same definite transformation prop-
erties as for the meson states. With SU(6) the
situation is not so well defined. One can imag-
ine, for example, that the meson field, expressed
in terms of more fundamental (quark) fields, in-
volves a total divergence —which would not con-
tribute to the integral of Eq. (2).

Without claiming to understand the situation
at a fundamental level, we nevertheless wish
to explore here the implication of assigning
to the full meson fields ¢(x) the definite SU(6)
transformation properties of the meson states
themselves —namely, those corresponding to
the representation of dimension 35. Since on-
ly the /=0 (s-wave) part of the exponential e??"*
contributes to the integral of Eq. (1), there is
no further ambiguity in applying SU(6) notions
to that expression. It bears a resemblance to
corresponding expressions which arise in the
SU(6) treatment of magnetic moments and elec-
tromagnetic mass shifts.

Since the direct product of the 35- and 56-
dimensional representations can be decomposed
according to 35®56=56®70@®700®©1134, it is
clear that all pseudoscalar-baryon amplitudes
can be expressed in terms of four invariants.
But there are six such reactions which are ex-
perimentally measurable in practice and which
are unrelated by ordinary isotopic spin consid-
erations (scattering off protons of K*, K~, K°,
K°, 7%, m7). The corresponding six forward
scattering amplitudes thus become connected,
via SU(6), by two relations. These are found
to be

KD -F(KT)] = [FK)-FE) = [f(ah)=-F(n7)], 3)

where the target bayon in all cases is taken

to be a proton. In particular, through the op-
tical theorem, a corresponding set of relations
is implied for total cross sections:

ok )-o® )= [0(K)-0(R*)] = [o(n)=0(x7)]. (4)

The first part of Eq. (4) is discussed by Good
and Xuong in the following Letter.®> Concern-
ing the relation

A =loET)-o(™)]= 28 = 2[o(m™)=0(mh)],
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there of course exist ample experimental da-
ta. Here, however, one is embarrassed by
the undeniable mass difference between K and
7 mesons. This of course reflects a violation
of SU(6) [and SU(3)], and makes uncertain how
the comparison between Ay and A is to be ef-
fected. Provisionally, it seems to us reason-
able to restrict attention to the high-energy
region, where mass differences have less ob-
vious reason to be important and where the
cross sections are sufficiently smooth with en-
ergy so that it does not matter too much wheth-
er one compares Ag and A, at similar ener-
gies, or similar momenta, etc. In the multi-
BeV region the K* and 7 total cross sections
are slowly varying, Ag and Aj; both decreas-
ing slowly with increasing energy. These dif-
ference quantities are small, so that the errors
are relatively rather large. But for momenta
of a few BeV/c on up to 20 BeV/c it appears
definite that Ag and A, are nonvanishing and
positive and that Ag is everywhere larger than
A by a factor of order two or three.* For ex-
ample, at p=4.0 BeV/c, Ag~8.7Tmb, A;=~2.7
mb; at p=5.5 BeV/c, Ag=~6.4 mb, A;=2.5 mb;
at p=10 BeV/c, Ag=~4.4 mb, A;~1.7 mb; at
p=15BeV/c, Ag=3.0 mb, A;~1.3 mb; at p
=19.0 BeV/c, Apg=4.3 mb, Ap=1.5 mb. The
errors are typically of order one millibarn.
The agreement with the prediction Ag =2A,

is not obviously terrible, considering that the
experimental uncertainty in the ratio Ag/A;
has a value of about 50%.
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ON THE K-N TOTAL CROSS SECTIONS*
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Using the SU(6) theory! and the fact that K
and 7 mesons belong to an octet of the 35 mul-
tiplet, and the proton to an octet of the 56 mul-
tiplet, Johnson and Treiman? have shown that
there are two relations between the Kp and mp
total cross sections:

3[o(K*p)-0(K~p)] = [o(K°P)-0(R®D)], (1)

and

3lo(&*p)-o(K=p)]=[o(m*p)-o(n=p)]. (2

Because of the mass difference between K and
7 mesons, the relation (2) is expected to hold
only for the high-energy region. Johnson and
Treiman® have pointed out that in the multi-
BeV region, this relation agrees more or less
with experiment. On the other hand, the rela-
tion (1) is expected to hold even at lower ener-

gy.> We would like to point out here that the
relation (1) is supported by experiment in the
region of momentum of the K meson from 0.6
to 3 BeV/c (in the laboratory).
Using charge symmetry one gets

o(K°) = o(K*n) and o(K°) = o(K~n). (3)
Therefore, relation (1) with charge symmetry
gives the relation

_o(K*+n)-0(K~ +n
oKt +p)-o(K~ +p

1
=5 (4)

Because charge symmetry is known to hold
for strong interactions, a check of relation (4)
is equivalent to a check of relation (1).

In Fig. 1 we have plotted all the data known
to us on the total cross section of K~ p, K™n,
K*p, and K*n interactions®® below 4 BeV/c.
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FIG. 1. Total cross sections of K-N interaction versus the laboratory momentum of the K meson. All data come

from references 4 and 5.
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