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Recently Wigner’s supermultiplet theory® in
nuclear physics has been extended independent-
ly by several authors? to the domain of elemen-
tary particle physics. The new group in ques-
tion, SU(6), contains SU(2)® SU(3) as a sub-
group and hence can be used to describe inter-
actions which are both spin and unitary-spin
independent in the symmetry limit. A conse-
quence of this scheme is that the pseudoscalar
meson octet and vector meson nonet can be
conveniently assigned to the adjoint represen-
tation, 35, while the baryon J£ = }* octet and
3t decuplet are identified as members of the
56. Predictions based on this symmetry scheme
in the past have taken the form of mass sum
rules® and magnetic-moment relations* which
are in qualitative (and in some cases remark-
able) agreement with experiment.

In the framework of SU(6), Bég and Pais®
have constructed the following interaction:
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to describe in the nonrelativistic limit the gen-
eral semileptonic process,

ul+B(1)—-B(2)+l, (3)

where B refers to a member of the 56 and the
remaining symbols are defined in reference 5.
[Note that a misprint in the sign of the iy, term
has been corrected.®?] Two important examples
of (3), the elastic process

tn—=p+u, 4
u“npu (4)

and the inelastic process

vu+n~N*++ w, (5)

are related” through Egs. (1) and (2). In this
note, we wish to test this relationship in de-
tail.
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A phenomenological analysis of Reaction (5)
has been given by the present authors in a re-
cent Letter.® The most general matrix element,
at, for this process involves eight form fac-
tors, F;V»A(#), with i=1,2,3,4, which are
functions of the invariant momentum transfer
squared, ¢{=-¢%=-(p,~p,)%. In order to make
the necessary identification of our work with
that of Bég and Pais, the nonrelativistic limit
of Eq. (1) of reference 8 must be compared
with the n ~N** term in Egs. (1) and (2) above.
We find the following relations:
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Note that the direct axial-vector form factor,
F,A, is determined uniquely both in magnitude
and sign relative to FIV by the SU(6) theory

of Bég and Pais.

In order to determine the two vector form
factors individually, we invoke the conserved-
vector-current (CVC) hypothesis and derive
the linear relation

2.V 1%
M, F, (0)+M,(M,+M,)F, (0)

2 2,V
+(M, -M,")F, (0)=0; (8)
cf. Eq. (4) of reference 8. The N* photopro-
duction analysis by Gourdin and Salin® indicates
that F,V(0)/F,Y(0) ~0. From Egs. (6) and (8)
we then deduce that

F, (0)=3.5, F,’(0)=-1.5. )

This is in agreement with the numbers derived
from the earlier work of Bég, Lee, and Pais!®
in which they postulated an effective electro-
magnetic vertex for the baryons in the SU(6)
scheme.!!

Concerning the effect of the remaining form
factors, we now cite the following arguments.®
The terms in 91| involving F,V and F,A are
at least “doubly” induced and are expected to
give very small contributions to the produc-
tion cross section. On the other hand, the in-
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FIG. 1. Total cross section for the inelastic process
vy +n—=N** .

duced F4V and F4A terms are proportional to
the lepton mass and hence also small. Thus
we can safely drop these contributions in the
numerical analysis.

Only the effect of FzA remains uncertain.
Static theory leads one to believe that this form
factor is small.'?> The hypothesis of a partial-
ly conserved axial-vector current at best re-
lates FlA, FZA, and F3A at zero momentum
transfer, but lack of information about F A
precludes determination of FZA To exhibit
the possible effect of FZA, we have included
the range -0.5 IFIA [ SFZA sO.SlFlA [

Our numerical results for Reaction (5) are
summarized in Figs. 1 and 2. The curves are
labeled according to the convention of our pre-
vious Letter and show the various contributions.
We adopt a Hofstadter-type ¢® dependence for
the N-N* transition form factors, i.e.,

r VA=A 0mdm? a0

and set b =37.4m,;® as fitted in the elastic case.?®
The particular cases are listed in Table I.

Case g refers to the unique prediction®'° of

CVC and SU(6) with F,V and F,A omitted. The
theoretical uncertainty in FzA considered above
results in a band bounded by the two dashed
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FIG. 2. Invariant differential cross section for the

N N *
inelastic process yytn—N ++# .

curves of cases g_ and g,. Case f is the ana-
log of case g and refers to the antineutrino
process v, +p ~N* 4+t The experimental
histogram and error bars are taken from the
CERN heavy-liquid bubble chamber results

of Block et al.'* Since they report on weak
N* production per nucleon, we have scaled
their results to the N** process by dividing
by 2.

With the experimental uncertainties duly
considered, the predictions of CVC and SU(6)
appear rather striking. This is especially
so since no attempt was made to achieve a
best fit with the cutoff parameters biV:A ad-
justed for each form factor. The unique SU(6)
prediction of the magnitude of the direct axial-
vector form factor, i.e., lFlA!/(GA/GV)
~(0.70, is very compatible with the experimen-
tal information on the differential cross sec-
tion at zero momentum transfer which is de-
termined principally by this form factor. On
the other hand, the vector form factors are
weighted rather heavily according to Eq. (9).
This is certainly a nontrivial mixture of FlA,
Flv, and FZV which, however, results in a
very reasonable total cross section. One sees
that a nonvanishing F,4 manifests itself main-
ly through its interference with the other three
form factors.
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With more data, the predictions will obvious-
ly be subject to a more stringent test. More
accurate information on do/dg? would be desir-
able, but of course the theory of SU(6) becomes
less reliable as ¢? departs from 0. The pre-
dictions for the antineutrino process!® as given
in case f serve as another crucial test for the
theory, especially since the expected V-A in-
terference term is so large.
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We have measured the cross section for in-
elastic electron-proton scattering by detecting
the scattered electrons. The apparatus has been
briefly described in an earlier Letter.! In these
measurements, an extensive set of data was
taken at a laboratory scattering angle of 31°,
and a lesser set at 90°. For the data at 31°,
the incident energy of the electrons was fixed
at one of three values corresponding to elas-
tically scattered electrons of four-momentum
transfers of 30, 45, and 100 inverse Fermis
squared [11.7, 1.75, and 3.89 (BeV/c)?]. At
each of these three values, the energy accep-
tance of the electron spectrometer was moved
from the energy of the elastic electrons down
to roughly half of this value, and we measured
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the energy spectrum of the scattered electrons
in bins of a width of about 1.5% of the energy
in the center of the bin. Peaks are observed
in these spectra corresponding to resonant
levels in the proton.

For comparison with photoproduction, we
define a “gamma” energy K,

q2 M *2—M2

K=doam™"2m

where M is the proton mass, M* the rest mass
of the excited resonance, and g is the four-mo-
mentum transfer.

It has been shown? that the cross section for
inelastic electron-proton scattering (one-pho-



