
Vor.UMj! 14, NUMszR 3 PHYSICAL RK V I K%' LETTERS 18 JANUARY 1965

= (i/k)[exp(-2ia, )-1], (12)

so that the nonuniform limit of interest is ob-
tained by choosing a sequence of &„ such that

exp(-2io +2ir) lnsin-,'e ) =1
0 n

(I~)

as e -0. Thus the required limit in Eq. (11)
ls

lim {f 'f «sin8d8)
Coule-0

= (ik) '[I-exp(-2ioo+ 2irI ln sin~80)). (14)

The first integral in Eq. (10) may be deter-
mined directly from the elastic angular distri-
bution. Since f'(0) is now supposed known, we
have obtained the desired result provided that
a unique finite limit exists for the final integral
in Eq. (10). This integral is readily performed
analytically and yields

f 0f *(8)sin8d8
Coul

= -(rI/2k) exp(-2io, )J 0(sin28)

x exp(2irI ln sin28) sin8d8

= (i/k) exp(-2io, ) {exp(2irI ln sin-,'8, )

-exp(2irl ln sin2e)].

The limit e-0 does not exist as a uniform lim-
it. However, from Eq. (2) we see that

lim f f *(8)sin8d8
Coule-0

= lim (i/k) {exp(-2ia,)-exp(-2io, + 2ir}ln sin —,e) )
~-0

= (I/-2ik) g (2l+ 1)[exp(-2ioo)-1]
l=0

xf P (cos8)P (cos8) sin8d8

We may now rewrite Eq. (10) as

o = (4rr/k) Im{f'(0) exp(-2ia, + 2irI ln~ sin8, ))
tot

p
~ ~ 1

r

2rr-f {o (8)-o (8)j sin8d8
el Coul

-4rr If'(0) I' sin-,'8,. (16)

In the limit as the charge goes to zero, Eq. (16)
yields the familiar result that the total reaction
cross section is the total cross section, as giv-
en by the optical theorem, minus the total elas-
tic cross section. However, for the scattering
of uncharged particles, the amplitude f'(0) can-
not, in general, be determined from the elas-
tic-scattering data. For charged-particle scat-
tering, f'(0) can be determined, and hence Eq. (16)
can be used to obtain the reaction cross section
from the elastic-scattering data. The feasibil-
ity of the procedure described was checked by
using an optical-model code to generate "exper-
imental" data. We have also determined reac-
tion cross sections for a few cases in which
sufficient experimental data exist. Further
details will be given in a paper now in prepar-
ation.

*%ork performed under the auspices of the U. S.
Atomic Energy Commission.
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and finally we obtain for the total reaction cross
section
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Recently an interesting attempt has been made'
to combine internal symmetries with spin de-
grees of freedom in a nontrivial way using the
group SU(6). The striking correlations that
have been obtained' are to be contrasted with
the difficulties that have arisen in the interpre-
tation of the symmetry. '~4 To date all successes

have been confined to the correlation of essen-
tially static properties of the elementary par-
ticles. We discuss here a nonstatic problem
in which the possibility of an SU(6) symmetry
arises in a natural way. In the nonrelativistic
limit the generators of this SU(6) coincide with
those previously used. '~'
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Specifically, we show that if an SU(6) invari-
ance of the type discussed below actually holds,
then the magnetic moment ratio derived by
Bbg, Lee, and Pais' generalizes in a simple
way to the form-factor ratio

GM (q )/GM (q )=u„/u&=-'3,

where q' is the square of the four-momentum
transfer. This relationship agrees well with
experiment' over the measured range of
q' (0& -q'& 45 F ~). Similarly the fact that
the neutron has zero charge generalizes under
this SU(6) to

GE (q )/GE (q )=o (2)

S =yo(o e,)e|+yo(o e,)e, +(o P)P. (3)

Experimentally GE"(q ) is substantially smaller
than GEf'(q2) for 0& -q'& 20 F ', but the data
are not sufficiently accurate' to show how small
the ratio is or even that it is smaller than one
for -q~&20 F

The key to our generalization is the recog-
nition that the Breit frame for the vertex func-
tion (where the initial and final nucleon three-
momenta are p and -p) has all the features
of the rest frame of a single particle requisite
to the construction of an SU(6). In this frame
we may consider the spin transformation of
the Dirac spinor for a baryon of momentum

p by means of the relativistic spin operator'

al representation. '
The 35 SU(6) generators may be written as

products of spin and SU(3) operators Sicsl,
III'&, S;Isa& (X is the usual eight-component
Hermitian unitary-spin matrix vector) in di-
rect imitation of the static-limit construction.

It is now possible to make the connection
between this SU(6) and the baryon-photon ver-
tex. The form factors of Eqs. (1) and (2) are
defined by the following expression for the
electromagnetic current of a spin-& particle
labeled A:

. A
e

A 2 v
P

f' ' (1- '/4M ') f E 2M
A

where P; and Pf are the initial and final four-
momenta of A, P„=(Pi+Py)„~q~ = (I'f &i)p~

and p5 +ping g 3 For our purposes the merit
of this decomposition is that in the Breit frame
(pi

—--pf =- p = —;q;P = 0, qo = 0) it reduces to

e A 2

(1- '/4M ')"' ~ E

Here yp and cr are the usual 4 &&4 Dirac matrices,
and the unit vectors e» e»P form a right-handed
set of coordinate axes in the three-dimensional
space associated with the Breit frame. Call-
ing these axes, respectively, 1, 2, 3 we see
that the three matrices S~ are given by S
= (y~|, y~„o3). Because of the colinearity
of initial and final momenta in the Breit frame,
the S~ associated with both initial and final
states are the same.

It is easy to check that the components of
S have the same SU(2) algebra obeyed by their
nonrelativistic counterparts, the 2x 2 Pauli spin
matrices. Another important property of the
set Si is that (in contrast to the ordinary ma-
trices o;) they commute with the free-particle
Dirac Hamiltonian. The transformation
exp(i8n S/2) acting on a spinor corresponding
to four-momentum P rotates the spin direction
leaving p fixed. Similar considerations hold
for the spin-$ constituents of the 56-dimension-

iSxqG (q )/2M )u(p). (5)

It will be noted that u(Pf) =u~(pf)y0 =u~(-pf)
=ut(P). Moreover, only S, and 5, contribute
to the moment term of (5), so that the yoo ob-
tained from a direct reduction of Eq. (4) can
be replaced by S.

%e assume, as suggested by Coleman and
Glashow, ' that the electromagnetic current
transforms as the SU(3) octet charge operator
Q. Then Eq. (5) is generalized to represent
the effective electromagnetic vertex of the 56-
dimensional representation composed of the
baryon octet and decuplet. GE(q') and GM(q')
become operators which must transform as
appropriate tensor components of the 35-dimen-
sional representation, as discussed by Bdg,
Lee, and Pais' and Sakita for the static ver-
tex. Since the construction of the SU(6) wave
functions for the 56 representation is formally
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the same as in the static SU(6), the ratios of
the dynamic electric and magnetic moments
are the same as found in the static case. This
proves Eqs. (1) and (2). Equation (2) is a gen-
eralization, to the matrix element of G~ be-
tween neutron states, of the static result that
the neutron charge is zero. Similar results
can be obtained for other vertex functions.
These results shall be presented elsewhere.

The authors are indebted to Professor
Peter Stein and Professor Richard Wilson for
helpful advice.

*Work supported in part by the U. S. Office of Na-
val Research.
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Recent experiments' have shown that both
the w p and the pp forward-scattering amplitudes
have a substantial real part at high energies
(&6 BeV). While the data obtained so far are
not yet in contradiction with the forward disper-
sion relation, the real part measured is larger
than what was expected, and with the little da-
ta available it does not seem that Ref/E decreases
with energy as it should if local field theory is
valid.

The purpose of this note is to present sum
rules satisfied by the real part of a crossing-
symmetr ic forward-scatter ing amplitude. These
sum rules involve integration of the real part

up to finite energies only and hold for any en-
ergy. Although these sum rules follow direct-
ly from the dispersion relations, they give for
practical purposes a better tool for testing an-
alyticity, crossing symmetry, and unitarity.
They also show explicitly the fact that a large
and repulsive real part at high energies, if main-
tained for a certain large energy range, will
lead to a contradiction with the dispersion re-
lation.

For concreteness we shall consider only pi-
on-nucleon scattering. We let E be the total
energy of the incident pion in the laboratory
system, and let f~(E) be the forward amplitudes


