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Among the most notable features of the re-
cent covariant U(12) generalization® of the non-
relativistic SU(6) theory? are (a) the derivation
of an experimentally quite reasonable absolute
value for the proton magnetic moment; (b) the
prediction of the value - for the ratio of the
proton and neutron magnetic moments; and
(c) the occurrence of a single baryon form fac-
tor. Of course, the ratio —$ is present already
in the nonrelativistic SU(6) theory.® Indeed,
this ratio can be even obtained? in an appropri-
ate reformulation® of Wigner’s (nonrelativistic)
supermultiplet theory,® which shall be referred
to simply as the SU(4) theory.

It is the purpose of the present paper to de-
velop a covariant U(8) generalization of the SU(4)
theory and to show how the features (a), (b),
and (c), mentioned above, are contained in it.
The U(8) theory is obtained from the SU(4) the-
ory by a procedure exactly parallel to that used
in the development of U(12) from the SU(6) the-
ory. We show that results (a) and (b) survive,
and the theory contains a single nucleon form
factor. Interest in the U(8) theory stems from
the following considerations. Firstly, since
the U(8) theory is a covariant merging of iso-
spin and space-time symmetries in the same
sense as the U(12) theory is a covariant merg-
ing of SU(3) and space-time symmetries, our
work indicates the extent to which the features
(@), (b), and (c) of the latter theory survive
the breaking of the internal SU(3) symmetry.
Secondly, the SU(4) derivation* of the magnet-
ic-moment ratio — contains an assumption
which can be fully justified only by the exten-
sion to U(8). Finally, in view of the simplicity
of the isospin group relative to SU(3), the U(8)
theory may allow the essential features of the
U(12) theory to be more clearly seen.

It is well known that the underlying symme-
try group of the Wigner supermultiplet theory®
is an SU(4) group containing as a subgroup the
direct product of the spin and isospin SU(2)
groups. In the version®® of the theory to be
generalized here, however, the nucleon is as-
signed not to the defining representation 4,

but rather, along with the 3-3 nucleon resonance,
to the totally symmetric representation 20 oc-
curring in the triple direct product 4 x4 x4.
This agrees with the decomposition 20~ (4, 4)
@(2, 2) of the representation 20 of SU(4) with
respect to its spin-isospin SU(2)®SU(2) subgroup,
SU(2) representations being referred to by their
dimensionalities, and is in analogy with the
assignment of baryons and baryon resonances
to the representation 56 of SU(6).

In order to give a covariant generalization
of the SU(4) theory, we assume that the funda-
mental entity is an eight-component Dirac par-
ticle with isospin 4. This then belongs to the
defining representation of a U(8) group with
structure specified by the algebra of 64 matrices
yRSt, where

R v 5 5 012

Ko py K KD 3..
y =,y L0 =5y Ly Liv vy =y v vy )

i -
S"=(31,357).
The nucleon and 3-3 nucleon resonance are to
be assigned to the totally symmetric represen-
tation 120 of U(8) occurring in the triple direct

product of three fundamental representations.
This has the decomposition

120~ (4,20)9(2, 20)

with respect to the U(2)®U(4) subgroup, where
U(2) refers to isospin and U(4) to the space of
the Dirac matrices, and where 20 and 20’ are
the U(4) representations of symmetry types
[3] (total symmetry) and [2,1], respectively.
We may give a basis for the 120, explicitly
exhibiting the above decomposition, according
to

‘I’ABC :\I’aP,Bq,w

=D +3X6~13(e

N
aBy,p,qr bq aBy,r

N N 1
Teqr Bya,p+€rt> yaB,q)’ ()

where a,8,y with values 1,2, 3,4 are U(4) in-
dices and p, q,r with values 1,2 are U(2) indices.
D is totally symmetric in the sets «,8,y and
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P, q,r separately and corresponds to isospin £.
N obeys!

N N =0, N _+N_ +N _=0, (2
aBy "VBay T Vapy VBya Nyag T (@)

and corresponds to isotopic spin 3. Contact
with space-time symmetry is acheived by re-
striction of U(4) to £(4), the homogeneous Lo-
rentz group, and by imposing upon D and N

the Bargmann-Wigner wave equations.” This
procedure makes D describe a spin-§ particle,
and N a spin-} particle, so that finally the par-
ticle content of the representation 20 of SU(4)
is reproduced. Explicitly, for N we have*

mN =[(m +#)75C]

aBy,r (3)

aﬁlpy,r’

where zpy »» @ nucleon Dirac spinor with iso-
space index 7, obeys (B=m)yp, 4 =0.

For mesons, the SU(4) theory® assigns p,
w, and 7 to the adjoint representation 15 of

SU(4), whose spin-isospin decomposition is

To obtain a covariant description of the same
particles, we take the adjoint representation
63 of U(8), write down its U(2)®U(4) decompo-
sition explicitly, and apply the Bargmann-Wig-
ner equations. This leads to the result ¢ AB
=P,B+v,B, where P is the pseudoscalar me-
son part and V the vector-meson part, the lat-
ter given explicitly by

) P v, @

where VVi describes a vector meson of mass
u and isospace index i in the usual way: (q2
_LLZ)VVZ =0, qVsz =0.

We now use Egs. (1), (3), and (4) to compute
the vector-meson nucleon part of the interac-
tion

(e P (@

“Var

ppc'®)s a=p-p. ()

Writing this as gJ,;VV?, direct calculation
gives the results

2
z_i( q>—y,r,1is 2m\-v, v, 1 & S, v, B
P\l 706, S (o) e (142 0 ) Py ), ©)
J”O--—‘*-p"<1 +—‘12—)V’V(p'>(m o (p)+ 1+3’—”—)a”’(p')(in ey Py () )
T 2m 2muy #ly Ty, s 4m? m 2y y "B,s"”
where
P=p+pr,
=P gy o ==Y d-t" P (®)

Note that in Egs. (6) and (7), in which any
two of the four quantities PV,yV, o“Vq“, 7V could
have been used, we have chosen to use P’ and
7¥.®2 PV is used in order to obtain the electric
charge directly in the static limit ¢~ 0. Hav-
ing chosen PY, 7Y is then chosen because it is
precisely that linear combination of the above
four quantities which is orthogonal to PY, i.e.,

7T P =0. 9)

This simple property of 7¥ does not appear to
have been mentioned in the literature, although
a physical consequence of it, namely that the
choice PY and 7¥ “diagonalizes” the Rosenbluth
cross section for electron-proton scattering,
has been noted.®
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Equations (6) and (7) describe the nuclear—
vector-meson vertex and imply that for this
vertex there is only one over-all form factor.

To find out what is implied by these equations
for the electromagnetic interactions, we make
the additional assumption that the coupling of
the electromagnetic field to the nucleon is dom-
inated by the p and w intermediate states. From
the assignments of the p and w made above,
it then follows that the nucleon form factor is

(a0 48731 76D) /(=0 (10)

where o and 8 are constants. The ratio B/«
is now determined by the condition that the stat-
ic charge of the nuetron be zero. This condi-
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tion yields
B/a=3. (11)

From (6), (7), and (10) we then obtain, using
an obvious notation, the following electromag-
netic form factors:

c_3 2 \aflg?d)-
ub —2m<1+2mu>q L
M Lz<l+2m>af(q)

J == nr n,
un 4m b/@P-u?

M3 [ 2m\aflgd)-
up —4m2<1 “)q DY b (12)

One may normalize af(0) so that J pC is equal
to e for ¢g=0. From (12) it follows in particu-
lar that

and

up=(1 +2m/u). (13)

Results (12) and (13) are essentially those of
reference 1. However, the pu in our formulas
is the (common) mass of p and «w. Note that
Junc is zero, not only for ¢ =0 but for all g.

It might appear that our input information
is more than that of reference 1 since we have
demanded @, =0, whereas this followed in ref-
erence 1 from the use of M,+(3)/°M,. However,
we could have elected to use }(; +7 ,) in our
work, and this is no more ad hoc than M,
+(4)¥2M,, since it may be motivated by the
Gell-Mann-Nishijima relation for the fundamen-
tal (B=%) fields. However, we prefer to make
a direct appeal to the experimental result @,
=0, since, in fact, this underlies both }(§ +7,)
and M, +(§)2M,. Note that the choice of $(} +7,)
can be motivated by the Gell-Mann-Nishijima
relation even within the framework of the SU(4)
theory. However, in this case there may be
some doubt® as to whether this quantity or (1
+7,) should be preferred. The doubt is clear-
ly resolved by U(8), in which the choice LG +7s)
comes from the fact that the covariant nature
of the theory provides a link between the mag-

netic moment and the static charge, which in
the case of the neutron we know to be zero.

In conclusion, we note that although special-
ization of U(12) to the nucleons in U(12) results
formally in the use of the expression (3 +7,),
this is not equivalent to the same quantity for
U(8). The reason is that for U(8) this operator
corresponds to a coupling of the physical p and
«, whereas for U(12), it corresponds to a cou-
pling of p and w,, where

@ = (l§.)1/2w + (§)1/2(p
U
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SAlthough 3(1+73) is the quantity which appears in
Eq. (8) of reference 4, it is clear that %(%+73) is in-
tended, since simple algebra shows that it is the latter
quantity which yields the result —§ for the proton-neu-
tron magnetic moment ratio.
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