VoLUME 14, NUMBER 26

PHYSICAL REVIEW LETTERS

28 JUNE 1965

density operators. The important point is the
identification of the tensor character of the
relevant dynamical variable, and the particle
multiplet furnishing the representation. In
such a case we have, in fact, the Hermitian
representation of a (finite-dimensional) Lie
algebra A. We could, therefore, equally well
define the unitary representation of the Lie
group G, by exponentiating the representation
for A. And in the case of a compact Lie alge-
bra the Hermitian representations are com-
pletely reducible into finite-dimensional Her-
mitian representations.

Given the current algebra and the multiplet
we will, in general, still have ambiguities
about the identification of their transformation
properties. For example,® the SU(4) current
algebra acting on a multiplet containing the
nucleon can treat the nucleon as 4 or 4 or as
part of the 20 or 20. We could eliminate the
first two alternatives, if we so choose, by nor-
malizing the isotopic spin current matrix ele-
ments of the nucleon resonances. Even then
the last two alternatives are equally good and
give an ambiguous prediction for the ratio of
proton and neutron magnetic moments.” It is
easy to show that this ambiguity is associated
with the (outer) automorphism of the SU(4) cur-
rent algebra generated by the extended charge-
conjugation operator. The relevant observa-
tion is that this ambiguity is equally well pres-

ent in the equivalent group-theoretic formula-
tion.

We conclude that the formulation in terms
of the algebra of currents is equivalent to the
specific formulation of the group-theoretic
scheme discussed above. In neither case is
the invariance of the Hamiltonian relevant,
and in either case the necessary physical as-
sumptions are the same. It is perhaps appro-
priate to seek further elaborations of the group-
theoretic formulation in the language of the
algebra of the currents.
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Supermultiplet schemes combining spin and
internal symmetries generally lead to rather
specific predictions for electromagnetic! and
weak-interaction form factors. Some of these
predictions depend only upon the assumed trans-
formation properties of the electromagnetic
or weak couplings. These are the predictions
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where Gp; and Gg are the Sachs form factors.
Other predictions depend upon specific meson

pole-dominance models:
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where m and u are the central baryon and odd-
parity meson masses, and u, is the total mag-
netic moment of the proton. We wish to point
out a special feature of the pole-dominance
model, which results in the possibility of one
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alternative set of predictions, namely
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where 7, is the proton charge rms radius.

We are interested in the electromagnetic ver-
tex for baryons and for SU(3) triplets (quarks).
Since the calculations in both cases are quite
analogous, we restrict our exposition to the
baryon octet. As far as symmetries are con-
cerned, we use the spurion scheme of broken
M(12) symmetry® [M(12) =U(12) =Ug(12)]. Since
strict M(12) symmetry® is a special case of
this scheme, it also gives the final results ob-
tained from the spurion scheme.

In general, the spurion scheme leads to the
electromagnetic vertex
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where g=p-p’, and the factor (1 +4%/4m?) !

has been introduced in order that upon the ex-
pansion of the expression, the functions F, and
F, coincide with the Dirac and Pauli form-fac-
tors of the proton, respectively. The corre-
sponding Sachs form factors are given by the
formulas
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In order to obtain a pole model for the elec-
tromagnetic vertex, we consider the meson-
baryon coupling
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where we have neglected a singlet term which
is not relevant for our purpose, and insert

B(q) - (1+iy-q/ W(y-e)2(Ay +1g/VF) f“q )

where f is the meson-photon transition ampli-
tude.

A priori we do not require ¢%=-p? in the co-
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efficients, but if we do so, the second term in
Eq. (6) evidently vanishes.

We may now bring the resulting expression
into the form (4) and obtain

4m
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On the other hand, we may bring Egs. (6) and
(7) into a form corresponding to the vertex (4),
but with the bracket {-:} replaced by
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We then obtain, as 1s well known,
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Except for the factor (1 +¢?/4m?), which will

be discussed later, we now take the residue

in Eq. (10) at g% =-pu? and then extrapolate.
Thus the factor (1-¢%/2m 1) becomes (1 + p/2m),
and we find

G E(qz) /g,

GE(qz) = uGM(qz)
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This possibility is the central point of our ar-
gument.

The two versions (8) and (11) of the pole mod-
el give quite different results for the form fac-
tors of baryons and quarks:

(1) If we make the pole approximation in the
F functions, we can calculate the Sachs form
factors from Eq. (8) and obtain® the predic-
tions (2). With fg, =1, the normalization Gg (O)
=F,(0) =1 is in order.

(2) Requiring pole dominance for the G func-
tions, we obtain directly from Eq. (11) the pre-
dictions (3), prov1ded we choose fg,=(1+pu/
2m)~! so that GE (0)=1.% In this model the
Dirac-Pauli form factors must be computed
from Eq. (5) which yields

2 2 p‘2
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we note that the condition F,(0) =1 is satisfied.

The model (2) described above seems to be
preferable from the phenomenological point of
view because electron scattering experiments
indicate that Gy, ?/GgP is essentially ¢*-inde-
pendent.” Also, the value p, =2m/u for the
total magnetic moment of the proton may be
more favorable than p, =2m/u in view of the
experimental value p, =2.79 and the inequality
u<m. Furthermore, the prediction® (Llp/2m)2
= (’rp2>/6, which is obtained from Eq. (11) with
the approximation 1/4m? <« 1/u2?, is in reason-
able agreement with experiments.

We have not yet discussed the factor (1 +g%/
4m?), which appears in the expressions for the
form factors G(g?), etc. Although it may not
be reasonable to extrapolate the pole-model
expressions to ¢% = -4m?, if we nevertheless
do so, we must consider the condition GE(—4m2)
=2mGpy(-4m?) =0 for the baryon form factors.
This condition follows from the requirement
Gg =2mGyy at ¢*=—4m?, and the fact that Gg
and Gy, have different d/f ratios.’ It may be
reasonable, therefore, to retain the factor
(1+4¢%/4m?), even in case (2).

Considerations analogous to those given
above for baryons can be made for quarks.

A model of the type (1) gives Lganom/Hp anom
:eQ/e, whereas, with model (2), we obtain
,uQ/p ze/e. The factor (1 +q%/4m?) appear-
ing in Eqgs. (8) and (11) is not present in the
case of quark form factors. For model (2)
this would imply Gg®/Gy,@ = u at ¢? = -4m?Q,
and in order not to violate the requirement
GE-2mgGy¥ =0 at this point, we should in-
troduce a g?-dependent meson-quark form fac-
tor, which vanishes at ¢®=-4m 2. Perhaps
this is the reason for the suppression of the
reaction p+p - Q+Q.

Summing up, we see that the meson pole
models of electromagnetic form factors in
M(12) theories give different results depend-
ing upon whether pole dominance is required
for the Dirac and Pauli form factors (F), or
for the Sachs (G) form factors. It appears that
we obtain results which are empirically more
favorable!® if the pole dominance is assumed
for the Sachs form factors.
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