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Recently sum rules for the magnetic mo-
ments of baryons have been discussed by
many authors.® We present here an exact
sum rule which relates only experimentally
measurable quantities. The technique used
in deriving our sum rule is the same as that
of Cabbibo and Radicati? Although we
discuss the case of the proton, our sum rule
holds for any kind of Dirac particle.

Let us consider the following equal time
commutation relation:?

-é—[D1+iDz, Di—iDj]
= —i[Dy, Dy] =0. w

D; is the electric dipole moment operator
defined by

Di= Sd Szzijolx), )

where jo(x) is the time component of the
total (the iso-scalar part + the third com-
ponent of the iso-vector part) electromagne-
tic current. If we take the matrix element
of Eq. (1) between the proton states of
momentum p and p’ along the third axis
and consider the limit of the matrix element
for p going to infinity, we obtain
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where u is the anomalous magnetic monrent®

of the proton, ¢i(w)[o-(w)] is the total
inelastic cross section for the collision of
gamma and proton whose helicities have the
same [opposite] signs, ® is the energy of
gamma in the laboratory system and w, is
the threshold energy for inelastic scattering.
When Eq. (8) is applied to the A4 particle,
one must add the contribution of the 3°
state to Eq. (3). Since the target must be
polarized, we have no experimental data
with respect to the right-hand side of Eq.
(3). However, we expect that Eq. (3) can
be checked in the near future.

If we approximate the integral of the
right-hand side of Eq. (8) by the contribu-
tion of the N* (1236) resonance to the pro-
ton and the neutron we get

ua=p3, @

since the N* contributions are exactly the
same for both cases. The experimedtal val-
ue of (etn/t0)? is about 1.14.

Equation (3) is expected to be applicable
to the spin 1/2 nucleus. Therefore, one can
check by Eq. (3) whether or not the spin
1/2 nucleus can be regarded as a Dirac par-
ticle.
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2) We do not know of a general proof of Eq.
(1). But we also do not know. of a count-
er example for Eq. (1).

3) The left-hand side of Eq. (3) is the con-
tribution from the one proton intermediate
state. In the work of Cabbibo and Radicati
there appears the total magnetic moment be-
cause they mixed the ‘contribution from

(@2 22jo2).
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Note added in proof: After completing this
work, we learned that the same sum rule as
ours has independently been obtained by Drell
and Hearn. Since the commutation relation
(1) also holds for the third component of the
isovector current or for the isoscalar current
alone, we have the same sum rule as Eq. (3)
for the squares of the isovector and isoscalar
anomalous magnetic moments. Therefore, Eq.
(8) in the work of Drell and Hearn holds ex-
actly.

S. D. Drell and A. C. Hearn, Phys. Rev. Let-
ters 16 (1966), 908.
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