
PHYSICAL REVIE% 0 VOLUME 25, NUMBER 1

Rapid Communications

1 JANUARY 1982

is not delayed for receipt of corrections unless requested by the author.

Magnetic moments of the nucleon octet calculated in the cloudy bag model

S. Theberge
Department ofPhysics, University ofBritish Columbia, Vancouver, British Columbia, Canada V6T 2A6

A. W. Thomas
TRIUMF, 4004 8'esbrook Mall, Vancouver, British Columbia, Canada V6T 2A3

(Received 8 September 19&1)

We calculate the lowest-order pionic corrections to the magnetic moments of the strange

members of the nucleon octet. The overall agreement is remarkably good, but one would like

to see an improvement in the data for X and

In our search to understand the structure of the
hadrons, their magnetic moments provide some very
significant information. The large moments of neu-
tral baryons like the n and, as well as the
anomalous magnetic moments of charged particles
like the proton, are clear evidence for important
internal structure. Indeed, a major success of the
naive quark model was its prediction of the ratio

p~/p, „as —
2

.' More sophisticated dynamical

theories, such as the potential model of Isgur and
Karl, have hardly altered this result. ' Although one
might question the validity of an essentially nonrela-
tivistic approach, some justification for the pro-
cedures of the constituent quark model has been pro-
vided recently by the bag model, ' or more general re-
lativistic considerations. "

With the availability of excellent hyperon beams in
the last couple of years there has been a dramatic im-

provement in the precision with which we know the
hyperon magnetic moments. 5 The only exception is
the X, for which the decay asymmetry is very small.
Therefore in this case we must rely on the less pre-
cise determinations using exotic-atom techniques.
Unfortunately, from the theoretical point of view the
X magnetic moment is quite significant, as is that of
the, for which only a preliminary number is
presently available. In a recent Letter, ' Franklin dis-
cussed some inconsistencies in the theoretical under-
standing of the magnetic moments in the nucleon oc-
tet, and concluded that the "present X moment
determination [was] incompatible with [his] analysis. "

Even more interest in the value of the X magnetic

moment was engendered by the study of Brown and
co-workers. Within the framework of one particular
chiral bag model, 9 they obtained values of p, (X ) in
the range —0.54@,~ to —0.64@,~ (p,~=nuclear magne-
ton), in comparison with the experimental deter-
mination of (—1.41 +0.25)p~ (Ref. 6). In agree-
ment with Lipkin" the authors suggested that a
remeasurement of p, (X ) would provide "a crucial
test of [their] model. "

The hybrid bag models' "have been constructed
in the past two years as a response to the observation
that the MIT bag model (or indeed any model which
confines quarks through a scalar potential) badly
violates chiral symmetry. " By introducing the pion
as an approximate Goldstone boson, associated with
an as-yet-unknown dynamical symmetry-breaking
mechanism, one can restore the SU(2) x SU(2) sym-
metry (when m =0). The cloudy bag model (CBM)
developed at TRIUMF and the University of
Washington, has already been applied to the problem
of the nucleon magnetic moments is, i6 which were a
long-standing puzzle for the MIT bag model.

One of the beauties of the bag model" is that there
are no extra parameters (such as constituent quark
masses) which can be used to fit (say) the p, n, and
A magnetic moments. The massless quarks in the
bag model have a magnetic moment as a result of
confinement, which is proportional to the radius of
the confining volume. It was one of the major puz-
zles of the original MIT work'7 that with a radius of
order 1 fm, as determined by spectroscopy, the pro-
ton magnetic moment was only 1.9p,~. (If one scaled
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H =HMiT+H;„t+H~ s (2)

where H;„, describes the surface coupling of the (for
the present) elementary pion field to the quarks. By
defining a P space of three-quark baryons, and ignor-
ing the corrections due to Q space (essentially the ef-
fects of sea quarks), we obtain a Hamiltonian
describing the emission and absorption of pions by
extended (bag model) hadrons. The resultant theory
is completely renormalizable, and the convergence
properties have been rigorously established for the
nucleon.

In order to generalize Eqs. (1) and (2) to the other
members of the nucleon octet we simple redefine q
as a three-component field (u, d, s) where the s has a
mass of 279 MeV. While one could generalize the
CBM to SU(3)L, && SU(3)s and calculate corrections
from a virtual-kaon "cloud, "we have chosen not to
do so. The mass of the kaon is so much larger than
that of the pion that there is no longer such a clean
separation between the phenomenology of the bag
surface and the mesonic corrections. For the present
we calculate only the longest-range (that is, pionic)
corrections.

The coupling of the quark and pion fields to the
photon occurs through the usual minimal coupling,
and the pionic current was presented in detail in Ref.
15. For simplicity we take SU(6) wave functions for
all octet members in order to calculate both the ratio
of the coupling constants (e.g. , XAm, HHm, etc.) to
the NNm coupling constant, and the magnetic cou-

all predictions by p,~, however, the predictions for all

other members of the octet were invariably an im-

provement on naive quark-model predictions. ) The
recently calculated recoil correction of Donoghue and
Johnson's improved the situation [pr (corrected)
-2.24@,~), but there was still a significant discrepan-
cy. It was therefore satisfying that the inclusion of
lowest-order pion-loop corrections improved the situ-
ation even more, giving p~ =2.60@~ (Ref. 15). In
fact, the remaining corrections from configuration
mixing and sea quarks' are sufficiently large that
one could not really expect better agreement from
the model,

In view of this success it seems natural to extend
the CBM calculation to the rest of the octet. As in
Refs. 12, 15, and 16, we use the linearized Lagrangi-
an density (for a static spherical bag of radius R)

g(x) = (iqsiq B)e(R —r) , q—qg(r———R)

qpsr q F75(r -R)
2

+
2 (8„$)2—

2
m„$2

Here q and P are the quark and pion fields, and f the
pion decay constant (93 MeV). Equation (1) clearly
leads to a Hamiltonian of the form

I l

X v X

Y 3 Y

(b)

FIG. 1. Contributions to the magnetic moment of the X
hyperon, including pionic corrections to 0(f2) ["Y"
denotes either X, A, or X', and the combinations ( Y, Y') in-
clude (A, A), (X, X), (X",X ), (A, X), (A, X ), and
(X, X")I.

TABLE I. Comparison of the magnetic moments of the
members of the nucleon octet calculated in the CBM, in
comparison with the most recent data (Refs. 5 and 6) (all
numbers in nuclear magnetons).

CBM Expenment

n

A

X
x+

2.60'
—2.01'
—0.58
—1.08

2.34
—0.51
—1.27

2.793
—1.913
—0.614+0.005
—1.41 %0.27

2.33 +0.13
—075 +007'
—1.25 +0.014

'From Ref. 15, using 8 =0.82 fm as determined from pion-
nucleon scattering.
Preliminary result.

pling to the bag (yAA, yAX, etc.). The NNm cou-
pling constant itself was fixed at the usual value of
f'/4rr =0.081, and the radius of the bag for all hy-
perons was taken to be 1 fm, in agreement with the
MIT analysis. [Of course the radii may change when
pionic corrections are included. However, as the pion
self-energy is a factor of 2 smaller for the X (6 for
the ), we expect the changes for the hyperons to be
much smaller than for the nucleon. In view of the
insensitivity to bag radius noted below, the neglect of
such corrections seems quite reasonable. ]

At this stage the model has no free parameters~
For the X, for example, we calculate all the graphs
shown in Fig. 1 in exactly the way described in Ref.
15. We observe that although there are a large
number of graphs in which the photon couples to the
bag with the pion "in the air, " these are usually
small, and in any case there is considerable cancella-
tion. (In calculating the Donoghue-Johnson" recoil
correction, the appropriate value of (p2) and mass is
used for each baryon. ) The results of the calculation
are summarized in Table I, together with the most
recent experimental values. '
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Clearly the overall agreement with experiment is
excellent. One remarkable feature of the calculation
not shown in Table I is that once pionic corrections
are included there is little sensitivity to a small
change in the bag radius. For example, arbitrarily
reducing 8 from 1.0 to 0.9 fm changes p, (X+) and
p, (X ) to 2.21pN and —1.07pN (i.e., by 5% and 1%),
respectively. To some extent, therefore, the extra
pion contribution for a small bag compensates for the
decrease in the contribution from the core.

Unlike Brown et al. , we do not find any significant
disagreement with the X magnetic moment. This
would appear to rule out the phenomenological iso-
scalar contribution assumed in Ref. 8. With regard to
the analysis of Franklin we note that the combination

p, ,'(X) = —X+—2X

[Eq. (2') of Ref. 7] includes a pionic-loop correction

or order 0.6p.~. Such corrections would be expected
to violate SU(6) constraints, and thus reduce the use-
fulness of such sum rules in extracting quark mo-
ments.

It must be emphasized that there has been a great
deal of work on other corrections to baryon magnetic
moments, arising from effects such as configuration
mixing' and sea quarks. ' In view of the theoretical
uncertainties associated with both these effects and
our pionic corrections, " it appears unlikely that
theory will match experiment in precision for some
time. Nevertheless, it does seem reasonable to con-
clude from Table I that the inclusion of the lowest-
order pionic corrections associated with chiral
SU(2) x SU(2) results in good overall agreement with
the presently available data. More accurate measure-
ments for the X and the would certainly be wel-
come.
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