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Outward Effective Mass of Quark and Baryon Magnetic Moments
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The valence quark a is postulated to respond, when probed by a soft photon, with the outward ef-
fective mass defined by the relation m, = M~ —mb —m„where M~ is the physical mass of baryon
B, and mb and m, are the effective masses of the spectator valence quarks b and c in the usual
sense. The observed characteristics of baryon magnetic moments are shown to be well described in
the naive scheme of the additive quark model if the new notion of the outward effective mass of
quarks is incorporated.

PACS numbers: 13.40.Fn, 12.35.Ht, 14.20.—c, 14.80.Dq

Recent progress in the accurate measurementst 8 of
baryon magnetic moments has confirmed the exis-
tence of considerable discrepancies between the exper-
imental results and the theoretical predictions based on
the additive quark model with SU(6) spin-flavor wave
functions. 9'0 Various attempts have been made to
improve the situation by including effects such as sym-
metry breaking, "'2 configuration mixing, '3 relativistic
corrections, '4 and meson-cloud contributions. ' Until
now, however, no attempt has succeeded in finding a
convincing mechanism to fill the gap between theory
and experiment. In this communication we point out
that if we incoporate the new concept of an effective
mass with which a quark is probed from the outside of
a baryon by means of a soft photon, then the additive
quark model is renovated so as to explain well the ob-
served characteristics of baryon magnetic moments.

The additive quark model describes the magnetic
moment of baryon 8 by a vector addition of the mo-
ments p, ~(q) of valence quarks q (q = u, d, s) which are
assumed to be free spinning particles. Namely, the
magnetic moment p, (B) of the baryon 8 is given by
the expectation value

(2)p, (q) = eq/2m',
where e~ and mq are the electric charge and the effec-
tive mass parameter for quark q. Comparison of this
naive theory with the latest experimental results made
in Table I shows that, though qualitatively in the right
direction, the fit gives a very large X2. Another de-

p, (B)= (8 —,', 56ix p~(q)o,'iB —,', 56), (1)

where the state vector iB —,', 56) belongs to the 56-piet
representation of the SU(6) spin-flavor symmetry, and
cr't is the Pauli spin matrix for quark q. The assump-
tion that the quarks have the intrinsic magnetic mo-
ments p, ~(q) =p, (q) irrespective of baryonic species
enables us to express eight observable baryon magnet-
ic moments in terms of three parameters: p, (u),
p, (d), and p, (s). In the simplest description, in which
quarks are supposed to be free Dirac particles without
anomalous magnetic moments, p, (q) is postulated to
be

cisive defect of this theory is found in the relation of
the mass parameters of u and d quarks. All analyses
along this line lead, without exception, to the inequali-
ty m„) md which contradicts the relation I„(md
derived from the investigation of electromagnetic mass
differences among hadron isomultiplets. '6 This con-
tradiction requires reconsideration of the physical
meaning of the mass parameter m~ in Eq. (2).

Notice that the measurement of baryon magnetic
moments involves photons carrying small momentum
transfer as probes. In other words, the baryon mag-
netic moments are softly seen by photons with long
wavelength. Therefore, if the postulates of the addi-
tive quark model in Eqs. (1) and (2) are valid, the
parameter m~ must be interpreted as the effective
mass of the quark q inside the baryon as observed
from the outside by the soft photon. Since quarks are
deeply (and perhaps eternally) confined inside the
baryon and the soft photon can see a coherent internal
structure of the baryon, the mass parameter appearing
in the expression of magnetic moments must reflect
the effect of confinement. In contrast, the electro-
magnetic contributions to the baryon mass M~ arise
mainly from the virtual exchange of somewhat hard
photons with momentum of the order of the strong-
interaction mass scale, and the hard photons created
and annihilated inside the baryon naturally see quarks
as individual particles. In this way we are led to the
standpoint that the effective mass of the quark ob-
served from the outside of the baryon by the soft pho-
ton should be distinguished from the effective mass of
the ordinary sense with which quarks are assumed to
interact with each other inside the baryon. Let us call
the former, which depends closely on the properties of
the baryon 8 in which quarks are confined, the out-
ward effective mass m~n of the probed quark q, and the
latter, the inward effective mass —or simply effective
mass —m~ of quark q. Although the inward effective
mass m~ of the quark q in baryon 8 may also depend
on the characteristics of 8, this dependence is assumed
hereafter to be so weak as to be negligible, and the
values of m~ (q = u, d, s) are postulated approximately
to be common to all baryon species.
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TABLE I. Comparison of theoretical results with observed baryon magnetic moments (in nuclear magnetons).

Present attempt

p, (&)

p, (p) '

p, (n) '

p, (X+)

p(X )

p, (:-')

p(:- )

p (x&)
m„(MeV)

md (MeV)

m, (MeV)

X'(A, :-')
X

Naive
quark
model

2.793

—1.913

—0.607

2.671

—1.093

—1.427

—0.486

—1.630

337.8

321.9

515.0

156

178

Formula

Tp~( u) —7p~( d)

—,
'

p, "(d) ——,
'

p, "(u)

A(s)

—', p, x ( u) ——,
'

p, ~ (s)

7p~ (d) —Tp~ (s)
4 0 0

—,p, = (s) ——,p, ~ (u)

Tp, = (s) —Tp, = (d)

TJ3p ~A ( d) —TJ3p*A ( u)

Numerical
result

2.793

—1.913

—0.612

2.058

—0.793

—1.253

—0.501

—1.384

291.0

313.7

456.4

0.12

17.8

Experiment

2.793

—1.913

—0.6138 + 0.0047

2.33 + 0.13

—0.89+ 0.14

—1.253 + 0.014

—0.69 + 0.04 + 0.02

I 82-II:Ps

(Ref.)

(Ref. I)

(Ref. I)

(Ref. 2)

(Ref. 3)

(Ref. 4)

(Rer. 7)

(Ref. 8)

(Ref. I)

'In both fits the nucleon magnetic moments were used as inputs.

The outward effective mass m~~ must be determined
as the measure of inertia of the probed quark q that is
deeply confined inside the baryon Bcarrying the physi-
cal mass Mz as a whole. Without entering into the
maze of the yet-unsolved problem of confinement, we
take here an empirical and heuristic viewpoint. The
valence quarks q„qb, and q, of the baryon B are as-
sumed to have, respectively, the effective masses m„
mb, and m, . Even though such a portion of the con-
fining energy that can be assigned to the individual
valence quarks is presumed to be distributed already to
the inward effective mass of the quarks, the physical
baryon mass Mtr differs in general from the sum of the
effective masses m~ = m, + mb+ m, . The difference
Mtr —

mtt represents the indivisible and irreducible part
of the confining energy. Here we postulate a posteriori
that the soft photon perceives, at the long-wavelength
limit, the valence quark q confined in baryon B as if it
has outwardly and effectively the mass

mqs= mq+ (Mtr m~). (&)

Namely, the valence quark q inside baryon B is as-
sumed to behave, when observed softly from outside,
as a free pointlike entity with the effective mass of in-
ertia m~~ which differs from the inward effective mass
m~ by the irreducible amount of the confining energy
Mp —mg.

Apparently, the outward effective mass of the
probed quark may be defined as the difference
between the physical baryon mass and the sum of the
inward effective masses of the spectator valence
quarks. It is worthwhile to emphasize that the confin-
ing energy M~ —mtt is assigned to the probed quark
only, and that other spectator quarks are assumed to
carry constantly the inward effective mass. As is obvi-
ous from the identities

Mg= m~+ mb+ m,8

=m, +mb+ m

=m, +mb+m, ,

(4)

there is no risk of double or triple counting of confin-
ing energy.

In place of Eq. (2), the magnetic moment of valence
quark q inside baryon 8 is given by the relation

p, ~(q) = eq/2m'~,

in terms of the outward effective mass. The baryon
magnetic moments p, (B) are calculated from the addi-
tion formula (1) with these quark magnetic moments.
By adjustment of the values of inward effective masses
of quarks just like the case of the naive quark model,
the best fits of the baryon magnetic moments to the
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of the basic theory of quark interaction, i.e. , the
SU(3), gauge interaction, whose behavior at low ener-
gy and small momentum transfer is not yet clarified.
The solution to this problem will yield an important
clue to the question of what is the confinement
mechanism, and consequently, what is the quark.
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