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Note on baryon masses in the Skys~e model

R. C. Verma and M. P. Khanna
Department ofPhysics, PanI'ab University, Chandigarh 16-0014 India

(Received 22 November 1985)

Adopting a view that the Skyrmion and quarks may play complementary roles in the hadrons, a
two-body spin-spin interaction term is added to the hadron masses. The obtained fit is in agreement
with experiment.

There are indications that the Skyrmion, ' a classical
soliton solution of an effective field theory of mesons,
may provide a description of the nucleon. The Skyrmion
model has been extended to the SU(3) sector also.
Static properties such as masses, magnetic moments,
Gq/Gt, the baryon decays, etc., have been shown to be
reproduced in the model. The agreement is, however, to
within about 30%, suggesting that the Skyrmion may not
provide a complete picture of baryons. There may be oth-
er features in the baryon structure. One can think of a
number of improvements such as a hard-pion correction, s

quark contributions at short distances, 6 a subdominant
mass term, hybrid bag models, s etc.

In this note, we consider the baryon masses in the Skyr-
mion picture where the short-distance effects are modified
due to the inclusion of an explicit tr; trj term which may
arise as the perturbative part of a single-gluon-exchange
effect. We shall first discuss the results of the
constituent-quark model and the Skyrmion model, and
then give the results in our picture.

In the quark model the splitting between baryon and
meson spin multiplets results from one-gluon exchange:

5+X
6(A —N)

(7)

Sandwiching this SU(3)-breaking Hamiltonian hH'" be-
tween baryon wave functions, one obtains

Though the first two relations (2) and (3) are well satis-
fied, the relations (4)—(6) involving mass differences be-
tween the —,

'
and —,

'
baryons do not agree that well.

The general feeling is that in the nonrelativistic quark
model, we do not have a satisfactory description of the
long-range forces. 9

In the Skyrme picture, although quarks do not appear
explicitly, the effective Lagrangian does possess6 some of
the physics associated with quarks, for instance, the
short-range repulsive dk —ItI splitting. 4 The SU(3) break-
ing in the model is introduced through the meson masses, 3

1.e.,

where At (crt) are the color (spin) matrices of the ith
quark, gz is normahzed to remain fixed as N, ~ oo, and

btj are responsible for any flavor breaking. With this
term and the constituent-quark mass term g, me, , the

baryon masses are found to obey the following mass sum
rules:

(B it ~AH' '~B it) = —hm J dis(g)D p(g)

X&„'„(g)&'tt(g), (9)

5rrt = {m —m z)F„ f (1 cosF)r dr . —(10}

where tzP represent SU(3) flavor and spin quantum num-
bers and

—,(0—b, )= (:"'—X'),
(147 MeV) (149 MeV)

(X—A) = —,(5—X)y,
(78 MeV) (68 MeV)

(2)

(3)

The baryon masses depend on the three parameters ttt s,
m io, and hm, ' which yield the following mass relations:

2(:-—X)=(X—A) =(A N}, —
(250 MeV) (78 MeV) (176 MeV)

{X'—5)=—,
' (3A —X—2N),

(152 MeV) (137 MeV)
(4) (0—:"')=(:-'—X') =(X'—b, ),

(139 MeV) (149 MeV) (152 MeV)
(12)

(:"*—&')=(:"—&),
(149 MeV) (125 MeV)

(:-'—&')= —,'(:"—&) .
(149 MeV) (156 MeV)

(13)

(2%+2=——3A —X)= —,
' (b, —1V)y

(—24 MeV) (11 MeV)
One retains the Gell-Mann —Okubo and equal-spacing
rules, but the other mass relations do not agree well mth

34 1638 Qc1986 The American Physical Society



34 BRIEF REPORTS

48gj( cog crj ) (14)

where 81& include all the relevant factors.
Combining this contribution with the Skyrmion masses,

we obtain the relations

—,
' (fl —b, ) = (:-'—X') =(:-—X)+ —,(A —E),

(147 MCV) (149 MeV) (147 MCV)
(15)

(X' —5)=(13A—9N —4X),
(153 MeV) (159 MeV)

and the values of the parameters are

(16)

tllc cxpcIlIIlclltal valllcs. This ls because thc predicted
FjD I'atlo Is Incorrect and thc short-dlstallcc spill-spill lll-

teraction is suppressed in the N, 00 limit. Since the
real world (N, =3) is obviously far from the large-N,
limit, this may necessitate additional terms in the Hamil-
ton an.

One may take the view& that the low-energy large-N,
hmit correctly represents the long-distance structure of
the baryons and the short-distance effects signal the quark
degrees of freedom. 'c So the quark and the Skyrmion
may play complementary roles in the baryon. The quarks
keep the Skyrmion from collapsing, while the Skyrmion
keeps quarks confined. ' Following this view, we intro-
duce a two-body spin-spin interaction Hamiltonian:

Ms —AN ——1204 MeV,

M )0+8'„——1342 MeV,

hm =883 MeV,

8 —8„„=74MeV,

8~ —8„„=109MeV .
Since some short-distance effects are already present in
the Skyrmion, i.e., ms+mio, we may consider the addi-
tional term (14) to be responsible for flavor breaking in
the spin-spin interaction, i.e.,

8(J ——

Plg 7Fgj

Then m„/m, =0.5 follows from (17) and

~8 ——1204 MeV, m }0
——1342 MeV,

hm =883 MeV, b = —148 MeV .
Notice that the unsatisfactory results (4) and (5) of the De
Rujula-George-Glashow (DGG) model do not follow and
the violations (11) of the Skyrmion model are also re-
moved. That is to say that by combining the physics of
the quark and Skyrme models, a good fit is obtained.
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