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Octet and decuplet baryon magnetic moments in the chiral quark model
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Octet and decuplet baryon magnetic moments have been formulated within the chiral quark model (x QM)
with configuration mixing incorporating the sea quark polarizations and their orbital angular momentum
through a generalization of the Cheng-Li mechanism. When the parameters of thex QM without configuration

mixing are fixed by incorporating the latest data pertaining toū-d̄ asymmetry~E866! and the spin polarization
functions, in the case of octet magnetic moments the results not only show improvement over the nonrelativ-
istic quark model results but also give a nonzero value for the right hand side of the Coleman-Glashow sum
rule, usually zero in most of the models. In the case of decuplet magnetic moments, we obtain a good overlap
for D11, V2, and the transition magnetic momentDN for which data are available. In the case of the octet,
the predictions of thex QM with the generalized Cheng-Li mechanism show remarkable improvements in
general when the effects of configuration mixing and ‘‘mass adjustments’’ due to confinement are included,
specifically in the case ofp, S1, J0, and theSL transition magnetic moment and in the violation of the
Coleman-Glashow sum rule an almost perfect agreement with data is obtained. When the above analysis is
repeated with the earlier NMC data, a similar level of agreement is obtained; however, the results in the case
of E866 look to be better. In this case, we incorporate in our analysis the gluon polarizationDg, found
phenomenologically through the relationDS(Q2)5DS2@3as(Q

2)/2p#Dg(Q2); not only do we obtain an
improvement in the quark spin distribution functions and magnetic moments, but also the value ofDg comes
out in good agreement with certain recent measurements as well as theoretical estimates.

DOI: 10.1103/PhysRevD.67.114015 PACS number~s!: 12.39.Fe, 13.40.Em, 14.20.2c
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I. INTRODUCTION

The measurements of the polarized structure function
the proton in deep inelastic scattering~DIS! experiments
@1–3# have shown that the valence quarks of the proton ca
only about 30% of its spin. This ‘‘unexpected’’ conclusio
from the point of view of the nonrelativistic quark mod
~NRQM! becomes all the more intriguing when it is realiz
that the NRQM is able to give a reasonably good descrip
of baryon octet magnetic moments using the assumption
magnetic moments of quarks are proportional to the s
carried by them. Further, this issue regarding spin and m
netic moments becomes all the more difficult to underst
when it is realized that the magnetic moments of bary
receive contributions not only from the magnetic mome
carried by the valence quarks but also from various com
cated effects, such as orbital excitations@4#, relativistic and
exchange current effects@5,6#, pion cloud contributions@7#,
the effect of the confinement on quark masses@8,9#, the ef-
fects of configuration mixing@5,9,10#, ‘‘quark sea’’ polariza-
tions @11–15#, pion loop corrections@16#, etc. Recently, it
has been emphasized@15,17# that the problem regarding
magnetic moments gets further complicated when one r
izes that the Coleman-Glashow sum rule~CGSR! for octet
magnetic moments@18#, valid in a large variety of models, i
convincingly violated by the data@19#.

Recently, in a very interesting work, Cheng and Li@13#
have shown that the DIS conclusions regarding the pro
spin and the success of the NRQM in explaining magn
moments can be reconciled in the chiral quark modelx QM
@11,20–22# if the qq̄ sea, produced by the chiral fluctuation
in addition to being polarized, is also endowed with angu
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momentum. In particular, in the case of the nucleon th
showed that the above mentioned mechanism~to be referred
to as the Cheng-Li mechanism! leads to almost cancellation
of the magnetic moment contribution of the polarized ‘‘qua
sea’’ and its angular momentum, leaving a description of
magnetic moment of the nucleon in terms of the polarizat
of the valence quarks. The authors, in a very recent Ra
Communication@23#, by considering the generalization o
the Cheng-Li mechanism to hyperons incorporating coupl
breaking and mass breaking terms, found that one is abl
get a nonzero value for the violation of CGSR (D CG) @24#
apart from improving the NRQM predictions for magnet
moments of the octet baryons. This fact, when viewed in
context of the success of thex QM @11–15,22# for the expla-

nation of ū-d̄ asymmetry@25–27#, the existence of signifi-
cant strange quark content@1–3#, quark flavor and spin dis-
tribution functions @2#, hyperon decay parameters, et
strongly indicates that constituent quarks, weakly interact
Goldstone bosons~GBs!, andqq̄ pairs provide the appropri
ate degrees of freedom at the leading order in the scale
tween chiral symmetry breaking (xSB) and the confinemen
scale. This is further borne out by the fact that when
generalized Cheng-Li mechanism is combined with the
fects of configuration mixing, known to improve the predi
tions of the NRQM@5,10,28–30# as well as compatible@31–
33# with the x QM, and ‘‘mass adjustments’’ arising due t
confinement of quarks@8,9#, it leads to an almost perfect fi
for the D CG and an excellent fit for the octet magnetic m
ments @23#. In view of this, it is desirable to broaden th
scope of Ref.@23# by extending the calculations to decupl
magnetic moments and transition magnetic moments and
delving into the detailed implications of some of the cruc
©2003 The American Physical Society15-1
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ingredients such as the generalized Cheng-Li mechan
~with and without configuration mixing! and ‘‘mass adjust-
ments’’ of the octet magnetic moments, not detailed in R
@23#. At the same time, for an appropriate appraisal of
implications of the calculated magnetic moments, it is de
able to fine-tune thex QM parameters by analyzing the late
data pertaining toū2d̄ asymmetry@26#, and spin polariza-
tion functions @2# as well as the flavor nonsinglet comp
nents.

The purpose of the present paper is to detail the form
tion of the octet and decuplet magnetic moments in
x QM incorporating the generalized Cheng-Li mechani
~with and without configuration mixing!. In order to make
our analysis regarding magnetic moments more respons
we have carried out a brief analysis to fix thex QM param-
eters using the latest data regarding the quark distribu
functions and spin distribution functions. A brief discussi
on the flavor singlet component of the total helicity includi
gluon polarization and its implications for the magnetic m
ments is also very much in order. Further, we also intend
study the implications of variation of the quark masses
well as the angle pertaining to configuration mixing on ma
netic moments.

The plan of the paper is as follows. To make the ma
script readable as well as to facilitate discussion, in Sec
we present some of the essentials of thex QM and Cheng-Li
mechanism with an emphasis on the details of its gene
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zation. In Sec. III, the modifications due to configuratio
mixing in the generalized Cheng-Li mechanism have be
discussed. Section IV includes a discussion of the vari
inputs used in the analysis; in particular, thex QM param-
eters have been obtained by fitting thex QM with and with-
out configuration mixing to the latest data. In Sec. V, w
present the numerical results and their discussion includin
brief reference to the flavor singlet component as well
gluon polarization. Section VI comprises the summary a
conclusions. To make the manuscript self-contained, in
Appendix a few typical cases pertaining to octet as well
decuplet baryons have been fully worked out.

II. MAGNETIC MOMENTS IN THE x QM
WITH THE GENERALIZED CHENG-LI MECHANISM

The basic process in thex QM is the emission of a GB by
a constituent quark which further splits into aqq̄ pair, for
example,

q6→GB01q78 →~qq̄8!1q78 , ~1!

whereqq̄81q8 constitute the ‘‘quark sea’’@12–15#. The ef-
fective Lagrangian describing interaction between qua
and a nonet of GBs, consisting of the octet and a singlet,
be expressed as
L5g8q̄Fq, ~2!

q5S u

d

s
D , F5S p0

A2
1b

h

A6
1z

h8

A3
p1 aK1

p2
2

p0

A2
1b

h

A6
1z

h8

A3
aK0

aK2 aK̄0 2b
2h

A6
1z

h8

A3

D , ~3!
pin

-
s,
wherez5g1 /g8 andg1 andg8 are the coupling constants fo
the singlet and octet GBs, respectively.

SU~3! symmetry breaking is introduced by consideri
Ms.Mu,d as well as by considering the masses of GBs to
nondegenerate (MK,h.Mp) @12–15#, whereas the axia
U~1! breaking is introduced byMh8.MK,h @11–15#. The
parametera(5ug8u2) denotes the transition probability o
chiral fluctuation of the splittingsu(d)→d(u)1p1(2),
whereasa2a, b2a, andz2a, respectively, denote the prob
abilities of transitions ofu(d)→s1K2(0), u(d,s)→u(d,s)
1h, andu(d,s)→u(d,s)1h8.

Following Cheng and Li@13#, the magnetic moment of a
given baryon that receives contributions from valen
quarks, sea quarks, and the orbital angular momentum o
‘‘quark sea’’ is expressed as
e

e
he

m~B! total5m~B!val1m~B!sea1m~B!orbit . ~4!

The valence and the sea contributions, in terms of quark s
polarizations, can be written as

m~B!val5 (
q5u,d,s

Dqvalmq and m~B!sea

5 (
q5u,d,s

Dqseamq , ~5!

where mq5eq/2Mq (q5u,d,s) is the quark magnetic mo
ment, andeq and Mq are the electric charge and the mas
respectively, for the quarkq. Similarly, the orbital angular
momentum contribution of the sea,m(B)orbit , can be ex-
5-2



re of the

OCTET AND DECUPLET BARYON MAGNETIC . . . PHYSICAL REVIEW D67, 114015 ~2003!
TABLE I. Sea quark spin polarizations for the ‘‘mixed’’ octet baryons and decuplet baryons in terms of thex QM parametersa, a, b,
andz as discussed in the text. The spin polarizations for the other baryons can be found from isospin symmetry. The spin structu
octet baryonB without configuration mixing can be obtained by takingf50.

Baryons Dusea Ddsea Dssea

p(uud) 2cos2f$(a/3)@714a21(4/3)b21(8/3)z2#% 2cos2f$(a/3)@22a22(1/3)b22(2/3)z2#% 2aa2

2sin2f$(a/3)@512a21(2/3)b21(4/3)z2#% 2sin2f$(a/3)@41a21(1/3)b21(2/3)z2#%

S1(uus) 2cos2f$(a/3)@813a21(4/3)b21(8/3)z2#% 2cos2f@(a/3)(42a2)# 2cos2f$(a/3)@2a22(4/3)b22(2/3)z2#%

2sin2f$(a/3)@413a21(2/3)b21(4/3)z2#% 2sin2f@(a/3)(21a2)# 2sin2f$(a/3)@4a21(4/3)b21(2/3)z2#%
J0(uss) 2cos2f$(a/3)@3a2222(1/3)b22(2/3)z2#% 2cos2f@(a/3)(4a221)# 2cos2f$(a/3)@7a21(16/3)b21(8/3)z2#%

2sin2f$(a/3)@213a21(1/3)b21(2/3)z2#% 2sin2f@(a/3)(112a2)# 2sin2f$(a/3)@5a21(8/3)b21(4/3)z2#%
L(uds) 2cos2f@aa2# 2cos2f@aa2# 2cos2f@(a/3)(6a214b212z2)#

2sin2f@(a/9)(916a21b212z2)# 2sin2f@(a/9)(916a21b212z2)# 2sin2f@(4/9)a(3a212b21z2)#

SL 2cos2f@(a/2A3)(313a21b212z2)# cos2f@(a/2A3)(313a21b212z2)# 0

sin2f$(a/2A3)@11a21(b2/3)1(2/3)z2#% 2sin2f$(a/2A3)@11a21b2/31(2/3)z2#%

D11(uuu) 2a(613a21b212z2) 23a 23aa2

D1(uud) 2a@512a21(2/3)b21(4/3)z2# 2a@41a21(1/3)b21(2/3)z2# 23aa2

S*
1
(uus) 2a@413a21(2/3)b21(4/3)z2# 2a(a212) 22a@2a21(2/3)b21(1/3)z2#

S*
0
(uds) 2a@312a21(1/3)b21(2/3)z2# 2a@312a21(1/3)b21(2/3)z2# 22a@2a21(2/3)b21(1/3)z2#

J*
0
(uss) 2a@213a21(1/3)b21(2/3)z2# 2a(2a211) 2a@5a21(8/3)b21(4/3)z2#

V2(sss) 23aa2 23aa2 26a@a21(2/3)b21(1/3)z2#

DN 2(2/3A6)(313a21b212z2) (2/3A6)(313a21b212z2) 0
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pressed in terms of the valence quark polarizations and
orbital moments of the sea quarks, the details of which
given in Sec. II B. Following Refs.@11,13,15#, the quark spin
polarization can be defined as

Dq5q12q21q̄12q̄2 , ~6!

whereq6 and q̄6 can be calculated from the spin structu
of a baryon defined as

B̂[^BuNuB&, ~7!

whereuB& is the baryon wave function andN is the number
operator, for example,

N5nu1
u11nu2

u21nd1
d11nd2

d21ns1
s11ns2

s2 ,
~8!

with the coefficients of theq6 giving the number ofq6

quarks.
To calculatem(B)val , we need to calculate the valenc

spin polarizationsDqval . For ready reference some essent
details of the calculations for valence quark polarizatio
pertaining to typical cases are presented in the Appendix

A. Contribution of the ‘‘quark sea’’ polarizations
to the magnetic moments

To evaluate the ‘‘quark sea’’ magnetic moment, one ha
find Dqseacorresponding to each baryon. For detailed eva
ation of Dqsea, we refer the reader to Refs.@12–15#; how-
ever, to facilitate its extension to the case with configurat
mixing, we summarize some of the essentials adopted
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present use. The spin structure for the process given in
~1!, after one interaction, can be obtained by substituting
every valence quark, for example,

q6→( Pqq61uc~q6!u2, ~9!

where(Pq is the probability of emission of a GB from aq
quark and the probabilities of transforming aq6 quark are
uc(q6)u2. The relevant details pertaining to the calculatio
of Dqsea, again for some typical cases, are presented in
Appendix. The expressions forDqsea in the case of the pro-
ton are as follows:

Dusea52
a

3 S 714a21
4

3
b21

8

3
z2D ,

Ddsea52
a

3 S 22a22
1

3
b22

2

3
z2D ,

Dssea52aa2. ~10!

The expressions for the other octet baryons can be fo
from Table I.

The ‘‘quark sea’’ spin polarizations for the decuplet bar
ons can be calculated in a similar manner to that of oc
baryons. For example, the general expressions for the
structure of the decuplet baryons of the typesB* (xxy),
B* (xxx), and B* (xyz), using Eq. ~9!, are, respectively,
given as
5-3
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B̂* ~xxy!52S ( Pxx11uc~x1!u2D
1S ( Pyy11uc~y1!u2D , ~11!

B̂* ~xxx!53S ( Pxx11uc~x1!u2D , ~12!

B̂* ~xyz!5S ( Pxx11uc~x1!u2D
1S ( Pyy11uc~y1!u2D
1S ( Pzz11uc~z1!u2D , ~13!

wherex, y, andz correspond to any of theu, d, ands quarks.
The detailed expressions for the spin polarizationsDqsea,
corresponding to the decuplet baryons, can again be fo
from Table I.

B. Contribution of the ‘‘quark sea’’ orbital angular
momentum to the magnetic moments

Following Cheng and Li@13#, the contribution of the an-
gular momentum of the ‘‘quark sea’’ to the magnetic mome
of a given quark is given as

m~q1→q28 !5
eq8

2Mq
^ l q&1

eq2eq8
2MGB

^ l GB&, ~14!

where

^ l q&5
MGB

Mq1MGB
and ^ l GB&5

Mq

Mq1MGB
, ~15!

and ^ l q ,l GB& and (Mq ,MGB) are the orbital angular mo
menta and masses of the quark and GB, respectively.
orbital moment of each process is then multiplied by
probability for such a process to take place to yield the m
netic moment due to all the transitions starting with a giv
valence quark, for example,

@m„u6~d6!→…#

56aFm„u1~d1!→d2~u2!…1a2m„u1~d1!→s2…

1S 1

2
1

1

6
b21

1

3
z2Dm„u1~d1!→u2~d2!…G , ~16!

@m~s6→ !#

56aFa2m~s1→u2!1a2m~s1→d2!1S 2

3
b21

1

3
z2D

3m~s1→s2!G . ~17!
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The above equations, derived by Cheng and Li, along w
Dqsea, constitute the essentials of Cheng-Li mechanis
Equations~16! and~17! can easily be generalized by includ
ing the coupling breaking and mass breaking terms. For
ample, in terms of the parametersa, a, b, andz, the orbital
moments ofu, d, ands quarks, respectively, are

m~u1→ !5aF 2Mp
2 13Mu

2

2Mp~Mu1Mp!
2

a2~MK
2 23Mu

2!

2MK~Mu1MK!

1
~31b212z2!Mh

2

6Mh~Mu1Mh!
GmN , ~18!

m~d1→ !5a
Mu

Md
F 2Mp

2 23Md
2

2Mp~Md1Mp!
2

a2MK
2

2MK~Md1MK!

2
~31b212z2!Mh

2

12Mh~Md1Mh!
GmN , ~19!

m~s1→ !5a
Mu

Ms
F a2~MK

2 23Ms
2!

2MK~Ms1MK!

2
~2b21z2!Mh

2

6Mh~Ms1Mh!
GmN , ~20!

wheremN is the nuclear magneton. Equations~18!, ~19!, and
~20! along withDqsea will be referred to as the generalize
Cheng-Li mechanism. The orbital contribution to the ma
netic moment of the octet baryon of typeB(xxy) in terms of
the above equations as well as the valence spin polarizat
is given by

m~B!orbit5Dxval@m~x1→ !#1Dyval@m~y1→ !#. ~21!

Similarly, the orbital contributions in the cases of the d
cuplet baryonsB* (xxy), B* (xxx), andB* (xyz) are respec-
tively given by

m~B* !orbit5Dxval@m~x1→ !#1Dyval@m~y1→ !#, ~22!

m~B* !orbit5Dxval@m~x1→ !#, ~23!

m~B* !orbit5Dxval@m~x1→ !#1Dyval@m~y1→ !#

1Dzval@m~z1→ !#. ~24!

III. GENERALIZED CHENG-LI MECHANISM
WITH CONFIGURATION MIXING

Spin-spin forces, known to be compatible@31–33# with
the x QM, generate configuration mixing@10,28,29# for the
octet baryons which effectively leads to modification of t
valence quark and ‘‘quark sea’’ spin distribution functio
@34#. From Eqs.~5! and~21!, it is evident that the effects o
configuration mixing on magnetic moments can be includ
if one is able to estimate the same on the valence and
contributions to magnetic moments. The most general c
figuration mixing generated by the spin-spin forces in t
case of octet baryons@10,29,35# can be expressed as
5-4
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uB&5~ u56,01&N50 cosu1u56,01&N52 sinu)cosf

1~ u70,01&N52 cosu81u70,21&N52 sinu8)sinf,

~25!

wheref represents theu56&-u70& mixing, whereasu andu8,
respectively, correspond to the mixing amo
u56,01&N50-u56,01&N52 states andu70,01&N52-u70,21&N52
states. For the present purpose, it is adequate@5,9,29,34# to
consider the mixing only betweenu56,01&N50 and the
u70,01&N52 states, for example,

uB&[U8,
1

2
1L 5cosfu56,01&N501sinfu70,01&N52 ,

~26!

where

u56,01&N505
1

A2
~x8f81x9f9!cs~01!, ~27!

u70,01&N525
1

2
@~f8x91f9x8!c8~01!

1~f8x82f9x9!c9~01!#, ~28!

with

x85
1

A2
~↑↓↑2↓↑↑ !, x95

1

A6
~2↑↑↓2↑↓↑2↓↑↑ !,

~29!

representing the spin wave functions. In general, the iso
wave functions for octet baryons of the typeB(xxy) are
given by

fB85
1

A2
~xyx2yxx!, fB95

1

A6
~2xxy2xyx2yxx!,

~30!

whereas forL(xyz) andS0(xyz) they are given by

fL8 5
1

2A3
~xzy1zyx2zxy2yzx22xyz22yxz!,

fL9 5
1

2
~zxy1xzy2zyx2yzx!, ~31!

fS08 5
1

2
~zxy1zyx2xzy2yzx!,

fS09 5
1

2A3
~zyx1zxy1xzy1yzx22xyz22yxz!.

~32!

For the definition of the spatial wave functions (cs,c8,c9)
as well as the definitions of the overlap integrals, we refer
reader to Ref.@36#. The mixing expressed through Eq.~26!
11401
in
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would be referred to as the ‘‘mixed’’ octet; henceforth w
will not distinguish between configuration mixing and th
‘‘mixed’’ octet.

Using the above wave functions, one can easily find
spin polarizations for the proton, for example,

Duval5cos2fF4

3G1sin2fF2

3G ,
Ddval5cos2fF2

1

3G1sin2fF1

3G , Dsval50. ~33!

These expressions would replaceDqval in Eqs. ~5! and ~21!
for calculating the effects of configuration mixing on th
valence and the orbital parts in the case of the proton. S
larly, one can easily find the spin polarization functions f
other ‘‘mixed’’ octet members.

The ‘‘quark sea’’ polarization also gets modified with th
inclusion of configuration mixing and can easily be calc
lated; the details of the calculations in the cases ofp, L, and
SL are given in the Appendix. For the case of the proto
these are expressed as

Dusea52cos2fFa

3 S 714a21
4

3
b21

8

3
z2D G

2sin2fFa

3 S 512a21
2

3
b21

4

3
z2D G , ~34!

Ddsea52cos2fFa

3 S 22a22
1

3
b22

2

3
z2D G

2sin2fFa

3 S 41a21
1

3
b21

2

3
z2D G , ~35!

Dssea52aa2. ~36!

The ‘‘quark sea’’ spin polarizations for the other octet bar
ons and transition magnetic moments can similarly be ca
lated and are presented in Table I.

Configuration mixing due to spin-spin forces does not
fect decuplet baryons@10,29#; thus the decuplet baryon wav
function is given by

uB* &[u56,01&N505xsfscs~01! ~37!

with

xs5~↑↑↑ !. ~38!

The isospin wave functions for decuplet baryons of typ
B* (xxx), B* (xxy), andB* (xyz), respectively, are

fB*
s

5xxx, fB*
s

5
1

A3
~xxy1xyx1yxx!,
5-5
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fB*
s

5
1

A6
~xyz1xzy1yxz1yzx1zxy1zyx!, ~39!

wherex, y, andz correspond to any of theu, d, ands quarks.

IV. INPUTS

To facilitate the understanding of different inputs bas
on Eq.~4!, in the Appendix we present the complete expr
sions for two of the octet baryon magnetic momentsp andL
as well as theSL transition magnetic moment; for the ca
of decuplet baryons we considered the example ofD1. The
other octet and decuplet magnetic moments can be for
lated similarly. As is evident from the Appendix, to calcula
the magnetic moments we need inputs related to thex QM
parameters, mixing anglef, and quark masses. The param
etersa, a, b, andz of the x QM are usually fixed by con-
sidering the spin polarization functionsDu, Dd, Ds @2#, and
related Q2 independent parametersD35Du2Dd and D8
5Du1Dd22Ds @37# as well as the quark distribution func
tions including the violation of the Gottfried sum ru
@26,27# measured through theū-d̄ asymmetry. In the presen
analysis we have taken the pion fluctuation parametera to be
0.1, in accordance with most other calculations@13–15#. It
has been shown@15# that to fix the violation of the Gottfried
sum rule@25#, we have to consider the relation

ū2d̄5
a

3
~2z1b23!. ~40!

In this relation, one immediately finds that in case the va
of a is taken to be 0.1 then to reproduceū-d̄ asymmetry one
gets the relationz520.32b/2 for the E866 data@26# and
z520.72b/2 for the case of the NMC data@27#. Before
carrying out the analysis of thex QM with configuration
mixing one has to fix the mixing anglef, which in the
present case is taken to bef520°, by fitting the neutron
charge radius@29,35,38#. After carrying out our analysis re
garding the spin polarization functions and using the la
E866 @26# data and the New Muon Collaboration~NMC!

@27# data regarding theū-d̄ asymmetry, in Table II, we
present the calculated values of certain phenomenolog
quantities having implications for thex QM parameters (a
and b) with and without configuration mixing. From th
table we see that the chiral quark model with configurat
mixing (x QMgcm) is able to give a fairly good fit to the
various spin distribution functions as well as quark distrib
tion functions, in particular, the agreement in the case
D3 ,D8 , f s , f 3 / f 8 is quite striking. In the table we have no
included the flavor singlet component of the total helic
(DS5Du1Dd1Ds) which is discussed later separate
The x QM parameters thus found are summarized in Ta
III and constitute the input for magnetic moment calcu
tions.

The orbital angular moment contributions are charac
ized by the parameters of thex QM as well as the masses o
the GBs. For evaluating the contribution of pions, we ha
used the on-mass-shell value in accordance with sev
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other similar calculations@39#. Similarly, for the other GBs
we have considered their on-mass-shell values; howe
their contributions are much smaller compared to the pio
contributions.

In accordance with the basic assumptions of thex QM,
the constituent quarks are supposed to have only Dirac m
netic moments governed by the respective quark masse
the absence of any definite guidelines for the constitu
quark masses, for theu andd quarks we have used their mo
widely accepted values in hadron spectrosco
@10,32,36,40,41#, for example,Mu5Md5330 MeV. Apart
from taking the above quark masses, one has to conside
strange quark mass implied by the various sum rules der
from the spin-spin interactions for different baryon
@5,10,29#, for example, L2N5Ms2Mu , (S* 2S)/(D
2N)5Mu /Ms , and (J* 2J)/(D2N)5Mu /Ms , respec-
tively, fix Ms for the L, S, and J baryons. These quark
masses and corresponding magnetic moments have to be
ther adjusted by the quark confinement effects@8,9#. In con-
formity with the additivity assumption, the simplest way
incorporate this adjustment@8,9# is to first expressMq in the
magnetic moment operator in terms ofMB , the mass of the
baryon obtained additively from the quark masses, which
then replaced byMB1DM , DM being the mass differenc
between the experimental value andMB . This leads to
the following adjustments in the quark magnetic momen
md52@12(DM /MB)#mN , ms52Mu /Ms@12(DM /
MB)#mN , andmu522md . The baryon magnetic moment
calculated after incorporating this effect would be referred
as ‘‘mass adjusted.’’

TABLE II. x QM parameters~with and without configuration
mixing! obtained after fitting spin and quark distribution function
x QMgcm corresponds to the case where the ‘‘mixed’’ nucleon@Eq.
~26!# has been used with the mixing anglef520°.

x QM x QMgcm

a50.6,b50.9 a50.4,b50.7
Parameter Data NMC E866 NMC E866

Du 0.8560.05 @2# 0.88 0.92 0.91 0.95
Dd 20.4160.05 @2# -0.35 -0.36 -0.33 -0.31
Ds 20.0760.05 @2# -0.05 -0.05 -0.02 -0.02
D3 1.26760.0035@19# 1.23 1.28 1.24 1.26
D8 0.5860.025@2# 0.63 0.66 0.61 0.67

ū2d̄ 20.14760.024@27# 0.147 0.12 0.147 0.12

20.11860.015@26#

d̄/ū 1.9660.246@46# 1.89 1.59 1.89 1.59

1.4160.146@26#

f s 0.1060.06 @47# 0.15 0.13 0.07 0.05
f 3 / f 8 0.2160.05 @11# 0.25 0.25 0.21 0.21

TABLE III. Input values of various parameters used in th
analysis.

Parameter f a a b zE866 zNMC

Value 20° 0.1 0.4 0.7 20.32b/2 20.72b/2
5-6
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TABLE IV. Octet baryon magnetic moments in units ofmN for the latest E866 data.

x QM with mass
x QM with adjustments and

Octet Data x QM mass adjustments configuration mixing
baryons @19# NRQM Valence Sea Orbital Total Valence Sea Orbital Total Valence Sea Orbital Tota

p 2.7960.00 2.72 3.00 -0.70 0.54 2.84 3.17 -0.59 0.45 3.03 2.94 -0.55 0.41 2.80
n 21.9160.00 -1.81 -2.00 0.34 -0.41 -2.07 -2.11 0.24 -0.37 -2.24 -1.86 0.20 -0.33 -1.9
S2 21.1660.025 -1.01 -1.12 0.13 -0.29 -1.28 -1.08 0.08 -0.26 -1.26 -1.05 0.07 -0.22 -1.2
S1 2.4560.01 2.61 2.88 -0.69 0.45 2.64 2.80 -0.55 0.37 2.62 2.59 -0.50 0.34 2.43
J0 21.2560.014 -1.41 -1.53 0.37 -0.23 -1.39 -1.53 0.22 -0.16 -1.47 -1.32 0.21 -0.13 -1.2
J2 20.6560.002 -0.50 -0.53 0.09 -0.06 -0.50 -0.59 0.06 -0.01 -0.54 -0.61 0.06 -0.01 -0.5
L 20.6160.004 -0.59 -0.65 0.10 -0.08 -0.63 -0.69 0.05 -0.04 -0.68 -0.59 0.04 -0.04 -0.5
SL 1.6160.08 1.51 1.41 -0.02 0.30 1.69 1.45 -0.03 0.30 1.72 1.37 -0.04 0.26 1.63
D CG 0.4960.05 0 0.10 0.46 0.48
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V. RESULTS AND DISCUSSION

Using Eq.~4! and the inputs discussed above as well
the expressions given in Table I, in Table IV we present
results of octet magnetic moments without taking any
these as inputs. For a general discussion of the conten
Table IV we refer the readers to Ref.@23#; however, in the
present case we would like to discuss in detail the role of
generalized Cheng-Li mechanism, configuration mixing, a
‘‘mass adjustments’’ in getting the fit for octet magnetic m
ments. To this end, one can immediately find that thex QM
with the generalized Cheng-Li mechanism, but without co
figuration mixing and ‘‘mass adjustments,’’ consistently im
proves the predictions of the NRQM as well as being able
generate a nonzero value ofD CG. On closer examination o
the results, several interesting points pertaining to the ge
alized Cheng-Li mechanism emerge. The total contribut
to the magnetic moment is coming from several sources w
similar and opposite signs, for example, the orbital contr
utes with the same sign as the valence part, whereas th
contributes with the opposite sign. The sea and orbital c
tributions are fairly significant as compared to the valen
contributions and they cancel in the right direction, for e
ample, the valence contributions ofp, S1, andJo are higher
in magnitude than the experimental value, but since the
contribution is higher in magnitude than the orbital contrib
tion, it reduces the valence contribution, leading to a be
agreement with data. Similarly, in the cases ofn, S2, and
SL the valence contribution is lower in magnitude than t
experimental value, but in these cases the sea contributio
lower than the orbital part, so it adds on to the valence c
tribution, again improving the agreement with data. Thus
a very interesting manner, the orbital and sea contributi
together add on to the valence contributions, leading to be
agreement with data as compared to the NRQM. This
only endorses the earlier conclusion of Cheng and Li@13#
but also suggests that the Cheng-Li mechanism could
haps provide the dominant dynamics of the constituents
the nonperturbative regime of QCD on which further corre
tions could be evaluated. To this end, in Table IV, we pres
the results where the effects of configuration mixing a
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‘‘mass adjustments’’ have been included. As is evident fro
the table, we have been able to get an excellent fit for alm
all the baryons; it is almost perfect forp, S1, Jo, SL, and
D CG, whereas in the other cases the value is within 5%
the data.

In order to study closely the role of configuration mixin
in octet magnetic moments, in Table IV we present the
sults with and without mixing, but with the inclusion o
‘‘mass adjustments.’’ As is evident from the table, one fin
that the individual magnetic moments show improveme
after the inclusion of configuration mixing; in particular, i
the cases ofp, n, S1, J0, L, andSL one observes a sig
nificant improvement. It may be noted that configurati
mixing reduces valence, sea, and orbital contributions to
magnetic moments and the results which are generally on
higher side get corrected in the right direction by the inc
sion of configuration mixing. This is particularly manifest
the case ofJ particles; for example, the magnitude of th
J0 magnetic moment without configuration mixing is low
ered so as to achieve an almost perfect fit, whereas in
case ofJ2, a difficult case for most models, configuratio
mixing increases the magnitude for better agreement with
data. In contrast to the general improvement in the case
individual magnetic moments,D CG is hardly affected by
configuration mixing. In view of the fact that thex QM with
configuration mixing involves baryon wave functions whic
are perturbed by the spin-spin forces, in principle one sho
employ the fully perturbed wave functions of the octet ba
ons as derived by Isguret al. @10# given in Eq.~25!. How-
ever, we found that for the present case the use of a ‘‘mix
octet @Eq. ~26!# is adequate to reproduce the results of t
fully perturbed wave function to the desired level of acc
racy. One may wonder whetherD CG can also be reproduce
by a variation of the mixing anglef. Our calculations in this
regard show that variation off does not lead to any im
provement in the magnetic moments or inD CG. The present
value of anglef, fixed from the neutron charge radiu
@29,35,38#, seems to provide the best fit.

It would also perhaps be interesting to find the implic
tions of configuration mixing for thex QM without ‘‘mass
5-7
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H. DAHIYA AND M. GUPTA PHYSICAL REVIEW D 67, 114015 ~2003!
TABLE V. Octet baryon magnetic moments in units ofmN for the NMC data.

x QM with mass
x QM with adjustments and

Octet Data x QM configuration mixing configuration mixing
baryons @19# NRQM Valence Sea Orbital Total Valence Sea Orbital Total Valence Sea Orbital T

p 2.7960.00 2.72 3.00 -0.79 0.53 2.74 2.76 -0.62 0.48 2.62 2.94 -0.65 0.41
n 21.9160.00 -1.81 -2.00 0.30 -0.29 -1.99 -1.76 0.25 -0.39 -1.90 -1.86 0.27 -0.34 -
S2 21.1660.025 -1.01 -1.12 0.16 -0.30 -1.26 -1.09 0.10 -0.25 -1.24 -1.05 0.14 -0.26 -
S1 2.4560.01 2.61 2.88 -0.77 0.43 2.54 2.67 -0.65 0.40 2.42 2.59 -0.59 0.36
J0 21.2560.014 -1.41 -1.53 0.45 -0.21 -1.29 -1.32 0.26 -0.16 -1.22 -1.32 0.26 -0.14 -
J2 20.6560.002 -0.50 -0.53 0.08 -0.01 -0.46 -0.56 0.09 -0.01 -0.48 -0.61 0.09 -0.02 -
L 20.6160.004 -0.59 -0.65 0.12 -0.07 -0.60 -0.56 0.07 -0.05 -0.54 -0.59 0.07 -0.05 -
SL 1.6160.08 1.51 1.41 -0.01 0.31 1.71 1.41 -0.01 0.26 1.66 1.37 -0.02 0.26
D CG 0.4960.05 0 0.10 0.12 0.44
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adjustments.’’ Broadly speaking, the individual magne
moments can again be fitted; however,D CG leaves much to
be desired. This can easily be checked from Table V, wh
we present these calculations with the NMC data; the E
based fit follows the same pattern. The value ofDCG regis-
ters a remarkable improvement when effects due to ‘‘m
adjustments’’ along with configuration mixing are include
This is not surprising as the large value ofDCG could come
only from the valence quark corrections, duly provided
the ‘‘mass adjustments.’’ It would be desirable to know wh
level of fit can be achieved without configuration mixing, b
with the inclusion of ‘‘mass adjustments.’’ A closer examin
tion of the table immediately brings out that in this case
individual magnetic moments leave much to be desir
whereas one is able to reproduceDCG, in accordance with
our earlier conclusions. It may also be noted that the ‘‘m
adjustments’’ generally lower the various contributions e
cept for the nucleon. In short, we may emphasize that
final fit obtained here cannot be achieved if any of the ing
dients, for example, the generalized Cheng-Li mechani
configuration mixing, and ‘‘mass adjustments,’’ is absent.

For the sake of completeness, as mentioned earlier a
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we present in Table V the octet magnetic moments when
x QM parameters are fitted by incorporating the NMC da
This table also includes our results, where magnetic m
ments have been calculated with configuration mixing
without‘‘mass adjustments,’’ not included in Table IV. Fro
the table, one can immediately see that the basic patter
results remains the same; however, in general the results
lower as compared to the case of the E866 data. This is
difficult to understand when one realizes that the contri
tions of sea polarization in the cases of E866 and NMC d
are quite different. This can be understood easily when
realizes that the sea quark polarization is proportional to
parameterz. BecauseuzE866u,uzNMCu, one can easily under
stand the corresponding lowering of the magnetic mome
in the case of the NMC data; however, the two calculatio
are in good agreement with each other.

In Table VI, we present the results for the decuplet ba
ons for the the latest E866 and the NMC data. The calcu
tions of decuplet magnetic moments have been carried
with the samex QM parameters and quark masses as tha
the octet magnetic moments. From the table, it is evident
we have been able to obtain a very good agreement per
97
76
6
68
07
08
92
49
43
.01
3

TABLE VI. Decuplet magnetic moments in units ofmN for NMC and E866 data.

Decuplet Data Songet al. Linde et al. Sea Orbital Total
baryons @19# NRQM @14# @15# Valence NMC E866 NMC E866 NMC E866

D11 3.7,mD11,7.5 5.43 5.55 5.21 6.36 -1.59 -1.31 0.94 0.92 5.71 5.
D1 — 2.72 2.73 2.45 3.18 -0.94 -0.79 0.38 0.37 2.62 2.
D0 — 0 -0.09 -0.30 0 -0.28 -0.28 -0.18 -0.18 -0.46 -0.4
D2 — -2.72 -2.91 -3.06 -3.18 0.37 0.23 -0.74 -0.73 -3.55 -3.
S* 1 - 3.02 3.09 2.85 3.24 -0.88 -0.73 0.58 0.56 2.94 3.
S* 0 — 0.30 0.27 0.09 0.33 -0.28 -0.26 0.01 0.01 0.06 0.
S* 2 — -2.41 -2.55 -2.66 -2.58 0.32 0.20 -0.54 -0.54 -2.80 -2.
J* 0 — 0.60 0.63 0.49 0.52 -0.27 -0.24 0.21 0.21 0.46 0.
J* 2 — -2.11 -2.19 -2.27 -2.30 0.31 0.21 -0.35 -0.34 -2.33 -2.
V2 22.0260.005 -1.81 -1.83 -1.87 -2.07 0.30 0.21 -0.14 -0.15 -1.91 -2
DN 3.2360.10a 2.44 — — 2.60 -0.53 -0.41 0.46 0.44 2.53 2.6

aPertains to the PDG 1994 data.
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TABLE VII. Comparison of the results of thex QM with the generalized Cheng-Li mechanism, config
ration mixing, and ‘‘mass adjustments’’ in units ofmN for different sets of quark masses.

Octet
baryons

Data
@19#

Mu ,Md5310 MeV Mu ,Md5340 MeV Mu ,Md5330 MeV

NRQM NMC E866 NMC E866 NMC E866

p 2.7960.00 2.72 2.48 2.60 2.69 2.84 2.70 2.80
n 21.9160.00 -1.81 -1.79 -1.88 -1.96 -2.06 -1.93 -1.99
S2 21.1660.025 -1.01 -1.16 -1.20 -1.28 -1.32 -1.17 -1.20
S1 2.4560.01 2.61 2.20 2.31 2.42 2.54 2.36 2.43
J0 21.2560.014 -1.41 -1.10 -1.16 -1.26 -1.32 -1.20 -1.24
J2 20.6560.002 -0.50 -0.48 -0.50 -0.56 -0.59 -0.54 -0.56
L 20.6160.004 -0.60 -0.54 -0.57 -0.63 -0.64 -0.57 -0.59
SL 1.6160.08 1.51 1.53 1.50 1.77 1.75 1.61 1.63
DCG 0.4960.05 0 0.29 0.31 0.25 0.31 0.44 0.48
e

th

d
in
-L

n
su
e
r

m
th

f
e
s.
ou

r
ge
lc
s
b
rk
u
d
v

ac

h
tio
a

th

w

the
case
ion
aly

in

-
-

in
s
be
c-
ils,
an-
in

of
ar,

ve-
uch
,

eri-
in-

lent
ri-
the
gly
ing to the case ofD11 and V2 whereas in the case of th
transition magnetic momentDN we obtain a fairly good
agreement. In order to compare the present results with o
recent similar calculations@14,15#, in the table we have in-
cluded these results also. A closer examination of the
cuplet magnetic moments reveals several interesting po
which would have bearing on the generalized Cheng
mechanism. For example, in the case ofD2 andS2, because
the orbital part dominates over the ‘‘quark sea’’ polarizatio
the magnetic moments are higher as compared to the re
of NRQM and Refs.@14,15#. On the other hand, in the cas
of D1 andS1, the ‘‘quark sea’’ polarization dominates ove
the orbital part as a consequence of which the magnetic
ment contribution is more or less the same as that of
results of NRQM as well as those of Refs.@14,15#. In gen-
eral, one can find that whenever there is an excess od
quarks the orbital part dominates, whereas when we hav
excess ofu quarks, the ‘‘quark sea’’ polarization dominate
A measurement of these magnetic moments, therefore, w
have important implications for thex QM as well as for the
Cheng-Li mechanism with its generalization.

While carrying out the fit, as mentioned earlier, the qua
masses employed for the calculations correspond to the
erally accepted values used for hadron spectroscopic ca
lations. It may be of interest to study the variation of the
masses with the magnetic moments. To this end, in Ta
VII, we investigate the effect of varying valence qua
masses. As is evident from the table we find that the res
worsen in both cases, for example, when they are reduce
increased compared to the ones considered earlier. The
lation of the CGSR is also fitted best for the generally
cepted mass values employed in our calculations. These
sults remain true for the E866 as well as the NMC data. T
appears surprising as the hadron spectroscopic predic
are known to be somewhat insensitive to the valence qu
masses.

While discussing the inputs, we have already seen
x QMgcm is able to give an excellent fit to theQ2 indepen-
dent flavor nonsinglet components, for example,D3 andD8.
The flavor singlet componentDS is also known to have a
weak Q2 dependence@32,42#, therefore in principle we
should be able to get a good fit to this quantity also. Ho
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ever, in the absence of a gluon contribution, as expected
agreement does not turn out to be as impressive as in the
of flavor nonsinglet components. The quark spin distribut
functions can be corrected by inclusion of the gluon anom
@32,42# through

Dq~Q2!5Dq2
as~Q2!

2p
Dg~Q2!; ~41!

therefore, the flavor singlet component of the total helicity
the x QM can be expressed as

DS~Q2!5DS2
3as~Q2!

2p
Dg~Q2!, ~42!

where DS(Q2) and Dq(Q2) are the experimentally mea
sured quantities whereasDS andDq correspond to the cal
culated quantities in thex QM. Using DS(Q2)50.30
60.06 @3#, DS50.62, and as(Q

255 GeV2)50.287
60.020@19#, the gluon polarizationDg(Q2) comes out to be
2.33. Interestingly, this value is in fair agreement with certa
recent measurements@43# as well as theoretical estimate
@44,45#. The effects of the gluon polarization can easily
incorporated into the calculations of spin polarization fun
tions and magnetic moments; without getting into the deta
the calculated values of the relevant phenomenological qu
tities affected by the gluon polarizations are presented
Table VIII. From the table, we find that the present value
Dg improves the results of various quantities; in particul
for Du, Dd, Ds, DS, mn , mS2, mL , andmSL the results
leave hardly anything to be desired, whereasmJ2, a difficult
case in most models, also registers a good deal of impro
ment. The decuplet magnetic moments do not show m
change when correction due toDg are included, for example
in the case ofV2, 22.01 changes to22.04, whereas in the
case ofD11, 5.97 changes to 5.94. In the absence of exp
mental data for the other decuplet baryons, we have not
cluded theDg corrected results in the table.

It may be of interest to emphasize here that the excel
fit achieved for the spin distribution functions, quark dist
bution functions, and hyperon parameters along with
magnetic moments as well as the gluon polarization stron
5-9
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TABLE VIII. The phenomenological quantities affected by the inclusion of gluon polarization.
magnetic moments are in units ofmN .

Quantity Expt Without gluon polarization With gluon polarization
value NRQM x QM x QMgcm x QM x QMgcm

Du 0.8560.05 @2# 1.33 1.02 0.95 0.91 0.84
Dd 20.4160.05 @2# -0.33 -0.38 -0.31 -0.49 -0.42
Ds 20.0760.05 @2# 0 -0.02 -0.02 -0.13 -0.13
DS 0.3060.06 @3# 1 0.62 0.62 0.29 0.29
mp 2.7960.00 @19# 2.72 3.03 2.80 3.00 2.77
mn 21.9160.00 @19# -1.81 -2.24 -1.99 -2.21 -1.96
mS2 21.1660.025@19# -1.01 -1.26 -1.20 -1.23 -1.17
mS1 2.4560.01 @19# 2.61 2.62 2.43 2.59 2.40
mJ0 21.2560.014@19# -1.41 -1.47 -1.24 -1.50 -1.27
mJ2 20.6560.002@19# -0.50 -0.54 -0.56 -0.57 -0.59
mL 20.6160.004@19# -0.59 -0.68 -0.59 -0.71 -0.62
mSL 1.6160.08 @19# 1.51 1.72 1.63 1.69 1.60
e
in

th
n
es
-

n-
h
a
fo

o
n
th
o

it
in
ad
sm

ila
e

n
he

fin

in

u-

nd
in

ent

of
n
pin
g-
on-
ons
per-
ns

.
ns.
r
ics,

o-
e
ts
suggests a deeper significance of the values of the param
employed, in particular, the quark masses and the mix
angle.

VI. SUMMARY AND CONCLUSION

To summarize, the input parameters pertaining to
x QM with and without configuration mixing have bee
fixed by carrying out a brief analysis incorporating the lat
data pertaining toū-d̄ asymmetry and spin polarization func
tions. These parameters of thex QM when used with the
generally accepted values of the quark massesMq , incorpo-
rating the ‘‘quark sea’’ contribution as well as its orbital a
gular momentum through the generalized Cheng-Li mec
nism, not only improve the baryon magnetic moments
compared to the NRQM but also give a nonzero value
D CG. The predictions of thex QM with the generalized
Cheng-Li mechanism improve further when the effects
configuration mixing and ‘‘mass adjustments’’ due to co
finement effects are included; for example, in the case of
E866 data we get an excellent fit for the octet magnetic m
ments and an almost perfect fit forD CG. Interestingly, we
find that the generalized Cheng-Li mechanism coupled w
the effects of configuration mixing plays a crucial role
fitting the individual magnetic moments, whereas ‘‘mass
justments’’ along with the generalized Cheng-Li mechani
play an important role in fittingDCG. When the above
analysis is repeated with the earlier NMC data, a sim
level of agreement is obtained, but the results in the cas
E866 look better. Interestingly, we find that the massesMu
5Md5330 MeV, after corrections due to configuratio
mixing and ‘‘mass adjustments,’’ provide the best fit for t
magnetic moments.

In the case of decuplet baryon magnetic moments, we
a good agreement ofD11 and V2 with the experimental
data. On comparison of our results with the correspond
results of Songet al. and of Lindeet al., we find that the
measurement ofD1, D2, S1, or S2 would have implica-
tions for the Cheng-Li mechanism.
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Within the x QM with configuration mixing, when
Dq(Q2) is corrected by the inclusion of the gluon contrib
tion through the axial anomaly@32,42#, not only do we ob-
tain improvement in the quark spin distribution functions a
magnetic moments but also the gluon polarization found
this manner is very much in agreement with certain rec
measurements@43# as well as theoretical estimates@44,45#.

In conclusion, we would like to state that the success
the x QM with the Cheng-Li mechanism and configuratio
mixing in achieving an excellent agreement regarding s
distribution functions, quark distribution functions, and ma
netic moments strongly suggests that, at leading order, c
stituent quarks and the weakly interacting Goldstone bos
constitute the appropriate degrees of freedom in the non
turbative regime of QCD with the weakly interacting gluo
~in the manner of Manohar and Georgi! providing the first
order corrections.
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APPENDIX

The magnetic moment of a given baryon in thex QM
with sea and orbital contributions, following Eq.~4!, is given
by

m~B! total5m~B!val1m~B!sea1m~B!orbit . ~A1!

To calculate the valence contribution to the magnetic m
ment, m(B)val , we first express it in terms of the valenc
quark polarizations (Dqval) and the quark magnetic momen
(mq), for example,

m~B!val5Duvalmu1Ddvalmd1Dsvalms . ~A2!
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The quark polarizations can be calculated from the s
structure of a given baryon. Using Eqs.~7! and ~26! of the
text, the spin structure of a baryon in the ‘‘mixed’’ octet
given by

B̂[^BuNuB&

5cos2f^56,01uNu56,01&B1sin2f^70,01uNu70,01&B .

~A3!

For the case of the proton, using Eqs.~27! and ~28! of the
text, we have

^56,01uNu56,01&p5
5

3
u11

1

3
u21

1

3
d11

2

3
d2 , ~A4!

^70,01uNu70,01&p5
4

3
u11

2

3
u21

2

3
d11

1

3
d2 . ~A5!

The valence contribution to the magnetic moment for
proton, m(p)val , can be found by using Eqs.~A2!, ~A3!,
~A4! and ~A5!, for example,

m~p!val5Fcos2fS 4

3D1sin2fS 2

3D Gmu

1Fcos2fS 2
1

3D1sin2fS 1

3D Gmd1@0#ms . ~A6!

For theL hyperon, we have

^56,01uNu56,01&L5
1

2
u11

1

2
u21

1

2
d11

1

2
d211s1

10s2 , ~A7!

^70,01uNu70,01&L5
2

3
u11

1

3
u21

2

3
d11

1

3
d21

2

3
s1

1
1

3
s2 , ~A8!

and

m~L!val5Fsin2fS 1

3D Gmu1Fsin2fS 1

3D Gmd

1Fcos2f~1!1sin2fS 1

3D Gms . ~A9!

Similarly, we can calculate the valence contribution to t
magnetic moments for other octet baryons; however, the
culation of the transition magnetic momentm(SL) is some-
what different and for this we have
11401
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^56,01uNu56,01&SL5
1

2A3
u12

1

A3
u22

1

2A3
d11

1

A3
d2 ,

~A10!

^70,01uNu70,01&SL5
1

4A3
u11

3

4A3
u22

1

4A3
d1

2
3

4A3
d2 , ~A11!

giving

m~SL!val52
1

2A3
F S cos2fS 2

1

A3
D 1sin2fS 2

1

2A3
D D

22S cos2fS 1

A3
D 1sin2fS 1

2A3
D D G ~mu2md!.

~A12!

The ‘‘quark sea’’ contribution to the magnetic moment of
given baryon,m(B)sea, can be expressed in terms of the s
quark polarizations (Dqsea) andmq as

m~B!sea5Duseamu1Ddseamd1Dsseams . ~A13!

To calculateDqseafor different quarks in a given baryon, w
consider the spin structure of the baryon alongwith
‘‘quark sea.’’ Using Eq.~9! of the text and Eqs.~A3!, ~A4!
and~A5!, the spin structure of the proton and the associa
‘‘quark sea’’ is given by

p̂5cos2fF5

3 S ( Puu11uc~u1!u2D
1

1

3 S ( Puu21uc~u2!u2D1
1

3 S ( Pdd11uc~d1!u2D
1

2

3 S ( Pdd21uc~d2!u2D G1sin2fF4

3 S ( Puu1

1Uc~u1!U2D1
2

3 S ( Puu21uc~u2!u2D
1

2

3 S ( Pdd11uc~d1!u2D
1

1

3 S ( Pdd21uc~d2!u2D G , ~A14!

where
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( Pu5aS 91b212z2

6
1a2D and uc~u6!u25

a

6
~3

1b212z2!u71ad71aa2s7 ,

( Pd5aS 91b212z2

6
1a2D and uc~d6!u25au7

1
a

6
~31b212z2!d71aa2s7 ,

( Ps5aS 2b21z2

3
12a2D and uc~s6!u25aa2u7

1aa2d71
a

3
~2b21z2!s7 .

Using Eqs.~A13! and~A14!, the ‘‘quark sea’’ contribution to
11401
the magnetic moment for the case of the proton is given

m~p!sea5H 2cos2fFa

3 S 714a21
4

3
b21

8

3
z2D G

2sin2fFa

3 S 512a21
2

3
b21

4

3
z2D G J mu

1H 2cos2fFa

3 S 22a22
1

3
b22

2

3
z2D G

2sin2fFa

3 S 41a21
1

3
b21

2

3
z2D G J

3md1@2aa2#ms . ~A15!

Similarly, the spin structure forL can obtained by substitut
ing Eq. ~9! in Eqs.~A7! and ~A8! and is given by
other
d

L̂5cos2fF1

2 S ( Puu11uc~u1!u21( Puu21uc~u2!u21( Pdd11uc~d1!u21( Pdd21uc~d2!u2D
1( Pss11uc~s1!u2G1sin2fF2

3 S ( Puu11uc~u1!u21( Pdd11uc~d1!u21( Pss11uc~s1!u2D
1

1

3 S ( Puu21uc~u2!u21( Pdd21uc~d2!u21( Pss21uc~s2!u2D G . ~A16!

The ‘‘quark sea’’ contribution to the magnetic moment for the case ofL is given by

m~L!sea5F2cos2f~aa2!2sin2fS a

9
~916a21b212z2! D Gmu1F2cos2f~aa2!2sin2fS a

9
~916a21b212z2! D Gmd

1F2cos2fS a

3
~6a214b212z2! D2sin2fS 4

9
a~3a212b21z2! D Gms . ~A17!

Similarly, one can calculate the contribution of the ‘‘quark sea’’ spin polarizations to the magnetic moments of the
baryons and these have been listed in Table I. For the transition magnetic momentm(SL), the spin structure can be obtaine
from Eqs.~9!, ~A10!, and~A11! and is given by

ŜL5cos2fF 1

2A3
S ( Puu11uc~u1!u2D2

1

A3
S ( Puu21uc~u2!u2D2

1

2A3
S ( Pdd11uc~d1!u2D

1
1

A3
S ( Pdd21uc~d2!u2D G1sin2fF 1

4A3
S ( Puu11uc~u1!u2D1

3

4A3
S ( Puu21uc~u2!u2D

2
1

4A3
S ( Pdd11uc~d1!u2D2

3

4A3
S ( Pdd21uc~d2!u2D G , ~A18!
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giving the ‘‘quark sea’’ contribution to the transition mag
netic moment as

m~SL!sea52
1

2A3
S 2cos2fS a

2A3
~313a21b212z2!D

1sin2fF a

2A3
S 11a21

1

3
b21

2

3
z2D G

22H cos2fS a

2A3
~313a21b212z2!D

2sin2fF a

2A3
S 11a21

1

3
b21

2

3
z2D G J D

3~mu2md!. ~A19!

For calculating the orbital contribution to the total magne
moment, one has to use the generalized Cheng-Li me
nism expressed in Eq.~21!, and for the case of the proto
andL it is given as

m~p!orbit5cos2fF4

3
@m~u1→ !#2

1

3
@m~d1→ !#G

1sin2fF2

3
@m~u1→ !#1

1

3
@m~d1→ !#G ,

~A20!

m~L!orbit5cos2f@m~s1→ !#1sin2fF1

3
@m~u1→ !#

1
1

3
@m~d1→ !#1

1

3
@m~s1→ !#G . ~A21!

For the case ofSL, the orbital contribution to the magneti
moment is

m~SL!orbit5Fcos2fS 1

2D1sin2fS 1

4D G$@m~u1→ !#

2@m~d1→ !#%. ~A22!

Using Eq. ~A1! one can calculate the total magnetic m
ments ofp, L, and SL. The magnetic moments of othe
octet baryons can be calculated similarly.
11401
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As an example of the decuplet baryon, we detail bel
the calculation of the magnetic moment ofD1. In the ab-
sence of any mixing, the spin structure forD1, using Eqs.
~37! of the text, is given by

^56,01uNu56,01&D152u11d1 . ~A23!

The valence contribution to the total magnetic moment
expressed as

m~D1!val5Duvalmu1Ddvalmd1Dsvalms

52mu11md10ms . ~A24!

The contribution of the ‘‘quark sea’’ to the total magnet
moment in terms of the ‘‘quark sea’’ polarizations andmq is
expressed as

m~D1!sea5Duseamu1Ddseamd1Dsseams . ~A25!

By substituting Eq.~9! in Eq. ~A23!, we obtain the spin
structure ofD1 and the associated ‘‘quark sea,’’ which
expressed as

D̂152S ( Puu11uc~u1!u2D1S ( Pdd11uc~d1!u2D ,

~A26!

and the ‘‘quark sea’’ contribution to the magnetic moment
consequently given by

m~D1!sea5F2aS 512a21
2

3
b21

4

3
z2D Gmu

1F2aS 41a21
1

3
b21

2

3
z2D Gmd

1@23aa2#ms . ~A27!

The contribution of the ‘‘quark sea’’ to the magnetic mome
of other decuplet baryons can similarly be calculated
terms of the ‘‘quark sea’’ polarizations, the expressions
which are given in Table I.

The orbital contribution to the total magnetic moment,
given by Eq.~22!, is expressed as

m~D1!orbit52@m~u1→ !#1@m~d1→ !#. ~A28!

Substituting Eqs.~A24!, ~A27!, and ~A28! in Eq. ~A1!, we
get the total magnetic moment ofD1. We can also calculate
the transition magnetic momentm(DN) in a similar manner
to the calculation ofm(SL).
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