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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 yQt#)l (
with configuration mixing incorporating the sea quark polarizations and their orbital angular momentum
through a generalization of the Cheng-Li mechanism. When the parametersyoQitewithout configuration
mixing are fixed by incorporating the latest data pertaininE—Easymmetr)(ESGG 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 A**, Q~, and the transition magnetic momekN for which data are available. In the case of the octet,
the predictions of they 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 of, 3%, 2°, and the3 A 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 polarizagiofound
phenomenologically through the relatide® (Q?) =A3 —[3a(Q?)/27]Ag(Q?); not only do we obtain an
improvement in the quark spin distribution functions and magnetic moments, but also the valgecofes
out in good agreement with certain recent measurements as well as theoretical estimates.
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I. INTRODUCTION momentum. In particular, in the case of the nucleon they
showed that the above mentioned mechanignbe referred
The measurements of the polarized structure functions ab as the Cheng-Li mechanigieads to almost cancellations
the proton in deep inelastic scatteriiBlS) experiments of the magnetic moment contribution of the polarized “quark
[1-3] have shown that the valence quarks of the proton carrgea” and its angular momentum, leaving a description of the
only about 30% of its spin. This “unexpected” conclusion magnetic moment of the nucleon in terms of the polarization
from the point of view of the nonrelativistic quark model of the valence quarks. The authors, in a very recent Rapid
(NRQM) becomes all the more intriguing when it is realized Communication[23], by considering the generalization of
that the NRQM is able to give a reasonably good descriptiorthe Cheng-Li mechanism to hyperons incorporating coupling
of baryon octet magnetic moments using the assumption thddreaking and mass breaking terms, found that one is able to
magnetic moments of quarks are proportional to the spirget a nonzero value for the violation of CGSR CG) [24]
carried by them. Further, this issue regarding spin and magapart from improving the NRQM predictions for magnetic
netic moments becomes all the more difficult to understananoments of the octet baryons. This fact, when viewed in the
when it is realized that the magnetic moments of baryongontext of the success of theQM [11-15,22 for the expla-

receive contributions not only from the magnetic momentshation of u-d asymmetry[25—27, the existence of signifi-
carried by the valence quarks but also from various complizant strange quark contefit—3], quark flavor and spin dis-
cated effects, such as orbital excitatiqd$, relativistic and  tribution functions [2], hyperon decay parameters, etc.,
exchange current effecfs,6], pion cloud contribution§7],  strongly indicates that constituent quarks, weakly interacting
the effect of.the cpnflngment on quark mask®9), the_ef- Goldstone boson&GBs), andqapairs provide the appropri-
fects of configuration mixing5,9,10, “quark sea” polariza-  ate degrees of freedom at the leading order in the scale be-
tions [11-15, pion loop correctiong16], etc. Recently, it tween chiral symmetry breaking(ég) and the confinement
has been emphasiz€d5,17 that the problem regarding scale. This is further borne out by the fact that when the
magnetic moments gets further complicated when one reafeneralized Cheng-Li mechanism is combined with the ef-
izes that the Coleman-Glashow sum r@@GSR for octet  fects of configuration mixing, known to improve the predic-
magnetic momentsl8], valid in a large variety of models, is tions of the NRQM5,10,28—30as well as compatiblg31—
convincingly violated by the datel9). 33] with the y QM, and “mass adjustments” arising due to
Recently, in a very interesting work, Cheng and[LLB]  confinement of quarkgs,d), it leads to an almost perfect fit
have shown that the DIS conclusions regarding the protofyr the A CG and an excellent fit for the octet magnetic mo-
spin and the success of the NRQM in explaining magnetignents[23]. In view of this, it is desirable to broaden the
moments can be reconciled in the chiral quark mod@M  scope of Ref[23] by extending the calculations to decuplet
[11,20-22if the qq sea, produced by the chiral fluctuations, magnetic moments and transition magnetic moments and by
in addition to being polarized, is also endowed with angulardelving into the detailed implications of some of the crucial
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ingredients such as the generalized Cheng-Li mechanismation. In Sec. lll, the modifications due to configuration

(with and without configuration mixingand “mass adjust- mixing in the generalized Cheng-Li mechanism have been

ments” of the octet magnetic moments, not detailed in Refdiscussed. Section IV includes a discussion of the various

[23]. At the same time, for an appropriate appraisal of theinputs used in the analysis; in particular, th&QM param-

implications of the calculated magnetic moments, it is desireters have been obtained by fitting th€M with and with-

able to fine-tune thg QM parameters by analyzing the latest out configuration mixing to the latest data. In Sec. V, we

data pertaining tar—d asymmetry[26], and spin polariza- Present the numerical results and their discussion including a

tion functions[2] as well as the flavor nonsinglet compo- brief reference to the flavor singlet component as well as

nents. gluon polarization. Section VI comprises the summary and
The purpose of the present paper is to detail the formulaconclusions. To make the manuscript self-contained, in the

tion of the octet and decuplet magnetic moments in theéAppendix a few typical cases pertaining to octet as well as

x QM incorporating the generalized Cheng-Li mechanismdecuplet baryons have been fully worked out.

(with and without configuration mixing In order to make

our analysis regarding magnetic moments more responsive, Il. MAGNETIC MOMENTS IN THE  x QM

we have. carried out a brief analy5|-5 to fix thQM pE-lrar-n- - WITH THE GENERALIZED CHENG-L|I MECHANISM

eters using the latest data regarding the quark distribution

functions and spin distribution functions. A brief discussion ~ The basic process in theQM is the emission of a GB by

on the flavor singlet component of the total helicity including a constituent quark which further splits intoca pair, for

gluon polarization and its implications for the magnetic mo-example,

ments is also very much in order. Further, we also intend to

study the implications of variation of the quark masses as

well as the angle pertaining to configuration mixing on mag-

netic moments. .
The plan of the paper is as follows. To make the manuwhereqq’ +q’ constitute the “quark seal12—-15. The ef-

script readable as well as to facilitate discussion, in Sec. Ifective Lagrangian describing interaction between quarks

we present some of the essentials of @M and Cheng-Li and a nonet of GBs, consisting of the octet and a singlet, can

mechanism with an emphasis on the details of its generalibe expressed as

9. —GB+qL—(qq’)+q%, 1

L=ggqa, )
7T—O+[31+§77—I mt aK*
V2 "6 T3
u 0 ’
_ m 7 7 0
=(d|, ®= T ——+B—=+{—= aK , 3
q i N BJE §@ ()
- — 29 7
aK KO — Bt
@ B\/g ¢ 3
|
where{=g,/gg andg, andgg are the coupling constants for 1(B)iota= 1 (B)vart #(B)sest #(B) orbit - (4)

the singlet and octet GBs, respectively.

SU(3) symmetry breaking is introduced by considering The valence and the sea contributions, in terms of quark spin
M¢>M, 4 as well as by considering the masses of GBs to beolarizations, can be written as
nondegenerate My ,>M ;) [12-15, whereas the axial
U(1) breaking is introduced by, >My , [11-15. The
parametera(=|gg|?) denotes the transition probability of
chiral fluctuation of the splittingsu(d)—d(u)+ =",
whereasa®a, B%a, and/?a, respectively, denote the prob- - S A ®)
abilities of transitions ofu(d)—s+K~(©, u(d,s)—u(d,s) gt Gsedtq
+ 7, andu(d,s)—u(d,s)+ »'.

Following Cheng and L[13], the magnetic moment of a where u,=e,/2M, (q=u,d,s) is the quark magnetic mo-
given baryon that receives contributions from valencement, ande, and M, are the electric charge and the mass,
quarks, sea quarks, and the orbital angular momentum of thespectively, for the quark. Similarly, the orbital angular
“quark sea” is expressed as momentum contribution of the se@(B)qmi, Can be ex-

M(B)valzq:;dsAqvaW’q and  u(B)sea
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TABLE |. Sea quark spin polarizations for the “mixed” octet baryons and decuplet baryons in terms pfQheparameters, «, 3,
and{ as discussed in the text. The spin polarizations for the other baryons can be found from isospin symmetry. The spin structure of the
octet baryorB without configuration mixing can be obtained by takipg 0.

Baryons AUgeqa Adgea ASgea

puud)  _co@g(al3)[ 7+ da’+ (4/3)B%+ (8/3)¢2]} —CoSH{(al3)[2— a®—(1/3)B%— (2/3){%]} —aa?
—SirP{(al3)[ 5+ 2a+ (2/3)B%+ (413)(2]} —SinP{(@/3)[4+ a®+(1/3)8+(2/3)¢%]}

Stuu9 - co@el(al3)[8+3ad+ (4/3)82+ (8/3)(%]} ~coS¢{(al3) (4~ a?)] —coSp{(al3)[2a*— (4/3)B%—(2/3)¢*]}
—sirPp{(al3)[ 4+ 3a2+ (213)82+ (4/3)(%]} -sir¢{(al3)(2+ a?)] -sirfg{(a/3)[ 4o+ (413)B°+ (2/3)(%]}

E%usy  _cog(al3)[3al—2— (1/3)B%— (2/3)¢2]} -cos'¢{(a/3) (4a*~1)] —coS'¢{(al3)[ 7a*+ (16/3)8%+ (8/3)¢°1}
—sirPal(al3)[ 2+ 3a+ (1/3)82+ (2/3)¢2]} -sinf¢{(a/3)(1+2a%)] -sip{(a/3)[ 5a®+ (8/3)B%+ (413)¢°]}

A(uds) —coS¢faa?] —cog¢[aa’] —coSdf(al3)(6a’+4B%+27)]

—SirP(a/9) (9+ 6a?+ B2+ 2¢2)] -sif¢(a/9) (9+ 6a*+ p2+277)] -sit{(4/9)a(3a°+ 282+ (%]

A —codd{(a/2y3) (3+ 3a%+ B2+ 2¢%)] coS'¢[(a/2/3)(3+3a?+ B2 +2(7)] 0
Sig{(a/2y3)[ 1+ a2+ (B%3)+ (2/3)¢%]}  ~SiPe{(@/2y3)[ 1+ a?+ 73+ (2/3)(]}

A" F(uuu) —a(6+3a’+ B2+2L%) -3a —3aa?

A™(uud) —a[5+2a’+(2/3)B%+ (4/3)¢%] —a[4+ a?+ (1/3)B%+(213)¢%] —3aa?

s* " (uug —a[4+3a?+(2/3)B%+ (413)¢%] —a(a?+2) —2a[2a?+ (2/3)%+ (1/3)¢?]

s*°(uds) —a[3+2a’+(1/3)B%+ (213)¢%] —a[3+2a’+(1/3)B%+(2/3){?] —2a[2a?+ (2/3)B%+ (1/3)¢%]

=*°(us9 —a[2+3a?+ (1/3)B%+ (213)¢?] —a(2a?+1) —a[5a?+ (8/3)B%+ (4/3)(?]

0 (ss9 —3aa? —3aa? —6a[ a®+ (2/3)B%+ (1/3)¢%]

AN —(2/3/6)(3+3a?+ B2+2{?) (2/36)(3+3a?+ B2+2{?) 0

pressed in terms of the valence quark polarizations and thgresent use. The spin structure for the process given in Eq.
orbital moments of the sea quarks, the details of which aré€l), after one interaction, can be obtained by substituting for
given in Sec. II B. Following Ref4.11,13,15, the quark spin  every valence quark, for example,

polarization can be defined as

- - + P ++ + 2, 9
AQ=q. -+ 0 -1, ®) As— 2 Pode+[4(q2)] C)
whereq.. anda; can be calculated from the spin structure where =P, is the probability of emission of a GB froma
of a baryon defined as quark and the probabilities of transformingga quark are
. |#(q+)|. The relevant details pertaining to the calculations
B=(B|NB), @) of AQses a@gain for some typical cases, are presented in the

Appendix. The expressions fdrqg.,in the case of the pro-

where|B) is the baryon wave function antl’is the number ton are as follows:

operator, for example,

N=n, u,+n, u_+ng d,+ny d_+ng s, +ng s_, a , 4 , 8,
+ - + - + - = — — + 4+ — + —
(8) Ausea 3 7 4C¥ 3 B 3 g ’
with the coefficients of they. giving the number ofq.. a 1 5
quarks. Adge= — = | 2— a?— _52__52),
To calculatex(B),y, We need to calculate the valence 3 3 3
spin polarizationd\q,, . For ready reference some essential
details of the calculations for valence quark polarizations ASge= —aa?. (10)

pertaining to typical cases are presented in the Appendix.

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

The “quark sea” spin polarizations for the decuplet bary-

To evaluate the “quark sea” magnetic moment, one has tmns can be calculated in a similar manner to that of octet
find Agseacorresponding to each baryon. For detailed evalubaryons. For example, the general expressions for the spin
ation of Agge, We refer the reader to Refsl2—15; how-  structure of the decuplet baryons of the typg@$(xxy),
ever, to facilitate its extension to the case with configuratiorB* (xxx), and B*(xy2), using Eq.(9), are, respectively,
mixing, we summarize some of the essentials adopted fogiven as

A. Contribution of the “quark sea” polarizations
to the magnetic moments
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R ) The above equations, derived by Cheng and Li, along with
B*(XXY)ZZ(Z Puxy + (x| ) AQee, constitute the essentials of Cheng-Li mechanism.
Equations(16) and(17) can easily be generalized by includ-
2 ing the coupling breaking and mass breaking terms. For ex-
+(Z Py + [yl ) 1D ample, in terms of the parametexsa, B8, and{, the orbital
moments ofu, d, ands quarks, respectively, are

3*(XXX):3(E PXX++|¢/(X+)|2), (12 ~M2+3M2  a3(MZ—3M2)
wU =) =B o (Mot M,)  2M (Mgt My
é*(xy2)=(2 PXX++|¢/(X+)|2) (3+B2+20)M?
N » (18)
6M (M, +M,)
Pyy+ + 2)
+(E W+ oyl M 2M2—3m2 M2

m(dy—)=a— -
Mg[2M (Mgt M) ZM(Mg+My)
HZ patiuzor] a3
(3+B%+205)M?
wherex, y, andz correspond to any of the, d, ands quarks. Y »Mg+M,) KN (19
The detailed expressions for the spin polarizatidtge,,
corresponding to the decuplet baryons, can again be found M, az(Mﬁ—SMg)
S =a— |
from Table . HS =) =3y o (Mot M)
B. Contribution of the “quark sea” orbital angular (28%+HM?
momentum to the magnetic moments T BM A(Mg+M,) MN (20

Following Cheng and Lj13], the contribution of the an- ) .
gular momentum of the “quark sea” to the magnetic momentWhereuy is the nuclear magneton. Equatidis), (19), and
of a given quark is given as (20) along with Agse,Will be referred to as the generalized
Cheng-Li mechanism. The orbital contribution to the mag-

, €y’ €4~ €q’ netic moment of the octet baryon of tyB€xxy) in terms of
m@r =)= (lg+—o—(les)y (14 the above equations as well as the valence spin polarizations
q GB L
is given by
where
1(B) orpit= AXyal (X —) 1+ AYal u(y s —)]. (21)
Mes q o . I .
(Ig)= m and (lgp) = m, (19 Similarly, the orbital contributions in the cases of the de-

cuplet baryon8* (xxy), B* (xxx), andB* (xy2) are respec-
and (lq,lgg) and Mqy,Mgg) are the orbital angular mo- tively given by
menta and masses of the quark and GB, respectively. The .
orbital moment of each process is then multiplied by the H(B*) oit= AXyal m(X+—) ]+ AYyal u(y+—)1, (22
probability for such a process to take place to yield the mag-

netic moment due to all the transitions starting with a given ~ #(B™)omit= AXval (X4 —)], (23
valence quark, for example, .
(B ) orpit= AXyal (X4 —) ]+ Ayya[ m(y+—)]
[m(us(de)—)]
+AZ, [ u(zy—)]. (24
=*a p(u,(d)—d_(u)+au(u.(d,)—s) IIl. GENERALIZED CHENG-LI MECHANISM
WITH CONFIGURATION MIXING
1 1 1
5+ 632+ §§Z)M(u+(d+)—>u_(d_))}, (16) Spin-spin forces, known to be compatitjgl—33 with
the y QM, generate configuration mixind.0,28,29 for the
[(5e—)] octet baryons which effectively leads to modification of the
pi== valence quark and “quark sea” spin distribution functions
2 1 [34]. From Egs.(5) and(21), it is evident that the effects of
=+al a?u(s; —u_)+a’u(s,—d_)+| = B>+ _§2) configuration mixing on magnetic moments can be included
3 3 if one is able to estimate the same on the valence and sea

contributions to magnetic moments. The most general con-
. (17)  figuration mixing generated by the spin-spin forces in the
case of octet baryor{40,29,35 can be expressed as

Xu(sy—s-)
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|B)=(]56,0")n—o COSO+|56,0" )y, Sin ) cosed
+(]70,0")n=p CcOSO’ +|70,2" )= SINO")SIN P,
(25

where ¢ represents thgs6)-|70) mixing, wherea®) and 6’
respectively, correspond to the mixing
|56,0")n=0-|56,0")n=» states and70,0")n-»-|70,2 )n=>

states. For the present purpose, it is adeq&®&29,34 to
consider the mixing only betweef66,0")y_, and the

|70,0")\-> states, for example,

1
|B>E’8,§+> :COS¢|56,W>N=O+ Sin¢|7O,OF>N=2,

(26)
where
1
|561W>N:o=E(X’¢’+X”¢")dfs(0+), 27
1
|70,W>N=z=5[(¢’X”+¢”X’)w'(0+)
(' x — "X Y"(01)], (28)
with
= AL, =TT
X—\/ETlT ), X—\/g TTL=TIT=111),

(29

representing the spin wave functions. In general, the isospin
wave functions for octet baryons of the tyB{xxy) are

given by
b = ( ),  ¢g - (2 )
=—(XYyX—YyXX), =—(2XXy— XyX—YXX),
(30)
whereas forA (xy2) and2°(xy2) they are given by
1
P\ =—=(XZY+ZyX—ZXYy—YyZX—2XYyZ—2yX2),

23

1
¢;§:§(zxy+xzy—zyx—yzx), (31

1
byo= 5 (ZXytzyx—xzy-yzx),

1
to= —=(ZY X+ ZXY+ XZY+ Y ZX— 2XyZ— 2y X2).
Pyo 2ﬁ(y y+Xxzy+y yz—2yXx2)

(32

For the definition of the spatial wave functiong*(y/’,¢/")

as well as the definitions of the overlap integrals, we refer the

reader to Ref[36]. The mixing expressed through E@6)

among
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would be referred to as the “mixed” octet; henceforth we
will not distinguish between configuration mixing and the
“mixed” octet.

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

2
3

4
3

Auy,=cog | | +sirte

Ady,=cog¢

1
3+sm2¢H, As,,=0. (33

These expressions would replate,, in Egs.(5) and (21)

for calculating the effects of configuration mixing on the
valence and the orbital parts in the case of the proton. Simi-
larly, one can easily find the spin polarization functions for
other “mixed” octet members.

The “quark sea” polarization also gets modified with the
inclusion of configuration mixing and can easily be calcu-
lated; the details of the calculations in the casep,df, and
3 A are given in the Appendix. For the case of the proton,
these are expressed as

__ a 2, 42 8 2)
AUges= —COS ¢ 3| 743 B 5L
_air2g 2 2,25, 4 2”
S|n2¢3 5+2a%+ 3%+ 30|, (34)
_ E _ 2_} 2_3 2)
Adges= co§¢3 2—a 38 -3¢
e 2, L, 2 z)
sm2¢[3 a+al+ 32300, (39
ASge= —aa’. (36)

The “quark sea” spin polarizations for the other octet bary-
ons and transition magnetic moments can similarly be calcu-
lated and are presented in Table I.

Configuration mixing due to spin-spin forces does not af-
fect decuplet baryond 0,29; thus the decuplet baryon wave
function is given by

|B*)=156,0")n=0=x°¢°¥%(0") (37)
with
X=(11). (38

The isospin wave functions for decuplet baryons of types
B* (xxx), B*(xxy), andB* (xy2), respectively, are

1
Box = XXX, o= ﬁ(xxynL XYX+YXX),

114015-5
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TABLE Il. y QM parametergwith and without configuration
¢SB* = —(XyzZ+ XZy+yXz+yzx+zxy+zyx), (39 mixing) obtained after fitting spin and quark distribution functions.
\/E X QMgycm corresponds to the case where the “mixed” nucl¢gn.

(26)] has been used with the mixing angle=20°.
wherex, y, andz correspond to any of the, d, ands quarks.

X QM X QMgcm
IV. INPUTS @=0.683=0.9 «=0.4,8=0.7
To facilitate the understanding of different inputs basedparémetelr Data NMC E866 NMC E866

on Eq.(4), in the Appendix we present the complete expres-Au 0.85+0.05[2] 0.88 092 091 0.95
sions for two of the octet baryon magnetic momemend A Ad —-0.41+0.05[2] -0.35 -0.36 -0.33 -0.31
as well as thex A transition magnetic moment; for the case As —0.07+0.05[2] -0.05 -0.05 -0.02 -0.02
of decuplet baryons we considered the exampla 6f The A, 1.267-0.0035[19] 1.23 128 124 1.26
other octet and decuplet magnetic moments can be formus, 0.58+0.025[2] 063 0.66 061 0.67
lated similarly. As is evident from the Appendix, to calculate —0.147+0.024[27] 0.147 0.12 0.147 0.12
the magnetic moments we need inputs related toytEM ~0.118+0.015[26]
parameters, mixing anglé, and quark masses. The param-—. 1.96+ 0.246[46] 189 159 189 159

etersa, a, B, and{ of the y QM are usually fixed by con-
sidering the spin polarization functiodsu, Ad, As[2], and 1.41+0.146[26]

related Q2 independent parameters;=Au—Ad and Ag s 0.10+0.06[47] 015 013 007 005
=Au+Ad—2As[37] as well as the quark distribution func- falfg 0.21+0.05[11] 025 025 021 021
tions including the violation of the Gottfried sum rule

[26,27] measured through the-d asymmetry. In the present other similar calculation§39]. Similarly, for the other GBs
analysis we have taken the pion fluctuation parameeterbe e have considered their on-mass-shell values; however,

0.1, in accordance with most other calculatiga8—13. It their contributions are much smaller compared to the pionic
has been showfi5] that to fix the violation of the Gottfried ¢ontributions.

sum rule[25], we have to consider the relation In accordance with the basic assumptions of th@M,
the constituent quarks are supposed to have only Dirac mag-
u—d= §(2§+ﬁ_3) (40) netic moments governed by the respective quark masses. In
3 )

the absence of any definite guidelines for the constituent
) ) ) ) ) _ quark masses, for theandd quarks we have used their most
In this relation, one immediately flnds_th_at in case the value;,\,ide|y accepted values in hadron spectroscopy
of ais taken to be 0.1 then to reproduged asymmetry one [10,32,36,40,4]L for example,M,=M_4=330 MeV. Apart
gets the relatiory = —0.3— B/2 for the E866 datd26] and  from taking the above quark masses, one has to consider the
{=—0.7-BI2 for the case of the NMC dat27]. Before  strange quark mass implied by the various sum rules derived
carrying out the analysis of thg QM with configuration from the spin-spin interactions for different baryons
mixing one has to fix the mixing anglés, which in the [5,10,29, for example, A—N=M—-M,, (E*-2)/(A
present case is taken to he=20°, by fitting the neutron —N)=M, /Mg, and E*-E)/(A—N)=M_,/My, respec-
charge radiu$29,35,38. After carrying out our analysis re- tively, fix Mg for the A, 3, and E baryons. These quark
garding the spin polarization functions and using the latesimasses and corresponding magnetic moments have to be fur-
E866 [26] data and the New Muon CollaboratighMC)  ther adjusted by the quark confinement effd&$)]. In con-

[27] data regarding thei-d asymmetry, in Table 1, we formity with the additivity assumption, the simplest way to
present the calculated values of certain phenomenologicdhcorporate this adjustmef8,9)] is to first expresd/ in the
quantities having implications for the QM parameters¢  Magnetic moment operator in termsNdfz, the mass of the
and 8) with and without configuration mixing. From the baryon obtained additively from the quark masses, which is
table we see that the chiral quark model with configuratiorthen replaced byg+AM, AM being the mass difference
mixing (x QM) is able to give a fairly good fit to the between the experimental value amdiz. This leads to
various spin distribution functions as well as quark distribu-the following adjustments in the quark magnetic moments:
tion functions, in particular, the agreement in the case oftq=—[1—(AM/Mg)]uy, Hs=—My/M{1-(AM/
Aj,Ag,fs,f3/fg is quite striking. In the table we have not Mg)]un, andu,=—2u4. The baryon magnetic moments
included the flavor singlet component of the total helicity calculated af.ter incorporating this effect would be referred to
(AS=Au+Ad+As) which is discussed later separately. as “mass adjusted.”

The y QM parameters thus found are summarized in Table

Il and constitute the input for magnetic moment calcula- TABLE I Input values of various parameters used in the
tions. analysis.
The orbital angular moment contributions are characterb .
ized by the parameters of theQM as well as the masses of Faameter ¢ a o B Seses Enme
the GBs. For evaluating the contribution of pions, we haveyajye 20° 0.1 04 07 —-03-82 —0.7-8/2

used the on-mass-shell value in accordance with several
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TABLE IV. Octet baryon magnetic moments in units @f; 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 Total
p 2.79+0.00 2.72 300 -070 054 284 317 -059 045 3.03 294 -055 041 280
n —1.91+0.00 -1.81 -200 034 -041 -207 -211 024 -037 -224 -186 020 -0.33 -1.99
2" —1.16-0.025 -1.01 -1.12 013 -029 -128 -1.08 0.08 -026 -1.26 -1.05 0.07 -0.22 -1.20
St 2.45+0.01 2.61 288 -069 045 264 280 -055 037 262 259 -050 034 243
=h —1.25£0.014 -141 -1.53 037 -023 -139 -153 0.22 -0.16 -147 -132 021 -0.13 -1.24
= —0.65-0.002 -0.50 -0.53 0.09 -0.06 -050 -059 0.06 -0.01 -054 -061 0.06 -0.01 -0.56
A —0.61£0.004 -0.59 -0.65 0.10 -0.08 -063 -069 0.05 -0.04 -068 -059 0.04 -0.04 -0.59
A 1.61+0.08 151 141 -002 030 169 145 -003 030 172 137 -0.04 0.26 1.63
ACG 0.49:0.05 0 0.10 0.46 0.48
V. RESULTS AND DISCUSSION “mass adjustments” have been included. As is evident from

the table, we have been able to get an excellent fit for almost
Using Eq.(4) and the inputs discussed above as well asll the baryons; it is almost perfect fpr 2", Z°, S A, and

the expressions given in Table |, in Table IV we present theA CG, whereas in the other cases the value is within 5% of
results of octet magnetic moments without taking any ofthe data.
these as inputs. For a general discussion of the contents of |n order to study closely the role of configuration mixing
Table IV we refer the readers to R¢23]; however, in the iy octet magnetic moments, in Table IV we present the re-
present case we would like to discuss in detail the role of thgits with and without mixing, but with the inclusion of
generalized Cheng-Li mechanism, configuration mixing, and 555 adjustments.” As is evident from the table, one finds
‘mass adjustments” in getting the fit for octet magnetic mo-hat the individual magnetic moments show improvements

m.(ta;]ttsh' To this el.nd’dogﬁ can Ilmmedrllate_ly fmt(;l tthaFt)E@\tA after the inclusion of configuration mixing; in particular, in
Wi € generalize eng-LI mechanism, but without €on, . -,seq op, n, S+, E°, A, andS A one observes a sig-

figuration mixing and “mass adjustments,” consistently im- ... : . .

° . nificant improvement. It may be noted that configuration
proves the predictions of the NRQM as well as being able to_. : N

generate a nonzero value 8{CG. On closer examination of mixing reduces valence, sea, and orbital contributions to the

the results, several interesting points pertaining to the gene _.agnetlf: moments and th(_a result; wh|gh are generally.on the
alized Cheng-Li mechanism emerge. The total contributior"/9ner side get corrected in the right direction by the inclu-
to the magnetic moment is coming from several sources witf§'°n of conflguratlpn mixing. This is particularly _manlfest in
similar and opposite signs, for example, the orbital contribthe case of= particles; for example, the magnitude of the
utes with the same sign as the valence part, whereas the sga Magnetic moment without configuration mixing is low-
contributes with the opposite sign. The sea and orbital conéred so as to achieve an almost perfect fit, whereas in the
tributions are fairly significant as compared to the valencecase of=Z ", a difficult case for most models, configuration
contributions and they cancel in the right direction, for ex-mixing increases the magnitude for better agreement with the
ample, the valence contributions@fs *, andZ° are higher data. In contrast to the general improvement in the case of
in magnitude than the experimental value, but since the seiadividual magnetic moments CG is hardly affected by
contribution is higher in magnitude than the orbital contribu-configuration mixing. In view of the fact that theQM with

tion, it reduces the valence contribution, leading to a betteconfiguration mixing involves baryon wave functions which
agreement with data. Similarly, in the casesnp® ~, and  are perturbed by the spin-spin forces, in principle one should
S A the valence contribution is lower in magnitude than theemploy the fully perturbed wave functions of the octet bary-
experimental value, but in these cases the sea contribution @ns as derived by Isguet al. [10] given in Eq.(25). How-
lower than the orbital part, so it adds on to the valence conever, we found that for the present case the use of a “mixed”
tribution, again improving the agreement with data. Thus, inoctet[Eq. (26)] is adequate to reproduce the results of the
a very interesting manner, the orbital and sea contributionfully perturbed wave function to the desired level of accu-
together add on to the valence contributions, leading to bettegacy. One may wonder whethArCG can also be reproduced
agreement with data as compared to the NRQM. This noby a variation of the mixing anglé.. Our calculations in this
only endorses the earlier conclusion of Cheng and13] regard show that variation of does not lead to any im-
but also suggests that the Cheng-Li mechanism could peprovement in the magnetic moments oNICG. The present
haps provide the dominant dynamics of the constituents ivalue of angle¢, fixed from the neutron charge radius
the nonperturbative regime of QCD on which further correc{29,35,38, seems to provide the best fit.

tions could be evaluated. To this end, in Table IV, we present It would also perhaps be interesting to find the implica-
the results where the effects of configuration mixing andtions of configuration mixing for theg QM without “mass
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TABLE V. Octet baryon magnetic moments in units gf, 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 Total
p 2.79+0.00 2.72 3.00 -0.79 053 274 276 -0.62 048 262 294 -065 041 270
n —-1.91+0.00 -1.81 -200 030 -029 -199 -176 025 -039 -190 -186 0.27 -0.34 -1.93
37 —1.16£0.025 -1.01 -1.12 016 -030 -126 -1.09 0.10 -025 -1.24 -105 014 -0.26 ~-1.17
3t 2.45+0.01 2.61 288 -0.77 043 254 267 -0.65 040 242 259 -059 036 2.36
=0 —1.25t0.014 -141 -153 045 -021 -129 -132 026 -0.16 -122 -1.32 026 -0.14 -1.20
= —0.65£0.002 -0.50 -0.53 0.08 -001 -046 -056 0.09 -0.01 -048 -0.61 0.09 -0.02 -0.54
A —0.61£0.004 -0.59 -0.65 0.12 -0.07r -060 -0.56 0.07 -005 -054 -059 0.07 -0.05 -0.57
SA 1.61+0.08 151 141 -001 031 171 141 -001 0.26 1.66 137 -0.02 026 161
ACG 0.49£0.05 0 0.10 0.12 0.44

adjustments.” Broadly speaking, the individual magneticwe present in Table V the octet magnetic moments when the
moments can again be fitted; howev&rICG leaves much to xy QM parameters are fitted by incorporating the NMC data.
be desired. This can easily be checked from Table V, wher&his table also includes our results, where magnetic mo-
we present these calculations with the NMC data; the E86@nents have been calculated with configuration mixing but
based fit follows the same pattern. The valueA@G regis-  without“mass adjustments,” not included in Table IV. From
ters a remarkable improvement when effects due to “masthe table, one can immediately see that the basic pattern of
adjustments” along with configuration mixing are included. results remains the same; however, in general the results are
This is not surprising as the large value©E€G could come lower as compared to the case of the E866 data. This is not
only from the valence quark corrections, duly provided bydifficult to understand when one realizes that the contribu-
the “mass adjustments.” It would be desirable to know whattions of sea polarization in the cases of E866 and NMC data
level of fit can be achieved without configuration mixing, but are quite different. This can be understood easily when one
with the inclusion of “mass adjustments.” A closer examina- realizes that the sea quark polarization is proportional to the
tion of the table immediately brings out that in this case theparameter. Because{ggsd <|{nmc|, One can easily under-
individual magnetic moments leave much to be desiredstand the corresponding lowering of the magnetic moments
whereas one is able to reprodut€G, in accordance with in the case of the NMC data; however, the two calculations
our earlier conclusions. It may also be noted that the “massire in good agreement with each other.
adjustments” generally lower the various contributions ex- In Table VI, we present the results for the decuplet bary-
cept for the nucleon. In short, we may emphasize that thens for the the latest E866 and the NMC data. The calcula-
final fit obtained here cannot be achieved if any of the ingretions of decuplet magnetic moments have been carried out
dients, for example, the generalized Cheng-Li mechanismwith the samey QM parameters and quark masses as that of
configuration mixing, and “mass adjustments,” is absent. the octet magnetic moments. From the table, it is evident that
For the sake of completeness, as mentioned earlier alsae have been able to obtain a very good agreement pertain-

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

Decuplet Data Songt al.  Linde et al. Sea Orbital Total
baryons [19] NRQM [14] [15] Valence NMC E866 NMC E866 NMC EB866
A*Y 3. 7< up++<7.5 5.43 5.55 5.21 6.36 -1.59 -1.31 0.94 0.92 5.71 5.97
AT — 2.72 2.73 2.45 3.18 -0.94 -0.79 0.38 0.37 2.62 2.76
A° — 0 -0.09 -0.30 0 -0.28 -028 -0.18 -0.18 -0.46 -0.46
A~ — -2.72 -2.91 -3.06 -3.18 0.37 0.23 -0.74 -0.73 -355 -3.68
Sr - 3.02 3.09 2.85 3.24 -0.88  -0.73 0.58 0.56 2.94 3.07
30 — 0.30 0.27 0.09 0.33 -0.28 -0.26 0.01 0.01 0.06 0.08
2*T — -2.41 -2.55 -2.66 -2.58 0.32 0.20 -0.54 -054 -280 -2.92
g*0 — 0.60 0.63 0.49 0.52 -0.27 -0.24 0.21 0.21 0.46 0.49
B*~ — -2.11 -2.19 -2.27 -2.30 0.31 0.21 -0.35 -0.34 -233 -243
Q- —2.02£0.005 -1.81 -1.83 -1.87 -2.07 0.30 0.21 -0.14 -0.15 -191 -2.01
AN 3.23+0.10°2 2.44 — — 2.60 -0.53 -0.41 0.46 0.44 2.53 2.63

8Pertains to the PDG 1994 data.
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TABLE VII. Comparison of the results of the QM with the generalized Cheng-Li mechanism, configu-
ration mixing, and “mass adjustments” in units pfy for different sets of quark masses.

M,,My=310 MeV M, ,My=340 MeV M, ,M4=330 MeV

Octet Data

baryons [19] NRQM NMC E866 NMC E866 NMC EB866

p 2.79+0.00 2.72 2.48 2.60 2.69 2.84 2.70 2.80
n —1.91+0.00 -1.81 -1.79 -1.88 -1.96 -2.06 -1.93 -1.99
P —1.16-0.025 -1.01 -1.16 -1.20 -1.28 -1.32 -1.17 -1.20
3t 2.45+0.01 2.61 2.20 2.31 2.42 2.54 2.36 2.43
= —1.25-0.014 -1.41 -1.10 -1.16 -1.26 -1.32 -1.20 -1.24
= —0.65-0.002 -0.50 -0.48 -0.50 -0.56 -0.59 -0.54 -0.56
A —0.61+0.004 -0.60 -0.54 -0.57 -0.63 -0.64 -0.57 -0.59
S A 1.61+0.08 1.51 1.53 1.50 1.77 1.75 1.61 1.63
ACG 0.49+-0.05 0 0.29 0.31 0.25 0.31 0.44 0.48

ing to the case oA ™" andQ~ whereas in the case of the ever, in the absence of a gluon contribution, as expected the
transition magnetic momemiN we obtain a fairly good agreement does not turn out to be as impressive as in the case
agreement. In order to compare the present results with othef flavor nonsinglet components. The quark spin distribution
recent similar calculationgl4,15, in the table we have in- functions can be corrected by inclusion of the gluon anomaly
cluded these results also. A closer examination of the dd-32,47 through
cuplet magnetic moments reveals several interesting points 5
which would have bearing on the generalized Cheng-Li AQ(O%)=Ag— as(Q )A (0?); 1)
mechanism. For example, in the case\of and., ~, because q =57 =8 '
the orbital part dominates over the “quark sea” polarization,
the magnetic moments are higher as compared to the resufigerefore, the flavor singlet component of the total helicity in
of NRQM and Refs[14,15. On the other hand, in the case the x QM can be expressed as
of AT andX*, the “quark sea” polarization dominates over )
the orbital part as a consequence of which the magnetic mo- AE(QZ)zAE—BaS(Q )Ag(Qz) (42)
ment contribution is more or less the same as that of the 2 '
results of NRQM as well as those of Ref&4,15. In gen-
eral, one can find that whenever there is an excesd of Where A3 (Q? and Aq(Q? are the experimentally mea-
quarks the orbital part dominates, whereas when we have &ured quantities wherea@s>, and Aq correspond to the cal-
excess ol quarks, the “quark sea” polarization dominates. culated quantities in they QM. Using A3 (Q?) =0.30
A measurement of these magnetic moments, therefore, woul# 0.06 [3], AX=0.62, and ay(Q*=5 Ge\?)=0.287
have important implications for the QM as well as for the *+0.020[19], the gluon polarizatiotAg(Q?) comes out to be
Cheng-Li mechanism with its generalization. 2.33. Interestingly, this value is in fair agreement with certain
While carrying out the fit, as mentioned earlier, the quarkrecent measuremenig3] as well as theoretical estimates
masses employed for the calculations correspond to the gef¥4,45. The effects of the gluon polarization can easily be
erally accepted values used for hadron spectroscopic calcincorporated into the calculations of spin polarization func-
lations. It may be of interest to study the variation of thesetions and magnetic moments; without getting into the details,
masses with the magnetic moments. To this end, in Tablghe calculated values of the relevant phenomenological quan-
VI, we investigate the effect of varying valence quark tities affected by the gluon polarizations are presented in
masses. As is evident from the table we find that the result$able VIII. From the table, we find that the present value of
worsen in both cases, for example, when they are reduced &g improves the results of various quantities; in particular,
increased compared to the ones considered earlier. The vifer Au, Ad, As, AY, u,, us-, mp, andus, the results
lation of the CGSR is also fitted best for the generally acdeave hardly anything to be desired, whergas-, a difficult
cepted mass values employed in our calculations. These rease in most models, also registers a good deal of improve-
sults remain true for the E866 as well as the NMC data. Thisnent. The decuplet magnetic moments do not show much
appears surprising as the hadron spectroscopic predictiorfiange when correction due Ag are included, for example,
are known to be somewhat insensitive to the valence quark the case of)~, —2.01 changes te-2.04, whereas in the
masses. case ofA**, 5.97 changes to 5.94. In the absence of experi-
While discussing the inputs, we have already seen thanental data for the other decuplet baryons, we have not in-
X QMgcm is able to give an excellent fit to th@? indepen-  cluded theAg corrected results in the table.
dent flavor nonsinglet components, for exampg,andAsg. It may be of interest to emphasize here that the excellent
The flavor singlet component, is also known to have a fit achieved for the spin distribution functions, quark distri-
weak Q? dependencd32,47, therefore in principle we bution functions, and hyperon parameters along with the
should be able to get a good fit to this quantity also. How-magnetic moments as well as the gluon polarization strongly
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TABLE VIII. The phenomenological quantities affected by the inclusion of gluon polarization. The
magnetic moments are in units gf .

Quantity Expt Without gluon polarization With gluon polarization
value NRQM X QM X QMgcm X QM X QMgcm
Au 0.85+0.05[2] 1.33 1.02 0.95 0.91 0.84
Ad —0.41+0.05[2] -0.33 -0.38 -0.31 -0.49 -0.42
As —0.07+0.05[2] 0 -0.02 -0.02 -0.13 -0.13
A3 0.30+0.06[3] 1 0.62 0.62 0.29 0.29
Hp 2.79+0.00[19] 2.72 3.03 2.80 3.00 2.77
Mn —1.91+0.00[19] -1.81 -2.24 -1.99 -2.21 -1.96
s - —1.16+0.025[19] -1.01 -1.26 -1.20 -1.23 -1.17
s + 2.45+0.01[19] 2.61 2.62 2.43 2.59 2.40
=0 —1.25+0.014[19] -1.41 -1.47 -1.24 -1.50 -1.27
M= —0.65+0.002[19] -0.50 -0.54 -0.56 -0.57 -0.59
M —0.61+0.004[19] -0.59 -0.68 -0.59 -0.71 -0.62
s A 1.61+0.08[19] 1.51 1.72 1.63 1.69 1.60

suggests a deeper significance of the values of the parametersWithin the y QM with configuration mixing, when

employed, in particular, the quark masses and the mixing\q(Q?) is corrected by the inclusion of the gluon contribu-

angle. tion through the axial anomalyd2,42, not only do we ob-
tain improvement in the quark spin distribution functions and

VI. SUMMARY AND CONCLUSION mggnetic moments but alsp the gluon pola}rization 'found in
this manner is very much in agreement with certain recent
To summarize, the input parameters pertaining to theneasurementt3] as well as theoretical estimatg$4,45.

x QM with and without configuration mixing have been In conclusion, we would like to state that the success of

fixed by carrying out a brief analysis incorporating the latesthe y QM with the Cheng-Li mechanism and configuration

data pertaining tai-d asymmetry and spin polarization func- Mixing in achieving an excellent agreement regarding spin

tions. These parameters of theQM when used with the dlst_r|but|on functions, quark distribution functlo_ns, and mag-

generally accepted values of the quark masdgs incorpo- netic moments strongly suggests that, at leading order, con-

rating the “quark sea” contribution as well as its orbital an- Stituent quarks and the weakly interacting Goldstone bosons

gular momentum through the generalized Cheng-Li mechaconstitute the appropriate degrees of freedom in the nonper-

nism, not only improve the baryon magnetic moments agyrbatlve regime of QCD with the Weakly |n'te.ract|ng gluons

compared to the NRQM but also give a nonzero value fofin the manner of Manohar and Georgiroviding the first

A CG. The predictions of theg QM with the generalized Order corrections.

Cheng-Li mechanism improve further when the effects of

configuration mixing and “mass adjustments” due to con- ACKNOWLEDGMENTS
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fitting the individual magnetic moments, whereas “mass ad-
justments” along with the generalized Cheng-Li mechanism

play an important role in fittingACG. When the above APPENDIX

analysis is repeated with the earlier NMC data, a similar Tpe magnetic moment of a given baryon in theQM

level of agreement is obta}ined, but t.he results in the case Qfith sea and orbital contributions, following E@), is given
E866 look better. Interestingly, we find that the masskgs |

=M4=330 MeV, after corrections due to configuration
mixing and “mass adjustments,” provide the best fit for the 1(B)iota= 4 (B)yart #(B)sest #(B) orbit - (A1)
magnetic moments.

In the case of decuplet baryon magnetic moments, we findo calculate the valence contribution to the magnetic mo-
a good agreement dk " " and (1~ with the experimental ment, u(B),,, we first express it in terms of the valence

data. On comparison of our results with the correspondinguark polarizations4q,,) and the quark magnetic moments
results of Songet al. and of Lindeet al, we find that the (), for example,
measurement oA, A7, 3", or X~ would have implica-

tions for the Cheng-Li mechanism. w(B)ya=AUygy+ Adygug+ ASyaits - (A2)
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The quark polarizations can be calculated from the spin

1 1 1
structure of a given baryon. Using Ed3) and (26) of the  (56,0"|MV56,0")sy=——=u;, — —=u_———=d, + —=d_,
text, the spin structure of a baryon in the “mixed” octet is 243 V3 2\3 V3
given by (A10)
B=(B|MB) . . 1 3 1
. 70, 70, = u,+ u_— d
=Ccog¢(56,0"| V|56,0" g+ sirf¢(70,0"| V70,075 . { M A 43 " 43 43 "
(A3) 3
. -——=d_, (A11)
For the case of the proton, using E¢87) and (28) of the 4.3
text, we have
giving
5 1 1 2
<56,0+|./\/]56,0+>p:§U++§U,+§d++§d,, (A4)
1
wW(EA)ya=— (co§¢( +S|n2¢< —))
4 2 2 1 - V3 V3 2\3
<70,0+|./\/‘l70,0+>p=§U++§U,+§d++§d,. (AS)

(Mu—ma)-

1
The valence contribution to the magnetic moment for the 2\/5
proton, u(p)va, €an be found by using Eq$A2), (A3), (A12)
(A4) and(A5), for example,

The “quark sea” contribution to the magnetic moment of a

| co@ 4 2 2 given baryonu(B)sea Can be expressed in terms of the sea
©(P)va=| COS'¢ 3/ TS ¢ 3] [Mu quark polarizations £qsed and uq as
+ §¢>( ! + 'n2q§( ! +[0] (AB)
co — 5| +si = .
3 3 Hd Hs 1(B)ses™ AUgegu+ Adseatty+ ASgegts - (AL13)

For theA hyperon, we have To calculateA gq.,for different quarks in a given baryon, we

consider the spin structure of the baryon alongwith the
1 1 1 1 “quark sea.” Using Eq.(9) of the text and Eqs(A3), (A4)
(56,W|M56|W>A=§U+ tou-+5di+odo+1s, and(A5), the spin structure of the proton and the associated
“quark sea” is given by

+0s_, (A7)
- 5
<70!O+|M7010+>A:§U++%U_+§d++%d_+§s+ p=cos 5(2 P”u++|¢(“+)|2)
1 1
+%S_, (A8) +§(E Puu—+|l/f(u—)|2)+§(z Pdd++|1//(d+)|2)
2 , 4
and +§(2 Pdd+|llf(d)|2) +S|n2¢[§<z Puus
2
1 1 —
(A ya= Sin2¢<§) Myt Sin2¢<§”,u«d +’¢(u+) 2)+3(2 Puu+|'ﬂ(u)|2)
2
+ cosz¢(1)+sin2¢(%) M- (A9) +§(2 Pdd++|¢(d+)|2)
Similarly, we can calculate the valence contribution to the +%(2 Pdd_+|¢(d_)|2H, (A14)

magnetic moments for other octet baryons; however, the cal-
culation of the transition magnetic momemn( A) is some-
what different and for this we have where
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9+ B%2+272 a the magnetic moment for the case of the proton is given by
2 Py=al ————+a?| and |y(u.)?=%(3
° ° = S a(7+4 2y 2 gy o 2)
+ B%+2¢%)us +ad; +aa’s: , P (P)sed=| ~COS } 3 @ Bﬂ 3§
a 2 4
9+ B2+2L2 —sif¢| 5| 5+2a?+ - 2+ 5 2)”
S poma| T | and lud)P-au MEIRSEE LA AN
a
+5(3+ B +207)ds +aa’s: coSe) 5 (2 a_‘ﬁz 52”
2%+ 1 o (2 2
> Ps=a( '83 £ +2a?| and |y(s.)|?=aa’u- —sm%% 4+a°+ 5B +§§2>H

Similarly, the spin structure foA can obtained by substitut-
Using Egs.(A13) and(A14), the “quark sea” contribution to ing Eq.(9) in Egs.(A7) and(A8) and is given by

A=cod¢| =

(E Putly (U )2 2 Py [gr(u )|+ 2 Pad+[y(d )24+ 2 Pad+[y(d >|2)

+2 Pesy+u(sy)?

+sin2¢{§(2 Pyl +[g(u)|?+ 2 Pady +[y(d,) [P+ 2 Pss++|w<s+>|2)

+§(2 Puu_+[g(u )2+ 2 Pad—+|y(d-)*+ 2 Pss+|w<s>|2)] (A16)

The “quark sea” contribution to the magnetic moment for the casd a$ given by

M(A) ges=

—cog¢p(an?)— sin2¢<g(9+ 6a’+ p2+2L?)

—cogp(aa?) —sin2¢(g(9+ 6a’+ B2+ 2g2)> }Vvd

a(3a2+ 2%+ %) (A17)

- co§¢(2(6a2+4,82+ zgz)) Sirf ¢

Similarly, one can calculate the contribution of the “quark sea” spin polarizations to the magnetic moments of the other
baryons and these have been listed in Table I. For the transition magnetic me(2eh), the spin structure can be obtained
from Egs.(9), (A10), and(Al1l) and is given by

SA=cos¢

((E P u++|w<u+)|2) (2 Puu_+[g(u_ >|2) [(E Pud +[y(d, IZ)

\/_(2 Pyd_+|y(d_ )|2) +sir¢

[(E PuU +| o +)|2)+%(2 Puu_+[¢(u- )Iz)

b 2)_1( 2)]
4@(2 Pyd. +|y(d,)] Nl > Pad_+[y(d) 2|, (A18)
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giving the “quark sea” contribution to the transition mag- As an example of the decuplet baryon, we detail below
netic moment as the calculation of the magnetic moment A&f . In the ab-
sence of any mixing, the spin structure féf", using Egs.

1 a (37) of the text, is given by
W(EA)gei= — —=| —coSPp| —=(3+3a?+ B%+2{?)
2\3 2\3 (56,0"|M56,0" )y +=2u, +d, . (A23)
2 a ) 1 ) 2 2) The valence contribution to the total magnetic moment is
+si —| 1+ a+ B+ = expressed as
M(A+)valzAuval#u+AdvaIMd+ASvallufs
a
—2[ co§¢(m(3+3a2+,82+ 252)) =2u,+ g+ Ous. (A24)
The contribution of the “quark sea” to the total magnetic
2 a 14a? 1., 2 2) moment in terms of the “quark sea” polarizations apng is
— i — | 1+a°+ =B+ =
¢ 23 a’+ 3B+ 3¢ expressed as
X (fy— g)- (A19) M(A+)sea:Ausea‘Lu+Adsea‘Ld+ASsea"Ls- (A25)

By substituting Eqg.(9) in Eq. (A23), we obtain the spin
For calculating the orbital contribution to the total magneticstructure ofA* and the associated “quark sea,” which is
moment, one has to use the generalized Cheng-Li mechaxpressed as
nism expressed in E421), and for the case of the proton
and A it is given as At=2

> Puu++|¢<u+)|2)+(2 Pdd++|w<d+>|2).
(A26)

and the “quark sea” contribution to the magnetic moment is
consequently given by

4 1
H(P) o= COS | 5[ (U )]~ §[M(d+—>)]}

]2 1
+5'n2¢[§[ﬂ(u+—>)]+§[M(d+—>)]},

/-L(A+)sea: —a| 5+2a%+ Eﬂz"'ilgz) My
(A20) 3 3
1 2 1 2 2 2
M<A>orbn=cosqu[u(sﬁ)]+sin2¢[§m<uﬁ>] A AT gt g |p
+[—3aa?]us. (A27)

. (A21)

1 1
* §[M(d*—>)]+§[’u(s*—>)] The contribution of the “quark sea” to the magnetic moment

_ o ~of other decuplet baryons can similarly be calculated in
For the case ok A, the orbital contribution to the magnetic terms of the “quark sea” polarizations, the expressions for

moment is which are given in Table I.
1 1 The orbital contribution to the total magnetic moment, as
W(EA) o= | COZb E) +sin2¢<£—1”{[,u(u+—>)] given by Eq.(22), is expressed as

(A o= 2[ p(ur—)]+[u(dr—)].  (A28)

—[wp(dy—)]} (A22) - :
Substituting Eqs(A24), (A27), and (A28) in Eqg. (Al), we
Using Eg. (A1) one can calculate the total magnetic mo- get the total magnetic moment af". We can also calculate
ments ofp, A, andXA. The magnetic moments of other the transition magnetic momept{AN) in a similar manner

octet baryons can be calculated similarly. to the calculation ofu(3A).
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