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Octet magnetic moments and the Coleman-Glashow sum rule violation in the chiral quark model
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Baryon octet magnetic moments when calculated within the chiral quark model, incorporating the orbital
angular momentum as well as the quark sea contribution through the Cheng-Li mechanism, not only show
improvement over the nonrelativistic quark model results but also give a nonzero value for the right-hand side
of the Coleman-Glashow sum rule. When effects due to spin-spin forces between constituent quarks as well as
“mass adjustments” due to confinement are added, it leads to an excellent fit for the qgage*ef=° and
violation of the Coleman-Glashow sum rule, whereas in almost all the other cases the results are within 5% of

the data.
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The European Muon CollaboratidEMC) measurements In this context, it is interesting to note that the chiral

[1] in deep inelastic scattering have shown that only a smaltjuark model QM) [4,17] with SU(3) symmetry is not only
fraction of the proton’s spin is carried by the valence quarksable to give a fair explanation of “proton spin crisigl] but

This “ungxpgcted” conclusion from the point of view of the js also able to give a fair account ofd asymmetry[18—20
nonrelativistic quark modelNRQM), usually referred to as as well as the existence of significant strange quark costent

the “proton spin crisis,” becomes all the more intriguing . - :
when it is realized that the NRQM is able to give a reason- the nucleori21. Further,yQM with SU3) symmetry is

bl 4 d ot f i " ing th also able to provide a fairly satisfactory explanation for
ably ?.00 th etscnp 'OT. 0 magn(ta |cfmom(le(n S using ? as aryon magnetic momen(8,4,17 as well as the absence of
sumption that magnetic moments of quarks aré proportiong, ., i, ations of the antiguark sea in the nuclg@g]. The
to the spin carried by them. This issue regarding spin an

magnetic moments further becomes difficult to understan ;ecc;mo:rzrg;t?g;]g '\f:ar? %glﬁﬂa:gvle% :fe ga;?nfgtrhyggga_
when it is realized that the magnetic moments of baryon§ y P ' P y Y

receive a contribution not only from the magnetic momentsng effects|5,6] are taken into account, HowevarQM with

carried by the valence quarks but also from various compli—S ymmetry breaking, although gives a fairly good description

cated effects, such as orbital excitatig@$ sea quark polar- of magnetic moments, is not able to describ€G without
ization[3-6], effects of the chromodynamic spin-spin forces resorting to additional parameteiss,24.

X . In a recent interesting work, Cheng and [I25] showed
[7,8], effect of the confinement on quark mas$8$ pion L . . i
cloud contributions[10], loop correctiong 11], relativistic that, within yQM with SU(3) symmetry breaking, the long

and exchange current effedti2], etc. In the absence of any standing puzzle why the NRQM is able to give a fair descrip-

; . . .tion of baryon magnetic moments can be resolved if one
consistent way to calculate these effects simultaneously, it is

o ) ; o considers that the pions acting as Goldstone bo$Gis)
very difficult to know their relative contributions. However, .
the success of NRQM, when viewed in this context, su estalso have angular momentum and therefore contribute to the
' » SU9Y Baryon magnetic moments as well. However, this contribu-

that the various effects mentioned above contribute in a man: . R
. . ion gets effectively canceled by the sea quark polarization
ner in which a large number of these are mutually cancele

making the understanding of the maanetic moments alonéﬁeCt’ leaving the description of magnetic moments in terms
o g the ur . g of th 9 8 the valence guarks in accordance with the NRQM hypoth-
with “spin crisis” all the more difficult. The problem regard-

ing magnetic moments gets further complicated when on&S'S: One can easily examine that the Cheng and Li proposal

realizes that the Coleman-Glashow sum 18] (CGSR, does not lead to an exact cancellgmqn of_ the_ sea and orbital
L X . e part for all the baryons, therefore its implications need to be
valid in a large variety of modelgl4,15, is convincingly

violated by the datd16]. For example, the CGSR for the examlr_led n .dEta" for the octet baryon magnetic moments.
. . In particular, it would be interesting to explore the possibility
baryon magnetic moments is given as

of obtaining nonzera CG by invoking the Cheng-Li mecha-
nism along with the mass and coupling breaking effects.
ACG=pup—pntus-—ps++pmzgo—uz-=0. (1) To begin with, we consider the essentialsy@M having
bearings on the Cheng-Li mechanism. yi®QM, the basic

ExperimentallyA CG=0.49+ 0.05[16], clearly depicting the process is the emission of a GB which further splits intpga
violation of CGSR by ten standard deviations. A<G pair, for example,

=0, in most of the calculations, obtainingCG+0 along 0. — ,

with the octet magnetic moments as well as resolution for g-—GB’+qgLl—(qq')+q’. 2
“spin crisis” and related issues could perhaps provide vital

clues for the dynamics as well as the appropriate degrees dihe effective Lagrangian describing interaction between
freedom required for understanding some of the nonperturguarks and the octet GBs and singlgt is £=0gq¢q,
bative aspects of QCD. wheregg is the coupling constant and
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SU(3) symmetry breaking is introduced by considering a M,

different quark massesig>>m, 4 as well as by considering #(d;—)= [(3—2a°—3B8°—50%)
: 4Mgg(Mg+Mgp) My
the masses of GBs to be nondegenerakéy (,>M ;) ) )
[5,6,15, whereas the axial (1) breaking is introduced by XMgg"—6Mg] un, 7
M, >My , [4—6,15. The parametea(=|gg|?) denotes the
transition probability of chiral fluctuation of the splittings whereM, andM g are the masses of the quark and the GB,
u(d)—d(u)+ 7", whereasa?a, 8%, and {*a denote respectively, angky, is the Bohr magneton. In a similar man-
the probabilities of transitions afi(d)—s+K~ (@, u(d,s) ner, one can calculate the contributions for other baryons.

—u(d,s)+», andu(d,s)—u(d,s)+ n’, respectively. Before discussing the results, we would like to discuss the
The magnetic moment corresponding to a given baryowarious inputs pertaining tgQM, which include the mass
can be written as and coupling breaking effects. The detailed analysis, incor-

w4 3 porating the latest E866 dafd9], to fit quantities such as
Frotal™ Hval™ Hsea’ Horbit: u—d, u/d, Au, Ad, As, GA/Gy, Ag, etc., will be dis-

Where pya==q-u.d.sAOvailtq s Msed Sq-u.dsAlsedlq: Mq cussed elsewhere, however here we would Iike.to mention
(q=u,d,s) is the quark magnetic moment, anslq (q the_values of the parameters used fc_>r the calcul_atlons of mag-
=u,d,s) represents the net spin polarization and is definedﬂe_t'c moments. For e>_<amp|e, the pion _fluctuatlon parameter
as Aq=q+—q7+a+_57 [5,6]. The valence contribution ais takgan to be 0.1, in accordance w[th most Qf the other
Ag,, can easily be calculatddi—6,15. For example, for a calculationd 3—6,15, whereas the coupling breaking param-

4 N eters are found to be=0.6, 3=0.9, and{=—0.3—B/2.
proton we haveAu,=[3], Ada=[—3] and As,u=0.  The orbital angular moment contributions are characterized

Similarly one can calculate for other baryons. The sea CONpy the parameters ogfQM as well as the masses of the GBs,
tribution in the yQM basically comes from the splitting of nowever the contributions are dominated by the pions, there-
GB into aqq pair [Eqg. (2)]; its contribution to baryon mag- fore the effects of other GBs have been ignored in the nu-
netic moments can easily be calculated withi@M [4,6,15. merical calculations. For evaluating the contribution of
For the case of a proton, it is given as pions, we have used its on mass shell value in accordance
with several other similar calculatiof®6]. In the absence of

Al — a 7+4a2+iﬂ2+ §§2 any definite guidelines'for the constituent qugrk masses, we
sea 3 3 3° ) have used the most widely accepted values in hadron spec-
troscopy [27-30, for example M,=My=330 MeV,
a 1 2 whereas the strange quark mass is taken from the NRQM
Adge= — 7| 2—a®— 5 8%~ 5 2
sed” g 3 3° /" sum rule A—N=M —M,. These quark masses are then

used to calculatee,, wg, andus.
ASge= —aa’. (4) In Table I, we have presented the results of our calcula-
tions. From the table, one can easily find out that @V
Similarly, one can calculatdqse,and the consequent contri- with symmetry breaking is not only able to giveCG# 0 but
bution to magnetic moments for other baryons. Followingis also able to give a satisfactory description of data. When
Cheng and L{25], the uqm; for a QM can easily be evalu-  compared with NRQM results, interestingly one finds that

ated and for a proton it is given as the results either show improvement or they have the same
B overlap with the data as that of NRQM. Specifically, gn
Horbit= AUl (U —) ]+ Adval (ds )], (5 s~ and=° one finds that there is a good deal of improve-

ment as compared to NRQM results. In fact, from the table
one can easily find out that except fBr and =, with a
marginal correction with an opposite sign for the latter, in all

whereu(u, —) andu(d,.—) are the orbital moments af
andd quarks and are given as

a other cases the searbital contribution adds to the overall
m(uy—)= magnetic moments with the right sign. These conclusions
2Mgg(My+Mgp) : ) : NN

remain largely valid when one considers variation in the cou-
X[3(a?+1)Mi+ (3 82+ 52— a®) Mgl i, pling breaking parameters and8. In particular, for the case

(6) of NMC data[18], with different values ofa and 8, we
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TABLE I. Octet baryon magnetic moments in units @f, . The details of inputs are discussed in the text.

xQM with mass
xQM with adjustments and
xQM mass adjustments configuration mixing

Octet Data
baryons  [16] NRQM Valence Sea Orbital Total Valence Sea Orbital Total Valence Sea  Orbital Total

p 2.79 2.72 3.00 —-0.70 054 284 3.17 —059 045 3.03 294 —-055 041 2.80
n -191 -181 —-200 034 -041 —207 —211 024 —-037 —224 —-186 020 —-0.33 —1.99
2" -116 -101 -112 013 -029 —128 —-108 0.08 —-0.26 —1.26 —1.05 0.07 -0.22 —-1.20
3t 2.45 2.61 2.88 —0.69 045 264 2.80 —055 037 262 259 -050 0.34 2.43
g° -125 -141 -153 037 -023 —-139 —-153 022 -016 —147 —132 021 -0.13 -1.24

- -065 -050 -053 009 -006 —050 —-059 0.06 —0.01 —-054 —-0.61 0.06 —-0.01 —-0.56
-061 -059 -065 010 —-0.08 —0.63 —0.69 0.05 —0.04 —0.68 —0.59 0.04 -0.04 -0.59

> Il I

ACG  0.49:0.05 0 0.10 0.46 0.48

again findACG+0 as well as improvement over the NRQM

results. The success ofQM along with the Cheng-Li Adseq= —coS'¢
mechanism looks all the more impressive when one realizes
that none of the magnetic moments have been used as inputs,
suggesting that this mechanism seems to be providing the
dominant dynamics of the constituent quarks and the GBs,
the “appropriate” degrees of freedom of QCD in the nonper- ASge= —aa’. (12)
turbative regime.

After having seen thagyQM with Cheng-Li mechanism One can perform similar calculations for other baryons; the
could provide the dominant dynamics of constituent quarksietails of these calculations will be presented elsewhere. Be-
and the weakly interacting GBs, it would be natural to con-fore including the effects of configuration mixing on mag-
sider, as instances of further improvements, certain effectaetic moments, because of the changed valence quark spin
which can be easily incorporated yQM with the Cheng-Li  distribution functions, one has to carry out a reanalysis to fit
mechanism. To this end, we have considered certain pher—d, u/d, Au, Ad, As, GA/Gy, Ag, etc., resulting ina
nomenological effects among constituent quarks such as con-g 4, 5=0.7, and¢=—0.3— 8/2. Further, apart from tak-
figuration mixing, known to be compatible with theQM  ing M ,=M4=330 MeV, one has to consider the strange
[31,32, and the effects of “confinement,” both of which quark mass implied by the various sum rules derived from
have been shown to improve the performance of NRQMne spin-spin interactions for different baryof27]. For
[9,27-3Q. For the present purpose, the effect of configura-example, A—N=M.—M,, (S*—3)/(A—N)=M,/Mq,
tion mixing on the octet baryon wave function can be ex-gnd (=* —Z)/(A—N)=M, /M, respectively, fixM for
pressed as,27] A, X, andE baryons.

- ) It has been shown that the effects of confinement
8,27)=C0s$|56,0")n-0+SiNB[70,0)n-2. (B  can be simulated by “adjusting” the baryon masses
[9], which leads to the following adjustments for the
guark magnetic momentgiyg=—[1—(AM/Mg) |y, us=
—M, /MJ1-(AM/Mg)]un, and u,=—2uq, WhereMg

a
e L)

—sin2¢[g(4+a2+%,82+§§2)} (10

For details of the wave function we refer the reader to Refs
[7,8,27. The angle¢ can be fixed by consideration of the

neutron charge radil27). This effectively leads to a change is the mass of the baryon obtained additively from the quark

in the valence quark spin structure. For example, for a pmto'ﬂwasses and M is the mass difference between the experi-

+sirf¢[ 1], and As,,=0. These expressions would replace In Table I, we have included the results obtained after
Au,, andAd,, in Eq. (5) for calculating the effects of con- including the effects of configuration mixing and “mass ad-
figuration mixing on the orbital part. Again, for a proton, the justments.” In case of “mass adjustment,” one finds a re-
sea quark contribution with configuration mixing can easilymarkable improvement fak CG due to the difference in the
be calculated33] and is expressed as valence contributions getting affected by the right magni-
tude, however the individual magnetic moments get dis-

a turbed. Interestingly, the situation changes completely when
_ “ 2. 402,842
AUges= —COS'¢h 3(7+4a HEL AT )} configuration mixing is also included. From the table, it is
evident that we are able to get an excellent fit for almost all
. a the baryons. It is almost perfect fgr 2*, andE°, in the
— Z 2,202, 442 ) )
szqs[S (5+2a%+357+5¢ )}’ O case ofn, X7, andA, the value is reproduced within 5% of
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experimental data. Only in the case Bf is the deviation show that Cheng-Li mechanism is able to improve the results
somewhat more than 5%. Besides this, we have also beeaf NRQM without any additional inputs, indicating that this
able to get an excellent fit tACG. The fit becomes all the mechanism provides the dominant dynamics of the constitu-
more impressive when it is realized that none of the magent quarks and the Goldstone bosons. This is further borne
netic moments are used as inputs. It may be of interest tgut by the fact that when effects such as configuration mix-
mention that the fit in the case @&~ can perhaps be im- ing due to spin-spin interactions and “mass adjustments”
proved in the present case if corrections due to pion loops argue to confinement are added, we are able to get an excellent
included[10]. In fact, a cursory look at Ref10] suggests fit for the octet baryon magnetic moments as well as for
that pion loop corrections would compensate much more  Acg. |tis almost perfect fop, 3 *, and=°, whereas in the
compared to other baryons, hence providing an almost PeEase ofn, 3, andA, the value is reproduced within 5% of

fect fit. . . . experimental data.
To summarize our conclusions, we have carried out a de-
tailed calculation of the octet magnetic moments in }aEv The authors would like to thank S.D. Sharma for fruitful

by including orbital and sea contributions through thediscussions. H.D. would like to thank CSIR, Government of
Cheng-Li mechanismi25] with mass and coupling breaking India, for financial support and the Chairman, Department of
effects. Apart from reproducing CG#0, we are able to Physics, for providing facilities to work in the department.
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