PHYSICAL REVIEW D VOLUME 57, NUMBER 1 1 JANUARY 1998

Octet baryon magnetic moments in the chiral quark model with configuration mixing
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The Coleman—Glashow sum-rule for magnetic moments is always fulfilled in the chiral quark model,
independently of S(B) symmetry breaking. This is due to the structure of the wave functions, coming from the
non-relativistic quark model. Experimentally, the Coleman—Glashow sum-rule is violated by about ten stan-
dard deviations. To overcome this problem, two models of wave functions with configuration mixing are
studied. One of these models violates the Coleman—Glashow sum-rule to the right degree and also reproduces
the octet baryon magnetic moments rather accuraftgly556-282(198)00101-5

PACS numbd(s): 13.40.Em, 12.39.Fe, 14.26c

I. INTRODUCTION symmetry. This indicates a certain over-simplification in the
description of the baryons in this model and in several other
The quark structure of baryons at low energies are probethodels.
by parameters such as magnetic moments, axial-vector form One possible way to remedy this is to allow the quark
factors and decay rates of various kinds. Any refinement omagnetic moments to vary between the isomultiplets. The
the non-relativistic quark mod¢éNQM) should improve on  alleged symmetry is then not relevant. This approach has the
the experimental agreement of these parameters, if the réisadvantage of complicating the quark model, by making
finement is significant. Much work has been done to effecyhe quarks vary with environment. In fact, we know that the
tuate such refinements and improve the agreement with thgass spectrum can be well accounted for using the same
magnetic moments, the spin polarization of the nucleon, etq; ark masses in all isomultiplets. It is therefore desirable to

Among these refinements, the chiral quark mo¢gdM) instead modify the wave functions, keeping the quark prop-
suggested by Manohar and Geofdi has attracted some erties the sarfnye throughout ' ping d prop

attention recentlf2—8]. Other models are one with quark- A natural modification of the mirror symmetry occurs

gtjz;rrll-gi?q:gglgr?gr?f?gﬂg:gg g?xih;plgl;[lg\)l]c’) c;nsl. E)lnoﬁ. with when the_ guarks are aIIovyed to have an o_rbital angular mo-
One crucial test for quark model refinements is theMentum in the wave function. The reason is that the mass of
Coleman—Glashow sum-rufa 1] the s quark breaks the symmetry. An example of such a
model has been suggested by Casu and Sdh&al Using
their formulas, the Coleman—Glashow sum-rule is indeed
w(P)— (M +uE )= pnSEH)+u(EY)—w(E)=0 violated and the left hand side is approximately given by
0.06/L,)un, Where(L,) is the angular momentum. To reach
the experimental value of 0.49,, this requires(L,) to be
for the magnetic moments of the octet baryons, that can babout 8, a value which is unfortunately quite unrealistic.
derived under very general assumptions on the magnetic mo- Another model, which also breaks the Coleman—Glashow
ment operator. Experimentally, this sum-rule is violated bymagnetic moment sum-rule, is given by & breaking
ten standard deviations, the left hand side being equal tierms in a purely phenomenological &) parametrization
(0.49+0.05)uy, . [16,17. This model satisfies the experimental value for the

Franklin [12113 and Karl [14] have shown that the left hand side. On the other hand, this model does not have
Coleman—Glashow sum-rule is valid beyond the NQM.any polarization of the vacuum,_anitherefore the violation
Franklin noted the validity of this sum-rule under the as-of the Gottfried sum-rule, givingi— d=—0.15, cannot be
sumption of “baryon independence” of a given quark mo- explained.
ment contribution. Karl considered the case of general quark Buck and Pere£18] have discussed a model in which
spin polarizations and showed that the sum-rule is valid asthey add a configuration term to the usual(8)Uspin func-
suming SUY3) symmetry for the wave functions of the tion. This term involves a total angular momentum of the
baryon octet states. quarks with L=1. Their model violates the Coleman—

As we will show below, the Coleman-Glashow sum-rule Glashow sum-rule and gives 04Q for the left hand side,
turns out to hold also in thgQM with arbitrary SU3) sym-  but neither this model includes any vacuum polarization.
metry breaking, as long as the wave functions for baryons In this paper we will therefore concentrate our further
with xxy quarks(x,y=u,d,s, x#y) have the samémirror)  discussion to thegQM and study two models of configura-

tion mixing in the wave functions of the octet baryons.
In the first model, this is done in the form of a gluon

*Electronic address: jl@theophys.kth.se coupled to the three quarks in a way suggested by Lipin
"Electronic address: tommy@theophys.kth.se The full wave function, being a superposition of the one with
*Electronic address: snell@theophys.kth.se zero gluons and the one with one gluon, there is a natural
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room for varying the relative importance of these two com-be violated in these models provided that the mixings are

ponents for the different isomultiplets. This creates a breakallowed to vary between the isomultiplets. At the end of this

ing of the mirror symmetry that generates the breaking of thesection, we discuss a toy model for configuration mixing.

Coleman—Glashow sum-rule. Finally, in Sec. IV, we present a summary of our analyses
In the other model, we use instead of a quark-gluon aand also the main conclusions.

quark-diquark configuration mixing, that is allowed to vary

between the isomultiplets. Il. THE COLEMAN —GLASHOW SUM-RULE FOR
Both these models have been used originally without the MAGNETIC MOMENTS

Goldstone bosons that play an essential role in Y. .

Their performance is then not satisfactory in other respects, A. The chiral quark model

like the u-d asymmetry. In our paper, we use the mecha- The Goldstone boson&Bs) of the xQM are pseudosca-

nisms of these two models to generate the configuration mixars and will be denoted by the’ Omeson names K, 7, 7',

ing needed to break the Coleman—Glashow sum-rule. Thigs is usually done. For convenience, we will closely follow

configuration mixing can be viewed as a correction to thethe notation of Ref[3]. The Lagrangian of interaction, ig-

SU(6) quark model baryonic wave functions. At the end of noring the space-time structure, is to lowest order

this article, we will give an example, in the form of a toy _

model, how such a configuration mixing could come about. L£,=ggq®q, 1)
Our paper is organized as follows. In Sec. Il we first re- . .

view the yQM, and then we show that theQM with arbi-  WNeregs is a coupling constant,

trary SU3) symmetry breaking generates octet baryon mag- u

netic moments that satisfy the Coleman—Glashow sum-rule.

In Sec. Il we then introduce two different models for con- q=| d],

figuration mixing in the octet baryon wave functions, one s

with quark-gluon mixing and one with quark-diquark mix-

ing, and we show that the Coleman-Glashow sum-rule caand

77_0 '
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where allc; are parameters. rameters is to make the following discussion general. The

The effect of this coupling is that the emission of the GBsparameterc,, describes (B) symmetry breaking and the
will create quark-antiquark pairs from the vacuum with other parameters describe @)Jsymmetry breaking.
guantum numbers of the pseudoscalar mesons. Goldstone Cheng and Li have used the &Y symmetric model with
boson(GB) emission will therefore in general flip the spin of a broken W3) symmetry[3] and showed that it can success-
the quarks. The interaction of the GBs is weak enough to béully be used to calculate the quark spin polarizations in the
treated by perturbation theory. This means that on longwcleon. In a later papg6], they have extended this model
enough time scales for the low energy parameters to develapy introducing SW3) symmetry breaking in the Lagrangian
we have via two parameterg,=a andc,=. Songet al. [7] and
Weberet al. [8] have also studied models with &) sym-
ul=(d'+ 7)) +(st+KT ) +(ut+7%75,9"), (20 metry breaking, similar to the one discussed by Cheng and
Li. All these extended models have lead to significantly bet-
d=ul+7)+(s"+KO+(d '+ 7% 75,7"), (2b)  ter results for several physical quantities.

T=(ut+K)+(d" + KO+ (st + 7, 7'). 2
si=(u )+(d s+ mn) (20 B. The Coleman-Glashow sum-rule

The matrix® in the Lagrangian1) is the most general There is, however, one important set of data which the
parameterization of the pseudoscalar GB matrix in@d.  xQM cannot successfully predict regardless how many sym-
In a realistic model, one should of course not use all thesenetry breaking parameters one introduces in the Lagrangian
parameters. The reason for introducing this large set of pai): the octet baryon magnetic moments. This is the case at
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least as long as one uses ®Wsymmetric wave functions for N 5. 1. 1. 2. 5
the octet baryons. This is most easily illustrated by the func- B(xxy)=Py §XT+ §Xl +Py §YT+ §yl + §|¢(XT)|2
tion
- + =0 - 1 INTI- 2y 2 1y]2
S,=p(p)—p(N)+u(E7)—w(EN)+u(E®)—u(E). + 3OO+ Fle(yD I+ ZluyH 1%, €)

)
. _ , where P is the probability of no GB emission from theg
Experimentally %, , = (0.49+0.05)uy, but, as we will show, ¢ a1 and|y(qg!1)|? are the probabilities of GB emission

in the YQM X ,=0 (the Coleman—Glashow sum-riule from the ! quarks. The function®, and |¢(q'")|? are
Writing out the explicit valence quark content of the bary'discussed in detail in Appendix A. q

ons in Eq.(3) we have For example, the probability functiofy(x')|? is of the
form
2 ,=wu(B(uud)— w(B(ddu))+ u(B(dds))— u(B(uus)) i A i
+ w(B(ssW)— u(B(ssd). @ |p(x1)[?=Dbyx! +byy! +b, 2!, ©)

) ] whereb,i, b1, andb,, are some constants depending on the
To obtainZ , =0 we need a mirror symmetry, such that the chojce of the parameters in the Lagrangian. We have here
contribution to the magnetic moment generated by GB emispmitted the quark-antiquark pair created by the GB as it will
sion from the twou quarks inB(uud) cancels the corre- ot contribute to the spin polarizations.
sponding contribution generated by GB emission from the |t js now easy to see that the sum-rule is fulfilled. For
two u quarks inB(uus), the contribution generated by the  example, the two valenae quarks inB(uud) give a contri-

quark inB(uud) cancels the one generated by thquarkin  pytion to the spin structure after GB emission, which is
B(ssd), etc., provided that the quark magnetic moments are

constant. This is trivially true in the NQM. As mentioned in
the Introduction, there is a large class of models beyond the Py
NQM, where the Coleman—Glashow sum-rule is fulfilled
[12-14. We will now make a schematic calculation to show This is canceled by an identical contribution from the
that the above condition is fulfilled in thgQM with arbi-  quarks inB(uus). Similarly, the contribution from thel
trary SU3) symmetry breaking. quark inB(uud)

First, we introduce a functioB to describe the spin struc-
ture of a baryorB

5 1
+§|¢(UT)|2+ §|¢(Ul)|2- (10

5., 1.
—ul+ =yt
3u +3u

1 2
Py +§|l/f(0|T)|2Jr §|1p(di)|2 (11)

1. 2.
—dT+ —g!
3d +3d

B=ngx'+nux'+nuy' +n,yt+n,z +nzt. (5 _ L .
X! xt y!Y T hylY ! © will cancel the contribution from thd quark inB(ssd), etc.

o . ) This shows that the Coleman—Glashow sum-iile=0 is
The coefficientny; of each symbolg'! should be inter-  satisfied in the¢gQM with arbitrary symmetry breaking in the
preted as the number of * quarks. See Appendix A for a | agrangian(1). One can also easily show that the Coleman—
complete discussion of the functionB. Then, Glashow sum-rule is fulfilled for arbitrary number of itera-
Aquan(B)—nqL(B) is theq quark spin polarization in the tions of GB emission in thgQM.
baryonB. Normally, there is also a contribution from the  Note that expressiofil0) contains a part of the spin po-
antiquarks to the spin polarization, but in th@®M this is  larization of all three quarksy, d, ands, as can be seen
zero. The baryon magnetic moments can be parametrized &®m Eq. (9). Similarly, the originald quark in the proton
contributes by GB emission to the spin polarization of all
w(B)=AuBu,+AdBuy+ AsBu, (6) three quarks. The contribution to the spin polarization of the
u quark generated by the origindlquark in the proton is in

wherep, is the quark magnetic moment of theguark. Here ge+neral different from the one generated by thequark in
the quark spin polarizatioyq®, may vary from baryon to 3", due to the symmetry bre:itkmg in the Lagrangian. This
baryon, but the quark magnetic momet,, is the same for Means that in generAlupiAuE . Therefore the sum-rule is
all baryons. fulfilled only because of the mirror symmetry in the NQM
The starting point in thaQM is the spin structure in the wave functions used as input in E®). The sum-rule is not
NQM. The NQM spin structure of an octet baryBixxy) is a result of baryon independent quark spin polarizations, but a
result of the fact that the total contribution from all six bary-

. 5 1. 1. 2. ons to a given flavor cancels. Thus, we have the relation
B(xxy)= §xT+ §xl+ §yT+ §yl, (7 . ) o _
AgP-AQ"+Ag* —AQ® +AgF —AgE =0,
so the spin polarizations araxB=%, AyB=-1 and q=u,d,s, (12

AzB=0, wherez is the non-valence quark. Using this it is

easy to see that the Coleman—Glashow sum-rule is fulfilledather than simple relations asg. AuP=Au*". This can

in the NQM. With help of Eq.7) we can express the spin also be seen from the explicit expressions in Appendix B
structure after one iteration in thgQM by (when 6y=0s=0z=0).
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Ill. THE CHIRAL QUARK MODEL WITH

1
CONFIGURATION MIXING |(BgG)Ty=— 7§|BS;S= 3,5,=+3)®|G;S=1S,=0)
As we have shown above, the Coleman—Glashow sum-
rule is satisfied in thggQM. There are in principle two ways 2 L L
of overcoming this problem as discussed before, one is to let + §|Bg,5_ 2:5=—13)

the quark magnetic moments vary between the isomultiplets
of the octet baryons, and the other one is to introduce sym- ®|G;S=1,S,= +1). a7
metry breaking in the wave functions. For reasons discussed
in Sec. I, we will here adopt the second alternative. One way1€re
of doing this is to add configuration mixing terms in the L
wave functions. ) 1 1
In our models, the wave functions will have the general [Ba(xxy);S=3.S,=+3)= ‘/_g(leXTyLH|XT)(LyT>
structure

+[x!xTy")) (18
BN)=IB:S= 7.S,= + 3)=cosp|B1) +sinde| By ), for the xxy baryons and
1
where|Bl) is the usual S(B) wave function andB; ') is the |Ag(uds);S=3,S,=+3)=—(|u'd's!y—|u'd's!))
configuration mixing term. The angi; is a measure of the V2
amount of mixing. We will let the angles of configuration (19

mixing be the same within each baryon isomultiplet, but Ietfor the A baryon
them vary between different isomultiplets. We also assume, '
for simplicity, that the mixing angle foA is equal to the one , , , .
for 3. Thus we have three mixing anglég, 6, and 6= . B. Wave functions with quark-diquark mixing

An alternative to the quark-gluon mixing as a source of
configuration mixing is given by a model with quark-diquark

) o ) ) mixing. We call this model the chiral quark model with
First, we will discuss a simple model with a wave func- guark-diquark mixing ¢QMd).

tion with an additional term where a color-octet baryon state’ The diquark model is a modification of the usual quark

is coupled to a spin one color-octet gluon state. We call thignodel by considering two quarks glued together to form a
model the chiral quark model with quark-gluon mixing giquark. There are S@3) sextet axial-vector diquarks and

A. Wave functions with quark-gluon mixing

(xQMg). . o ~ SU(3) triplet scalar digquarks. We will only consider scalar
The wave function for the octet baryons in this model is adiquarks. The symbold,q,)4 will denote a scalar diquark
mixture of two different wave functiongo] consisting of the quarkg, anddgs,.
IB')= cosdg|BL) + sinds| (BeG) ). (14) It has been suggested in R¢19], that a quark-diquark

model can be used to calculate strong and electromagnetic
properties of baryons. In such a model, the diguark, although
Thus, in this case we have 4&;')=|(BgG)') in Eq.(13).  formed as a bound state of two quarks, is regarded as essen-
The octet baryon color-singlet wave function for tkey  tially elementary in its interaction with a quark to form a
baryons is given by baryon.
In this model, the wave function for the octet baryons is a
mixture of the usual SB) wave function and a quark-

1
|Bl(xxy))= %(ZMXTW)— IxTxty Ty —|x!xTyTy) diquark wave functiorj10]
(15) |BT)=cosfg|B])+sindg|B/). (20)
and for theA baryon by Thus, in this case we ug8;'y=|B/) in Eq. (13).

The octet baryon color-singlet wave function for tkey
1 baryons is again given by E@¢L5) and for theA baryon by
|Al(uds))=—(Ju'd's)—|u‘d's")). (16)  Ed.(16). The quark-diquark octet baryon wave function is
V2

Bixxy)=x@|(xy)g)=Ix"(xy)a) (2D

We have suppressed color and permutations in flavor in the
above wave functions. We will do so also in the following, for thexxy baryons and
as this will not affect the spin structures. 1

The gluonic octet baryon color-singlet wave function is a 7 _ _ _
coupling of an octet baryon color-octet wave functify), |Ag(uds))= \/é(luT(ds)d> |d(us)g) - 2|s'(ud)a))
and a spin-one color-octet gluon wave functid@), to (22
make a color-singlet state with total angular momentlimn
i for the A baryon[20].
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TABLE I. Parameter values obtained in the different fits. The subsggjph a model name indicates that the parameteesd 8 were
allowed to vary in the fit. Hypheft) indicates that the parameter was not defined in thélfitmeans that the parameter was not free in the
fit, but put to 1. The magnetic moment of tdequark, iy, is given in units of the nuclear magnetqu,, .

Parameter NQM NQM NQMd xQM XagQM xQMg XsQMg xQMd XopQMd
Md —-0.91 —-1.15 —1.09 —-1.35 —-1.23 —1.40 —1.24 —1.42 —-1.27
a - - - (1) 0.52 (1) 0.70 (1) 0.69
B - - - (1) 0.99 (1) 0.73 (1) 0.55
Siréy - 0.18 0.39 - - 0.00 0.00 0.00 0.11
Sirtés - 0.20 0.65 - - 0.05 0.04 0.25 0.34
sinZHE - 0.24 0.46 - - 0.11 0.11 0.33 0.41
C. Discussion of parameters B
. . . {=—-0.7- . (28
In our further calculations, we will use the following pa- 2

rameters in the Lagrangian(l): c,o=c_+=c,-=1,
Ck+=Cg-=Cgo=Cgo=a, C,=f, andc,,={. In some of
our calculations we will use an $8) symmetric Lagrangian

with = B=1. See Appendix A for a detailed discussion of

the Lagrangian.

The parametea, describing the probability of GB emis-

sion, and the parametdr can be estimated from the-d
asymmetry. The New Muon CollaboratidfNMC) experi-

This also fixes the value af/d to 0.53.
In what follows, we consider the case where the magnetic
moments of the quarks satisfy the relations

M=~ 24 (29

ment has measured the isospin asymmetry difference of the

guark sea in the proton to 21,22

u—d=-0.15. (23)
In the QM this difference is given by
— — [ 2+
u—d=a gsﬁ_l). (29

The expressions for the antiquark numbersand d are
given in Appendix A. Combining Eqs(23) and (24) we
obtain

0.44

az—3_2§_ﬁ.

(29

Similarly to Eq.(24) we have for the antiquark density ratio

— 214+2(2L+ B)+(2L+B)?
u/d=

= (26)
33-2(2¢+p)+(2{+B)?
with the experimental value/d =0.51+0.09[23].
If we setB=1, then Eq.(26) reduces to
6+2¢{+ 2
u/d = 2
|lp=1 8172 (27)

From this we obtain-4.3<¢<—0.7. Following Cheng and
Li [3], we choose the valug=—1.2. The value ofi is now

given by Eq.(25) to bea~0.10, which is in good agreement
with Ref. [2]. However, wheng is a free parameter in the

calculations, we have to use the relatiof+28=—1.4,
which comes from Eq(25), in order to keepp~0.10. We
therefore make the assumption that

2

Ms=73 M- (30

D. Numerical results

As we have seen, whey = 0y = 6==0,% ,=0 for every
choice of the parameters. Also when the mixing angles
are the same, but not equal to ze¥g,=0. However, when
at least one of the mixing angle®; is different from the
others, the value ok , will be non-zero.

In the models, that we will discuss, all three mixing
angleséy, 0s, and 0z will be free parameters. The mag-
netic moment of tha quark,uy, will also be a free param-
eter and the other quark magnetic moments are then given by
the relationg29) and(30). In order to calculate the magnetic
moments of the octet baryons we will also need the quark
spin polarizations, which are obtained from the quark spin
structures. A detailed derivation of the spin polarizations
starting from the Lagrangiafi) can be found in Appendices
A and B. The baryon magnetic moments are given by Eq.
(6).

We fit the experimental data for the octet baryon magnetic
moments and the weak axial-vector form factpyr. Since
the magnetic moments depend on the products of quark mag-
netic moments and quark spin polarizations, the usg0f
serves as a normalization of the parameters. The parameter
values obtained from the different fits can be found in Table
l.

Let us first say a few words about the NQM with configu-
ration mixing,i.e. no GB emission §=0).

In the case with quark-gluon mixing, we will get the
NQMg, an extension of the model for the proton suggested
by Lipkin [9]. The NQMy givesX. ,~0.17uy . However, the
NQMg does not give rise to any-d asymmetry, because of
lack of vacuum polarization.
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TABLE II. Octet baryon magnetic momentg, , andX , . The subscript,; in a model name indicates that the parameteand 8 were
allowed to vary in the fit. The octet baryon magnetic moments3pdre given in units of the nuclear magnetar, . The experimental
values have been obtained from Rgf5].

Quantity Expt. values NQM NQWiI NQMd xQM XagQM xQMg XosQMg xQMd XagQMd

¥2 0.28 0.14 0.081 0.12 0.075 0.082 0.055 0.031 0.0032
w(p) 2.79+0.00 2.72 2.77 2.85 2.67 2.65 2.76 2.74 2.80 2.76
w(n) -1.91+000 -181 -1.89 -176 -186 -194 —-192 -196 -195 —1.095
w(SH) 2.46+0.01 2.61 2.56 2.53 2.57 2.52 2.52 2.49 2.48 2.46
w(E7) -1.16+003 -101 -095 -114 -105 -115 —-1.02 -107 -107 -1.15
w(E° ~1.25+0.01 -1.41 -138 -125 —145 -141 -135 -135 —124  —125
w(E") —~0.65£0.00 -050 -041 -0.66 —055 -049 -048 -048 —061  —0.67
w(A) ~0.61+0.00 -0.60 -056 —045 —065 -062 —063 -064 -059 —061

Ua 1.26-0.00 3 1.35 1.41 1.12 1.24 1.12 1.26 1.12 1.24
s, 0.49+0.05 0 0.17 0.36 0 0 0.28 0.27 0.55 0.52

In the case with quark-diquark mixing, we will get the der to keepa~0.10. The values of the magnetic moments
NQMd, an extension of the model for the proton consideredare over all improved compared to the above case with
by Nodaet al.[10]. This model gives a much better value on o= 8=1, especiallyy? decreases with a factor of about 10
% ,, than the NQN. The value obtained i& ,~0.36uy, in the yQMd, see Table Il. The value & , in the yQMg is
which is still not within the experimental errors. As in the about the same as in the case witl+ 3=1, but in the
NQMyg, there is nou-d asymmetry in the NQM. The mix-  xQMd we obtainX ,~0.52uy, which lies within the ex-
ings also become unrealistically large, for exampleperimental errors. The symmetry breaking in the Lagrangian
Sirf6s~0.65. becomes relatively large;~0.70 andB8~0.73 in the quark-

We now continue with theyQM. We will discuss two  gluon model andx~0.69 andB~0.55 in the quark-diquark
cases, one where we put=3=1, and one where we let ~ model. The values obtained far, which is a suppression
and B vary independently. Thus in the first case, we have thdactor for kaon GB emission, are reasonable as it can be
original SU3) symmetric Lagrangian and we can study theargued thata is proportional tom/ms=2/3 [6-8]. On the
effect of the mixing angles alone. The second case makes @ther hand, the mixing angles are not changed very much
possible to see how the combination of symmetry breakingompared to the fits withv=8=1, except foréy, which
and wave function mixing improves the results. gets a non-zero value in the quark-diquark model. The mix-

In the first calculation withe= 8= 1, we obtain the mix- ings obtained are st#=~0.00, siffs~0.25, and
ings sif6y=~0.00, siffs~0.05, and sifP=~0.11 in the SiNF=~0.33 in theyQMg and sirfdy~0.11, sirf6y~0.34,
quark-gluon model, and Sity~0.00, siffy~0.25, and and sif6=~0.41 in thexyQMd.
sirf6=~0.33 in the quark-diquark model. In Table Il the val- ~ By letting a and 8 vary, the major improvement we ob-
ues of the octet baryon magnetic momengs, andX , are tain is very good values for the weak axial-vector form fac-
presented together with the experimental values. The over T, ga~1.26 in theyQMg andg,~1.24 in theyQMd. On
fit is obviously better than in the case without mixing, as wethe other hand, the total spin polarizatiah becomes some-

have more parameters, but the important result is that we apghat large(see Table I,
now able to obtain non-zero values of the functdp. | How does the choice of parametrization of the Lagrangian

the quark-gluon model we obtai,~0.28uy, which Stl|| influence the results? We have chosen to introduce th8)SU
differs from the experimental value, but in the quark-diquarksymmetry breaking parametessand 8 in the same spirit as
model we obtain ,~0.554y, which is very close to ex- has been done by other auth@g$. There are of course other
periment. Note, in Table Ill, that the total spin polarization Options. For example, it is possible that the probability of
A%, is the same in the(QMg and yQMd as in theyQM, d—K°%+s is different from that fors—K°%+d due to the
simply because the mixing ang#g, is zero in these models. different phase space. Taking this into account would require
In the second calculation we also letand B8 be free a set of new parameters. Although this would give small
parameters. In this fit we have to use —0.7— /2, in or-  corrections to the results, it would not change the main con-

TABLE lIl. Spin polarizations for the proton. The subscrigj in a model name indicates that the parameteend 8 were free in the
fit.

Quantity NQM NQMy NQMd XQM XapQM xQMg X«sQMg xQMd XgQMd
AuP 3 1.05 1.20 0.79 0.89 0.79 0.91 0.79 0.91
AdP -1 —-0.29 —-0.20 -0.32 -0.35 -0.32 -0.35 -0.32 -0.33
AsP 0 0 0 —-0.10 —-0.03 —-0.10 —0.05 —-0.10 —-0.05
AS, 1 0.76 1 0.37 0.52 0.37 0.51 0.37 0.53
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clusions. As has been pointed out, there is no way to break
the Coleman—Glashow sum-rule in ty€@Md by introduc- Mo(B(019203)) = Mg, + Mg, +Mg_+ h(
ing more symmetry breaking parameters in the Lagrangian.

To investigate how a different set of parameters would
influence the results, we have considered the case where the n %" S
substitutiongs— €954, q=Uu,d has been carried out in the Mg, My,
last row in the matriXA2). The parametet accounts for the

difference in probability of ais quark emitting a GB and a Wheresqi is the spin of the quarly; . The parameteh is the

ord quark emitting a GB, as discussed above. We have mad@CD hyperfine coupling parameter. Since the diquarks are
a fit including € in the modelyQMd, when « and B8 are  scalars, there is no hyperfine coupling in the higher unphysi-
considered as free parameters. lfowe obtained the value cal mass states. The mass formulas for the higher unphysical
1.27. This results in minor changes of the parametea®d  mass states arem;(N)=m+M, m;(A)=(m+My)/3

B. The mixing angles are sifh~0.10, sifs~0.32, and  +2(m+M)/3, my(S)=m+Mg, andmy(E)=m+ M.
sin205~0.40, which are almost identical to the fit wig=1 Solving the eigenvalue problem for the Sdtiimger equa-
(see the last column in Tablg. IThis shows that the exact ion AW =EV¥, where

choice of parametrization in the Lagrangian does not affect

the main conclusions, and verifies that the introduction of ¥,
further SU3) breaking parameters in thgQM Lagrangian ‘1’=<q, )
cannot reduce the size of configuration mixing needed to 1

Su S, | Sy S
+

mqlqu mqlmq3

: (33

E. A simple mechanism for configuration mixing mo+my + 1 \/ > >
+ = — A (mo_ml) +4H y (34)
We will here describe a simple mechanism in the form of 2 2

a toy model for configuration mixing in the wave functions which should correspond to the physical mass states.
for the octet baryons.

In this simple toy model, we assume that we have a two The quantity sifd measures the part of the total mass

level system of mass states for the octet baryons, such thg{ate which is of quark-diquark origin and is given by

these are mixings ofl) the usual three quark mass states, %2

where theu andd quarks have mas®s and thes quark has sirt 9= , (35)

massmg, and(2) quark-diquark mass states. The mass of the 1+4x%+ 1+ 4x

(ud)y4 diquark isM and the mass ofus)q and ds)q di-

quarks isM. The diquarks are only singlets. When these'Vnerex="H/(m,—m). ,

states mix we obtain the two physical mass states, the ground €hoosing the illustrative  values m=400 Me;/,

state and the first excited state. The first excited state is sinfls= 290 MeV, M =920 MeV, M= 100(_) MeV, h/(4m®)

ply assumed to be the mass state next in order to the grourid®® MeV, andH=190 MeV, we obtain an octet baryon

state with the same quantum numbers as the ground staf®ass spectrum, which is in good agreement with the mea-

Thus, we interpret the excitation to be a quark-diquark exciSUred spectrum. For the mixings we get “$ig~0.19,

tation rather than a radial excitation. sirf9,~0.22, sitdy~0.36, and sifi)=~0.36. The mixing
The wave functions¥ _ and ¥, , corresponding to the for = and = is the same, sinceny(X)—mo(2) is equal to

physical mass states, can be expressed in the wave functiofs(Z) —Mo(Z) in this simple model.

W, andW¥,, corresponding to the unphysical mass states, as Since we have assumed that the mixing angles>fand
A should be equal in thgQMd, the corresponding mixing

[\Ifz\lfocosfﬂ— ¥ ,simd @1 sirfés should be compared to the harmonic mean of&jn
, 1) and sif9, in the toy model, which is sf®
¥, =—-V¥ysind+¥;cosd A : SA
+= T F oSN RLL0 = 2SirPsSiMPD, /(i +SiP9,)~0.27.
) ) ) o Comparing the mixings in the toy model ($ih~0.19,
where 9 is the configuration mixing angle. The wave func- siM?95,~0.27, and sifid=~0.36) with the ones obtained

tion ¥ _ should be compared to E(L3). from the yQMd with « and B free (sif6y~0.11,
We then introduce the Hamiltonian sirf#s~0.34, and sifd=~0.41), we see that they are of the
same order of magnitude and they also appear in increasing
m, H - order.

IV. SUMMARY AND CONCLUSIONS

wherem, is the lower unphysical mass state amgl is the In this paper, we have studied the octet baryon magnetic

higher unphysical mass state. The parameterorresponds moments in thegQM with configuration mixing. In particu-

to the transition probability between the unphysical masdar, the experimentally well established violation of the

statesmy andm,, and it is assumed to be the samelfgrA,  Coleman—Glashow sum-rule cannot be reproduced in the

2, andE. XQM, no matter how many S@) symmetry breaking pa-
For the lower unphysical mass states we use a simpleameters one introduces in the Lagrangi&h

mass formula with a hyperfine coupling tef@¢] As discussed, there are in principle two ways of overcom-
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ing this problem, one is to let the quark magnetic moments The introduction of a different set of symmetry breaking
vary between the isomultiplets, and the other is to introducgarameters in the Lagrangian does not change the results
symmetry breaking in the wave functions of the octet bary-significantly. The violation of the Coleman—Glashow sum-
ons. Taking the view, that the quarks should have the sameile is, in our models, solely due to the configuration mixing
properties independently of in which baryon they are, we argparameters.
lead to choose the second alternative. In conclusion, extensions of thgQM with configuration

We considered two extensions of th&@M, one with  mixing of quark-diquarks can explain the experimentally ob-
quark-gluon configuration mixing){QMg), and one with served violation of the Coleman—Glashow sum-rule for the
guark-diquark configuration mixingx@QMd). The yQMd octet baryon magnetic moments.
with symmetry breaking in the Lagrangiam~0.69 and
B~0.59 led toX,~0.52uy, a value which lies within the
experimental errors. The experimental value is
2, =(0.49+0.05)uy . The values of the octet baryon mag- ~ This work was supported by the Swedish Natural Science
netic moments and the weak axial-vector form fagijgrare =~ Research Counc{NFR), Contract No. F-AA/FU03281-310.
also in very good agreement with experiments. The amourBupport for this work was also provided by the Ernst
of quark-diquarks lies between 11% and 41% in this modelJohnson Foundatio(T.O.).
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APPENDIX A: A SURVEY OF THE CHIRAL QUARK MODEL

The Lagrangianf, in Eqg. (1), giving rise to GB emission, will be specialized by puttimgo=c,+=c,-=1,
Ck+=Cg-=Cgo=Cgo=a, C,= B, andc,,={. To find the quark polarizations, we replace the GBs with their quark contents.
The Lagrangian of the effective interaction is then given by

L= 2 Lg, (A1)

where
qugsq_ 2 (qu’q/-
q’'=u,d,s

The transition ofq—>GB+q’—>(q?)o+q’, whereq’ =u,d,s, is described by the Lagrangiafih. The matrix® is

¢uuuu—+ ¢uddd—+ ¢USS? QDudUd_ PusU S
é:(&qq,): egqdu Dguu U+ dyqd d+ pysS S ®gsd's , (A2)
PsuSU psasd ds MU+ dsqdd+ eSS
where
1 B ¢ 1 B ¢ B ¢
buw=baw=5+ g +3 b= 5+ 5T 3 busTdusT bsu=dsa= 3+ 30
2 ¢
¢ss:?+ §. Pug=¢aqu=1, and ¢, s=@ys= Psy= Psq= a.
The transition probability ofi, d, ands quarks can then be expressed by the functions
|(u) 2= al (2%, + b2t $2st 02t 92U+ P+ (P2a+ 02 (A+d) + B2+ 92 (5+9)], (A3)
| ()| 2= 8 ($B,+ 2054+ Bist @Byt 9398+ BRgd+ (D3, + @B (U+U)+(pdt+ 939 (5+9)], (A4)
and
| ()| 2=al(p2,+ b2+ 207+ 02+ 920 S+ B2SH ($2,+ @) (U+ U+ (24t 929 (@+0)], (A5)

whereax|gg|? and the coefficients of thé anda_should be interpreted as the numberqoandq_quarks, respectively.
The total probabilities of emission of a GB from d, ands quarks are given by
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2 2 2 2 2
2 Pu: a( ¢uu+ ¢ud+ ¢us+ (Pud+ QDus) =a

9+ pB2+2¢2
#_;_QZ)'

9+ B%+2¢?
SPy=a( i+ diat bast eaut ea) =a| ———=—— +a?|,

6

and

2B2+§2
3

2 2 2 2 2
3 PS: a( ¢su+ ¢sd+ ¢ss+ (Psu+ ‘Psd) =a

+2a2).

The total probability of no emission of GB fromaaquark is then given by

Pe=1-3P,.

(A6)

(A7)

(A8)

(A9)

The antiquark numbers of the proton can be obtained from the expresBjgntP,d+ 2| y(u)|?+|¢(d)|2. They are

— 1
— 2
u= 12[(2§+,8+ 1)<+ 20]a,

— 1 2
d= —12[(2§+,3— 1)°+32]a,
and

[(¢—B)?+9a%]a.

w| =

The spin structure of a barydh is described by the functioB, which is defined by
B=(B'|NV|B),
where|B') is the wave function andV'is the number operator
N=NyiU'+Ny 0t +Ngid"+Ngid +Ngis'+Ngist.
In the model with quark-gluon mixing@Mg) the wave function foxxy baryons is
|BI(xxy)) =cosfg|Bi(xxy)) + sindg| (Bg(xxy)G)').
Simple calculations, using Eg€l5) and(17), give
(BJ0o) VB 00y) = 2K+ 350+ 531+ 5
3 3 3 3
and

8., 10., 4. 5.
((Bg(xxy)G)'|\](Bg(xxy)G)') = gx! + gx+ gy + gy’

The coefficients of thg'! in the above formulas should be interpreted as the numbat‘ouarks.

Using Eqgs.(A15) and (A16), and then making the substitution

q'—Pq'+|w(ah)?,

for every quarkg=u,d,s, in the obtained formula, we get the spin structure, after one interaction, as

B(xxy)=cog6;

5 . 1 . 1 . 2 .
§<PxxT+|¢<xT>|2>+§<Pxxl+|¢<xl>|2>+§<Pny+|¢<yT>|2>+§<Pyyi+|w<yi>|2>}

(A10)

(A11)

(A12)

(A13)

(A14)

(A15)

(A16)

(A17)

8 . 10 . 4 . 5 .
+sin203[§(PxxT+|w(xT>|2)+3(Pxxi+lw(xi)lz)+§(Pny+|¢<yT>|Z)+§(Pyyi+|¢<yi>|2)}, (A18)
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where the function$y(q'')|? describe the probability of emission of GBs;. the probability of transforming g'' quark.
The probabilities of transforming, d, ands quarks with spin up by one interaction can be expressed by the functions

~ ~ - a ~ ~ ~
|[p(uDP=al(hu+ dlat diIU' + el + 0is' 1= 5 (3+ 7+ 277 u' +ad! +aa’s!, (A19)
~ ~ ~ ~ a ~ ~
|p(dD[P=al(pGu+ daat da9d! + eGul' + @5 ]=au + & (3+ 7 +27%)d! +aa’s!, (A20)
and
~ ~ ~ ~ ~ a ~
|(sh)|2=al($3,+ peat ¢3S + 0e ' + @' ]=aa’l! +aa’d! + 2 (282+()s!. (A21)

As before, the coefficient af' is the transition probability tg'. We have here neglected the quark-antiquark pair created by
the GB, since it will not contribute to the spin polarizations.

Similarly, in the model with quark-diquark mixinggQMd), we replace the wave functidBg(xxy)G)') by |BL(xxy)>
in Eqg. (A14). Using Eq.(21), we find

(By(xxy)|N[Bi(xxy))=x'. (A22)

After one interaction we then have

- 5 . 1 . 1 . 2 .
B(xxy)=cos20s[§(PxxT+|w<xT)|2)+§(Pxxl+|w<xl)|2)+§(Pny+|¢<yT)|2)+§(Pyyi+|¢<yi>|2)}

+5irOg (P! + | (x1)[?). (A23)

The spin structure of thAd baryon after one interaction can be obtained by a similar procedure like the one abawxe for
baryons. The result is

A(uds)=cog by +Py

1. 1. ~ 1 1 1 1
—d'+ =g! T4 Z HN2Z+ = Y N2+ = N2 NG
5014 50! |+ ST+ Slp(uN) 2+ S lpu) 2+ Sl 2+ S w2+ s

:I.,\T 1'\1
Py EU +§U

. 1. 1. 1. 2. 1 1 1 1
+sinf 6y +Py Ed“r 50” + Py §ST+ §Sl +§|l/f(UT)|2+ §|l/f(ul)|2+ §|</;(dT)|2+ §|'J/(di)|2

1.1
Py S +§u

1 2
_ 2, — 2
+3lusHP+ 3 [u(sh)] (A24)

in the yQMg and

- 1. 1. 1. 1. .1 1 1 1
= —ult+ =yt —dT+ =g! T+ N2+ = W24 = N2+ = ]2 12
A(udg)=cosbs| P, Sul+ Su +Pd(2d 50" | PSTH Sg(uD) 24 S1(uh) P4 5 [i(dD] 2+ S g(dh) 2+ [g(sh)]
1 .1 .2 . 1 1 2
i _ T4 = T4+ = T4+ n24+ = N2+ = 2
+S|n262(6Puu +5Pad'+ 3Pss +6|¢(u ) +6|¢(d )| +3|¢(s | (A25)

in the yQMd.
The spin polarizationAq®, whereq=u,d,s, is defined as

AgP=n4i(B)—nq(B), (A26)

where in the spin structure formulag:(B) andn,i(B) are the coefficients aj’ andq!, respectively, for the baryoB. The
spin polarizations for the octet baryons are given in Appendix B.
The magnetic moment of a bary@is determined from the expression

w(B)=AuBu,+AdBuy+AsBus. (A27)
The total spin polarizations of the protdthe spin fraction carried by the quarks in the prot@ngiven by

AZ =AuP+AdP+AsSP. (A28)
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For the weak decay—p+e~ +v_e we can express the weak axial-vector form facggr, in terms of the spin polarizations
as

ga=AuP—AdP. (A29)
APPENDIX B: SPIN POLARIZATIONS

1. Spin polarizations in the yQMg
The spin polarizations for the proton are given by

4 a 4 8 2 a 2 4
p_— _ 2, _p2 _ 2 H _ 2, " p2, _ 2
Au co§0N3 3| TH4a+ 3B +35) +sm20N[ g tgl5t2e’+38 +3§” (B1)
1 a 1 2 a 1 2
p— _ - _ - _ L 2_ " p2_ g2 P _ 4= 2, " p2, — 2
Ad co§¢9N[ 3 3<2 a 3/3 3§ +sirf oy +9 4+ +3,8 +3§” (B2
p 2 P a 2
AsP=cogOy(—aa®)+sirtoy 39°). (B3)
The spin polarizations foE * are given by
v 4 a 4 8 2 a 2 4
3T _ 2, _p24 _ 2 H o 2, — P24 _ g2
Au co§023 3(8+3a+3[3 +3¢ +sirffy gTg|4+3a%+ 3B +3g” (B4)
st a 2 ; a 2
Ad* =cogby §(—4+a )| +sirfés §(2+a ) (B5)
1 a 4 2 1 a 4 2
5t _ _-_= 2_ " p2_ S .2 ; _-.°2 2, " p2, 542
As* =cogbs 373 2 38 -3¢ +sirf 6y 5s*3 4a+3/3 +3g”. (B6)
The spin polarizations foE° are given by
o 1 a A _ 1 a , 1,2,
Au= =cos 0z —3T 3|28+ 387+ 3¢ +sirf 0z —gtgl|2t3a* 3B 3¢ (B7)
=0 a 2 ; a 2
Ad= =cog 0= §(1—4a )| +sirf 6= §(1+2a ) (B8)
o 4 a , 16 8 , . 2 a , 8 , 4,
As —C03205 §_§ Ta +§B +§§ +S|n205 —§+§ 5a +§ﬂ +§§ . (Bg)
The spin polarizations foA are given by
. a
Aut=cog6s(—aa?)+sirtbs §a2 (B10)
, a
Ad*=cog6s(—aa?)+sirtls §a2 (B11)
a 1 a 4 2
AsA=co§0z(l—§(6a2+4,82+2§2) +sirfés -373 20+ §,32+ §§2”. (B12)

The spin polarizations for the other octet baryons are found from isospin symmetry.
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2. Spin polarizations in the yQMd

The spin polarizations for the proton are given by

4 1 2
AuP= co§0N3 3(7+4a-+ B*+ = §2 +sirfoy| 1—a 2+al%§ﬁl+§§ﬂ} (B13)
AdP=cogo| — = a 2—a2—EB2—E§2 +sirfoy(—a) (B14)
N3 3 3 3 N
AsP=—aa?. (B15)
The spin polarizations fok * are given by
4 a 4 8 1 2
st _ -_Z 2, ~p2, _ g2 ; _ 2, T2, 502
Au 0052023 3 8+3«a +3,8 +3§ +sirffs|1—al 2+« +3,8 +3§” (B16)
N a
Ad* =cos’-02(§(—4+a2) +sirfds(—a) (B17)
1 a 4 2
_ 2_ _p2_ " g2 H _ 2
As® " =codfs| — 373 2 38 34“) +sirfs(—aa?). (B18)
The spin polarizations foE° are given by
=0 1 2 1 2 2 2 ; 2
Au® =cogh= ——+ 2—3a’+ - B2+ = 22| | +sifb=z(—aa?) (B19)
3 3 3 3 =
= a
Ad:O=co§05(§(l—4a2) +sirfh=(—aa?) (B20)
0 4 a 16 , 8 , ) , 4, 2,
As —Cogea[g § Ta’+ — ﬁ +§§ +S|n205 l1-a| 2a +§B +§§ .
(B21)
The spin polarizations fo\ are given by
1 B> 2
A_ a2 ; = 2, 7
Aur=cogbs(—aa?) +sirfos 5 g|3tBatt 53 ” (B22)
1 2 272
Ad*=cog6s(—aa?)+sirts| = 5™ —~| 3+5a +%+?§ } (B23)
a 8B% 47°
ASA=CO§0E(1—§(6a2+4[32+2§2) +sirfs §—§(Sa é-l—é” (B24)

The spin polarizations for the other octet baryons are found from isospin symmetry.
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