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Phenomenological quark model for baryon magnetic moments and beta decay ratid$,/G,/)
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Baryon magnetic moments and beta decay rat®g/Gy) are calculated in a phenomenological quark
model. Nonstatic effects of pion exchange and orbital excitation are included. Good agreement with experi-
ment is found for a combined fit to all measured baryon magnetic moments and beta decay ratios. The model
predicts an antiquark content for the proton that is consistent with the Gottfried sum rule.
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I. INTRODUCTION as ) as an important S(3) breaking nonstatic effect that
would break the sum rules of Egél) and (2). Such pion

The original static quark modéSQM) made predictions contributions were shown in | to improve quark model mag-
for baryon magnetic momenfd—3]| that were in remarkable netic moment predictions significantly. But there was still
qualitative agreement with early magnetic moment measuresubstantial disagreement with experiment for some of the
ments. However, more accurate measurements of the magyoments.
netic moments of the baryon octet differ from the SQM pre- | this paper we show that the inclusion of orbital excita-
dictions by up to 0.2 nuclear magnetons. Also, the SQMion, along with the pion contribution, permits us to extend
cannot be reconciled with the ratiB,/Gy of beta decay the model to simultaneously fit magnetic moments and the

constants in baryon beta decay. beta decay ratio§, /G, along with a better overall agree-

These.quanutatlve .fa|lur:as of th_e"SQM haye generallyment with experiment. It had been very difficult to reconcile
been attributed to various “nonstatic” effects in the quark

X : the quark model magnetic moment predictions with quark
model. These nonstatic effects must breaK3dymmetry if d 9 . b q
; ; model beta decay ratios, especialy /Gy, for neutron de-
they are to improve the agreement of magnetic moment Pre-.\ The combination of the nonstatic effectsonic and
dictions with experiment. This can be seen from the dis- g'.t Kes it ible with th B K model t
agreement with experiment of the sum rulé$ orbital) now makes it possible with the same quark model to

achieve good agreement with experiment for the combined

w(P)—p(n)+u(E )= wE ) +u(E®—w(E)=0 set of baryon magnetic moments and beta decay constants.
In Sec. Il of this paper, we review the phenomenological
(0.49+.05) (1) treatment in | of pion components in the baryon wave func-

tions, and the effect of pions on baryon magnetic moments.
We extend the effect of pion admixtures to baryon beta decay
(—0.43+.01). as well. Section I_II adds an orbital comppnent to_the_ three
(2) quark wave function that leads to an orbital contribution to
the magnetic moments and beta decay ratios. In Sec. IV, we
The most recent experimental valli for each sum rule is  discussA-3° mixing which should be included in any cal-
shown in parentheses in Eq4) and(2). culation of this nature. In Sec. V the three effegionic,

For the baryon combinations in each sum rule, the nonerbital contribution, and mixingare combined to achieve a
static magnetic moment contributions would cancel if thegood fit of all measured baryon moments and beta decay
ultimate contribution from each quark were independent ObA/GV ratios. In Sec. VI, the model parameters are used to
which baryon the quark was in. This “baryon independence”getermine the quark spin distributions of the proton in its rest
would follow, for instance, if the nonstatic parts of the frame. We also calculate an antiquark content of the proton

baryon wave functions were $8) symmetric. Because of that is consistent with the Gottfried sum rule. We state our
the cancellation of the nonstatic contributions, it was origi-major conclusions in Sec. VIL.

nally expected that the sum rules would be in better agree-
ment with experiment than individual quark moments. How-
ever, subsequent tests of the sum rules showed that they,, oo\ CONTRIBUTIONS TO BARYON MAGNETIC
disagreed with experiment by more than did any single mag- MOMENTS AND G, /G
. . . . . A v
netic momen{6]. The violation of the sum rules indicates
that strong SB) breaking and baryon dependent nonstatic A detailed calculation of pion contributions to baryon
contributions are required for baryon magnetic moments. magnetic moments is given in I. In this section we review
The admixture of pion configurations to the quark modelthat calculation, and extend it to the rat&, /G,, for baryon
wave functions has been propog@dl (which we will referto  beta decay. There are two kinds of pion contribution. If pions
are created and then absorbed by the same quark, they affect
only that quark’'s anomalous moment. This contribution is
*Email address: V1357@TEMPLE.EDU independent of which quark the baryon is in. This means it

and

w(p)+2p(n)+u(E7)—uw(E%=0
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cannot affect the magnetic moment sums in Edjsand(2), TABLE |. Expansion coefficients for physical baryon states.
and so cannot improve the overall prediction for baryon
magnetic moments. The absorption of an emitted charged Baryon B 3 € Pa(%)
pion by a different quark in the same baryon leads to ex- N 5 ,

. . y 42y 33
change currents. These are different for different baryons. s 3273 1673y’ 2 18
For instance, the u quark in a proton can emit a positive pion  _ Y 37: 4
that is then absorbed by the d quark in the proton. But this = 7 2.2y 2
type of exchange current cannot occur inSd hyperon A —2y3y’ 2\6y’ 3
where there is no d quark. Because these pion exchange con- A 2\2y Sy 40

tributions are baryon dependent, they do affect the sum rules;

?;]d can improve the prediction of baryon magnetic moment%f | The O~ baryon cannot emit pions, and so the physical

|Q) is the same as the quark model .
The expansion coefficient8, &, e for each baryon are
etermined by matrix elements of a general pion emission

If the exchange currents were &) symmetric, then
kaon and eta exchange currents would compensate for th
pion exchange currents, preserving the disagreement wi
experiment of the sum rules. In I, and here, we assume th&Perator
pion exchange dominates because of the particularly small 3
mass of the pion. Th_e effect of th.e heavier meson .exchanges 0_= ?’2 ol -pr- ¢ 9)
is neglected, breaking $B) as is necessary to improve i=1
agreement with experiment. We also do not include gluon
exchange currents. In the phenomenological model considetween quark model states. The coefficieris then deter-
ered here, intermediate gluons would leave the three quarkgined from the normalization of the physical baryon state.
in a color octet state, which would lie much higher in energyFor any quark model state B, the corresponding physical
(by an unknown amoupthan the color singlet baryons we baryon state is
include. Consequently, states with gluons would not be im-
portant contributors to baryon magnetic moments in this ap-
proach.

Any theory with full conservation of isotopic spin without
SU(3) symmetry, such as occurs when pions dominate th
exchange, will include baryon dependent charge exchan
magnetic moment contributions. In our phenomenological
representation of the pion component of baryon wave func
tions, isotopic spin is conserved at both the quark and th
baryon level. This provides the proper mix of direct and
exchange pion currents without specifying any specific P_g= B2+ 2+ €. (11)
mechanism of pion emission. The procedure for this is
shown in detail in Sec. Il of I. Here we outline the stepsWe have used the values far, 3, € found from the fit in

IBY=(a+©,)B. (10)

In I, the physical baryon states produced by the pion
emission operator of Eq10) are compared to the physical
‘Baryon states in Eq$3)—(8) to determine the expansion co-

ficientsg, 8, e in terms of the pion emission coefficient

hese expansion coefficents are listed in Table I. We also list,
in the last column of Table I, the probability?(g) that the
Bhysical baryon state contains one pion. This is given by

followed in . Sec. V to get the numerical pion probabilities listed in the
Physical baryon statéB) for each isomultiplet, including table.
pionic parts, are defined by In Table I, we have distinguished between the pion
emission coefficient for octet baryon states, aridthe pion
IN)=an N+ BN[N7]+ S\[A ] (3 emission coefficient connecting octet states to decuplet
states. Because of the higher masses of the decuplet states,
|2)=ax 3+ Bs[S 7]+ 65[32* 7]+ es[A ] (4 the energy denominators would be larger and the overlap
integrals smaller for the octet-decuplet transition than for
|E)=az E+B=z[En]+ o=[E* 7] (5)  octet-octet transitions in any calculation of So we should
expect thaty’ will be smaller thany. The A is considerably
[AYy=ay A+ B[S 7]+ S\[2* 7] (6) lighter than theX, and its wave function is different from
that of theX, so we also use’ for the A.
|[AY=ap A+ Ba[N]+ Sy[A] (7) The magnetic moment operator including the pion contri-
bution is
|Q)y=0Q". (8) 3
— |
In each of Eqs(3)—(8), the notationB(=N, X, 2, A, A, ”OP_EI o pit LM, (12

QO 7) represents the static quark model wave function of each

baryon, and Br] represents the appropriate linear combina-where thew; are the quark Dirac moments. We use the Dirac
tions of isotopic spin and angular momentum states of thenoment for the quarks, because we assume that any anoma-
static quark model baryorB and pions(with L=1 for the  lous moment of the quarks is produced by the pion contribu-
pions. An explicit example for the proton is given by E&)  tions of this paper. The pion is emitted in b1 state and
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there is an effective orbital momeM . We apportion the on the massesng andm, and the ratio of the proton mass to
orbital moment between the pion and the recoiling baryoran effective pion mass
according to the center of mass relations

M, =M _+Mg (13) M=m,/m_ (effective). (16)
e M Since the pion motion is, in fact, relativistic we take the ratio
M,=r+ Wm (14 M to be an adjustable parameter in fitting the baryon mag-
1+ —7P netic moments. It corresponds to the magnitude of the effec-
mgM tive orbital magnetic moment of a charged pion before the
center of mass corrections given above.
Mo (_esmp/mB_) (15) The baryon magnetic moments are given by the expecta-
B mgM |’ tion value ofu,, in the physical baryon states given by Egs.
my | (3)—(8). The calculation leads to Eq§A1)—(A8) for eight

octet baryon magnetic moments in the Appendix of I. We
The orbital moment$/ .. andMg are given in nuclear mag- reproduce these equations hg®¢ along with additional re-
netons. The charges, and eg are =1, depending on the sults for the decuplet momenjsy-, ma++, ua+, and for
charge of the particular particle. The orbital moments depenthe transition momenit,,

mp=p+509(—5p—n+2M _+M,)+329'(—9p—20d+M . —4M,)—640d\gg’ a7
un=n+50g(—=5n—p—2M +2M,)+329'(—9n+5d—M .+ M,)+640d\gg’ (18

ws+=3T+4g[ 375" —43°-3A+4\3(3,A)+14M ,+8Ms]+8g'[ - 63"
+§(—5d+28)—M77—M2* —%(38d+165)\/gg’ (19

ws-=3"+4g[— 375" —43°-3A—4\3(3,A)—14M .~ 8Ms]+8g'[ — 65 + 2(d+25)

+M,+M%]+%(22d— 169) Vgg' (20)
pzo=E°+2g(-5E°~E~+2M,—2Mz)+8g’(—95°+10s—2M ,+2Mz) +32s\/gg’ (21)
wz-=2"+29(-55 —E°-2M,—Mz)+8g’(-95 —5d+10s+2M,+Mz)+32s+d)\gg’ (22)

pua=A+129(—9A—3*—3°-37)+24g'(—9A —5d+5s) +96(d+25)\/gg’ (23

wsa=lasa,—12Jgg’ 1(3,A)+16y3g’'(—3d+M,—Mss)+8y3gg (- 14d+3"—3~+4M,—4Ms) (24

Ho-=Q7 (29
pa++=ATT+6g(12p+ 1250+ 18M ,+ 12M ,+24M ) (26)
pa+=AT+6g(8p+4n+77d+6M +8M,+13M,) (27)
pap=—2\2[ apa,d—5g(4p—4n—5d+2M ,—2M,)— 2\/gg’ (—54d+25M ,— 25M ,)]. (28)

|
On the right hand sides of Eq&l7)—(28), baryon sym- g=v%/9 and g'=+v'?9. (29

bols have been used to represent static quark model magnetic

moments, while quark symbols represent quark magnetic The pion admixtures in the physical baryon states affect
moments coming from baryon resonances in the quarihagnetic moments in three way6) An orbital magnetic
model. We have replaced thequark moment by using=  moment due to the fact that the pions are emitted irLan
—2d, corresponding to our use of Dirac moments for the=1 state,(ii) the quark model magnetic moments for the
quarks. The constantsandg’ are related to the pion emis- recoil baryons, angii) the decrease in the bare baryon prob-
sion constants by ability given by the normalization condition
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a’=1—B>— 5°— €. (30 2

Ga(At—=p)=-2 \[g[apaA+45(xJ+ 216ygqg’].
We see from the above derivation that the pion contribu- (40)

tion to baryon magnetic moments depends on three param-

eters. We take these to ki¢ the probability that the physical The normalization constantsg are given by

nucleon contains one pion

any=+1—2253—288’ (41
P.n=9(25g+329"), (31
a,=+1-324g' (42
(i) the effective pion orbital magnetic momet, and (iii )
the ratio of A-7 to N-7r probabilities in the nucleon az=+1-99—729’ (43
/ — \/ﬁ
Rf%. @2 as=11-132-48g (44)
ar=+1-297g. (45)
Note that this definition oR, differs from the ratioR
given in | by the facto32/25. I1l. ORBITAL EXCITATION
The beta decay constants are given by matrix elements of
the operators There are seven different types of orbital excitation that
5 could affect the magnetic moment of a three quark bound
A . i state of spins. These are listed in the Appendix of RES].
GA:Z 0Ty Or vy) (33 (At that early stage of the quark model, the possibility of a
ground state with orbital angular momentum had not been
and ruled out, and this resulted in the angular momentyrap-
pearing in the angular states. Now it is known that the
3 . appearing there is zero, so that it can just be left out of the
Gy=2> (7. or v'), (34)  equations.
|

Of these angular momentum states, we expect the state
) ) . with Dalitz angular momenth=1, L=1, with L+1=0 to
where 7, and v, are isotopic spinused for neutron beta pe the most important. This state is listed as staten Ref.
decay apdv—spm (used for hyperon beta degagaising op-  [3]. It is sometimes referred to as 5 state because it has
erators.G, has no explicit pion part because the pion with no total orbital angular momentum. States (1)=(4in Ref.
JP=0" does not contribute directly 16, . G, would have a  [3] havel or L of 2, and some must couple to total quark spin

pion part. We do not include it because we need to afply ©f ;. State(6) also had =L =1, and could be of comparable
to only the quark model wave function to gé, for any  SiZ€ with thel + L =0 state, but turns out not to have as much

baryon. Then, because the vector current is conserveff @n effect on magnetic moments and beta decay rptidjs
(CVO), including pions will not chang®, . '!'he effect of thel +L =0 orbital state on baryon ‘mag-
netic moments is through the change in the quark spin states.
Two identical quarks must now be in a spin zero state, so that
the magnetic moment of the six baryons with two identical
quarks will be that of the odd quark. Taking into account the
decrease in the normalization of the ground state, the change

GA,V(an)=§[1—20Q;—128g’ +256ygg’] (35  inthe baryon magnetic moment for these six baryons is
Apg=n(pq —B), (46)

whereu is the magnetic moment of the unlike quark, and
1 B represents the static quark model magnetic moment of
= _ = _ ' 7 baryonB. The coefficienty is the probability for the physical
Guv(E"—A)= =z—30g+24 48y _ )
A ) S[QAa“ % @ 99’ baryon to be in thé + L =0 state. The quark spin states of
(37 theA andx? are just interchanged in the- L =0 state. This
results in

1
Gan(2™—n)=—Zlayas+509— 160y’ +416Vgg’] Apr=n(E°—A). (47)

(38)  These orbital additions should be added to the baryon mag-
. netic moments listed in Eq$17)—(23).
=0 v+ > _ _ / — Thel+L=0 excitation also affects the beta decay ratios.
Cav(E"=27) 3[a2a:+34g/5 329’ +192y99'/5] These can be calculated from the spin states of the baryons
(39 for this state, and an angular overlap integral over the inter-

Using the operatorfsA and GV between the physical
baryon states of Eq$3)—(8) gives, after some algebra, the
following results for the ratio&,,y=GA/Gy:

Ganv(A—p)=1[aya,+288"+90vVgg’] (36)
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nal cordinates. For this purpose, it helps to write thel are different. We also consistently make small angle approxi-
=0 state in terms of the two vectorsandp. The vector is ~ mations here for the mixing angke The physical>°) and
the vector between the two like quarks in a baryon, i |A) have mixtures of the other hyperah,and=°, given by
the vector from the midpoint af to the third, unlike quark. 0 0
Then the wave function for this state can be written as |29 =3"-6A (56

\I,(ryp):r'ple(r!p)X,! (48) |A>::A+020' (57)

whereo(r,p) is spherically symmetric in both vectors, and ~ Although the mixing angle probably comes from a com-
x' is the spin state bination of magnetic and QCD interactions, the formalism in
Ref. [13] applies for any mixing mechanism in the quark
1 model. The off-diagonal matrix element connecting H®
X’=E(TH—HT)- (49 and A can be related directly to a combination of hyperon
mass differences that give the result

For a beta decay liken—p, the matrix element to be

evaluated is _ My - Mywr —My -+ My +

2\/3(mgo—m,)
=—0.014+.004 radians. (58

AGA(N—p)=(¥(uud)|GA|¥(—udd)). (50

Note that in the two wave functions, the quark ordering is

permuted for the two like quarks. This leads to a factor of "€ Mixing leads to the following small additions to
— 1 from the angular integral for these wave functions. This:_quark model magnetic moments and beta decay constants

H 0.
factor of — % enters for all beta decay matrix elements excepi"Volving the A or %%

for the X~ to neutron decay where the overlap factorHs. Apy=+20 s = —0.045.013 nm (59)
The spin projections for the beta decay operzﬁqr are
then straightforward, and the results are Apsa=+60(puso—pp)=—0.03.01 nm (60
Agan(n—p)=—5 (51) 4
gavin—p)=—57 - -
2 AGpy(A—p)=———=0=-0.01 61
A/V( p) 3\/§ ( )
1
AQA/V(A—’p):_gU (52 AGAy(E~—A)=+ 4 ) 4001 62
E-—A)=+——=6=+0.01.
AlV 3\/§
1
A B —=A)=—< 53
ganv( ) 67 (53 V. RESULTS
Aganv(S~—n)=+7 (54) In this section we provide the results of fit to experi-

ment of ten magnetic moment predictions and five beta de-

1 cay ratio predictions. The model predicts quark model mag-

Agay(EP—3 )=+ 57 (55  netic moments and beta decay constants, modified by pion
direct and exchange currents, and orbital excitation. The

These orbital corrections should be added to the beta dec&jatic quark model involves two parameters, the input masses
ratios given in Eqs(35)—(39). The coefficient— 5 should  Of the nucleon and strange quarks. The pion contribution

also be included in the square roots for the normalizatiodnvolves three additional parametefs;y , the percentage of
constants in Eqg41)—(45). pion admixture in the nucleoM, the effective pion orbital

magnetic moment, an, , the ratio ofA-7 to N-7 admix-
ture in the nucleon. The orbital contribution is characterized
by the probabilitys of the orbital excitation. So we are fit-

It has been known for some time that quark model preding fifteen experimental quantities with six parameters, cor-
dictions should be corrected for mixing of thte and 3° responding to nine degrees of freedguno.f.).
quark state§3,7,11—-1%. This mixing is a necessary result of ~ The results of this fit are shown in Table Il. The pure
a spin dependent off-diagonal matrix element connecting thguark model two parameter fit, and the fit with only the pion
A andX° that is inherent in any quark model. This mixing contribution are also shown for comparison. The resonance
should be included in any consistent quark model calculatiotransition momenjg.(A *p) is not included in the fit because
at this level of accuracy, but is often left out. its experimental determination is not clear. We have also in-

The mixing formalism is given in detail in Refgl3] and  cluded model predictions fqu(A ) which may be measur-
[15]. Here we list the relevant formulas for this paper. We areered soon[18], and the beta decay ratiG (A" —p),
using a different sign convention for th® quark model which is used in the calculation of weak proton capture on
wave function here than previously, so that some of the signsHe [19]. All the magnetic moments are in units of nuclear

IV. A-3° MIXING
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TABLE II. Fit of the quark model with pion and orbital contributions. Experimental values are from Ref.
[5], except where noted otherwise.

Expt. SQM Pion P# Orbital
w(p) 2.79 2.75(0.7) 2.65(7.7) 2.68(5.1)
w(n) -1.91 —1.84(1.9 —2.04(6.7) -1.99(2.3
n(=h) 2.46+.01 2.65(14.7 2.53(2.0 2.52(1.5
w(=) —-1.16+.03 —1.02(6.7 —1.14(0.2 —1.17(0.0
w(Z° —1.25+.01 —1.44(13.7) —1.42(10.7) —1.27(0.2
w(E7) —0.65*.00 —0.52(6.3 —0.54(4.9 —0.59(1.6)
w(A) —0.61+.00 —0.67(1.2 —0.67(1.2 —0.56(1.0
w(Z,A) 1.61+.08 1.57(0.2) 1.46(2.6) 1.51(1.0
w(Q7) —2.02+.05 —1.87(4.6) -1.91(2.2 —2.07(0.5
w(ATT) [16] 6.22+.7 5.50(1.8) 5.49(1.9) 6.17(0.0
w(AT) 3.12 2.84 2.84
w(AT,p) 2.59 2.49 2.79
Gan(n,p) 1.27-.00 1.67(64) 1.33(1.9 1.32(1.3
Gan(A,p) 0.72+.02 1.00(27) 0.86(6.9) 0.78(1.6)
Gav(E ,A) 0.25+.05 0.33(1.9 0.30(0.6) 0.24(0.0)
Gan(Z7,n) —0.34+.02 —0.33(0.0 —0.30(0.9 -0.21(6.2
Ganv(E%2T) [17] 1.24+ 27 1.67(6.0 1.53(1.1) 1.38(0.3
GA(ATT,p) —1.63 —2.09 —2.08+.06
x?—DF 52—8 51-10 23-9
m, (MeV) 340 340 29720
ms (MeV) 500 490 453 20
P.n 0 29% 33 7%
M () (nm) 4.8 4.7+1.0
Ry 3% 8+5%
n(orbital) 0 8£2%

magnetongnm), while the beta decay ratios are pure num-parameters all have reasonable values. The probability of
bers. In determining?, we have used a theoretical error of pions in the physical nucleon is rather high, Miis close to
0.05 forG,,y and 0.05 nm for the magnetic moments, addedthe orbital magnetic moment for a pion of the physical mass.
in quadrature with the experimental errors. This is used taAlthough R, is not large, the decuplet cannot be completely
avoid having the fit to experiment arbitrarily dominated by left out. Doing so increaseg? to 35.
the most accurate measurements. Also, there are a number of The importance of each effect can be judged by the effect
small effects that are expected to be of this order that haven y? when it is left out. Leaving out the orbital excitation
been left out of the calculation. (7=0) increasesy? to 51, while leaving out the pion ex-
The x? fit for the static quark modelSQM) in Table Il change P,y=0) increases® to 104. So it is clear that a
does not include the beta decay ratios. It is clear that theombination of nonstatic effectén this model, pion ex-
SQM is especially bad for neutron decay, and including itchange, decuplet baryons, and orbital excitatisrequired
would raisey? to well over 100. Among the magnetic mo- to achieve a reasonable fit to all baryon moments and beta
ments, the sigmas and the xis are the worst fit for the SQMdecay ratios. That is why so many earlier calculations that
Including pion exchange considerably improves the mageoncentrated on only one nonstatic effect could not achieve
netic moment fits. The sigma problem is corrected, but thergood overall fits.
is still a mismatch between the xi and the nucleon moments. The A-3 mixing discussed in Sec. IV has been included
The most remarkable feature of the pion fit is the great im4in all four A entries shown in Table Il. The mixing is a
provement inG 5,y for the neutron. This permits an overall fit barely measurable effect in this fi? increases by 2 if mix-
to both beta decay ratios and magnetic moments. But thitg is left out, almost all of the increase coming from a
still is not enough to achieve really good agreement withslightly worse prediction for the\ magnetic moment with-
experiment. Finally, adding the orbital state is seen toout mixing.
achieve a reasonable fit. If the theoretical error of 0.05 is raised to 0.08, thehis
The best fit parameters for thgi-+orbital) case are 9, and equal to the number of degrees of freedom, so that
shown at the bottom of Table Il. Th& values on the pa- 0.08 could be considered the level of accuracy of the model
rameters correspond to an increasexmof y?/d.o.f. The  when fitting to this data. Actually, to bring? down to the
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number of degrees of freedom for the 0.05 theoretical errolt follows from isotopic spin rotation that the quark spin

would require shifts in some predictions of much less tharprojections are related tG 5, for the neutron by

0.05. There are a number of small effects we have left out

that could be close enough to 0.05 to improve the accuracy. Ganv(n—p)=Au—Ad. (65)

Also, all six parameters which have been kept constant

should vary a bit from baryon to baryon, which could con- It has to be emphasized here that these quark spin projec-

siderably reduceg?. To achieve this would require an accu- tions are for the proton in its rest system. They are not the

rate detailed calculation in a specific theory, beyond thesame as corresponding quark spin projections on the light

simple phenomenological model considered here. cone at infinite momentum, which are calculated using QCD
At this point, it is important to discuss the actual experi-sum rules for polarized deep inelastic scattering asymme-

mental significance of th&,,y ratios listed in Ref[5]. As  tries. Since QCD is a strong interaction, a boost to infinite

the discussion on p. 694 of R¢§] indicates, the listed ratios momentum produces gluons and quark-antiquark pairs that

are actually theoretical numbers, derived from experimenwere not in the rest frame wave function. This changes the

using the SB) symmetry assumption that the coupling pa- individual and total quark spin projections. Equati@) is

rameterg, is zero. This assumption is not confirmed by ex-not affected by the boost if it is assumed that the quark pairs

periment, and S(B) symmetry is at sharp variance with the produced in the boost are charge symmetric. It then becomes

model used here. Consequently, it is of interest to see ththe well known Bjorken sum rule.

effect on our fit of lettingg, vary freely in interpreting the We find, for the rest frame spin projections,
experimental distributions. This has been done in only one

experiment, the study of thE ~—n decay by Hsuelet al. Au=0.98£.05, Ad=-0.35+.01,

[20]. The experimental result G (2~ —n)=+0.20 (66)
+.08. The experimental measurementgafis g,=—0.56 3, =0.63+.06.

+.37. Using the experimental valu®,,y (%~ —n)=+0.20
+.08 in the overall fit of the magnetic moment and betaWhile this shows a considerable decrease in total quark spin
decay ratios reduceg’ to 16, without much change in any of projection from the static quark model vallie=1, it is not
the predictions. This improvement jyf by relaxing the as- as great a decrease as that indicated in QCD sum rules. Note
sumption thatg,=0 gives us more confidence in the model, that, since this model has no 8) symmetry,As=0.
and less in the assumption thgt=0. The pion component of the proton can be considered as a

Referencd20] was the only measurement 6f, /Gy, that ~ quark-antiquark sea in the rest frame wave function. This has
allowed g, to vary in fitting the experimental distributions. no quark spin projection because the pions are spin zero, but
The prediction thatj,=0 for neutron decay is based on isos- does contribute orbital angular momentum to the total angu-
pin, and therefore is probably a safe conclusion. The othelar momentum of the proton. Thecomponent is calculated
measurement§for A, E~, and 2°) should be considered as the expectation value &f, for the pions
theoretical results, based on experiment and the assumption
of SU(3) symmetry. Until these experiments are analyzed L,=0.19+.06. (67)
without the SU3) assumption or new experiments per-
formed, we have to use these data as the only data to fit t#S required by conservation of angular momentum, we see
but they must be regarded as tentative. There are indicatiorigat
that the ratiog, /Gy, is positive in the quark model for these
hyperon decayf23]. That would give a positive contribution 1 S oL 1 69)
to theseG,,y ratios, tending to improve our model’s fit to the 2 z 2
data.

Considering the pions as quark-antiquark pairs, we can

VI. QUARK SPIN PROJECTIONS AND ANTIQUARK also calculate the antiquark contgny and(d) of the pro-

CONTENT OF THE PROTON ton. These are given by the antiquark content of the pions, so

The quark and pion wave functions can be used to calcut-hat

late the quark spin projectionsu, Ad, and the total quark - 1
spin projection. The spin projection for quar is defined (u>:<7-,*>+§<770> (69)
by

Aq=<2 0'i2> : (63 <E>=<w+>+%<w°>. (70)
q

where the sum is over only typg quarks. The total quark The fraction of each type of pion in the proton is given by
spin projections, is given by the sum ofr, over all quarks  the isotopic decomposition of E¢3):

E=<§i: oiz>:Au+Ad. (64) (W+>:§ﬂ2+%52 (72)
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0 1 ) 1 ’ 1 — —
(n0)=3B+306 (72) Se=3[1-2(d—u)]=0.21+.02, (77)
(m~)= } 52 (73) in good agreement with the experimental re$@] of Sg
27 =0.24+.03. This result would survive a boost because the

quark pairs produced by QCD are expected to have equal

This leads to numbers ofu-u andd-d pairs.
— 3
= — —+ ’
(=73 (25+128") 749 VIl. CONCLUSION
_ 3 Our main conclusion is that a relatively simple phenom-
(d)y= 5(125g+64g’). (75  enological quark model can provide a combined fit to the
beta decay ratios and magnetic moments. The long standing
For the fit in Table II, this results in problem of reducing the static quark model prediction of 5/3

for the neutronG,,, can be solved if there is a sizeable pion
u=0.07, d=0.26, d—u=0.19+.03. (76) component in the nucleon, along with some orbital and de-
cuplet excitation. The pions in the proton wave function also

With this value ford—u, the quark and antiquark contribu- provide the appropriate difference of-u antiquarks to sat-
tion to the Gottfried sum rulg21] is isfy the Gottfried sum rule.
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