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PHYSICAL REVIEW D, VOLUME 60, 074017

Parton distributions for the octet and decuplet baryons

C. Boros and A. W. Thomas
Department of Physics and Mathematical Physics, and Special Research Center for the Subatomic Structure of Matter,
University of Adelaide, Adelaide 5005, Australia
(Received 17 February 1999; published 8 September)1999

We calculate the parton distributions for both polarized and unpolarized octet and decuplet baryons, using
the MIT bag, dressed by mesons. We show that the hyperfine interaction responsible feNtaad 3.%-A
splittings leads to large deviations fro®lJ(3) andSU(6) predictions. For thé we find significant polarized,
non-strange parton distributions which lead to a sizablpolarization in polarized, semi-inclusivep scat-
tering. We also discuss the flavor symmetry violation arising from the meson cloud associated with the chiral
structure of baryond.50556-282(99)06417-9

PACS numbd(s): 14.20—c, 11.30.Hv, 12.39.Ba

I. INTRODUCTION m

T (2m)?

a(%) ) fdspn|<n;pn|¢f+(0>|8>|2

Parton distributions contain valuable information on the
non-perturbative structure of hadrons. An impressive amount X 8[(1—x)m—p,]. (1)
of data for both polarized and unpolarized structure functions
on nucleon targets has been collected over the past two détere . =3y_y. ¢ is the plus projection of the quark field
cades. However, relatively less is known about the partoPPerator, the states;p,) are intermediate states with mass
distributions in other baryons. Measurements of parton dist, and form a complete set of states withj = my+pj
tributions for members of the baryon octet would give us+ Pnz- We stress that Eq1) assures the correct support for
complementary information to that obtained from thed:(X), regardless of the approximations made|fap,) and
nucleon and could shed light on many phenomena involvingB)- The operatoy) either destroys a quark in the initial state
non-perturbative QCD, such &U(3) symmetry breaking, |€aving a two quark system in the intermediate state or it
the flavor asymmetry in the nucleon sea and so on. creates an antiquark. Concentrating on the two quark inter-
Experimentally it should be possible to access the partoff€diate states, and using MIT bag wave functions and the
distributions ofs,* hyperons through the Drell-Yan process. Peierls-Yoccoz method for constructing approximate mo-

Furthermore, since the’s are in general polarized because mentum eigenstates, the spin-dependent parton distributions

of their production mechanism, it should also be possible, ir;[ake the formi3,4]

principle, to measure the polarized quark distributions in

sigma hyperons. Thy) =
It was recently pointed out by Albergt al. [1] that the A () (2m)? % (BIP1.nlE)
mechanism responsible for the splitting of tdeN and .
39.A masses could lead to consideral§i&l(3) symmetry XJ
breaking in the parton distributions among members of the [m2(1-x)2—mZ]/2m(1-x)

baryon octet. Here, we show explicitly that this is indeed the )

case by calculating the quark distribution of baryons in the | $2(pn)| W (po)[2 @

MIT bag model, where we include the hyperfine interaction nGPn |ps0)2" " Pl

which leads to the splitting of the baryon masses. $hi3)

breaking which we find goes beyond the implicit breaking ofHere | ¢,(p,)|? and | $5(0)|?| originate from the Peierls-
SU(3) by the strange quark mass, since it leads to deviationgoccoz projections of the two quark intermediate states and
from SU(3) expectations even among baryons with the samehe (three quark baryon, respectively(B|P; ,|B) projects
number of strangévalence quarks. We also investigate the out the appropriate quantum numbers from the spin-flavor
influence of the meson cloud on the shape of the “bare”wave function of the initial state¥|!(p,) are the Fourier
quark distributions and calculate the flavor asymmetries iRransforms of the helicity and plus component projections,
the sea arising from the meson-baryon fluctuations. T (x)=1y 7, (1% )W (), of the MIT bag wave

function
Il. BARE QUARK DISTRIBUTIONS \/meq. Q|X|
A. Baryon octet w Jo| TR/ Xm
Vn(x)=N(€) (R=[x])
~ The starting point of our calculation is the general expres- i/ Mg o X)] (%)
sion for the quark distribution in a baryds with massm 1| 7R Xm
[2,3]: 3
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with frequencyw= \/QZ+(qu)2/R, bag radiusR and nor-  quarks. Coupling the remaining quark to the spin-triplet di-
malization constanN({2). ( is the solution of the eigen- quark state one obtaimgs (o + 52»: — 4 for the nucleon
value equation tarf¢) =Q/(1—mR-yQ°+(mR)). and (o3-(o1+0,))=2 for the A. Thus, the shifts in the

~ Aswe have already noted, the ad\_/antgge of usingBA. pnucleon andA masses are given bgmy=—2v(m,,m,)

is that energy-momentum conservation is ensured and th%dAmA=2v(mu ,m,), respectively, and the total splitting

the quark distributions obtained from it have correctpahveen thed and the nucleon id M =4v(m,,m,). Since
support: The delta function implies that the distribution Ap is ~300 MeV we havev(m, mu)~7§’MueV. The

peaks atx~(1—m,/m), introducing a dependence of the , cleon and theA would be degenerate am=M
shape of the quark distributions on the mass of the interme-. 2v(m,,m,)~(1230- 150) MeV=1080 MeV, without
diate systemsm, . Although intermediate states with higher p nerfine splitting. Further, we see that the triplet diquark is
number of quarks are possible, these contributions peak @ayier by 50 MeV and the singlet diquark is lighter by 150
negativex values (n,>m) giving only a small contribution eV than the diquark state without hyperfine interaction.

in the physicalx-region. Thus, the main contribution for The same arguments applied to theandS, lead to the
larger x values comes from spectator systems with tWOfoIIowing equations:

quarks. Since the hyperfine interaction responsible for the

splitting of the A-N masses also splits the masses of scalar 2

and vector diquarks and whether the struck quark is accom- Apx= zv(my ,my)(=3)=—-150 MeV

panied by a scalar or vector diquark is flavor dependent, this

splitting leads to flavor dependent distortions in the shape of 2

the quark distributions compared to ex&dt(6) symmetry. As= §{V(mu ,my) —4v(m,,my}. (5)
In the case of the nucleons, thequark distribution peaks at
larger x-values than thed-quark distribution. These argu-
ments for the explanation of the obsen@d(6) violationin m
the quark distributions of the proton were first discussed in A

Ref. [5] and later implemented in the calculation of quark 3

distributions in the MIT bag model for the prot$8,4]. The v(m,,mg)=v(my,,m,)— g(mz—mA)~46 MeV. (6)
same arguments can be applied to other baryons.

It is instructive to review the mas_s-spl_ltt_lng pf the baryon_'sA andS, would be degenerate with a mass-61260 MeV
here. The exact mechanism for this splitting is not essennavlvithout hyperfine interactions. Thas vector diquark is
for the calculation of the quark distribution since only theh ier by 2 ~30 M .V d th di
masses of the scalar and vector diquarks enter the calculatiofy 2 f DY 3V(.m” .’mS) ev an € corresponding
and different mechanisms/explanations lead to similar re§palarkd|qysrk |shl|ght$r by\Z’l(_mu,ms)%go MeV than the
sults. However, in order to illustrate how these numbers ar 'q_:_Jﬁr wit ou'; ycpi).er mi sp 't:'ng.' dd ks i
obiained we scuss e onegluon exchange model 116 % 512 Acerc onan ok e s

The color hyperfine interaction Hamiltonian is given by which is roughly 800 MeV. This gives us the masses

1 =650 MeV andm,=850 MeV for triplet and singlet di-
__ = NN quarks containingi andd quarks. To estimate the masses of
Hni="3 Z<] v(m; . my)(0;.0)AA] @ diquarks containing a strange quark and an up or down quark
we use the phenomenological fact that the strange quark adds

with %(;i the spin of quark and\? the corresponding color zibout 180 MeV.I _Thus, we ha_vems=800+ 180~ 90
matrix. The strength of the interaction depends, in general’f890 MeV andm, =800+ 180+ 301010 MeV for sin-

on the mass of the quarks. This dependence is taken care 9t and triplet diquarks. _ _
by v(m;,m;) in Eq.(4). The sum over the color matrices can Having obtained the masses of the various diquark states,

be calculated. One obtains’ for quark-antiquark pairs and we turn our attention to the quark distributions in different
— % for baryoﬁs s baryons. One of the consequences of the mass differences
2 .

Attributing the entire mass spliting between the b(_etw_een_scalar and vector diquarks is that the up quark dis-
nucleon and theé\ to the hyperfine interaction, the splitting tr|but|oq mlthe.proton peaks at largewalues than the down
is given by (Hn). For three quarks, the spin sum in quark distribution. To see this we note that ®&(6) wave

i SO L function of the proton is

Eq. (4 is Zi<j(oi-0))=(01+0y)-03+0, -0, For a
spin-0 and spin-1 diquark state, we haje, .0,)s_o=—3 1 : : 1
and(o; - 0,)s—1=1, respectively. Thus, one gluon exchange p :ﬁ[?’” (ud)g o+ u'(ud); o~ v2u'(ud);y
is attractive for scalar diquarks and repulsive for vector di-

Thus, for v(m,,mg) we obtain, with ms—my=Amsg

—2d' (uu); o+ 2d! (uu)y . (7)
!Note that this is guaranteed by Hd) regardless of the approxi- Here, we use the nOtatiomQ)Sysz for the diquark spin states
mation used for the statds;p,) and|B)—in this case a Peierls- With S andS, the total spin and spin projection of the di-
Yoccoz projection. guarks. While only vector diquarks enter the calculation of
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L L L We calculated the quark distributions using 0.8 fm for the
PR bag radiusm,=850 MeV andm;=650 MeV for the vec-

1 P e AN 1 tor and scalar diquark masses. The result is shown in Fig. 1

/ v as light lines for a starting scale?=0.23 Ge\f. As dis-

\ cussed in Refl4], the two-quark intermediate states alone do
o5t \ 1 not saturate the normalization of the quark distributions.
/ \ There are also contributions from four quark intermediate

N \ states which have to be taken into account when normalizing
N the distributions. Since these peak at negativalues due to
o 02 04 06 03 1 the larger mass of the intermediate states, they give rise to
X distributions which drop fast in the physicalregion. Here,

FIG. 1. The up(dashed linesand down(solid lineg valence we use the procedure adppted in t_he grlglngl pdpgand
quark distribution in the proton a@?=u?=0.23 GeV (light parametrize the four-particle contributions in the form (1

lines and Q?>=10 Ge\? (heavy line$. The quark distributions at —x)" (which gives an excellent approximation to the actual
Q?=10 Ge\? already include the meson-cloud corrections. TheShape of the distributionsuch that the normalization is sat-

CteqdM distributions representing the “data” are shown as solidisfied. After evolving the distributions t®?=10 GeV?
lines with open circles. (heavy lineg we find a good agreement between the calcu-
lated distributions and the experimental data which is repre-
the down quark distribution, both vector and scalar diquarksented by the CTEQ4M parametrization of the quark distri-
are relevant for the up quark distribution in the proton, withbutions [6]. The results atQ?=10 Ge\? already contain
the scalar diquark having a much larger probability. Accord-corrections from the meson-cloud which will be discussed
ing to the & function in Eq.(1) the distribution of quarks later. The quark distributions have been evolved in next lead-
accompanied by scalar diquarks, here the up quark distribung order (NLO) with Aqcp=0.225 GeV and four active
tion, should peak around=1-m,/m=1-650/940~0.31 flavors, using the package of R¢T].
and that associated with a vector diquark, here the down Now, having fixed the parameters, let us generalize these
quark distribution, arounck=1-m,/m=1—850/946=0.1  arguments to th& *. (This extension was first investigated
— at the scale relevant for the bag model. semi-quantitatively in Ref[1].) The wave function of the
The implementation of these ideas is discussed in[@¢f. X is given by Eq.(7) with the d-quark replaced by an
in detail. Here, we only note that the Fourier transform of thes-quark. (N.B. There must be a phase facterl relative to
wave function in Eq(2) can be split into a spin dependent that of proton wave function, in order to match the phase
and a spin independent part: convention of de Swaift3] which we use. The distribution
1 of the strange quarks is determined by the mass of the vector
5 me uu-diquark. It peaks at=1—m,/ms=1-850/1196=0.29,
[V (o) _E[f(p“)i(_ D™ 5 (po)]- ®) which is close to the value found Efor the up quark distribu-
tion in the proton. The maximum of the: quark distribution
Since one uses a fixed polarization axis in the bag model thg determined by the masses of both thescalar and vector
helicity states have to be projected out from the bag waveliquarks, which are~890 MeV and 1010 MeV, respec-
function a_lnd thug k_)oth pglar_ization states= = 3, cqntrib- tively. Thus, x=1—m./my=1—890/1196-0.25 for the
ute to a given helicity projectiori, or | . The expressions for gcgjar diquark anat=1—m//ms=1-1010/1196-0.15 for

f(Pn), 9(Pn) and also for the Peierls-Yoccoz projections the vector diquark, which are both smaller than the corre-
| #2(pn)|” and| $3(0)|* can be found in Ref4] for massless  gponding values fou, andsy . For the quark distributions
quarks. The generalization to massive quarks is straightforye have, similar to Eq(9),

ward (multiplication of those parts of the expressions which
comes from the upper and lower components by 1 1
. . . . Tl _ ' ’ — ’ ’

V(o*mg)/w, respectively and using the normalization con- u2+(x)—Z[FV(x)+3Fs(x)]+1—2[Gv(x)—9Gs(x)],
stant of the wave function for massive quarks

Denoting byF(x) andG(x) those contributions to Eq2)
which come from thef (p,) andg(p,) parts of the integral
and using the wave function of the protdaq. (7)] to calcu-
late the projectiongB| P ,|B), we obtain

xq(x)

i _1 _1
52+(X)_§FV(X)+€GV(X)- (10

1 . Here,F'(x) andG’(x) differ from F(x) andG(x) because

_- _ . they are calculated by using the appropriate masses of the
ut(x) _4[FV(X)+3FS(X)]+ 12[GV(X) 9G], heavy diquarks and taking into account that one of the spec-
tator quarks is massive when making the Peierls-Yoccoz pro-
jections. In the calculation dd(x) the struck quark is mas-
sive and the spectator quarks are massless. Thus, we
calculate the Fourier transforf'!(p,,) with the quark mass
Here, the subscripts and v, on F(x) and G(x) indicate m,=180 MeV and the Peierls-Yoccoz projections,
whether the intermediate states are scalar or vector diquarkisp,(p,,)|?, with massless quarks. The results for the unpolar-

4140 = 5 F,(0 75 G\ 0. ©
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~ FIG. 2. The stranggheavy solid ling and up(heavy dashed FIG. 4. The ratios ,=s /uy for different baryons, after evolv-

line) valence quark distributions I * compared to the dowflight g the quark distributions toQ?=10 Ge\?. The ratio Fs+

solid ling) and up (light dashed ling quark distributions in the  —s . /u, . is shown as the solid and dashed lines, with and without

proton—all evaluated at the bag scalé’, meson-cloud corrections, respectively. TB4J(3) expectation,
which corresponds tos = %rA=rp=dp/up, is shown as a dotted

ized and polarized distributions are shown in Fig. 2 and Figline. SU(6) would give a constant ratio of 1/2, independentxof

3 (heavy lines together with the results for the protdiight (solid line), and is realized for the_ d_ecuplet baryons containing only

lines). We see a considerable difference from ®&(3) massless quarks(*). However, it is broken for the decuplet hy-

. _ _ perons(short dashed line—see Sec. I B.
expectationsss =d, andus=u,.
The ratiory==sy+/us+ is shown in Fig. 4 for both the

bare quark distributiongsolid line) and the distributions EOT:L

dressed by mesorglashed ling We see thaty increases 2

for x—1 in contrast withSU(3) expectations which predict

a behavior similar to that ofi/u in the proton.[The SU3)

expectation, rgyis)=r,=d,/u,, is shown as the dotted

line.] ExactSU(6) symmetry would predict a constant ratio,

independent ok, and this is shown as solid line in Fig. 4. 3 ;

We stress that thesBU(3) violations come partly through B Eu (dS)op|- (11)

the explicit SU(3) breaking by the strange quark mass and

partly through the hyperfine interactio®U(3) breaking Theud diquark is always a vector diquark so that the maxi-

through the strange mass alone would not split the mass ofum of the distribution of the strange quark is determined

the A and X hyperons and would lead to identical parton only by the mass of the vector diquarks. Comparing with the

distributions in these hyperons. However, this is not the caswave function of the2* we see thatiso=dso=3us+ and

and the hyperfine interaction plays a decisive role in thesso=ss+.

shape of the parton distributions of the hyperons. On the other hand, th8U(6) wave function of theA

The quark distributions of the\ and ° hyperons are hyperon is

interesting by themselves but we also need them to calculate

the corrections arising from the meson-cloud later. The 1 N . T ;

SU(6) wave function of th&® hyperon with given positive A :m[zs (ud)oot v2d'(us)y 1~ d'(us) ot d'(us)oo

polarization is

1
\/EST(Ud)l,o_ zsl(Ud)l,l_ EdT(us)l,O

l 3 1 1 1 !
+d (U5)1,1_Ed (US)O,O_EU (ds) ot ut(ds)y s

_\/Eul(ds)l,l‘i' ul(ds); g—ul(ds)ggl- (12

Whereas the maximum of theandd distributions is deter-
mined by both the vector and scalar diquark masses, only the
\ mass of the scalar diquark is relevant for the maximum of the

1 distribution of thes-quark. s, peaks atx=1-650/1115
A v ~0.42. This yields a very hard distribution. For thendd
- NN distributions we find that the peaks of the valence distribu-
0 xAd tions should occur around=1-890/1115=0.20 andx=1

XAS; —1010/1115=0.10 for scalar and vector diquarks, respec-
0 92 04 06 08 1 tively. The quark distributions of tha ! are given by
X

1 1
FIG. 3. The polarized strangeAs(x) =xs'(x) —xs(x) (heavy uj\l(x):dTAl(x):§[3F\’,(x)+ Fg(x)]ig[G\’,(x)—Gg(x)]
solid line) and upxAu(x) (heavy dashed linevalence quark dis-
tributions in theX*, compared to the polarized dowlight solid 1
line) and up(light dashed lingquark distributions in the protofat sHx)= Z[F(x)+ Gu(X 13

xAq(x)
B
™
+

0.5

074017-4



PARTON DISTRIBUTIONS FOR THE OCTET AND ... PHYSICAL REVIEW B0 074017

wsf T T T ] is not the case as can be seen in Figs. 5 and 6. We also see
that, in contrast to the static quark model, the strange quark
does not carry the total spin of the in the bag model, due

to its transverse motion in the bag. Although the total con-
tribution of theu andd quarks to the spin of tha (i.e. the
integral overAu, andAd,) is zero, the net polarization for
givenx is non-vanishing. The splitting of the scalar and vec-
tor diquark masses shifts the light quark distributions with
the same polarization as the to higherx-values with re-

xq(x)

1 spect to the corresponding distributions with opposite polar-
X ization. If G, and G/ had the same form\u(x) =3 (G4(x)

— r . . . —G,(x)) would be zeroAu(x) andAd(x) are positive for

X 1.5 . . .

G (b) xu ATt largex and negative for smaller values(see Fig. 6.

* Rz ’ It should be possible to test these results for the shapes of

Au(x) andAd(x) in semi-inclusive deep inelastic scattering
with longitudinally polarized electrons. Here, the smallness
of the u and d polarizations relative to the strange quark
polarization is compensated by the abundance-gfiarks in
the valence region and by the fact thmtjuarks are sup-
pressed by a factor of 1/9 compared to the corresponding
1 factor of 4/9 for theu-quark in electromagnetic interactions.
x (In Fig. 6 we show five times\u(x) as a dotted line to
indicate the relative magnitude of the contributiorucdndd
FIG. 5. Quark distributions in the\ compared to the quark tog?.) A’s produced in the current fragmentation region are
distribution (a) in the proton andb) in the 3 *—at the bag scale, mainly fragmentation products afquarks. Part of the po-
ue. larization of the electron is transferred to the struck quark in
the scattering process. This polarization will be transferred to
the final A if the helicity dependent fragmentation functions,
The results are shown in Fig. 5 and Fig. 6 for the polarizedADf} are non-zerg9]. Since, according to the above discus-
and unpolarized distributions compared to the correspondingion, theu andd quarks in theA hyperon may be polarized
distribution in other baryons. The strange quark distributiongt g fixed Bjorkerx, we expect on general grounds that po-
in the A is much harder than the corresponding strange quarfarized u and d-quarks may also fragment into a polarized
distributions in _theE+ and 20. _Large. deyiations from A-hyperon_ In fact’ as pointed out by Gribov and Lipatov
SU(3) expectations are most evident in Fig. 4, where thg1g], the fragmentation functio®{(z), for a quarkq split-
ratio ry=s, /u,, shown as the dash-dotted line, is com-ting into a hadrorh with longitudinal momentum fractio,
pared to the corresponding ratios in other hyperons. Exagk related to the quark distributiog,(x), for finding the

SU(6) would giver,=1 andSU(3) r y=2rp=2d,/up. quarkq inside the hadroh carrying a momentum fraction
A naive approach to take into account t8&)(3) break-  py the reciprocity relation

ing would be to choose larger masses for strange quarks than

for the up and down quarks and to argue that the strange h

quark distributions should peak at highewalues than the Dq(2)~an(2) (14)
light quark distributions due to its higher mass. Then, we

would still obtainu, =d, =3uy ands, =sy . However, this

for z~1. Despite the limited range of validity of this rela-
tion, Eq.(14) can serve as a first estimate of the fragmenta-
tion function[11]. SinceAqé‘ is positive for largex we ex-
pect to find positive polarization foA’s produced in the
current fragmentation region. This is the opposite of the pre-
diction of Jaffe[9], based or5U(3) symmetry.

In order to estimate the expectddpolarization, we note
that the polarization for the scattering of polarized electrons
off an unpolarized targe\l is given by[9]

XAq(x)

0 02 04 06 08 1 > e2qn(x,Q?)AD}(2,Q?)
e N y(2-y) q
Pr=e3Pe 2 ,
FIG. 6. Polarized quark distributions in tB and theA at the 1+(1-y) 2 e2qn(x,Q9) DA (2,Q?)
bag scaleu?. The dotted line stands for five timadu, and indi- T q
cates the relative importance of theandd quarks ing;. (15

074017-5
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n-<02"'|"'|"'|.'_..". = T T T T T T
<l N T 15f 0 .
< /// \\ qu A+, Z+
v/ A
/ \
xu, /, xsz \
0.1} 1 =, \
/) \
) xd)\
0.5 / \
0 ,' \\
A
' L - - ¥R ¥ Sy 7
0.2 0.4 0.6 0.8 - X
z

it i i + +x
FIG. 7. The polarization of thé. produced in semi-inclusive, 2F|G' 8. Quark distributions in tha * andX ™" at the bag scale,

polarizede-p scattering, with the electron polarization arbitrarily al
set to 50%. The contributions from the fragmentationuadnd s

uarks are shown as solid and dashed lines, respectively. The dotted .
ﬁne is the total polarization. P y with respect of the degenerate mass. Thus, the mass differ-

encems +x — My +=4v(m,,ms) givesv(m,,ms)~48 MeV
which is is very close to the valug(m,,m;)~46 MeV ob-
tained from theA °-3° splitting.

Since the baryons in the decuplet are spin-3/2 particles,
) o o the spectator diquark system is always a vector diquark in-
is the degreeA oproIarlzatlon of the |nC|_dent electrém, dependent of the flavor of the struck quark and of the type of
measuresAD, /Dy for not too small Bjorkerx values, parvon This has the important consequence that the distri-
where the contributions from the strange quarks may [lae N%utions of quarks of different flavor all have the same shape
glected. We calculated the\ polarization usingAD;, in the A-baryons. Thus, S(6) is a good symmetry for thA
=AD{ and the reciprocity relation to replace the fragmen-haryons. The distributions have a maximum =t 1
tation functions by the quark distribution functions. The re-—m,/m,~0.31 which is harder than thé-quark distribu-
sult calculated aE.~30 GeV,x=0.3 andQ?=10 GeV’,  tjon in the proton, because of the larger mass of Ahéut
wherey=0.58, is shown in Fig. 7. We assumed a beamsomewhat softer than the distribution of theuarks in the
polarization of 50%. The solid and dashed lines are the conproton. Let us take the\™ as a representative for the
tributions from the fragmentation af-quarks ands-quark,  paryons and denote the spin projectiong by 1| and =3

respectively. The dotted line is the total polarization. Thepy {||. The SU(6) wave function ofA*' may be written as
contribution of theu-quarks dominates at~0.5. Since the

wherey=(E—E')/E is the usual deep inelastic scattering
(DIS) variable; the electron beam defines theaxis andP,

s-quark distribution inA peaks at largex-values than the 1

u-quark distribution, we also predi®//D2—0 for z—1 A+T:§[dl(uu)l,l+ V2d' (uu)y o+ V2u!(ud);

for the fragmentation functions and, thus, the contribution of

s-quarks toP, eventually dominates at very large How- +2uT(ud)1,0]. (17)

ever, since the cross section decreases rapidly with increas- S _
ing z, the bulk of the produced’s are fragmentation prod- The quark distributions of tha ' are then given by
ucts ofu-quarks. ThusP, # 0 at not too large will test our

rediction. 1
P UL (0 =214 (0 =F, () £ 3 G(X)

B. Baryon decuplet

T oy — o oy — .
Although the quark distributions of baryons from the Uy+ (0 =205 () =F, 00 =Gy (X). (18

baryon decuplet are unlikely to be measured in the near fu- On the other handSU(6) is broken forS*. The u
ture they are of interest when we calculate the corrections T ) n ' P
: . . and/or down distributions in th&* baryons have a maxi-
associated with meson-baryon fluctuations. mum. at x=1—m’/mes —1—1010/1385-0.27 and the
First of all let us check whether the valueswdim,,m,) u x= ViR :

: ; trange quark distributions atx=1-m,/msx=1
andv(m,,m) obtained from theA-N and A° and3? split- S P v
tings are consistent with the values from the splitting of the 85(1/}38% 0:39' The quark dlstrlbutlons, for example, for
S and S* baryons. The masses of the" and 3 ** are theX** are given by the same expressions as thosé for
shifted by ' replacingd by s and noting that theu distribution is to be
calculated with the heavy diquark masses andsttistribu-
2 tion using the light diquark masses. Further, note that we
Amg+=z[v(my,my) —4v(m,,my)] have Ag®?(x)=q"(x) — g*(x) =3Ag*2(x)=q' (x) — q'(X).
In Figs. 8 and 9 we show the unpolarized and polarized
) quark distributions in thés™ andX"*. The Aq are for the
_< spin+ projections. They have to be multiplied by 3 to obtain
Ay +x 3[V(m“ /M) +2v(My, Mg)] (16) the corresponding distributions for the sgirprojections. In
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x T 'X'Ad R tively. Z is the wave.f.unctio.n renormalization constant and i_s
g LN A equal to the probability to find the bare hyperon in the physi-
> o04f 77N AL E cal hyperon.
xAug 7/ 'V In the following we discuss the chiral structure of hé
7’ \ ‘\ as an example and compare it to that of the nucleons. The
0.2 ,/’/ XAd,\ 1 nucleon case has already been discuss¢@5h The exten-
4, XAS,. sion to other baryons is straightforward. The lowest lying
L* \\\\ fluctuations for* which we include in our calculation are
0 1 1 1
o 02 04 06 08 1 S+ (uug—A(uds) = (ud)
FIG. 9. Polarized quark distributions in tiie" and2** at the 2+(uus)ﬂ20(uds)7r+(ua)
bag scalepu?.

2*(uus)—>2+(uus)w°<%[da— uU])

Fig. 4, we show the ratios«=ss« /us« compared to the
corresponding ratios in other hyperons.

S (uus)— 3% (udsg) 7™ (ud)

IIl. MESON CLOUD CORRECTIONS

The importance of the chiral structure of nucleons is well
established both experimentally and theoretically. The pion-
cloud associated with chiral symmetry breaking was first dis- S *(uus)— p(uud)K°(ds). (20)
cussed in the context of deep-inelastic scattering by Feyn-
man [12] and Sullivan[13]. It leads to flavor symmetry The corresponding lowest fluctuations for the proton are
violation (FSV) in the sea-quark distributions of the nucle- o
ons, as realized by Thomé$4]. FSV in the proton was first p(uud)—n(udd)7*(ud)
observed experimentally by the New Muon Collaboration
(NMC) through a violation of the Gottfried sum-ru[d5]. 1
More recently it has been directly studied by the NA51 Col- p(uud)— p(uud) wo(—[dd— uu])
laboration at CERN16], by the E866 Collaboration at Fer- V2
milab [17] and by the Hermes Collaboration at Dd$\3].

The role of the meson-cloud in understanding these data 1 — —

have been discussed extensively in the literafa@20 — p(uud)—>A+(uud)w°(E[dd—uu])

for recent reviews see Reff21-23. On the other hand,
relatively less attention has been paid to the effects of the
meson-cloud in other baryons. As pointed out by Alberg
et al,, and discussed in more detail in RE24], the meson-

cloud predicts an excess dfoveru in 3* hyperons similar

to that observed in protons, while &) suggestsi<u, since  gince theA plays an important role in the nucleon, we also
underp—3* we haves(s)«d(d). The meson-cloud also include thes* 7 components of the wave function in thie
modifies the bare quark distributions of the hyperons. In thease.
following we discuss both FSV in hyperons and the modifi- In deep inelastic scattering, the virtual photon can hit ei-
cation of the bare quark distributions due to the mesonther the bare hadrorti, or one of the constituents of the
cloud. higher Fock states. In the infinite momentum frame, where

In order to take account of the chiral structure of a baryonthe constituents of the target can be regarded as free during
its wave function is written as the sum of meson baryon Fockhe interaction time, the contribution of the higher Fock
states states to the quark distribution of the physical hadiéncan

be written as the convolution

E+(uus)—>2+*(uus)7r°(i[da— UU])
V2

p(uud)—A°udd)7* (ud)

p(uud)—A**(uuu)7 (ud). (21)

)= Zl et 3 | ayPR, don(y kD IBOKD):

dy
5QH(X)=E J fMB/H(Y)QM( )
. MB yy
XM(1—y,—K,)). (19
1 x\dy
Here ¢gm(y.k?) is the probability amplitude for the hyperon + L fBM/H(Y)QB<§> 7} (22)

to fluctuate into a virtual baryon-mes@&@M system with the

baryon and meson having Iongltudlnal momentum fractiongyhere the splitting function§y, g/ (y) andfgyw(y) are re-
y and 1-y and transverse momenka and —k, , respec- lated to the probability amplitudeggy by
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= 21 has to introduce phenomenological vertex form factors,
femm(y)= Jo dki|pem(y.kD)|, Gugm(Y.k?), which parametrize the unknown dynamics at
the vertices. These are often parametrized as

(72 -NT
fMB/H(y)_fO dk?|pgm(1—y,kD)|% A2, +m3

Agut Myl

2
(23) Ghgm(y.k?)= )) . (9

They can be calculated by using time-ordered perturbation
theory in the infinite momentum frame. The quark distribu-where
tions in a physical hadror are then given by

P K24+m3 k2+m?
Qu(X) = Za™ "+ 50 (X) (24) M3Z,,=— ; B, Ll—yM (30)

whereqP@™® are the bare quark distributions afds a renor-

malization constant which can be expressed as is the invariant mass of the meson-baryon fluctuation.

1 In calculating the matrix element of the axial-current or
Z=1-, f fuem(y)dy. (250 g in the meson-cloud model, one has to include terms in
MB JO which the polarized photon-Nphotons,) interaction leads

. . to the same final states as the polarized phdiofphoton-
These concepts can be extended to polarized particles *) interaction[27]. The contributions of these interference

introducing the probability amplitudesg) (v.k.) for ahad-  terms to the measured quark distributions can be written as
ron with given positive helicity to be in a Fock state consist-

ing of a baryon with helicityh and meson with helicity.’. N «\d
The splitting functions are then given by ASMgu(x)= >, f Af g gamm(Y)Als. 5 (_)_y
MB.B, | Jx (B1B2) m2\yly
Fawm(¥)= 2 fo diE | i (v kD%
)\V
yly
YREDY fo di| phh (1-y,k2)|2 31

(26)  where the interference splitting functions are given by

1 x| dy
+LAf(M1M2)B/H(y)AQM1M2 vikval

The contribution of higher Fock states to the polarized quark

distributions,Aqy(x) = ql,(x) — q}4(x), are then % , ,
S Afeypmm(y) =2 21 | did ¢ (v kD) dg i (v.KD)

! x\dy A
23G90 = 2, U AfBM,H(quB(—)—
B [ Jx yly )
1 x\dy Af(Mle)B/H(y)=2 2>\ffo dk? MlB(y,kf)qs;;,gg (y,k?).
+J Afyem(Y)Adu —)—} (27 A
x yly (32

where Afgwm(y) and Afgyu(y) are defined by The interference distributiongg g, and gy v, in Eg.

_ A

AfBM’H(X);EAZMBM’H(y)_ and . .AfMB’H(y) (31) do not have the same straightforward interpretation as
=22\ fau(y), respectively. The contributions from the qyark distributions. They have to be modeled in some way.
second term in Eq(27) are zero for pseudoscalar mesons. Using the SU(6) wave functions of the baryons from the

The amplitudesﬁg*,vl'(y,kf) may be expressed in the fol- baryon octet and decuplet, the transition matrix elements,

lowing form: (Bg|P¢.m|Bg) and(Bg|P¢ m|B1o), may be calculated and the
, ) interference distributions may be related to the quatkigs
SN (g K2) = 1 ymymgVie(y,k?) F,, G, and G, calculated in the MIT bag. For th&N in-
BM ’ - . .
Lo y(i-y) mﬁ.—MéM(y,ki) terference terms we obtain
(28)
AN . . . T 1L \EG
Here,VIMF(y K2) describes the vertex and contains the spin- Up+p=Upon= -3 v(X)
LN
dependence of the amplitude. The exact form of the
AN . -, .
VIMF(y,ki) can be found for various transitions in Reff21] gl —qll = I\/—EG 0 33
and[26]. Because of the extanded nature of the vertices one Atp FA% 3 TV
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ference also contributes to the the unpolarimethdd quark
distributions. This is shown in Fig. 10b. However, the net
contributions, i.e. the integral over,so and that oved ,so,

are zero and baryon number conservation is not violated.
Note also that the interference distributions BfX* and
N-A have opposite signs. Nevertheless, they contribute both
positively to Au since the splitting functions have opposite
signs as we shall discuss below.

In order to calculate the meson cloud corrections to the
quark distributions we have to specify the coupling constants
and the cut-off parameters. 8) relates the coupling con-
Stza-nts by gEEﬂ':z(l_ a)gNNwr gEA'n':(Z/\/g)agNN'n"
Os+pKk0™ V2(1-2a)gnn, and gss«,=(1/V6)gna, Where
we defined gNNﬂTEgpp‘ITOY gNAﬂEgpAJr*w*! Oss7
=(Qy+s+,0, aNd Oss+,=0s+s++,0. a IS defined by«
=D/(D+F)~0.635 withD andF the symmetric and anti-
symmetric SW3) couplings. The numerical values are given
by gjn,/4m=13.6 andg},,/Am=11.08 GeV? and the
couplings of a given type of fluctuation with different isospin
components are related by isospin Clebsch-Gordon coeffi-

FIG. 10. Interference distributions as calculated in the MIT bagC'ems' 1€ Gpnrt =~ \/Egppﬂo' Ipa0a+ =~ alﬁ)gpﬁ*ﬂo

at the scaleu?. (a) N-A and3-3* interference termgp) A-3 and
A-3* intereference terms. Theddistributions have the same mag-

nitude but opposite signs than the correspondiraistributions.

The possible interference terms for tie" are A-3°,
A-3*0 30.3%0 apnd 3 *-3**. We obtain for theA-3° in-
terference

hom - dlm St F o L)
s\50=0, (34)
for the A-2*© interference
oo gttt
UAE*O__dAE*O_i%GV(X)
Shsx0=0, (35)

and for the2%-3*% and> *-3* * interference terms

u;i 4T 2U;£ 050~ Zd;l*ozoz I?G\I/(X)
V2
S;£+E+:S;£020:i?6v(x)- (36)

=(1N3)pa++r Os+50,+=—Gs+s+,0, ANd Gy rye0,+

= —(s+3++,0. The cut-off parameters may be determined in
independent experiments, for example in inclusive particle
production in hadron hadron collisio21,28,29. The vio-
lation of the Gottfried sum rule and of flavor symmetry puts
also constraints on the magnitude of these parameters. They
are also restricted by the requirement that the contributions
from the meson cloud to the sea quark distributions cannot
be larger than the measured sea quark distributions. The val-
ues,Ayg=1.0 GeV andAg=1.3 GeV for thewrN and

A components, respectively, give contributions to the

and d which are consistent with this requirement and also
with FSV violation[20] (see below. Unfortunately, there is
not much known about the cut-off parameters in thé
case. In the absence of any information, we use the same
values as in the proton case. With this choice of parameters
the probabilities for the various fluctuations are approxi-
mately given by Pyp=13%, Panp=11% and Py s
=3.7%, Pz*w,2=3.1%, PAW/EZS.Z% andeEO/E:OAv%,
respectively.

The spin averaged splitting functions f@—BM and
3 *—BM are shown in Fig. 11. Here, the splitting functions
for a given type of fluctuation are defined as the sum over all
isospin states — i.efy,.=f, 0+ fnr+/p, €tc. Because of
the smaller coupling constants in tR" case the meson-
cloud is less important for th& *. Further, the transition,
3 *—KP%, only plays a marginal role as can be seen in Fig.
11b. In calculating the meson-cloud corrections we use our

We use the average mass of the octet and decuplet baryohgg model results for the bare distributions of the hyperons

involved in the calculation ofg, F,, Gg and G,. The

and nucleons. We also use a parametrization of the quark

results forp-A andS-3* are shown in Fig. 10a and those distributions in the pion$30] and utilize experimental data

for A-2* andA-X* in Fig. 10b. Thed distributions for the

for the ratio u® /u™ ~(1—x)%18097 [31] to obtain the

A-3 interference terms can be obtained by multiplying thelight quark valence distribution in the kaon. The strange

corresponding distributions by— 1. Note that, ifSU(6) is
not a good symmetry, we have,# F, and theA-3° inter-

quark distribution in the kaon is expected to be harder be-
cause of the mass of the strange quark. We use the param-

074017-9



C. BOROS AND A. W. THOMAS

04— 777

PHYSICAL REVIEW D60 074017

- — IR LN B B B E S H
< 35 sl
H 3 os8ht (a)
= 03t x Y
S 06t ) ® E866
0.2 04f |- © Hermes |
0.2}
ot .7\ ] Tl
of RA i RS
- e T L 1
% 0% 0.1 0.2 0.3
X
’; L] T T T — 1 "I - T T T T r T
< 01f X i
kR0 fous 3 oall, (b)
7 N\% x i
0.075} P S S 06h * E866
' ; “ | O Hermes
0.05F 0.4\\\ 1
A
ozr\\:ﬂ\l\ S
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FIG. 11. Splitting functions for the transitiofa) p—BM and
(b) ST —BM.

FIG. 13. Flavor symmetry violationd—u, for (a) the proton
etrization of Ref[24] for the kaon quark distributions, which and(b) theX*. In the proton case, the upper and lower dash-dotted
are constructed to satisfy the above requirements: lines stand for therN and wA contributions alone and the dashed
line for their sum. The data are taken from R¢fisz,18. In theS
case, the upper and lower dashed lines stand forrtheand 72 *
contributions, the dotted line for th€p and the dash-dotted line for
the wA contributions—and the proton data is shown just to set the
scale. The short dashed line is the sum of the chiral components.
The dotted lines are the Pauli contributions and the solid lines stand
for the total FSV.

xu(x)=1.05¢*¢%(1—x)%20

xq(x)

xs(x)=0.94x*6%(1—x)08¢ (37)

First, we show the modifications of the bare valence quark
distributions in the proton and in tie" in Fig. 12. We see

1 that the meson-cloud plays a relatively more important role
X in the proton than in th& ™. The strange to light quark ratio,
—~ —— ry=ss/Us, IS NOt sensitive to meson-cloud corrections, as
E PN shown in Fig. 4.
X 06f ,/ N, (b) The meson cloud model predicts flavor symmetry viola-
,/ \\ tions not only for the proton but also for other baryons. Since
0-4-,1 ‘\\ p—2" meansd(d)«s(s) underSU(3), onewould expect
! ‘\\\ an excess o§ overu on the basis of complete $8) sym-
0.2; N 1 metry and the measured FSV in the proton. However, in the
meson-cloud modek-s fluctuations for theX * involve hy-
O "0z 03 0% 0.8 d perons containing at least two strange quagks, and are

X strongly suppressed due to the higher masses of these hyper-
ons, which is of course a direct consequence of33Ureak-
ing. On the other hand, meson-cloud contributions lead to an
excess ofd over u for theX ", as can be seen in E(O).

dThis FSV is not at all related t8 U(3) symmetry. Further-
more, FSV could be even larger in the case since herall

fluctuations contribute tal. We show the calculated FSV
violation for the proton in Fig. 13a and for the" in Fig.

FIG. 12. (a) The up(dashed lingsand down(solid lineg va-
lence quark distribution in the proton withodight lines) and with
(heavy liney meson-cloud corrections a®?=10 Ge\?. The
Cteg4M distributions representing the “data” are shown as soli
lines with open circles(b) The up(dashed lingsand strangésolid
lines) valence quark distribution in the* without (light lines) and
with (heavy line$ meson-cloud corrections &°=10 Ge\?.
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= BT exclusion principle, the presence of two valencquarks in
‘::n (a) Af . the proton, as opposed to a single valedagiark, makes it
S o0z anlp - N less probable to produce wu pair compared to ad pair

giving an excess ofl over u in the non-perturbative sea.
Based on bag model calculatiopd, it is expected that this
component should have a shape similar to the usual sea
quark distributions, contributing to the asymmetry at lower
values than the chiral component. Since we have two valence
u quarks ancho dvalence quarks in th&* we expect that
the component arising from the Pauli principle will be at
least as large as that in the proton cddéeglecting SW3)
breaking one would expect it to be twice as large forXhe
as for the protor]. The Pauli contributions are shown as the
dotted line and the sum of the chiral and Pauli components as
solid lines in Figs. 13a and 13b. In t&" case, we show
also the contributions from the various meson baryon fluc-
tuations, the upper and lower dashed curves stand forrthe
and 7X* contributions, the dotted line for thiép and the
dash-dotted for therA contribution. The sum of all chiral
contributions is shown as the short dashed line. Note that,
while the contribution of therA component is negative in
the proton case, theX* component reinforces the FSV in
FIG. 14. The polarized splitting funct_ions for the tr_ansitioia}s the S* case giving rise to as large a FSV as in the proton
p—BM and(b) X7 —BM. The dotted lines are the interference ;556 __ even though the total meson-cloud corrections are
s_,pllttlng functlons;Af(,\z*)ﬂ_,z (upper ling, Afys)ms (middle less important for th& *.
line) andAf sy y+) 5 (lower ling). Since the pseudoscalar mesons do not contribute to the
spin dependent quark distributions of the baryons, the
13b, together with the E866 data for the proton. For themeson-cloud corrections decrease the amount of the baryon
proton, the upper and lower dash-dotted curves are the CoRpin carried by the spin of the quarks. The polarized splitting
tributions from themN and thewA Components alone and functions for the proton ana+ are shown in F|gs 14a and
the dashed curve is the sum #N and wA. 14b, respectively(Note that, according to the definition, the
As pointed out in Ref[20], the measured-dependence decuplet splitting functions are the sum of the 3/2 and 1/2
of the FSV, especially that of the ratid/u (not shown,  helicity components with the 3/2 component multiplied by a
requires a relatively large contribution from ther compo-  factor of 3) Since the fluctuations involving baryons from
nent in the proton case, which cancels the contributions fronthe octet are positive for smayl values and negative for
theN# component at large values and leads to the required largery values, their contribution to the spin of the nucleon
fast decrease of the asymmetry in this region. Since, on ther hyperon is relatively small. The integrél fy,,)~0.01,
other hand, the magnitude of tiNer and A= components nearly vanishes. On the other hand, the splitting functions of
are restricted by the requirement that their contributions tdhe baryons from the baryon decuplet are positive over the
the total sea quark distributions cannot be larger than thehole y region and their contributions are much larger,
experimentally measured value, an additional non-chira{Af,,,)~0.11. These values are to be compared to the val-
component is needed at smallThis non-chiral component ues(fy.,)=0.13 and(f ;) =0.11 which can be roughly
may be attributed to the Pauli exclusion principle, as sugthought of as the amount of spin “lost” through the meson
gested by Field and FeynmdB2]. Because of the Pauli baryon fluctuation(Remember that mesons do not contrib-

TABLE |. Fraction of angular momentum carried by the spin of the quarks in different motl€)s.

EAq+Aa The results in the third row are obtained by ushg 0.28 from deep inelastic scatterifg|S)
experimentsF+ D =1.2573 and=/D=0.575 from hyperon decay experiments.

proton P
Model AU AD AS 3 AU AD AS 3
NQM 4/3 -1/3 0 1 4/3 0 —-1/3 1
DIS+SU(3) 0.82 —-0.44 -0.10 0.28 0.82 —-0.10 —-0.44 0.28
Bag 1.05 —0.26 0 0.79 1.05 0 —-0.27 0.78
Bag+MC 0.86 -0.17 <0.01 0.69 0.93 <0.01 —-0.24 0.69
Bag+MC+IF 0.94 —-0.25 <0.01 0.69 0.98 <0.01 —-0.28 0.70
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< M In concluding this section we must issue a caution con-
-y 0088 A EMC ///,Z'\‘\ | cerning the discussion of spin-dependent parton distributions
x A E143 AP \ here. It is by now well understood that the axial anomaly
0.06r o smc AL T plays a vital role in the flavor singlet spin structyis] and
0.04} P4 ] the model which we have used has not incorporated such
#38 effects. As a result the integral gf,,, for example, satisfies
0.02¢ # H the Ellis-Jaffe sum rule—with the octet and isovector axial
0 ! L charges appropriate to the model, including meson correc-
1(‘)2 —— 161 —— 1 tjons. It is therefore not too surprising that ourcurvgsg‘gr .
X lie above the data. A reasonable polarized gluon distribution

could bring the calculated values in Table | into better agree-

FIG. 15. + with (light solid line) and without(light dashed . .
O1s+ with (lig id line without(lig ment with the experimental value &f.

line) meson-cloud corrections compared to the correspondipg
(heavy line$. The data are for the proton and taken from Refs.
[33-35. The structure functions calculated with interference terms

are shown as short dashed lines. The EMC data are at différent IV. CONCLUSIONS
values, the SMC aiQ?=10 Ge\? and the E143 data aD? o , ,
-5 Ge\2 We calculated the quark distribution functions of different

hyperons in the MIT bag model using the approach of the
Adelaide group which assures the correct support of the dis-
tribution functions. The hyperfine splitting responsible for
Re splitting of the masses of tHd-A, A-3° and 3-3*
results in quark distributions very different fro8U(6) ex-
pectations. ThisSU(6) breaking goes beyond the explicit
breaking through the strange quark mass and leads to differ-
ent shapes of the quark distributions, even in hyperons with
the same number dfalence strange quarks. The strange to

u ratio in theX " increases withk— 1—a behavior opposite

. . , . to that predicted bysU(3). Further, we predict polarized
In Table I, we show spin fractions carried by the d'fferentandd quarks distributions in thé as a function of, even

flavors of the proton and the ™, AQ=Aq+Aq, in the non- 5,41 their net contributions to the total spin of theare
relativistic quark mode(NQM), as measured in DIS and ;e This prediction could be tested in semi-inclusive polar-
using SU3) symmetry to obtain the values f&™ [DIS ;o4 DIS since the coupling of the quarks to the electro-

+SU)], in the bag model, in the bag model with meson magnetic current is four times larger than that of the strange
cloud corrections(bag-MC) and with interference terms quarks.

(IF). AS in the proton comes from th&K andXK compo- We also calculated the modifications of the bare quark
nent of the wave function. However, these give very smalljgtributions through the meson-cloud required by chiral
contributions.AD in the X" comes from lower lying fluc-  gymmetry. Although the meson-cloud corrections to the dis-
tuations and could be sizable. However, because the integrgiputions in theS * are not as large as those to the corre-
over the splitting function for the octet baryons approxi-sponding distributions in the proton, because of the smaller
mately vanishes, it is very smal(1%). Here, the interfer-  coypling constants, the meson-cloud also leads to significant

ence terms largely cancel each other. Further, we see thafayor symmetry violations in the sea quark distribution of
because of the transverse motion of the quarks, the fractlop

. . : . he hyperons. We found that thiein the 2 is enhanced
of the spin carried by the quarks in the bag model is smaller = — )
than one. In conclusion, the meson cloud is responsible foielative to theu, contrary to SU(3) expectations. The
part of the dilution of the spin though the fraction of spin ds+/us+ ratio is comparable to the corresponding ratio
carried by the quarks is still considerably larger than '[hajp/up in the proton since, in th& ™ case, all of the lowest

experimental value. , lying fluctuations enhance tte relative tou.
In Fig. 15,xg,(x) calculated for protortheavy line$ and

for 3% (light lines) are shown with(solid lineg and without
(dashed linesmeson corrections and with interference terms
(short dashed lings The predictions foiy,s+ andg,, are
similar, with g,sx+ peaking at slightly loweix-values than We would like to thank S. Braendler, W. Melnitchouk,
d1p- This is because the quarks, which have a somewhat A.W. Schreiber, F. Steffens and K. Tsushima for many use-
softer distribution in th& * than in the proton, dominate in ful conversations. This work was partly supported by the
O;- Australian Research Council.

ute to the spin of the nuclegriThe splitting functions corre-
sponding to interference between octet and decuplet baryo
(short dashed lingsre positive. However, since the interfer-
ence distributions fod ands quarks are opposite in sign to
the u distributions(see Fig. 1D they approximately cancel
each other in the “spin sum.” On the other hand, they con-
tribute positively tog; since, here, theai distributions are
weighted by 4/9 as opposed to 1/9 of theand s distribu-
tions.
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