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We examine the effects of SU~3! breaking in the matrix elements of the flavor-diagonal axial-vector currents
between octet baryon states. Our calculations ofK, h, andp loops indicate that the SU~3! breaking may be
substantial for some matrix elements and at the very least indicate large uncertainties. In particular, the strange
axial matrix element in the proton determined from the measurements ofg1(x) is found to have large uncer-
tainties and might yet be zero. We estimate the strange axial matrix element in the proton to be
20.35&Ds&0 and the matrix element of the flavor-singlet current in the proton to be20.1&S&10.3 from
the E143 measurement of*dxg1(x)50.12760.00460.010. The up-quark content of theJ2 is discussed and
its implications for nonleptonic weak processes discussed. We also estimate the matrix element of the axial-
vector current coupling to theZ0 between all octet baryon states. This may be important for neutrino interac-
tions in dense nuclear environments, where hyperons may play an important role.@S0556-2821~97!00709-1#

PACS number~s!: 12.15.Ji, 12.39.Fe, 14.20.Dh

One of the more exciting realizations in hadronic physics
of the last few years is that the strange quark may play an
important role in the structure of the nucleon@1#. While this
may seem somewhat unnatural in the context of the most
naive quark model, it is perfectly natural from the standpoint
of QCD. Matrix elements of the strange vector current must
vanish at zero-momentum transfer between states with zero
net strangeness; however, matrix elements of the axial-vector
current need not. Recent measurements suggest that the ma-
trix element of the strange axial-vector current in the proton
isDs520.1260.04@2#. In addition, one would like to know
what fraction of the nucleon spin is carried by the quarks
themselves, which is equivalent to determining the matrix
element of flavor-singlet axial-vector current in the proton
S. This is, of course, intimately related to the matrix element
of the strange axial-vector current and present analysis sug-
gests thatS50.260.1 @2#, much smaller than the quark
model estimate ofS;0.58. There have been intense theoret-
ical and experimental efforts to extractDs andS to address
the present ‘‘spin crisis’’ and such efforts continue~for re-
cent reviews, see@3,4#!.

A vital ingredient in the present determination ofS and
Ds is the matrix element of thej 5

m,85ūgmg5u1d̄gmg5d
22s̄gmg5s axial-vector current in the nucleon, which cannot
be measured directly but must be inferred from the approxi-
mate SU~3! symmetry observed in nature. The question of
SU~3! breaking in the matrix element of thej 5

m,8 current and
its impact upon the extraction ofDs andS has been previ-
ously addressed@5–10#. In @5,6# it was assumed that the
breaking in the matrix elements of the axial-vector currents
was proportional to the breaking in the octet baryon masses
and in @7# a model of the SU~3! breaking was employed.
Studies in the Skyrme model@9# suggest thatS is relatively
insensitive to SU~3! breaking whileDs shows significant
sensitivity. A more systematic approach was that of@10# in

which the breaking was analyzed in the context of the large-
NC limit of QCD. It was found that the matrix element of the
j 5
m,8 axial-vector current was substantially reduced from its
value in the symmetry limit.

In the limit of flavor SU~3! symmetry the three light quark
contributions to the nucleon axial matrix elements are
uniquely determined by three low energy observables. In this
limit, two of these observablesF and D can be extracted
from nuclearb decay and from the semileptonic decay of
strange hyperons. The third experimental constraint comes
from a measurement of the axial singlet current in the
nucleon, presently accomplished by measuring theg1(x)
spin-dependent structure function of the nucleon@12,13# and
using the SU~3! symmetry to remove the flavor octet contri-
butions. In the real world we know that this symmetry is
only approximate, broken by the difference between the
mass of the strange quark and of the up and down quarks.
Each of the matrix elements of the octet and singlet axial-
vector currents will receive SU~3!-breaking contributions,
with the leading contributions having the formmslnms fol-
lowed by terms of the formms and higher. The leading con-
tributions with nonanalytic dependence onms arise from
hadronic kaon loops while terms analytic in the strange
quark mass do not uniquely arise from such loops and must
be fixed by other observables.

In this work we include all terms of the formmslnms to
the axial matrix elements appearing in hyperon decay and
b decay used to determine the axial couplingsF, D, C,
andH. We use these fits to predict matrix elements relevant
for determiningS, Ds, and for the interaction of neutrinos
with hyperons, a situation that may be important at high
matter densities@14,15#. Unfortunately, higher order SU~3!-
breaking contributions can only be estimated to be of order
MK

2 /Lx
2;0.25 ~which is not to be confused with a 25% cor-

rection to each matrix element!. Part of the terms at this
order ~in fact, a summation to all orders! arises from graphs
involving the decuplet of baryon resonances as intermediate
states. Such contributions are also present in the flavor-
diagonal axial matrix elements with the same uncertainty
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arising from omission of incalculable termsO(ms) and
higher. A further estimate of the incalculable higher order
SU~3!-breaking terms is made by evaluating all matrix ele-
ments for three different values of the decuplet-octet baryon
mass splittingD050, 200 MeV, `, that enters in at one-
loop level. It is clear that our work provides merely an esti-
mate for the size of SU~3! breaking in these matrix elements,
however, the terms considered here are formally dominant in
the chiral limit.

It is conventional to define the axial matrix elements of
the quarks in the protonuP& via

2smDq5^Puq̄gmg5quP&, ~1!

where q5u,d,s denotes the quark flavor, andsm is the
nucleon spin vector. Any linear combination of the three
light quark neutral axial-vector currents can be written in
terms of the two diagonal octet generators and the singlet. In
deep-inelastic scattering one measures the matrix element of
the current,

j 5
m5q̄Q2gmg5q, ~2!

in the proton, whereQ is the light quark charge matrix,
given by

Q5
1

3 S 2 0 0

0 21 0

0 0 21
D . ~3!

In conjunction with a measurement of the matrix elements of
the flavor-diagonal currents,

j 5
m,35q̄O3gmg5q, j 5

m,85q̄O8gmg5q, ~4!

in the proton, where we use

O35S 1 0 0

0 21 0

0 0 0
D , O85S 1 0 0

0 1 0

0 0 22
D , ~5!

the flavor-singlet or, alternately, the strange quark contribu-
tion may be extracted via

S 1 0 0

0 1 0

0 0 1
D 5

9

2
Q22

3

4
O32

1

4
O8 , ~6!

S 0 0 0

0 0 0

0 0 1
D 5

3

2
Q22

1

4
O32

5

12
O8. ~7!

The matrix element ofj 5
m,3 in the nucleon is well deter-

mined from nuclearb decay via isospin symmetry, leading
to

Du2Dd5gA51.266460.0065, ~8!

where we have neglected isospin-breaking effects. Unfortu-
nately, we cannot use isospin to relate the matrix element of
j 5
m,8 in the proton to any other set of physical observables.

We must resort to using flavor SU~3! symmetry as a starting
point and systematically determine corrections arising from
SU~3! breaking.

Let us begin by discussing the matrix element of the
axial-vector currents in the limit of exact SU~3!. The matrix
elements between baryons in the lowest lying octet of the
axial-vector currents transforming as octets under SU~3! are
described by the following effective Lagrange density:

j 5,eff
m,a5DTr@B̄2sm$Oa ,B%#1FTr@B̄2sm@Oa ,B##, ~9!

whereB is the octet of baryon fields

B5S L/A61S0/A2 S1 p

S2 L/A62S0/A2 n

J2 J0 22L/A6
D .

~10!

Also, the matrix element of the singlet current is reproduced
by the Lagrange density

j 5,eff
m,1 5STr@B̄2smB#. ~11!

At the tree level we can determine the parametersF and
D by fitting the theoretical expression, linear inF andD, to
the observed rates for n→pe2n̄e , S2→ne2n̄e ,
J2→Le2n̄e , S2→Le2n̄e , J2→S0e2n̄e , and
L→pe2n̄e . However, one must keep in mind that we ex-
pect deviations between the ‘‘best fit’’ and the experimental
results to be at the;25% level due to the fact that the
theoretical expressions have been truncated, and terms of
orderO(ms ,mslnms, . . . ) have been neglected@11,16#. This
includes the fit to the experimentally well-measured value of
gA , equal toD1F in the SU~3! limit ~i.e., we naively expect
to seeD1F deviate fromgA at the 25% level in the best fit!.
In the matrix elements we use to fit the axial couplings the
experimental uncertainties are much less than the corre-
sponding theoretical uncertainty. To determineF andD we
minimize ax2 function

x25(
data

~expti2theoryi !
2

s theory
2 , ~12!

where expti denotes an experimental measurement of an
axial matrix element, theoryi denotes its theoretical value for
given values ofF andD, ands theory denotes the theoretical
uncertainty which we somewhat arbitrarily choose to be
;0.2, and equal for all data points, i.e., an unweighted fit.
This is in contrast with the fit made by Jaffe and Manohar in
@11#, the fit of Luty and White@16#, and is a more extreme
version of a fit made in@10#. The uncertainties we quote for
the couplings F and D are found by requiring that
x2,xmin

2 12.3, corresponding to a 68% confidence interval.
It is clear that this analysis can only provide an estimate of
the uncertainties as the pattern of breaking will not be uncor-
related for these processes. We find that

D50.7960.10,

F50.4760.07. ~13!
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The errors onD andF are highly correlated and one finds
that the ‘‘best fit’’ value forD1F is 1.2660.08. Further, the
best for 3F2D ~the tree-level expression for the matrix el-
ement of theO8 current! is 0.6560.21, in agreement with
the central value of 0.60 found in@11#. The values ofF and
D are in agreement with those found in@10# except the un-
certainties found from our somewhatad hocprocedure are
larger, but they do represent a reasonable estimate of the true
uncertainties.

A third input required to fix the individual quark axial
matrix elements in the proton is measured in deep-inelastic
scattering:

2smE
0

1

dxg1~x,Q
2!5

1

2S 12
as~Q

2!

p D ^Puq̄Q2gmg5quP&

5
1

9 S 12
as~Q

2!

p D ^Pu 34 q̄O3gmg5q

1 1
4 q̄O8gmg5q1q̄Igmg5quP&, ~14!

whereI is the identity matrix. The two recent measurements
of this quantity are

E
0

1

dxg1~x,Q
253 GeV2!50.12760.00460.010,

~15!

by the E143 Collaboration@13# and

E
0

1

dxg1~x,Q
2510 GeV2!50.13660.01160.011,

~16!

by the Spin Muon Collaboration~SMC! @12#. We choose to
use the E143 measurement atQ253 GeV2 for our evalua-
tions and find, at the tree level,

Du1Dd1Ds50.1060.105S, ~17!

which, along with the octet matrix elements, allows us to
separate the quark contributions

Du50.7760.04, Dd520.4960.04,

Ds520.1860.09. ~18!

These values are consistent with the analysis of Jaffe and
Manohar in @11#. The Q2 dependence ofS is very weak
@17,18# ~see also@11# and @19#! and so we setS;S.

We can estimate the leading SU~3! breaking to each axial
matrix element in chiral perturbation theory. It is of the form
mslnms arising from the infrared region of hadronic loops
involving K ’s, h ’s, andp ’s and can be computed exactly.
Such loop graphs are divergent and require the presence of a
local counterterm analytic in the light quark masses which
must be fit to data. Some effects ofK andh loops on strange
quark observables in the nucleon have been considered pre-
viously, e.g.,@20,21#.

For some hyperon decays the axial matrix element is de-
termined from an experimental measurement of the ratio of
vector to axial-vector matrix elements. The Ademollo-Gatto
theorem@22# protects the vector matrix elements from cor-
rections of the formmslnms, with leading corrections start-
ing atO(ms) @23# . Consequently, at the order to which we
are working we can consistently ignore deviations of the vec-
tor matrix elements due to SU~3! breaking and extract the
axial matrix elements from the ratio of axial-vector to vector
current matrix elements.

Heavy baryon chiral perturbation theory@24,25# ~see also
@26#! is used to compute theO(mslnms) corrections to the
axial matrix elements. This technique is sufficiently well
known that we will not go into its details in this work and
merely give results of the computation. The Lagrange den-
sity for the interaction between the lowest-lying octet and
decuplet baryons of four-velocityva with the pseudo Gold-
stone bosons is

FIG. 1. Tree-level contribution to the axial matrix element. The
solid square denotes the insertion of the axial-vector current. The
labelsB andB8 denote the incoming and outgoing octet baryons,
respectively.

FIG. 2. Loop-level contribution to the axial matrix element. The
solid square denotes the insertion of the axial-vector current. The
labelsB andB8 denote the incoming and outgoing octet baryons,
respectively. The dashed line denotes a pseudo Goldstone boson.
The thicker lines denote decuplet baryon propagators. Graphs of the
type~a!, ~c!, and~d! do not arise in the matrix element of the singlet
current at one loop.

FIG. 3. Loop-level wave function renormalization contributions
to the axial matrix element. The solid square denotes the insertion
of the axial-vector current. The labelsB andB8 denote the incom-
ing and outgoing octet baryons, respectively. The dashed line de-
notes a pseudo Goldstone boson. The thicker lines denote decuplet
baryon propagators.
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L5Tr@B̄iv•DB#1DTr@B̄2sm$Am,B%#1FTr@B̄2sm$Am,B%#

2T̄iv•DT1D0T̄T1C~ T̄mAmB1H.c.!1HT̄m2snA
nTm,

~19!

whereD is the chiral covariant derivative and

Am5
i

2
~j]mj†2j†]mj! ~20!

is the axial meson field with

j5expS if M D , ~21!

M5S h/A61p0/A2 p1 K1

p2 h/A62p0/A2 K0

K2 K̄0 22/A6h
D ,

~22!

and f is the meson decay constant. The axial constants
F, D, C, and H have been discussed extensively in the
literature and are seen to be consistent with spin-flavor SU~6!
relations @24–27# ~a claim against this conclusion can be
found in@16#!. The mass difference between the decuplet and
the octet baryons isD0.

The matrix element of an axial-vector current with flavor
indexa between two octet baryons statesBi andBj is given
by1

^Bi u j 5
m,auBj&5Ū igmg5UjFa i j

a1~b i j
a2l i ja i j

a !
MK

2

16p2f 2

3 ln~MK
2 /Lx

2!1Ci j
a ~Lx!1•••G , ~23!

where we will takef to be the kaon decay constant~moti-
vated by previous experience with such corrections, e.g.,
@29#!, f K51.22f p , and fp5132 MeV. In writing the matrix
elements this way we have used the Gell-Mann–Okubo mass

formula Mh
25 4

3MK
2 and set Mp50. The coefficients

a i j
a ,b i j

a for flavor-off-diagonal currents and fora58 in the
proton, along with the wave function renormalization coeffi-
cientsl i j have been computed by Jenkins and Manohar@24–
26#. The unknown counterterms that contribute at order
O(ms) are denoted byCi j

a (Lx) where we have chosen to
renormalize at the scalem5Lx . As they are unknown quan-
tities, we will set them equal to zero for our discussions,
Ci j
a50. The coefficientsa i j

a ,b i j
a , and l i j are determined

from the graphs shown in Figs. 1, 2, and 3, and forD050
are given in Tables I–IV. It is simple to include a nonzero
value for the decuplet-octet mass differenceD0 @16#. For the
vertex graphs involving two decuplet states and the wave
function graphs one makes the replacement

MK
2 lnSMK

2

Lx
2 D→FSMK

D0
D , ~24!

FSMK

D0
D 5~MK

222D0
2!lnSMK

2

Lx
2 D

12D0AD0
22MK

2 lnS D02AD0
22MK

21 i e

D01AD0
22MK

21 i e
D ,

~25!

and for vertex graphs involving one decuplet state and one
octet state one makes the replacement

MK
2 lnSMK

2

Lx
2 D→E

0

1

dxFS MK

~xD0!
D . ~26!

Similar replacements occur for theh-loop graphs. It was
shown by Jenkins and Manohar@24–26# that it is important
to include the decuplet as a dynamical field otherwise the
natural size of local counterterms is set by the decuplet-octet
mass splitting and not byLx . The difference betweenD0
Þ0 andD050 is formally higher order in the expansion
than we are working; however, settingD0Þ0 does allow one
to estimate the size of higher order effects. For our purpose
we treatD0 to be the same for all the decuplet-octet mass
splittings and we present results forD050, 200 MeV, and
`. The D05` theory does not correspond to taking the
D0→` limit of F(MK/D0). In this limit the function be-
comes analytic in the light quark masses and can be absorbed

1We have assumed the matrix element is independent of the in-
variant mass of the lepton pair. This is a reasonable approximation
as the energy release in these decays is small.

TABLE I. The coefficientsa i j
3 and b i j

3 for the flavor-diagonal axial matrix elements (D050). The
remaining matrix elements are related by isospin to those in the table.

Coefficients
Process a i j

3 b i j
3

p→p D1F 4
9 (D

31D2F13DF229F3)2D2F2
20
81 C

2H1
4
2 C

2(F13D)

S1→S1 2F 22F2
2
9F~9F22D2!2 50

27C
2H1

8
3C

2~
13
9 D2

1
3F!

J0→J0 F2D D2F2
4
9 ~D32D2F13DF219F3!2 40

81C
2H2

8
3C

2~
l7
18D1

3
2F!

L→S0
2

A3
D 2

1

A3 F2D1
2

9
D~9F2217D2!1

10

27
C2H2

16

3
C2~D1F !G
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into a renormalization of higher order counterterms. There-
fore, theD05` theory is equivalent to one without contri-
butions from the decuplet~this is also the reason why we can
consistently treat the contribution fromp loops as negli-
gible!. Also, results forD05300 MeV are little different
from those forD05200 MeV.

Notice that at this order we are forced to introduce an
unknown parameterT, the matrix element of the singlet
axial-vector current in the decuplet or, equivalently, the
strange content of theD. It arises in the loop graphs involv-
ing decuplet intermediate states~there is no octet to decuplet
transition induced by the singlet!,

j 5
m,1~10!5T T̄ a

abc2smTabc
a . ~27!

The value of this constant is unknown and for our calcula-
tions we setT50 ~settingT5S gives virtually identical re-
sults!. However, this quantity does provide a problem for a
systematic inclusion of higher order corrections to the SU~3!
limit. Physically, one extracts a linear combination ofS and
T at one-loop order and the same linear combination enters in
all appropriate observables in the nucleon sector at this or-
der. However, when considering matrix elements between
strange hyperons a different linear combination ofS andT
will enter.

The axial couplings of the decupletC andH first contrib-
ute to the axial matrix elements of the octet baryons at loop
level and hence cannot be well constrained from the semi-
leptonic decays alone. In addition to theb decay and the
hyperon decay used for the tree-level fit, we require that the
couplings reproduce the strong decays of theD,S* , and the
J* . Expressions for these rates atO(mslnms) can be found
in @27# ~tree-level extractions would be sufficient at this or-
der!. The procedure for the tree-level fitting was applied to
the loop-level fitting, except that we fit four coupling con-
stants instead of the two at the tree level~i.e.,
x2,xmin

2 14.7). Best fit values for the axial coupling con-
stants are shown in Table V and they are consistent with
most previous extractions.2 The fits to the semileptonic decay
matrix elements both at the tree level and the one-loop level
are shown in Table VI. Differences between the tree-level
and loop-level fits to the semileptonic matrix elements are
not great. Neutral current axial matrix elements are estimated
at leading order in SU~3! breaking and we present the esti-
mates forO3,O8, and the singlet current for each of the octet
baryons in Tables VII–IX.

The loop-level extractions of the quark contributions to
the proton spin are shown in Table X, along with the tree-
level result. It is evident that the up- and down-quark contri-
butions are insensitive to the SU~3! breaking. In contrast, the
strange quark content is very sensitive to the breaking; how-
ever, all the determinations agree within the uncertainties.
Further, the matrix element of the singlet current in the pro-
ton extracted from the E143 measurement of
*dxg1(x)50.12760.00460.010 appears to be compatible
with zero in each of the determinations, as it is at the tree

2We do not agree with the extraction ofF andD presented in@16#
and insufficient details are given for us to be able to determine the
reason for the disagreement.

TABLE II. The coefficientsa i j
8 andb i j

8 for the flavor-diagonal
axial matrix elements (D050). The remaining matrix elements are
related by isospin to those in the table.

Coefficients
Process a i j

8 b i j
8

p→p 3F2D 3D29F2
2
9 (11D

3227D2F227DF2127F3)
14C2(D2F)

L→L 22D
6D2

2
9D~27F2211D2!1

10
9 C2H

1
8
3C

2(D23F)

S1→S1 2D
26D1

2
9D~D2163F2!2

10
9 C2H

1
8
3 C

2( 73 D1F)

J0→J0 2D23F
3D19F2

2
9 (11D

3127D2F

227DF2227F3)2 8
3 C

2( 136 D1
7
2 F2 10

9 H)

TABLE III. The coefficientsa i j
1 andb i j

1 for the flavor-singlet
axial matrix elements (D050).

Coefficients
Process a i j

1 b i j
1

p→p S 2S~5F21 17
9 D

22
10
3 FD!2T 5

9 C
2

L→L S 2S~6F21 14
9 D

2!2T 10
9 C2

S→S S 2S~2F21 26
9 D

2!2T 70
27 C

2

J→J S 2S(5F21
17
9 D21

10
3 FD)2T

65
27C

2

TABLE IV. The wave function renormalization coefficients
l i j (D050).

Process l i j

N→N 17
3 D2115F2210DF1C2

S→S 26
3 D216F21

14
3 C2

L→L 14
3 D

2118F212C2

J→J 17
3 D2115F2110DF1

13
3 C2

L→S 20
3 D

2112F21
10
3 C2

TABLE V. Loop-level axial coupling constants for
D050, D05200 MeV, andD05`.

Axial-vector coupling constants
Coupling D050 D05200MeV D05`

D 0.6460.05 0.6460.06 0.5960.06
F 0.4260.04 0.3460.04 0.3460.04

uCu 1.3960.06 1.3760.05 1.3760.06
H 22.760.6 22.760.5 22.860.5
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TABLE VI. Tree- and loop-level evaluations of matrix elements of the axial-vector current. Superscripts
a,b denoteD050 and 200 MeV, respectively.

Axial matrix elements
Process Tree level Loop levela Loop levelb Experimental@10,28#

n→pe2n̄e 1.2660.08 1.2460.11 1.1660.09 1.266460.0065
S2→ne2n̄e 0.3160.10 0.3560.13 0.3160.1 0.34160.015
J2→Le2n̄e 0.2760.09 0.2560.14 0.2960.10 0.30660.061
L→pe2n̄e 20.9060.07 21.0160.11 20.9860.09 20.89060.015
S2→Le2n̄e 0.6460.06 0.6460.06 0.5760.06 0.60260.014
J2→S0e2n̄e 0.8960.06 0.8960.06 1.0060.09 0.92960.112
D→Np 21.7060.07 21.7660.13 21.7560.11 22.0460.01
S*→Lp 21.7060.07 21.7660.14 21.7760.12 21.7160.03
S*→Sp 21.7060.07 21.5060.18 21.5260.15 21.6060.13
J*→Jp 21.7060.07 21.6460.12 21.6560.09 21.4260.04

TABLE VII. Tree-level and loop-level estimates of the matrix elements of theO3 axial current. The
matrix element in the proton is not shown as it is fixed by isospin togA . Similarly, the matrix element for the
L-S transition is not shown as it is related to the matrix element forS2→L by isospin. Also, the matrix
element betweenL states vanishes by isospin. Superscripts a, b, c denoteD050, 200 MeV, and̀ , respec-
tively.

O3

Process Tree level Loop levela Loop levelb Loop levelc

S1→S1 0.9560.12 0.7060.23 1.0960.12 0.9860.14
J0→J0 20.3160.10 20.3560.17 20.1860.10 20.3660.13

TABLE VIII. Tree-level and loop-level estimates of the matrix elements of theO8 axial current. The
matrix element betweenL and S states vanishes by isospin. Superscripts a,b,c denote
D050, 200 MeV, `, respectively.

O8

Process Tree level Loop levela Loop levelb Loop levelc

p→p 0.6560.21 0.7860.24 0.4560.20 0.6060.22
S1→S1 1.5660.15 1.6360.26 1.5860.18 1.7860.23
L→L 21.5660.15 21.8360.28 22.0860.20 21.8860.21
J0→J0 22.2160.17 22.3160.40 22.7960.30 22.8160.35

TABLE IX. Tree-level and loop-level estimates of the matrix elements of the singlet axial current ex-
tracted from the E143 measurement of*dxg1(x)50.12760.00460.010. The matrix element betweenL and
S states vanishes by isospin. Superscripts a,b,c denoteD050, 200 MeV, `, respectively. We have set
T50 in the loop-level calculations.

I
Process Tree level Loop levela Loop levelb Loop-levelc

p→p 0.1060.11 0.0860.12 0.1660.11 0.1160.13
S1→S1 0.1060.11 0.1360.19 0.1560.10 0.1460.15
L→L 0.1060.11 0.1060.16 0.1860.13 0.1360.15
J0→J0 0.1060.11 0.1460.22 0.1860.13 0.1660.18
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level. If, instead, one used the SMC measurement of
*dxg1(x)50.13660.01160.011, the magnitude ofS is in-
creased by;50%. Our loop analysis of the matrix element
of O8 in the proton is in disagreement with the analysis of
Dai et al. @10# . In the large-Nc limit they find a value of
0.2760.09, which is smaller by a factor of 2 than our esti-
mates although we do have a large uncertainty.

It is useful to understand what situation must arise in or-
der to recover the naive quark model estimate of
S;10.58. We find that ifD50.66,F50.37,C521.4, and
H522.6, then one can reproduce most axial couplings aris-
ing in semileptonic rates reasonably well except for
S2→n, which would have to be 0.50 compared with
0.34160.015 observed andJ2→L, which would have to
be 0.09 compared with 0.30660.061 observed. Unless the
experimental determinations are many standard deviations
away from the true value of these axial couplings it appears
unlikely that the naive quark model value ofS will arise.

We should remind ourselves that the measurements
planned to be made at Jefferson Laboratory of the parity-
violating component ofep interactions and the Liquid Scin-
tillation Neutrino Detector~LSND! running at Los Alamos
measuringnp scattering~see @4# for a comprehensive re-
view! circumvent the need to use SU~3! symmetry to extract
the strange content of the nucleon and hence will not rely
upon the estimates made here. The axial-vector current that
couples to theZ0 has the flavor structure

j 5
m,Z5q̄OZg

mg5q, ~28!

OZ5O31
1

3
O82

1

3
I5O32S 0 0 0

0 0 0

0 0 1
D , ~29!

at the tree level in the standard model3 ~electroweak loops
induce a nonstrange isoscalar component!. As the matrix el-
ement ofO3 in the proton is known fromgA by isospin
symmetry, a measurement of theZ0 axial coupling will yield
the strange quark content of the nucleon directly. One might
suspect that nuclear physics uncertainties would provide an
intrinsic limitation to the extraction ofDs and S from
n-scattering experiments such as LSND. However, recent
work @30# indicates that, in fact, nuclear physics uncertain-
ties can be minimized by forming appropriate combinations

of observables. It would appear from our somewhat primitive
analysis of SU~3! breaking that theZ0 measurements are the
key to determining the strange quark content of the nucleon.

As an aside we consider the analogue of the strange quark
content of the nucleon for the other baryons in the octet.
Such quantities could be the ‘‘up-quark’’ content of the
J2 ~with flavor quantum numbersssd) or the ‘‘down-
quark’’ content of theS1 ~with flavor quantum numbers
uus). In the limit of exact SU~3! one can find the individual
quark contributions by large SU~3! transformations. For in-
stance, unders↔u we havep↔J2 and hence we expect
that the up-quark content of theJ2 is equal to the strange
quark content of the nucleon. Similarly, unders↔d we have
p↔S1 and we expect that the down-quark content of the
S1 is the same as the strange quark content of the nucleon.
We can investigate the effects of theO(mslnms) SU~3!-
breaking terms on these relations simply from our above
analysis~we use theD050 results!. We find that, for the
J2 at the loop level,

DuJ520.1860.14, DdJ520.5060.10,

DsJ50.8360.12, ~30!

and, for theS1 at the loop level,

DuS50.6860.12, DdS50.0560.12,

DsS520.4960.09. ~31!

The ‘‘wrong’’-quark content is about the same for each
baryon and is consistent with the results seen in the nucleon
sector alone. We note that the ‘‘d’’-quark content of the
S1 and the ‘‘u’’-quark content of theJ2 are dominated by
the local countertermsF, D, andS, and not by the meson
loop graphs. We may make a connection with the nonlep-
tonic interactions between octet baryons and the pseudo
Goldstone bosons. It was realized in@31,32# that a nonzero
strange axial matrix element in the nucleon may impact
nuclear parity violation. Nonstrange operators are suppressed
by custodial symmetries of the standard model of elec-
troweak interactions in the limit sin2uw→0, while strange
operators are not. The strangeness-changing four-quark inter-
action ~ignoring strong interaction corrections! is

3We thank M. Musolf for pointing out that this is only a tree-level
relation.

TABLE X. Tree-level and loop-level estimates of the individual quark contributions to the proton spin
extracted from the E143 measurement of*dxg1(x)50.12760.00460.010. Superscripts a,b,c denote
D050, 200 MeV,̀ , respectively. We have setT50 in the loop-level calculations.

Matrix elements of the light quark axial currents

Quark flavor Tree level Loop levela Loop levelb Loop levelc

Du 0.7760.04 0.7960.04 0.7660.04 0.7760.04

Dd 20.4960.04 20.4860.04 20.5160.04 20.5060.04

Ds 20.1860.09 20.2360.10 20.1060.09 20.1660.10
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H5
GF

A2
VusVud

† ūgm~12g5!sd̄gm~12g5!u, ~32!

and naively one might not expect this operator to contribute
to the weak couplingJ2J2K0, as there are no up quarks in
any of the hadrons. However, SU~3! symmetry relations aris-
ing from the observed octet enhancement in these nonlep-
tonic decays givesS andP wave amplitudes

A~S!5
1

f
~hD1hF!, ~33!

A~P!5
~D1F !~hD1hF!

f ~MJ2MS!
2S•k, ~34!

where k is the outgoing meson momentum andhD
and hF are two constants, determined to behD
5~20.5860.21)GFMp

2 f andhF5(11.4060.12)GFMp
2 f at

the tree level@33#. One can also compute these amplitudes in
the factorization limit giving

Afact
~S!50, ~35!

Afact
~P!5

GF

A2
VusVud

† f ~DuJ!2S•k, ~36!

whereDu is the up-quark contribution to theJ2 spin. In
order to reproduce theP-wave amplitude computed via octet
enhancement we requireDuJ;0.05, a value that is encom-
passed by our determination. This suggests that the up-quark
content of theJ2 could lead to a counterterm for the non-
leptonic vertex;Afact

(P) that is of the same size if not larger
than the vertex resulting from the baryon pole graphA(P).

In systems of density comparable to or greater than that of
nuclear matter such as those that arise in ‘‘neutron stars,’’
the exact composition of the matter is far from certain. The
strange quark is guaranteed to play a role at high enough
density, but the question of at what density it becomes im-

portant depends crucially on the strong interactions between
the nucleons, the strange hyperons, and the mesons. If indeed
it is energetically favored for strange baryons to be present in
significant number densities then it is necessary to know the
interactions of neutrinos with these baryons in order to con-
struct a reasonable model for the evolution of some dense
matter systems@14,15#. We present estimates of the axial
matrix elements forZ0 interactions between hyperons in the
lowest-lying octetCA in Table XI. It is clear that some ma-
trix elements are more susceptible to large SU~3!-breaking
corrections than others, at least for the corrections that we
could estimate. In particular, matrix elements for theS2 and
J2 appear to be particularly unreliable, with large devia-
tions from the tree-level estimates likely.

In conclusion, we have computed the leading, model-
independent SU~3!-breaking contributions to the matrix ele-
ments of axial-vector current with flavor structureO3, O8
and the flavor singlet. We find that there is a large uncer-
tainty in some matrix elements, and this is probably an indi-
cation of comparable uncertainty in all matrix elements from
terms we cannot compute.

It is the matrix element ofO8 in the proton that presently
impacts the determination of theDs andS in the proton. We
find that both quantities are sensitive to SU~3! breaking@in
disagreement with@7# where the impact of SU~3! violation
on S was claimed to be small#, and we estimate them to lie
in the intervals20.1&S&10.3 and20.35&Ds&0 from
the E143 measurement of*dxg1(x)50.12760.00460.010.
The upper limit of this range forS is still much less than the
naive quark model estimate of10.58 @using the SMC value
for *dxg1(x)50.13660.01160.011, the upper limit ofS
becomes;0.35#. Somewhat more pessimistically, we clearly
demonstrate that there is a large theoretical impediment to
making a more precise determination ofS andDs from bet-
ter measurements ofg1(x). It appears that improvement can
only occur from measurements of theZ0 coupling to nucle-
ons.
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TABLE XI. Tree-level and loop-level evaluations of the matrix elements of the neutral axial current
coupling to theZ0. Superscripts a,b denoteD050, 200 MeV, respectively. Isospin relates the matrix ele-
ment forS2→L to the value ofCA for theL-S0 transition, givingCA50.8560.02.

CA

Process Ds50 tree level Tree level Loop levela Loop levelb

p→p D1F51.26 1.4360.10 1.5060.10 1.3660.09

n→n 2(D1F)521.26 21.0960.10 21.0460.10 21.1760.09

L→L 2(F1D/3)520.73 20.5660.07 20.6460.11 20.7560.09

S1→S1 D1F51.26 1.4460.13 1.2060.25 1.5760.15

S0→S0 D2F50.34 0.4660.04 0.5060.09 0.4860.06

S2→S2 D23F520.58 20.4660.13 20.1960.20 20.6160.12

J0→J0 2(D1F)521.26 21.0760.11 21.1760.20 21.1760.13

J2→J2 D23F520.58 20.4760.13 20.4660.23 20.8160.16
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