PHYSICAL REVIEW D VOLUME 55, NUMBER 9 1 MAY 1997

SU(3) breaking in neutral current axial matrix elements and the spin content of the nucleon
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We examine the effects of B) breaking in the matrix elements of the flavor-diagonal axial-vector currents
between octet baryon states. Our calculation& pfy, and 7 loops indicate that the S8) 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 measuremengtgf is found to have large uncer-
tainties and might yet be zero. We estimate the strange axial matrix element in the proton to be
—0.35sAs=<0 and the matrix element of the flavor-singlet current in the proton te-Bel<3, < + 0.3 from
the E143 measurement §tixg; (x) =0.127+0.004+0.010. The up-quark content of ti&™ is discussed and
its implications for nonleptonic weak processes discussed. We also estimate the matrix element of the axial-
vector current coupling to thE® between all octet baryon states. This may be important for neutrino interac-
tions in dense nuclear environments, where hyperons may play an importarfS@#&6-282197)00709-1

PACS numbeis): 12.15.Ji, 12.39.Fe, 14.20.Dh

One of the more exciting realizations in hadronic physicswhich the breaking was analyzed in the context of the large-
of the last few years is that the strange quark may play am limit of QCD. It was found that the matrix element of the
important role in the structure of the nuclefd]. While this jg’g axial-vector current was substantially reduced from its
may seem somewhat unnatural in the context of the mosfalue in the symmetry limit.
naive quark model, it is perfectly natural from the standpoint In the limit of flavor SU3) symmetry the three light quark
of QCD. Matrix elements of the strange vector current mustontributions to the nucleon axial matrix elements are
vanish at zero-momentum transfer between states with zefigniquely determined by three low energy observables. In this
net strangeness; however, matrix elements of the axial-vectdifmit, two of these observableE and D can be extracted
current need not. Recent measurements suggest that the ni&m nuclearg decay and from the semileptonic decay of
trix element of the strange axial-vector current in the protorstrange hyperons. The third experimental constraint comes
is As=—0.12+0.04[2]. In addition, one would like to know from a measurement of the axial singlet current in the
what fraction of the nucleon spin is carried by the quarksnucleon, presently accomplished by measuring ¢héx)
themselves, which is equivalent to determining the matrixspin-dependent structure function of the nuclgb?, 13 and
element of flavor-singlet axial-vector current in the protonysing the S(B) symmetry to remove the flavor octet contri-
3. This is, of course, intimately related to the matrix elementbutions. In the real world we know that this symmetry is
of the strange axial-vector current and present analysis sugnly approximate, broken by the difference between the
gests thatx=0.2=0.1 [2], much smaller than the quark mass of the strange quark and of the up and down quarks.
model estimate ok ~0.58. There have been intense theoret-Each of the matrix elements of the octet and singlet axial-
ical and experimental efforts to extraks and2 to address vector currents will receive S3)-breaking contributions,
the present “spin crisis” and such efforts contintfer re-  ith the leading contributions having the formJnm fol-
cent reviews, sef3,4]). lowed by terms of the fornrmg and higher. The leading con-

A vital ingredient in the present determination bfand  tiputions with nonanalytic dependence om, arise from
As is the matrix element of the48=Uyp*ysu+dy“ysd  hadronic kaon loops while terms analytic in the strange
—2svy*ygs axial-vector current in the nucleon, which cannot quark mass do not uniquely arise from such loops and must
be measured directly but must be inferred from the approxibe fixed by other observables.
mate SUW3) symmetry observed in nature. The question of In this work we include all terms of the formgnm to
SU(3) breaking in the matrix element of tfj(f—,f*8 current and the axial matrix elements appearing in hyperon decay and
its impact upon the extraction dfs and> has been previ- B decay used to determine the axial couplirfigs D, C,
ously addressefb-10. In [5,6] it was assumed that the andH. We use these fits to predict matrix elements relevant
breaking in the matrix elements of the axial-vector currentsor determinings, As, and for the interaction of neutrinos
was proportional to the breaking in the octet baryon massewith hyperons, a situation that may be important at high
and in[7] a model of the S(B) breaking was employed. matter densitie§14,15. Unfortunately, higher order SB)-
Studies in the Skyrme modEd] suggest thak is relatively  breaking contributions can only be estimated to be of order
insensitive to SB) breaking whileAs shows significant MﬁIA§~O.25(which is not to be confused with a 25% cor-
sensitivity. A more systematic approach was thafldf] in  rection to each matrix elementPart of the terms at this

order(in fact, a summation to all ordersrises from graphs

involving the decuplet of baryon resonances as intermediate
*Electronic address: savage@thepub.phys.washington.edu states. Such contributions are also present in the flavor-
TElectronic address: walden@phys.washington.edu diagonal axial matrix elements with the same uncertainty
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arising from omission of incalculable term®(m;) and We must resort to using flavor $8) symmetry as a starting
higher. A further estimate of the incalculable higher orderpoint and systematically determine corrections arising from
SU(3)-breaking terms is made by evaluating all matrix ele-SU(3) breaking.

ments for three different values of the decuplet-octet baryon Let us begin by discussing the matrix element of the
mass splittingA,=0, 200 MeV, «, that enters in at one- axial-vector currents in the limit of exact $8). The matrix
loop level. It is clear that our work provides merely an esti-elements between baryons in the lowest lying octet of the
mate for the size of S(3) breaking in these matrix elements, axial-vector currents transforming as octets undef3pldre
however, the terms considered here are formally dominant idescribed by the following effective Lagrange density:

the chiral limit.

It is conventional to define the axial matrix elements of jgyg‘ﬁ:DTr[B_ZsM{Oa,B}]JrFTr[B_ZsM[Oa,B]], 9
the quarks in the protofP) via
. whereB is the octet of baryon fields
2s,Aq=(P[qy,7sa|P), &y
, AINB+32072 3"
where g=u,d,s denotes the quark flavor, angj, is the Ve _2 V2 P
nucleon spin vector. Any linear combination of the three B= DY AI6-30\2 n
light quark neutral axial-vector currents can be written in == =0 —2A/\6
terms of the two diagonal octet generators and the singlet. In (10)
deep-inelastic scattering one measures the matrix element of
the current, Also, the matrix element of the singlet current is reproduced
e — by the Lagrange densit
=907y ys0, (p YTeTegEnIedemy
cul
in the proton, whereQ is the light quark charge matrix, i5.ei= ST B2s,B]. (12)
iven b .
g y At the tree level we can determine the paramekei@nd
2 0 0 D by fitting the theoretical expression, linearknandD, to
1 B the observed rates forn—pe v,, 3 —ne v,
Q=3 0 -1 0]. 3 E-—Ae v, X —Ae v, E —3% v, and
0O 0 -1 A—pe v.. However, one must keep in mind that we ex-

. . . ) ect deviations between the “best fit” and the experimental
In conJunctlpn with a measurement of the matrix elements o esults to be at the-25% level due to the fact that the
the flavor-diagonal currents, theoretical expressions have been truncated, and terms of
4) orderO(mg,mgnm, . . . ) have been neglectddl,16. This

3N U8 _
S=q0 , M0 (@] , . A .
Js7=APsYuysq,  J57=AVs Y75 includes the fit to the experimentally well-measured value of

in the proton, where we use 0a, equal toD +F in the SU3) limit (i.e., we naively expect
to seeD + F deviate fromg, at the 25% level in the best¥it
1 0 O 1 0 O In the matrix elements we use to fit the axial couplings the
0,=|0 -1 0], 0g={0 1 0], (5 experimental uncertainties are much less than the corre-
sponding theoretical uncertainty. To determihendD we
O 0 O 0 0 -2 minimize ay? function

the flavor-singlet or, alternately, the strange quark contribu- (expt—theory)?

tion may be extracted via = ——a (12)
data Otheory
1 00
01 0 :2Q2_ EO _10 ©) where expt denotes an experimental measurement of an
2 473 478 axial matrix element, theorylenotes its theoretical value for
0 01 given values of andD, and o ey denotes the theoretical
uncertainty which we somewhat arbitrarily choose to be
0 00 3 1 5 ~0.2, and equal for all data points, i.e., an unweighted fit.
0 0 0|=-0Q%--03—--0. (7) This is in contrast with the fit made by Jaffe and Manohar in
00 1 2 4 12 [11], the fit of Luty and Whitd16], and is a more extreme

version of a fit made if10]. The uncertainties we quote for
the couplingsF and D are found by requiring that
x?<x2,+2.3, corresponding to a 68% confidence interval.
It is clear that this analysis can only provide an estimate of

The matrix element of£2 in the nucleon is well deter-
mined from nucleaB decay via isospin symmetry, leading

to
the uncertainties as the pattern of breaking will not be uncor-
Au—Ad=g,=1.2664*0.0065, (8) related for these processes. We find that
where we have neglected isospin-breaking effects. Unfortu- D=0.79=0.10,

nately, we cannot use isospin to relate the matrix element of
jg's in the proton to any other set of physical observables. F=0.47+0.07. (13
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FIG. 1. Tree-level contribution to the axial matrix element. The  FIG. 3. Loop-level wave function renormalization contributions
solid square denotes the insertion of the axial-vector current. Thé0 the axial matrix element. The solid square denotes the insertion

labelsB and B’ denote the incoming and outgoing octet baryons,0f the axial-vector current. The labeisandB’ denote the incom-
respectively. ing and outgoing octet baryons, respectively. The dashed line de-
notes a pseudo Goldstone boson. The thicker lines denote decuplet

The errors orD andF are highly correlated and one finds Paryon propagators.

that the “best fit” value forD + F is 1.26+ 0.08. Further, the

best for F—D (the tree-level expression for the matrix el- by the E143 Collaboratiofil 3] and
ement of theOg curren} is 0.65-0.21, in agreement with
the central value of 0.60 found [11]. The values of and

1
2_ —
D are in agreement with those found[ib0] except the un- fo dxg;(x,Q*=10 GeV?)=0.136+0.011+0.011,

certainties found from our somewhatl hocprocedure are (16)
larger, but they do represent a reasonable estimate of the true
uncertainties. by the Spin Muon CollaboratiofSMC) [12]. We choose to

A third input required to fix the individual quark axial use the E143 measurementQ@i=3 Ge\? for our evalua-
matrix elements in the proton is measured in deep-inelastiﬁOnS and find. at the tree level

scattering:
1 1 ay(Q?) Au+Ad+As=0.10+0.10=3, a7
Zs,u.j ngl(XiQZ):E(l_ Sﬂ_ ><P|qQ27M75q|P>
0 which, along with the octet matrix elements, allows us to
1 ay(Q?) o separate the quark contributions
25(1_ - <P|z§1q037m’5q

o o Au=0.770.04, Ad=-0.49+0.04,
+300g7, 54+ Al v, ¥sa[P), (14)
As=-0.18+0.09. (19
wherel is the identity matrix. The two recent measurements

of this quantity are These values are consistent with the analysis of Jaffe and

Manohar in[11]. The Q? dependence oF is very weak
[17,18 (see alsd11] and[19]) and so we set ~S.
We can estimate the leading &) breaking to each axial
(15 matrix element in chiral perturbation theory. It is of the form
m¢Inmy arising from the infrared region of hadronic loops
involving K’s, #’s, and#’s and can be computed exactly.
TN Such loop graphs are divergent and require the presence of a
V N / local counterterm analytic in the light quark masses which
must be fit to data. Some effectskfand » 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-
LN o termined from an experimental measurement of the ratio of
B / \ B'B ,/ Yy B vector to axial-vector matrix elements. The Ademollo-Gatto
l—— theorem[22] protects the vector matrix elements from cor-
© @ rections of the formmgnmy, with leading corrections start-
ing atO(m,) [23] . Consequently, at the order to which we
are working we can consistently ignore deviations of the vec-
tor matrix elements due to §B) breaking and extract the
—— axial matrix elements from the ratio of axial-vector to vector
current matrix elements.

Heavy baryon chiral perturbation thedi®4,25 (see also
FIG. 2. Loop-level contribution to the axial matrix element. The [26,3]) IS used to compute t.hé)(msln'ms) C(.)rrectlc.Jn.s to the
solid square denotes the insertion of the axial-vector current. Th@Xial matrix elements. This technique is sufficiently well

labelsB and B’ denote the incoming and outgoing octet baryons,known that we will not go into its details in this work and
respectively. The dashed line denotes a pseudo Goldstone bosdherely give results of the computation. The Lagrange den-
The thicker lines denote decuplet baryon propagators. Graphs of tHity for the interaction between the lowest-lying octet and
type(a), (c), and(d) do not arise in the matrix element of the singlet decuplet baryons of four-velocity, with the pseudo Gold-
current at one loop. stone bosons is

1
f dxg,(x,Q?>=3 Ge\?)=0.127+0.004+ 0.010,
0

L
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TABLE I. The coeﬁicientSaﬁ and /Bﬁ for the flavor-diagonal axial matrix elementa{=0). The
remaining matrix elements are related by isospin to those in the table.

Coefficients
Process al e
p—p D+F 5 (D®+D? +3DF2-9F%)—D—F— 3 C?H+ 3 C3(F+3D)
2ToxT 2F —2F— §F(9F?—D?)— 53C?H+ 5CH D 3F)
BO-E° F-D D—F— (D3 D?F+3DF2+9F%) — 2c2H— §c¥( LD+ 3F)
2 L 20+ 2p(orz- 1707+ e - Doxpik
A—3° ﬁD 3 gDl )t 57 3¢ )

L=Ti[Biv-DB]+DTI[B2s,{A* B}]+FTB2s,{A*B}] formula M?=3Mg and set M,=0. The coefficients
_ _ _ _ af B} for flavor-off-diagonal currents and f@=8 in the
—Tiv- DT+ A TT+C(T*A,B+H.c)+HT#2s,A"T,,  proton, along with the wave function renormalization coeffi-
(19) cients\;; have been computed by Jenkins and Man¢Rdr
26]. The unknown counterterms that contribute at order
whereD is the chiral covariant derivative and O(m,) are denoted b)Cf}(AX) where we have chosen to
renormalize at the scajge= A, . As they are unknown quan-
tities, we will set them equal to zero for our discussions,

i
- t_ gt
Au 2(5&”§ £0ut) (20 C{i=0. The coefficientsaf ,;, and \;; are determined
_ ) _ ) from the graphs shown in Figs. 1, 2, and 3, and Ag=0
is the axial meson field with are given in Tables I-IV. It is simple to include a nonzero
. value for the decuplet-octet mass differerdcg[16]. For the
§=ex;<l—M>, (21) vertex graphs involving two decuplet states and the wave
f function graphs one makes the replacement
7]/\/E+7TO/\/§ ot K* ) Mﬁ Mk
B 0 0 MKln XZ — A_ , (24)
M= T 77/\/5— T /\/E K , X 0
K- KO —2I\67 M 2
(22 A—K —(M2-2A2)In X;
0
and f is the meson decay constant. The axial constants X
F, D, C, andH have been discussed extensively in the Ag—VAS—Mi+ie
literature and are seen to be consistent with spin-flava6sU +2A0\VAG—MiIn Aot VA_MZiie)
relations[24—-27 (a claim against this conclusion can be 0 o~ MgTle
found in[16]). The mass difference between the decuplet and (25)

the octet baryons ia. _ _
The matrix element of an axial-vector current with flavor and for vertex graphs involving one decuplet state and one
indexa between two octet baryons staf@sandB; is given ~ Octet state one makes the replacement

by* )

, (M2 1 My
Mﬁ MKIn(A—i) —>JA0 dX]:( m) (26)

«ij + (BN gp

(Bili£®Bj)=U;y,¥sU;

Similar replacements occur for thge-loop graphs. It was

shown by Jenkins and Manohi@4-26 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

where we will takef to be the kaon decay constamhoti- ~ mass splitting and not b\, . The difference between,

vated by previous experience with such corrections, e.g#0 and A;=0 is formally higher order in the expansion

[29), fxk=1.2% ., andf =132 MeV. In writing the matrix  than we are working; however, settidg+ 0 does allow one

elements this way we have used the Gell-Mann—Okubo mags estimate the size of higher order effects. For our purpose
we treatA, to be the same for all the decuplet-octet mass
splittings and we present results fap=0, 200 MeV, and

We have assumed the matrix element is independent of the ire. The Ay=c theory does not correspond to taking the
variant mass of the lepton pair. This is a reasonable approximatiod y— limit of F(My/Ag). In this limit the function be-
as the energy release in these decays is small. comes analytic in the light quark masses and can be absorbed

: (23

XIN(ME/AZ)+CH(A, )+ -
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TABLE II. The coefficientse;; and 8;} for the flavor-diagonal
axial matrix elementsX,=0). The remaining matrix elements are
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related by isospin to those in the table.

Process  af

Coefficients
p

p—p

A—A -2D
3f—-3*" 2D
E°-E° -D-3

3r_p 3D-9F- £(11D%- 27D2F — 27DF2+27F3)

+4C?*(D—F)

6D—$D(27F2—11D?)+ % C2H

+ 5C¥D-3F)
—6D+§D(D?+63F2)— ¥ C?H
+§CH{D+F)

3D+9F— 3 (11D3+27D%F

—2TDF?-27F%) - § CY(F D+ § F - 10}

TABLE IIl. The coefficientsa;; and g for the flavor-singlet

ij

axial matrix elementsX,=0).

Coefficients

Process aj; B
p—p S —§(5F%+ ¥ D?— ¥FD)-7 5 C?
A=A S —S6F?+ ¥ D)-T ¥ C?
3—3 S —S2F+ ¥D?)-T B C?
E—E S —s(5F2+ ¥ D2+ LFD) -7 82

TABLE IV. The wave function renormalization coefficients
)\ij (A0=0)
Process Nij
N—N Y D%+ 15F2—10DF + C?
2% 2 p24eF2+ L2
A—A $D2+18F2+2C?
E—E Y D2+15F2+10DF + £ C?
A—3 2p2+12F2+ P c?

TABLE V. Loop-level axial coupling constants for

AOZO, AOZZOO MeV, andAOZOO.

Axial-vector coupling constants

Coupling Ag=0 Ay=200MeV Ag=
D 0.64+0.05 0.64-0.06 0.59-0.06
F 0.42+0.04 0.34:0.04 0.34:0.04
|C| 1.39+0.06 1.37%0.05 1.37#0.06
H —2.7£0.6 —2.7=0.5 —2.8£05

into a renormalization of higher order counterterms. There-
fore, theAy== theory is equivalent to one without contri-
butions from the decupléthis is also the reason why we can
consistently treat the contribution from loops as negli-
gible). Also, results forA;=300 MeV are little different
from those forA,=200 MeV.

Notice that at this order we are forced to introduce an
unknown parametef/; the matrix element of the singlet
axial-vector current in the decuplet or, equivalently, the
strange content of tha. It arises in the loop graphs involv-
ing decuplet intermediate statéhere is no octet to decuplet
transition induced by the sing)et

JEN10) =T T2%2s, TS, . (27)

The value of this constant is unknown and for our calcula-
tions we set7=0 (setting7=S gives virtually identical re-
sults. However, this quantity does provide a problem for a
systematic inclusion of higher order corrections to th€ 3U
limit. Physically, one extracts a linear combination®&nd

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 combinationSodnd 7

will enter.

The axial couplings of the decupl€tandH 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 ti#e decay and the
hyperon decay used for the tree-level fit, we require that the
couplings reproduce the strong decays of & *, and the
E*. Expressions for these rates@fmgnmy) can be found
in [27] (tree-level extractions would be sufficient at this or-
den. 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 levéle.,
X2<Xr2nin+ 4.7). Best fit values for the axial coupling con-
stants are shown in Table V and they are consistent with
most previous extractiorfsThe 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 S(B) breaking and we present the esti-
mates forO3, Og, 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 &) 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
Jdxg;(x)=0.127+0.004+0.010 appears to be compatible
with zero in each of the determinations, as it is at the tree

2We do not agree with the extraction BfandD presented ifi16]
and insufficient details are given for us to be able to determine the
reason for the disagreement.
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TABLE VI. Tree- and loop-level evaluations of matrix elements of the axial-vector current. Superscripts
a,b denote\;=0 and 200 MeV, respectively.

Axial matrix elements

Process Tree level Loop leviel Loop leveP Experimental 10,28
n—pe vy 1.26+0.08 1.24:0.11 1.16-0.09 1.2664 0.0065
3T —ne v, 0.31+0.10 0.35:0.13 0.310.1 0.341-0.015
E-—Ae v, 0.27+0.09 0.25:0.14 0.29-0.10 0.306:0.061
A—pe v, —0.90+0.07 —1.01+0.11 —0.98+0.09 —0.890:0.015
ST —Ae v, 0.64+0.06 0.64-0.06 0.57-0.06 0.602-0.014
2 3%y, 0.89+0.06 0.89:0.06 1.00:0.09 0.92%-0.112
A—Nm —1.70£0.07 —1.76+0.13 —-1.75+0.11 —2.04+0.01
S*—Aw —1.70+0.07 —1.76+0.14 —1.77+0.12 —1.71+0.03
S* o3 —1.70£0.07 —1.50+0.18 —1.52£0.15 —1.60+=0.13
E* B —1.70+0.07 —1.64+0.12 —1.65+0.09 —1.42+0.04

TABLE VII. Tree-level and loop-level estimates of the matrix elements of @heaxial current. The
matrix element in the proton is not shown as it is fixed by isospigatoSimilarly, the matrix element for the
A-3 transition is not shown as it is related to the matrix elementfor— A by isospin. Also, the matrix
element betwee states vanishes by isospin. Superscripts a, b, ¢ denpted, 200 MeV, ande, respec-
tively.

Os
Process Tree level Loop level Loop leveP Loop leveF
Sto3t 0.95+0.12 0.70:0.23 1.09:0.12 0.98:0.14
=050 —0.31=0.10 —0.35+0.17 —0.18+0.10 —0.360.13

TABLE VIII. Tree-level and loop-level estimates of the matrix elements of @yeaxial current. The
matrix element betweenA and 3 states vanishes by isospin. Superscripts a,b,c denote
Ay=0, 200 MeV, =, respectively.

Og
Process Tree level Loop level Loop leveP Loop levef
p—p 0.65+0.21 0.78-0.24 0.45£0.20 0.60-0.22
PO 1.56+0.15 1.63-0.26 1.58-0.18 1.78-0.23
A—A —1.56+0.15 —1.83+0.28 —2.08+0.20 —1.88+0.21
2050 —2.21+x0.17 —2.31+0.40 —2.79£0.30 —2.81+0.35

TABLE IX. Tree-level and loop-level estimates of the matrix elements of the singlet axial current ex-
tracted from the E143 measurementfofxg, (x) =0.127+ 0.004*+ 0.010. The matrix element betwednand
3, states vanishes by isospin. Superscripts a,b,c dehgte0, 200 MeV, «, respectively. We have set
7=0 in the loop-level calculations.

Process Tree level Loop leviel Loop leveP Loop-leveF
p—p 0.10+0.11 0.08:0.12 0.16:0.11 0.110.13
Sttt 0.10+0.11 0.13:0.19 0.15-0.10 0.14-0.15
A—A 0.10+0.11 0.16-0.16 0.18-0.13 0.13:0.15

E0 g0 0.10£0.11 0.14£0.22 0.18:0.13 0.16:0.18
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TABLE X. Tree-level and loop-level estimates of the individual quark contributions to the proton spin
extracted from the E143 measurement fodixg;(x)=0.127+0.004+0.010. Superscripts a,b,c denote
Ay=0, 200 MeVg, respectively. We have s@&0 in the loop-level calculations.

Matrix elements of the light quark axial currents

Quark flavor Tree level Loop levél Loop leveP Loop leveF
Au 0.77+0.04 0.79:0.04 0.76-0.04 0.77-0.04
Ad —0.49+0.04 —0.48-0.04 —0.51+0.04 —0.50=0.04
As —0.18+0.09 —0.23+0.10 —0.10+0.09 —0.16£0.10

level. If, instead, one used the SMC measurement 0b6fobservables. It would appear from our somewhat primitive
Jdxg;(x)=0.136+0.011+0.011, the magnitude & is in-  analysis of SB) breaking that th&® measurements are the
creased by~50%. Our loop analysis of the matrix element key to determining the strange quark content of the nucleon.
of Og in the proton is in disagreement with the analysis of As an aside we consider the analogue of the strange quark
Dai et al. [10] . In the largeN, limit they find a value of content of the nucleon for the other baryons in the octet.
0.27+0.09, which is smaller by a factor of 2 than our esti- Such quantities could be the *“up-quark” content of the
mates although we do have a large uncertainty. E~ (with flavor quantum numberssd or the “down-

It is useful to understand what situation must arise in or-quark” content of theX ™ (with flavor quantum numbers
der to recover the naive quark model estimate ofuus). In the limit of exact SW3) one can find the individual
3 ~+0.58. We find that iD=0.66,F=0.37,C=—1.4,and quark contributions by large SB) transformations. For in-
H=—2.6, then one can reproduce most axial couplings arisstance, undes«<u we havep«ZE~ and hence we expect
ing in semileptonic rates reasonably well except forthat the up-quark content of tH€~ is equal to the strange
>~ —n, which would have to be 0.50 compared with quark content of the nucleon. Similarly, under-d we have
0.341+0.015 observed anff ~— A, which would have to p«<2X* and we expect that the down-quark content of the
be 0.09 compared with 0.368).061 observed. Unless the X7 is the same as the strange quark content of the nucleon.
experimental determinations are many standard deviationd/e can investigate the effects of th@(mgnmy) SU(3)-
away from the true value of these axial couplings it appeardreaking terms on these relations simply from our above
unlikely that the naive quark model value Bfwill arise. analysis(we use theA,=0 result3. We find that, for the

We should remind ourselves that the measurement€ ~ at the loop level,
planned to be made at Jefferson Laboratory of the parity-
violating component oép interactions and the Liquid Scin-
tillation Neutrino DetectoLSND) running at Los Alamos Au==—0.18+0.14, Ad==—0.50+0.10,
measuringvp scattering(see[4] for a comprehensive re- a -
view) circumvent the need to use 8) symmetry to extract
the strange content of the nucleon and hence will not rely

upon the estimates made here. The axial-vector current that Asz=0.83£0.12, (30)
couples to the&z® has the flavor structure
j&*=q0,9"ysq, (28)  and, for theS™* at the loop level,
L1 000 Aus=0.68+0.12, Ady=0.05+0.12,
02203+ §OB_§|:O3_ 0 0O y (29)
00 1 Asy = —0.49+0.09. (31)

at the tree level in the standard motiétlectroweak loops The “wrong”-quark content is about the same for each
induce a nonstrange isoscalar compopefs the matrix el-  baryon and is consistent with the results seen in the nucleon
ement of O; in the proton is known frong, by isospin  sector alone. We note that thed”-quark content of the
symmetry, a measurement of tde axial coupling will yield 3 * and the ‘u”-quark content of theZ ~ are dominated by
the strange quark content of the nucleon directly. One mighthe local counterterms, D, andS, and not by the meson
suspect that nuclear physics uncertainties would provide alwop graphs. We may make a connection with the nonlep-
intrinsic limitation to the extraction ofAs and 3 from  tonic interactions between octet baryons and the pseudo
v-scattering experiments such as LSND. However, recenGoldstone bosons. It was realized[B1,32 that a nonzero
work [30] indicates that, in fact, nuclear physics uncertain-strange axial matrix element in the nucleon may impact
ties can be minimized by forming appropriate combinationsnuclear parity violation. Nonstrange operators are suppressed
by custodial symmetries of the standard model of elec-
troweak interactions in the limit std,—0, while strange
3We thank M. Musolf for pointing out that this is only a tree-level operators are not. The strangeness-changing four-quark inter-
relation. action (ignoring strong interaction corrections
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TABLE XI. Tree-level and loop-level evaluations of the matrix elements of the neutral axial current
coupling to theZ®. Superscripts a,b denotie,=0, 200 MeV, respectively. Isospin relates the matrix ele-
ment fors,~— A to the value ofC, for the A-3° transition, givingC,=0.85+0.02.

Ca
Process As=0 tree level Tree level Loop levél Loop leveP
p—p D+F=1.26 1.43:0.10 1.56-0.10 1.36:0.09
n—n —(D+F)=-1.26 —1.09+0.10 —1.04+0.10 —1.17+0.09
A—A —(F+D/3)=-0.73 —0.56+0.07 —0.64+0.11 —0.75+0.09
3T3T D+F=1.26 1.44-0.13 1.20-0.25 1.570.15
30,350 D-F=0.34 0.46:0.04 0.56:0.09 0.48-0.06
3T 3T D—3F=-0.58 —0.46+0.13 —0.19+0.20 —0.61+0.12
=0, =0 —(D+F)=-1.26 —1.07+0.11 —1.17+0.20 —1.17+0.13
ET—E" D—3F=-0.58 —0.47+0.13 —0.46+0.23 —0.81+0.16

G o I
H= —ZVyViur (1= y5)sdy, (1= y5)u, (32

V2

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 presentin
significant number densities then it is necessary to know the
interactions of neutrinos with these baryons in order to con-

and naively one might not expect this operator to contributestruct a reasonable model for the evolution of some dense
to the weak couplingg ~ = KO, as there are no up quarks in matter system$14,15. We present estimates of the axial
any of the hadrons. However, $8) symmetry relations aris- matrix elements foz° interactions between hyperons in the
ing from the observed octet enhancement in these nonlepewest-lying octetC, in Table XI. It is clear that some ma-

tonic decays giveS and P wave amplitudes

A(S)z%(hDJth), (33
(D+F)(hp+hg)

) — .

(P f(Mo—My) 2S-k, (34)

where k is the outgoing meson momentum ara
and hy are two constants, determined to bk
=(—0.58+0.21)GeM2f andhe=(+1.40+0.12)GM2f at

trix elements are more susceptible to large(3threaking
corrections than others, at least for the corrections that we
could estimate. In particular, matrix elements for ¥ie and

E~ appear to be particularly unreliable, with large devia-
tions from the tree-level estimates likely.

In conclusion, we have computed the leading, model-
independent S(B8)-breaking contributions to the matrix ele-
ments of axial-vector current with flavor structu@®;, Og
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 0Dg in the proton that presently
impacts the determination of thes andZ, in the proton. We

the tree leve[33]. One can also compute these amplitudes infind that both quantities are sensitive to SUbreaking[in

the factorization limit giving

A2 =0, (35)

Ge
V2

where Au is the up-gquark contribution to th& ~ spin. In

A== VueViaf (Auz)2S K, (36)

disagreement with7] where the impact of S(3) violation

on 3, was claimed to be smaJland we estimate them to lie

in the intervals—0.1<3=<+0.3 and—0.35sAs=<0 from

the E143 measurement $tixg;(x)=0.127+0.004+0.010.

The upper limit of this range fak is still much less than the
naive quark model estimate ef0.58[using the SMC value

for fdxg;(x)=0.136+0.011+0.011, the upper limit of}
becomes- 0.35]. Somewhat more pessimistically, we clearly
demonstrate that there is a large theoretical impediment to
making a more precise determinationfandAs from bet-

order to reproduce the-wave amplitude computed via octet ter measurements @f;(x). It appears that improvement can
enhancement we requitku=~0.05, a value that is encom- only occur from measurements of t&8 coupling to nucle-
passed by our determination. This suggests that the up-quafi'S-

content of theZ ™~ could lead to a counterterm for the non-
leptonic vertex~ A, that is of the same size if not larger

than the vertex resulting from the baryon pole graff?.
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