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F /D ratio in hyperon b decays and the spin distribution in the nucleon
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It is shown that hyperonb decay data can be well accommodated within the framework of Cabibbo’s SU~3!
symmetric description if one allows for a small SU~3! symmetry breaking proportional to the mass difference
between strange and nonstrange quarks. TheF/D ratio does not depend sensitively on the exact form of the
symmetry breaking, and the best fits are close to the value previously used in the analysis of deep inelast
scattering of electrons or muons on polarized nucleons. The total quark helicity and strange quark polarizatio
in the nucleon are discussed.@S0556-2821~96!02315-6#

PACS number~s!: 13.30.Ce, 11.30.Hv, 14.20.Dh
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I. INTRODUCTION

The spin-dependent Gamow-Teller matrix elements, f
transitions between members of the baryon octet@1#, ac-
quired renewed interest after measurements were made of
deep inelastic scattering~DIS! of polarized leptons by polar-
ized protons and neutrons@2–7#, which provided valuable
information about the spin structure of the nucleon. One
the most important quantities measured in polarized DIS
the longitudinal spin structure functiong1 . In the quark par-
ton model, the spin structure functiong1 is directly related to
the quark spin densitiesDu(x), Dd(x), Ds(x), etc., where
Dq(x)[q↑(x)2q↓(x)1q̄↑(x)2q̄↓(x).

To deduce the various quark spin densities from theg1
data, one usually assumes that baryons may be assigned
SU~3!-flavor octet and uses the relation between the qua
spin densities and weak matrix elementsF andD from hy-
peron semileptonic decays. By using the earlierF/D value,
the European Muon Collaboration~EMC! data led to the
unexpected conclusion@2# that the quarks carry at most a
small part of the spin of either nucleon and, furthermore, th
there is a significant contribution from ‘‘strange’’ quarks
which necessarily come from the ‘‘sea’’ of quark-antiquar
pairs. This has led to many different suggestions for reso
tion of what has come to be called the ‘‘spin crisis’’@8–10#.
Among these is a suggestion@11,12# that the conclusions
may be distorted because theF/D value obtained from the
hyperon semileptonic decays are based on exact SU~3!-flavor
symmetry. SU~3!-symmetry-breaking effects may signifi-
cantly change the value.

There are many attempts to evaluate the SU~3!-breaking
effects in the bag model or in the quark model, by applyin
center-of-mass corrections@13–15# or by including one-
gluon exchange interactions@16,17# or both@18#. The size of
the corrections depends on the model and assumptions u
to describe the symmetry-breaking effects, and on the ‘‘e
isting’’ data to be fitted. Some authors used their own da
and concluded@19# that there is no signal for the breakdown
of Cabibbo’s SU~3! symmetric description. According to
Ref. @15#, however, an overall fit to the existing data using
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broken SU~3! scheme is better than that from the assumption
of perfect SU~3! symmetry. Another approach, using the chi-
ral effective Lagrangian for baryons@20#, calculated SU~3!-
symmetry-breaking corrections to axial vector currents of the
baryon octet arising from meson loops. The size of correc-
tions was found to be surprisingly large~the loop correction
is almost as large as the lowest order result! which should
already have raised suspicion. In a subsequent paper@20#,
including the spin-3/2 baryon decuplet in the intermediate
state, the meson loop correction to the axial vector currents i
significantly reduced but still substantial (.30–50 %!. How-
ever, corrections due to higher baryon resonances, which in
principle should be included in the intermediate states, have
been ignored in the calculation and may change the resul
still further. Thus it appears that the validity of Cabibbo’s
SU~3!-symmetric description is far from settled. Most re-
cently, instead of model-dependent calculations, an approac
@21# based on phenomenological analysis of hyperonb de-
cay data has been suggested to estimate the SU~3!-
symmetry-breaking effects. The authors present evidence fo
a strong variation of theF/D parameter between various
transitions.

In Sec. II, we consider another approach based on a gen
eral discussion@24# of SU~3! flavor symmetry and its pos-
sible breaking and show that the hyperonb decay data are
adequately represented by at most a small deviation from
Cabibbo’s SU~3! symmetric description, which can be well
accommodated within the framework of the usual assump-
tion of a small SU~3! breaking proportional to the mass dif-
ference between strange and nonstrange quarks. In Sec. II
the consequences for the quark spin distribution in the
nucleon are discussed. A brief summary is given in Sec. IV.

II. SU„3…-SYMMETRY-BREAKING EFFECTS

In the quark model, which provides an explicit realization
of Cabibbo’s theory connecting strangeness-conserving an
strangeness-changing weak interactions, the primary wea
current responsible for transitions between hadrons is

j W
m 5q̄

lW

2
gm~11g5!q, ~1!

with
2108 © 1996 The American Physical Society
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lW5@l11 il2#cosuC1@l41 il5#sinuC ,

wherel i ( i51,2, . . . ,8)denote the Gell-Mann matrices and
q represents the triplet (u, d, s) of basic quark fields. Equa-
tion ~1! requires that weak transition elements necessar
transform as a component of an SU~3! octet. If baryons are
assigned to a SU~3! octet, represented in matrix form by

1

A2( l iBi

5S 1

A2
S01

1

A6
L0 S1 p

S2 2
1

A2
S01

1

A6
L0 n

J2 J0 2
2

A6
L0

D ,

~2!

the SU~3!-octet matrix elements between baryons can b
written, in the symmetric limit~we are concerned only with
the values forq2→0, i.e., zero four-momentum transfer!, as

DTr~B̄$lW ,B%1!1FTr~B̄@lW ,B#2!, ~3!

which can also be written asa0Tr(B̄BlW)1b0Tr(B̄lWB),
with a05D2F andb05D1F. However, the SU~3!-flavor
symmetry is only approximate for strangeness-changing p
cesses. If SU~3!-symmetry-breaking effects cannot be ig
nored, the expressions for the matrix elements must be g
eralized.

We assume that the breaking of SU~3!-flavor symmetry is
due to a term which transforms like the eighth generator
SU~3!. This would be the case, for example, if SU~3! break-
ing arose entirely from a mass difference between stran
and~degenerate@22#! nonstrange quarks. To first order in the
symmetry-breaking interaction, transforming likel8 , the
most general SU~3! structure of the weak matrix elements
between baryons can be written as

a0Tr~B̄BlW!1b0Tr~B̄lWB!1aTr~B̄B$lW ,l8%1!

1bTr~B̄$lW ,l8%1B!1dTr~B̄l8lWB!

1k@Tr~B̄lW!Tr~Bl8!1Tr~B̄l8!Tr~BlW!#/2, ~4!

where the first two terms are the ones given in Eq.~3! and
the others are SU~3!-symmetry-breaking corrections. The
corresponding symmetry-breaking parametersa, b, d, and
k should be small relative toa0 andb0 for such a perturba-
tive expansion to be valid. Vector coupling constants are n
affected to first order@23,24#. For the ratio of axial-vector to
vector amplitudes, Eq.~4! yields @24#

~GA /GV!n→p5F1D12b, ~5!

~GA /GV!L→p5F1D/31a/322b/32d/32k, ~6!

~GA /GV!S2→n5F2D1a2d, ~7!

~GA /GV!J2→L5F2D/312a/32b/314d/31k, ~8!
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where we have listed only those transitions for which thes
ratios are relatively well measured@25#:

~GA /GV!n→p51.257360.0028, ~9!

~GA /GV!L→p50.71860.015, ~10!

~GA /GV!S2→n520.34060.017, ~11!

~GA /GV!J2→L50.2560.05. ~12!

Let us first discuss the SU~3!-symmetry scheme. Figure 1
exhibits the results reported in Eqs.~9!–~12! under the as-
sumption that SU~3!-symmetry-breaking effects are negli-
gible; viz., all breaking parameters are zero:a5b5d5k50
in Eqs. ~5!–~8!. We see that the (GA /GV) ratios for the
best-measured transitions~9!–~11! yield, within the errors, a
unique solution forF andD. While the line corresponding to
the central value of (GA /GV) for the less accurately mea-
suredJ2→L transition does not pass exactly through the
same (F,D) point, a downward shift of (GA /GV)J2→L by
an amount equal to the quoted error is sufficient to bring
into agreement with the others. Hence it seems that no si
nificant SU~3!-symmetry-breaking effect is needed to de-
scribe the existing (GA /GV) data. It is also interesting to
note that the favored solution forF andD obtained from
data~9!–~11! is not too different from that predicted by the
static SU~6!-symmetric model with suitable relativistic recoil
corrections (. 25% reduction@14#!.

While there does not seem to be any compelling evidenc
demanding the inclusion of SU~3!-breaking effects, it may be
worthwhile to see what is obtained if one takes the data, Eq
~9!–~12!, at face value and seeks a solution allowing any on
of the symmetry-breaking parameters in Eq.~4! to be non-
zero. We search in the three-dimensional spaceF, D, e
~where e denotes one of four possible small symmetry-
breaking parametersa, b, d, or k) to find the minimum of
the quantityx2. The results are listed in Table I.

As expected, it takes only a small nonzero value of any o
these to obtain a statistically satisfactory solution. The fifth
column, with ad-type correction, shows the best agreemen
between the calculated and the measured (GA /GV) ratios,
and may be the only indication that inclusion of SU~3!-
breaking effects is required. The best fits under the assum
tion that SU~3!-symmetry breaking arises from terms of the
typea or b yield values which, in view of the quoted errors,
are indistinguishable from zero, i.e., do not call for any cor
rection at all. Similarly, the evidence for nonzerok is mar-
ginal.

The averages of the results listed in Table I

^F&50.462, ^D&50.794, ^F/D&50.582, ~13!

are consistent with those previously used in the analysis
deep inelastic scattering on polarized nucleons@26#:

F50.45960.008, D50.79860.008,

F/D50.57560.016. ~14!

For illustration, Fig. 2 shows the best fit for ak-type
solution. Comparing Fig. 2 and Fig. 1, one sees that afte
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FIG. 1. F2D relations determined by experi-
mental values for various baryonic transitions, as
suming no SU~3! breaking. Line 1,n→p; line 2,
L→p; line 3,S2→n; line 4,J2→L.
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inclusion of SU~3!-breaking in Cabibbo’s scheme, the line
corresponding toL→p andS2→n are both slightly shifted
up and the only significant change is for the line correspo
ing to J2→L. All lines now intersect at one point which
gives a unique solution ofF andD for a given parameter set
A similar discussion can be made fora-, b-, and d-type
solutions.

It may be noted that all SU~3!-symmetry-breaking param
eters considered in this paper are significantly smaller t
the SU~3!-symmetric parametersF andD. Compared to the
result given in@21#, our F/D value for a given symmetry-
s

d-

.
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breaking parameter set is unique for the known baryon dec
modes. It suggests that the entire pattern of existing hyper
semileptonic decay data can be very well described in
framework which is basically SU~3!-flavor symmetry with
small SU~3!-symmetry-breaking effects. Therefore, there i
no evidence ofstrong violation for SU~3! symmetry in hy-
peronb decay data.

III. QUARK SPIN DISTRIBUTIONS IN THE NUCLEON

As we mentioned in the Introduction, the quark spin dis
tributions deduced from theg1 data depend on theF/D ratio.
In the QCD-corrected quark parton model, we have
TABLE I. One-parameter fit.

b,d,k50 a,d,k50 a,b,d50 a,b,k50 Data
a520.0024 b50.0027 k50.0123 d50.0297 @25#

F 0.4581 0.4576 0.4610 0.4721
D 0.7992 0.7943 0.7963 0.7852
F/D 0.573 0.576 0.579 0.601
(GA /GV)n→p 1.2573 1.2573 1.2573 1.2573 1.257360.0028
(GA /GV)L→p 0.723 0.721 0.714 0.724 0.71860.015
(GA /GV)S2→n 20.343 20.337 20.335 20.343 20.34060.017
(GA /GV)J2→L 0.190 0.192 0.208 0.250 0.2560.05
x2 1.61 1.42 0.86 0.20
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G1
p[E

0

1

g1
p~x!dx5

CNS

18
@2Du2Dd2Ds#1

CS

9
DS,

~15!

whereDu5*0
1Du(x)dx andDS5Du1Dd1Ds represents

the fraction of the proton spin carried by all the quarks a
antiquarks, i.e., the net total quark helicity, and whe
CNS512y23.5833y2220.2133y32O(130)y4 and CS51
2y/320.5495y22O(2)y3, with y[as /p, are QCD correc-
tion coefficients for nonsinglet and singlet terms@27#. To
simplify the notation, we have omitted the variableQ2 in the
quantities listed above. It should be noted that the anoma
gluon contributions@28# and higher twist effects@29# are not
included in~15!. The magnitude of the former is still a sub
ject of debate and the latter is expected to be only a sm
correction except at the lowQ2 value~for example, the E142
G1
n data!. Combining Eq.~15! and the two relations

SGA

GV
D
n→p

5F1D5Du2Dd, ~16!

~GA /GV!S2→n5F2D5Dd2Ds, ~17!

one obtains

G1
p~n!5

CNS

12
~GA /GV!n→pF1~2 !11

R21/3

R11 G1
CS

9
DS;

~18!

FIG. 2. F2D relations, as in Fig. 1, allowing fork-type SU~3!
breaking withk50.0123. Line 1,F1D51.257360.0028; line 2,
F1D/31k50.71460.015; line 3,F2D520.33560.017; line 4,
F2D/32k50.20860.050.
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hence, the dataDS and Ds deduced fromG1
p depend on

F/D value used as input in Eq.~18!.
Using (GA /GV)n→p51.25460.006, F/D50.632

60.062, and as50.27 the EMC data @2#
(G1

p)expt50.12660.018 led to

DS50.1260.17, Ds520.1960.06. ~19!

However, if instead, usinĝF/D&50.58260.008 and the
sameCNS512as /p and CS512as/3p as used in the
EMC analysis@2#, one obtains

DS50.1460.17, Ds520.1560.06. ~20!

One can see that by using a smaller^F/D& value,DS in-
creases and the magnitude ofDs decreases. However, in
contrast with the change ofDs, the total quark helicityDS is
not sensitive to^F/D&. This is consistent with the result
given by Lipkin and Lichtenstadt@30#. On the other hand, if
we useCNS up to (as /p)

4 andCS up to (as /p)
3 as given in

@27#, then~20! becomes

DS50.1960.17, Ds520.1360.06. ~21!

Comparing Eq.~21! with Eq. ~20!, one sees thatDS signifi-
cantly increases after inclusion of higher order QCD radia-
tive corrections, which are very important in spin analysis,
especially at the moderateQ2 range where the experiments
were performed.

Most recently, the E143 group obtained more accurate
data of g1

p which give G1
p50.12560.003 @31# with

as50.35. From this, one obtains

DS50.2760.04, Ds520.1060.02. ~22!

The difference between the central values ofDS ~andDs) in
Eq. ~22! and in Eq.~21! is due to the fact that the data are
taken at differentQ2 and they have different QCD correction
coefficientsCNS(Q

2) and CS(Q
2). In obtaining Eq.~22!,

as50.35 has been used, but for Eq.~21! as50.27 was used.
However, considering that the errors in Eq.~21! are quite
large, the results given in Eqs.~22! and ~21! are consistent
within the errors.

To avoid possible ambiguity caused by SU~3!-symmetry-
breaking effects, we may choose to only use the SU~2!-
symmetry result~16! and do not use Eq.~17!. From Eqs.~15!
and ~16!, one can obtain a relation betweenDS andDs,

c1DS2c2Ds5G1
p2c3 ~23!

for the proton and, similarly,

c1DS2c2Ds5G1
n1c3 ~24!

for the neutron, where

c15
CNS14CS

36
, c25

CS

12
, c35c2SGA

GV
D
n→p

. ~25!

Actually, Eqs.~23! and~24! are not independent, because the
Bjorken sum rule
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FIG. 3. Plot of total quark helicityY[DS
and strange quark polarizationX[Ds con-
strained by the E143 proton data@line 1, Eq.
~28!#, neutron data@line 3, Eq.~29!#, and SU~3!-
symmetry relation@line 2, Eq.~30!#.
n,

rs

,

an
n-
G1
p2G1

n52c35
CS

6 SGA

GV
D
n→p

. ~26!

Therefore one cannot deduce theDS and Ds separately,
even though we have bothg1

p andg1
n data. It should be noted

that the dataG1
p andG1

n from the experimental measuremen
may not satisfy Eq.~26!. Hence the right-hand side~RHS! of
Eq. ~23! can be different from that of Eq.~24!.

To obtainDS andDs separately, we need another rela
tion between these two quantities. This can be obtained fr
Eqs.~16! and ~17!:

DS23Ds5SGA

GV
D
n→p

12SGA

GV
D

S2→n

. ~27!

Using most recent E143 dataG1
p50.12560.003 and

G1
n520.03360.008 @31#, one obtains, from Eqs.~23! and

~24!,

DS20.518Ds50.32560.023 E143 proton data,
~28!

and

DS20.518Ds50.39460.063 E143 neutron data.
~29!

They are shown in Fig. 3~line 1 for E143 proton data and
ts

-
om

line 3 for E143 neutron data, whereY[DS andX[Ds). If
we assume that there is no strange quark polarizatio
Ds50 as predicted by the naive quark model, then
DS50.3360.02 from the proton data andDS50.3960.06
from the neutron data. They are consistent within the erro
~see line 1 and line 3 in Fig. 3!. However, using the SU~3!-
symmetry result, Eq.~27!, and combining data~9! and ~11!,
one obtains

DS23Ds50.57760.034, ~30!

which is also shown in Fig. 3~line 2!. One can see that the
strange quark polarization would be negative. From Fig. 3
one obtains that the range ofDs would be

Ds520.12 to 20.04 ~31!

if SU~3!-symmetry is imposed. We note that our Fig. 3 is
similar to Fig. 4 in@32#.

It should be noted that if one can trust the earliern-p and
n̄ -p elastic scattering data,Ds520.1560.09 @33–34#
~which giveDS.0.19 for E143 proton data andDS.0.32
for E143 neutron data!, then the SU~3!-symmetry relation
~30! is not necessary. From the results given above, one c
see that combining the most recent deep inelastic lepto
nucleon scattering data and theF/D ratio deduced from the
hyperonb decays, the total net quark contribution to the
proton spin is still far from the naive quark model prediction



-
tive
er

y
t

he
r
p-
of

54 2113F/D RATIO IN HYPERONb DECAYS AND THE SPIN . . .
and also the strange quark polarization is nonzero and n
tive ~one of the most recent reviews on this subject is giv
in @35#!.

IV. SUMMARY

From a general discussion of SU~3! symmetry and its
breaking, we show that the hyperonb decay data can be we
accommodated within the framework of the usual Cabibb
SU~3!-symmetric description with a small SU~3!- symmetry
breaking proportional to the mass difference between stra
and nonstrange quarks. TheF/D ratio is not far from the
value previously used in the deep inelastic scattering an
sis. Hence the result given by using SU~3! symmetry on
hyperon b decays will not be significantly affected b
SU~3!-symmetry-breaking effects. It implies that the tot
ega-
en

ll
o’s
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quark helicity is still far below naive quark model expecta
tion and the strange quark polarization seems to be nega
if one neglects the anomalous gluon contributions and high
twist effects.

After completion of this work, we have seen a paper b
Ratcliffe @36# which reached a similar conclusion abou
SU~3! breaking.
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