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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 hyperog decay data can be well accommodated within the framework of Cabibbd® SU
symmetric description if one allows for a small &Jsymmetry breaking proportional to the mass difference
between strange and nonstrange quarks. HH2 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 inelastic
scattering of electrons or muons on polarized nucleons. The total quark helicity and strange quark polarization
in the nucleon are discussd®0556-282(196)02315-9

PACS numbg(s): 13.30.Ce, 11.30.Hv, 14.20.Dh

I. INTRODUCTION broken SUW3) scheme is better than that from the assumption

The spin-dependent Gamow-Teller matrix elements, forOf perfect SU3) symmetry. Another approach, using the chi-

. | effective L ian for b 20], calculated SI(B)-
transitions between members of the baryon ofidt ac- ral effective Lagrangian for baryori&0], calculated S(B)

X ) symmetry-breaking corrections to axial vector currents of the
quired renewed interest after measurements were made of tiy ryon octet arising from meson loops. The size of correc-

deep inelastic scatterir@IS) of polarized leptons by polar-  tjons was found to be surprisingly largthe loop correction
ized protons and neutrorj2-7], which provided valuable s aimost as large as the lowest order réswhich should
information about the spin structure of the nucleon. One Ofalready have raised suspicion. In a subsequent pBr
the most important quantities measured in polarized DIS isncluding the spin-3/2 baryon decuplet in the intermediate
the longitudinal spin structure functian . In the quark par-  state, the meson loop correction to the axial vector currents is
ton model, the spin structure function is directly related to  significantly reduced but still substantiak30—50 %. How-
the quark spin densitieAu(x), Ad(x), As(x), etc., where ever, corrections due to higher baryon resonances, which in
Aq(x)=0;(x) —a;(x) +q;(x) —q,(x). principle should be included in the intermediate states, have
To deduce the various quark spin densities fromghe been ignored in the calculation and may change the result
data, one usually assumes that baryons may be assigned t¢tl further. Thus it appears that the validity of Cabibbo’s
SU(3)-flavor octet and uses the relation between the quarfpU(3)-symmetric description is far from settled. Most re-
spin densities and weak matrix elemeRtandD from hy- cently, instead of model—deperjdent calcu_lations, an approach
peron semileptonic decays. By using the eafiéb value, [21] based on phenomenological analysis of hypegode-
the European Muon CollaboratiofEMC) data led to the €& data has been suggested to estimate thé3)SU
unexpected conclusiof2] that the quarks carry at most a symmetry—brgalgmg effects. The authors present ewdence for
small part of the spin of either nucleon and, furthermore, thaf* strong variation of the/D parameter between various
there is a significant contribution from “strange” quarks, transitions. .
. . e . In Sec. Il, we consider another approach based on a gen-
which necessarily come from the “sea” of quark-antiquark

pairs. This has led to many different suggestions for resolu(-eral discussior24] of SU3) flavor symmetry and its pos-

. oI sible breaking and show that the hyper8rdecay data are
tion of what ha_s come to be_called the “spin C”S@_l_o]' adequately represented by at most a small deviation from
Among these is a suggestidi1,12 that the conclusions

) - Cabibbo’s SW3) symmetric description, which can be well
may be distorted because theéD value obtained from the  5ccommodated within the framework of the usual assump-

hyperon semileptonic decays are based on exa@)Savor  tjon of a small SUS) breaking proportional to the mass dif-

symmetry. SU3)-symmetry-breaking effects may signifi- ference between strange and nonstrange quarks. In Sec. il

cantly change the value. the consequences for the quark spin distribution in the
There are many attempts to evaluate the(3Wreaking nucleon are discussed. A brief summary is given in Sec. IV.

effects in the bag model or in the quark model, by applying

center-of-mass correctiongl3—-15 or by including one- Il. SU(3)-SYMMETRY-BREAKING EFFECTS

gluon exchange interactiop$6,17 or both[18]. The size of

the corrections depends on the model and assumptions usedIn the quark model, which provides an explicit realization

to describe the symmetry-breaking effects, and on the “exof Cabibbo’s theory connecting strangeness-conserving and

isting” data to be fitted. Some authors used their own datstrangeness-changing weak interactions, the primary weak

and concluded19] that there is no signal for the breakdown current responsible for transitions between hadrons is

of Cabibbo’s SW3) symmetric description. According to

Ref.[15], however, an overall fit to the existing data using a L —Aw
[13] g g J(fv=q77“(1+7s)Q. N
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Aw=[A1+iNy]coshc+[N4+iNg]siNGc, where we have listed only those transitions for which these
ratios are relatively well measur¢a5]:
where\; (i=1,2,...,8)denote the Gell-Mann matrices and
q represents the tripleu( d, s) of basic quark fields. Equa- (Ga/Gy)n—p=1.2573:0.0028, 9
tion (1) requires that weak transition elements necessarily
transform as a component of an @Joctet. If baryons are (Ga/Gy)A—p=0.718+0.015, (10
assigned to a S@3) octet, represented in matrix form by
(GalGy)s-_.n=—0.340+0.017, (11
1
ﬁz AiB; (GalGy)z- 5 =0.25+0.05. (12)

0 0 N Let us first discuss the SB)-symmetry scheme. Figure 1
ﬁz + %A D p exhibits the results reported in Eq®)—(12) under the as-
sumption that S(B)-symmetry-breaking effects are negli-

_ 3 - _ iEOJr A0 n gible; viz., all breaking parameters are zess:b=d=k=0
V2 \J6 ' in Egs. (5)—(8). We see that theG,/G,) ratios for the

> best-measured transitio®)—(11) yield, within the errors, a

=" =0 — —AO unique solution folF andD. While the line corresponding to

G the central value of G,/Gy) for the less accurately mea-

2) suredE~— A transition does not pass exactly through the
same F,D) point, a downward shift of G5/Gy)=-_ by
the SU3)-octet matrix elements between baryons can bean amount equal to the quoted error is sufficient to bring it
written, in the symmetric limi{we are concerned only with into agreement with the others. Hence it seems that no sig-
the values forg®—0, i.e., zero four-momentum transfeas  nificant SU3)-symmetry-breaking effect is needed to de-
— — scribe the existing G,/Gy) data. It is also interesting to
DTr(B{\w,B}.)+FTr(B[Ay,B]_), (3 note that the favored solution fd and D obtained from
. . — — data(9)—(11) is not too different from that predicted by the
W_h'Ch can also be written aoTr(BBAy) +boTr(BAwB), static SU6)-symmetric model with suitable relativistic recoil
with aozD—F and b0=D+F. However, the S(,B)—fla\_/or corrections & 25% reductior{14]).
symmetry is only approximate for strangeness-changing pro- \yile there does not seem to be any compelling evidence

cesses. If SUB)-symmetry-breaking effects cannot be i9- yemanding the inclusion of S8)-breaking effects, it may be
nored, the expressions for the matrix elements must be gegorthwhile to see what is obtained if one takes the data, Eqgs.

eralized. _ . (9)—(12), at face value and seeks a solution allowing any one
We assume that the breaking of @Jflavor symmetry is of the symmetry-breaking parameters in E4). to be non-
due to a term which transforms like the eighth generator OEero. We search in the three-dimensional spBgeD, e
.SU(3)' This WC.)UId be the case, for.example, if GWbreak- where € denotes one of four possible small symmetry-
ing arose entirely from a mass difference between strang reaking parameters, b, d, or k) to find the minimum of
and(degeneratg22]) nonstrange quarks. To first order in the 4, quantityy2. The results are listed in Table .

symmetry-breaking interaction, transforming I_|l¢q;, the As expected, it takes only a small nonzero value of any of
most general S(3) structure_ of the weak matrix elements these to obtain a statistically satisfactory solution. The fifth
between baryons can be written as column, with ad-type correction, shows the best agreement
Py oy s between the calculated and the measuréd /G,) ratios,
3oTI(BBAw) +boTr(BAWB) +aTr(BB{Aw A} +) and may be the only indication that inclusion of G
+bTr(B{Aw.\g}+B)+dTr(BAghyB) breaking effects is required. The best fits under the assump-
_ _ tion that SU3)-symmetry breaking arises from terms of the
+K[Tr(BAw)Tr(BAg) + Tr(Brg)Tr(BAw)1/2, (4)  typea or b yield values which, in view of the quoted errors,
. ) ] are indistinguishable from zero, i.e., do not call for any cor-
where the first two terms are the ones given in B).and  rection at all. Similarly, the evidence for nonzekds mar-
the others are S@)-symmetry-breaking corrections. The ging,
corresponding symmetry-breaking parametr, d, and The averages of the results listed in Table |
k should be small relative tag andb, for such a perturba-
tive expansion to be valid. Vector coupling constants are not (F)=0.462, (D)=0.794, (F/D)=0.582, (13
affected to first ordef23,24). For the ratio of axial-vector to
vector amplitudes, Eq4) yields[24] are consistent with those previously used in the analysis of
deep inelastic scattering on polarized nucle(26:
(GalGy)n_p=F+D+2Db, (5)
F=0.459+-0.008, D=0.798+0.008,
(GalGy)A_.p,=F+D/3+a/3—2b/3—d/3—k, (6)
F/D=0.575-0.016. (14)
(GA/Gv)Efﬁn:F_D‘i‘a_d, (7)
For illustration, Fig. 2 shows the best fit for latype
(GalGy)z-_A=F—D/3+2a/3—Db/3+4d/3+k, (8) solution. Comparing Fig. 2 and Fig. 1, one sees that after
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FIG. 1. F—D relations determined by experi-
mental values for various baryonic transitions, as-
suming no SB) breaking. Line 1n—p; line 2,
A—p;line 3,2 —n; line 4,2~ —A.

inclusion of SU3)-breaking in Cabibbo’s scheme, the lines breaking parameter set is unique for the known baryon decay

: _ ) ; modes. It suggests that the entire pattern of existing hyperon
corresponding to\ —p andX. " —n are both slightly shifted  gemjleptonic decay data can be very well described in a

up and the only significant change is for the line correspondframework which is basically S@)-flavor symmetry with
ing to =~ —A. All lines now intersect at one point which small SU3)-symmetry-breaking effects. Therefore, there is
gives a unique solution df andD for a given parameter set. no evidence oktrong violation for SU3) symmetry in hy-

A similar discussion can be made far, b-, andd-type  perongB decay data.

solutions.

It may be noted that all S@3)-symmetry-breaking param- Il QUARK SPIN DISTRIBUTIONS IN THE NUCLEON
eters considered in this paper are significantly smaller than as we mentioned in the Introduction, the quark spin dis-
the SU3)-symmetric parametets andD. Compared to the  tributions deduced from thg, data depend on the/D ratio.
result given in[21], our F/D value for a given symmetry- |n the QCD-corrected quark parton model, we have

TABLE |. One-parameter fit.

b,d,k=0 a,d,k=0 a,b,d=0 a,b,k=0 Data
a=—0.0024 b=0.0027 k=0.0123 d=0.0297 [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 1.2578.0028
(GA/GV)A—p 0.723 0.721 0.714 0.724 0.71®.015
(GA/Gy)s-_n —0.343 —0.337 —0.335 —0.343 —0.340+0.017
(GAIGY)z-_a 0.190 0.192 0.208 0.250 0.29.05
2

X 1.61 1.42 0.86 0.20
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hence, the dataX and As deduced froml';} depend on
F/D value used as input in E¢18).

Using Ga/Gy)n—p=1.254+0.006, F/D=0.632
+0.062, and ag=0.27 the EMC data [2]
(I'}) exp=0.126+0.018 led to

1.0 LIS B | T T T T T T T T T T T T

A3=0.12+£0.17, As=-0.19+0.06. (19

However, if instead, usingdF/D)=0.582+0.008 and the
same Cys=1—ag/m and Cg=1—a /37 as used in the
EMC analysiq 2], one obtains

A3=0.14+0.17, As=-0.15+0.06. (20)

One can see that by using a smal&/D) value, A%, in-
creases and the magnitude Af decreases. However, in
contrast with the change dfs, the total quark helicitA S, is
not sensitive to(F/D). This is consistent with the result
given by Lipkin and LichtenstadB0]. On the other hand, if
we useCys Up to (as/7)* andCg up to (as/ )3 as given in
[27], then(20) becomes

A3 =0.19+0.17, As=—0.13+0.06. (21)

0.0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 Il
0.4 0.6 0.8 1 1.2

D Comparing Eq(21) with Eqg. (20), one sees thaty, signifi-
cantly increases after inclusion of higher order QCD radia-
FIG. 2. F—D relations, as in Fig. 1, allowing fde-type SU3)  tive corrections, which arezvery important in spin analysis,
breaking withk=0.0123. Line 1,F+D=1.2573-0.0028; line 2, €specially at the modera@” range where the experiments

F+D/3+k=0.714-0.015; line 3,F —D=—0.335+0.017; line 4, Were performed. _
F —D/3—k=0.208+0.050. Most recently, the E143 group obtained more accurate

data of g} which give T'}=0.125-0.003 [31] with
1 Cus Cs as=0.35. From this, one obtains

FEEJ gh(x)dx= —=[2Au—Ad—As]+ —A3,
0 18 ° s A3 =027+0.04, As=-0.10+0.02. (22

The difference between the central valuea\& (andAs) in
where Au=[gAu(x)dx and AX =Au+Ad+As represents gq. (22) and in Eq.(21) is due to the fact that the data are
the fraction of the proton spin carried by all the quarks andaken at differen? and they have different QCD correction
antiquarks, i.e., the net total quark helicity, and wherecoefficients Cyg(Q?) and C(Q?). In obtaining Eq.(22),
Cns=1-y—3.5833°-20.2133°-0(130)y* and Cs=1 4 =0.35 has been used, but for E81) as=0.27 was used.
—y/3—0.5495%~0O(2)y®, with y=a/ 7, are QCD correc-  However, considering that the errors in E&1) are quite
tion coefficients for nonsinglet and singlet terf&7]. To  |arge, the results given in Eq&22) and (21) are consistent
simplify the notation, we have omitted the varia®é in the  within the errors.
quantities listed above. It should be noted that the anomalous To avoid possible ambiguity caused by @)symmetry-
gluon contributiong28] and higher twist effectf29] are not  preaking effects, we may choose to only use the(ZU
included in(15). The magnitude of the former is still a sub- symmetry resul{16) and do not use Eq17). From Eqs(15)
ject of debate and the latter is expected to be only a smalind(16), one can obtain a relation betweA, andAs,
correction except at the lo®? value(for example, the E142

'] data. Combining Eq.(15) and the two relations C1AZ —c,As=Tf—c; (23
Ga for the proton and, similarly,
G =F+D=Au—Ad, (16
Vin—p C1AS —co,As=T"7+c; (24)
(Ga/Gy)s-_n=F—D=Ad-As, (17 for the neutron, where
one obtains c ~ Cnst4GCs c _GCs e Ga (25
R VAR (e
n—p
e =86 Gy o + ()1 | 4 Sy
1 12 TATTEVIn=p R+1 g~ Actually, Egs.(23) and(24) are not independent, because the

(18 Bjorken sum rule
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FIG. 3. Plot of total quark helicity=A3
and strange quark polarizatioX=As con-
strained by the E143 proton daféine 1, Eq.
(28)], neutron datdline 3, Eq.(29)], and SU3)-
symmetry relatiorfline 2, Eq.(30)].

0.0 . : ) ' ) s L s s
—0.16 -0.1 -0.06 0 0.056

X

line 3 for E143 neutron data, whed=A3 andX=As). If

F?—F2=203=€(G—> : (260 we assume that there is no strange quark polarization,
Vinp As=0 as predicted by the naive quark model, then

A2 =0.33+0.02 from the proton data anilX, = 0.39+0.06
from the neutron data. They are consistent within the errors
(see line 1 and line 3 in Fig.)3However, using the S@3)-
symmetry result, Eq(27), and combining dat&) and (11),
one obtains

Therefore one cannot deduce the, and As separately,
even though we have botf andg} data. It should be noted
that the datd™} andI"] from the experimental measurements
may not satisfy Eq(26). Hence the right-hand sid&HS) of
Eg. (23) can be different from that of Eq24).

To obtainA and As separately, we need another rela- AS —3As=0.577+0.034 (30)
tion between these two quantities. This can be obtained from '

Egs.(16) and (17): which is also shown in Fig. 8ine 2). One can see that the

strange quark polarization would be negative. From Fig. 3,

Ca Sa (27)  one obtains that the range &% would be

A2—3As=<—) +2(—
Gy nep Gy

Using most recent E143 datd'}=0.125-0.003 and

I'l=—0.0330.008[31], one obtains, from Eqs23) and  jf SU(3)-symmetry is imposed. We note that our Fig. 3 is
(24), similar to Fig. 4 in[32].
It should be noted that if one can trust the earligp and
AX-0518s=0.325-0.023 E143 proton data, 75p elastic scattering dataAs=—0.15+0.09 [33-34
(28) (which give A% =0.19 for E143 proton data anil> =0.32
for E143 neutron dajathen the SWB)-symmetry relation
(30) is not necessary. From the results given above, one can
AS —0.518\s=0.394+0.063 E143 neutron data. see that combining the most recent deep inelastic lepton-
(29)  hucleon scattering data and tRéD ratio deduced from the
hyperon 8 decays, the total net quark contribution to the
They are shown in Fig. 8line 1 for E143 proton data and proton spin is still far from the naive quark model prediction

3~ —=n

As=—-0.12 to —0.04 (3D

and
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and also the strange quark polarization is nonzero and negguark helicity is still far below naive quark model expecta-
tive (one of the most recent reviews on this subject is givertion and the strange quark polarization seems to be negative
in [35]). if one neglects the anomalous gluon contributions and higher
twist effects.

After completion of this work, we have seen a paper by
Ratcliffe [36] which reached a similar conclusion about
SU(3) breaking.

IV. SUMMARY

From a general discussion of 8) symmetry and its
breaking, we show that the hypergrdecay data can be well
accommodated within the framework of the usual Cabibbo’s
SU(3)-symmetric description with a small $8)- symmetry
breaking proportional to the mass difference between strange
and nonstrange quarks. TH&D ratio is not far from the The authors thank P. Q. Hung for useful discussions in the
value previously used in the deep inelastic scattering analyearly stage of this work, and H. J. Lipkin and H. J. Weber for
sis. Hence the result given by using @Y symmetry on their helpful comments and suggestions. This work was sup-
hyperon g decays will not be significantly affected by ported by the U.S. Department of Energy and the Institute of
SU(3)-symmetry-breaking effects. It implies that the total Nuclear and Particle Physics, University of Virginia.
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