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SPIN STRUCTURE OF THE OCTET BARYONSHyun-Chul KimDepartment of Physi
s, Pusan National UniversityPusan 609-735, Republi
 of KoreaMi
haª Praszaªowi
zM. Smolu
howski Institute of Physi
s, Jagellonian UniversityReymonta 4, 30-059 Kraków, Polandand Klaus GoekeInstitute of Theoreti
al Physi
s II, Ruhr-University Bo
hum44780 Bo
hum, Germany(Re
eived January 10, 2001)We analyze the semileptoni
 weak de
ays of the o
tet baryons in amodel independent approa
h, based on the algebrai
 stru
ture of the ChiralQuark-Soliton Model. We argue that this analysis is in fa
t more generalthan the model itself. While the symmetry breaking for the semileptoni
de
ays themselves is not strong, other quantities like �s and �� are mu
hmore a�e
ted. We 
al
ulate �� and �q for all o
tet baryons. Unfortu-nately, large experimental errors of �� de
ays propagate in our analysis,in parti
ular, in the 
ase of �� and �s. Only if the errors for these de
aysare redu
ed, the a

urate theoreti
al predi
tions for �� and �s will bepossible.PACS numbers: 23.23.+x, 56.65.Dy1. Introdu
tionThe experimental results on the �rst moment of the proton spin stru
-ture fun
tion gp1 [1�5℄ are usually interpreted in terms of the exa
t SU(3)symmetry. Then, in 
ontrast to the Ellis�Ja�e sum rule [6℄, the strangequark 
ontribution to the nu
leon spin deviates from zero. The global �tperformed by Ellis and Karliner [7℄ gives �s = �0:11 � 0:03. For morere
ent analysis, see Refs. [8, 9℄. (1343)
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z, K. GoekePolarized stru
ture fun
tions have been studied within perturbative QCD(see for review [10℄ and re
ent papers [8, 9℄). However, in order to get fullinformation on the moments of the polarized quark distributions, an extrainput from the low energy semileptoni
 de
ays is needed. It is pre
iselyhere, where the SU(3) symmetry is assumed. In this paper we shall studythe in�uen
e of the SU(3) symmetry breaking in this low energy se
tor onthe �q's and spin 
ontent of the o
tet baryons.One pie
e of information 
omes from the �rst moment of the spin stru
-ture fun
tion gp1(x) of the proton:Ip = 1Z0 dx gp1(x) = 118 (4�up +�dp +�sp)�1� �s� + : : :� : (1)The analysis of Karliner and Lipkin [11℄ implies Ip = 0:124 � 0:011 whi
h
an be translated into:�p � 4�up +�dp +�sp = 2:56 � 0:23 (2)if �s(Q2 = 3 (GeV=
)2) = 0:4 is assumed. Let us for 
ompleteness quotealso the result for the neutron:�n � 4�dp +�up +�sp = �0:928 � 0:186 ; (3)where the isospin symmetry (Bjorken sum rule) has been assumed.Another pie
e of information 
omes from the semileptoni
 de
ays, whi
hin the 
ase of the exa
t SU(3) symmetry 
an be parametrized by two redu
edmatrix elements F and D. Taking for F = 0:46 and for D = 0:80 togetherwith Eq. (2), one gets for the proton: �up = 0:79, �dp = �0:47 and�sp = �0:13, whi
h implies ��p = 0:19, quite a small number as 
omparedwith the naive expe
tation from the quark model: ��p = 1.It is important to realize that ��p is not dire
tly measured; it is ex-tra
ted from the data through some theoreti
al model. The standard wayto 
al
ulate ��p is to assume the SU(3) symmetry for the semileptoni
 de-
ays. In this 
ase it is enough to take any two de
ays and �p of Eq. (2)as an input. Normally, as in the example above, one uses neutron beta de-
ay and �� de
ay as an input. However, if the SU(3) symmetry breakingwas not important, any pair out of six known semileptoni
 de
ays shouldgive roughly the same number for ��p. This is, however, not the 
ase.As we shall see in the next se
tion, ��p 
an be any number between 0.02and 0.30. These numbers do not take into a

ount the experimental errors,therefore, as shown in �gure 1, the un
ertainty of ��p due to the SU(3)symmetry breaking in the semileptoni
 de
ays is even larger. This is the keyobservation whi
h motivated this work.
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 de
ays taken as an input in theSU(3) symmetry limit.It is pra
ti
ally impossible to analyze the SU(3) symmetry breaking inweak de
ays without resorting to some spe
i�
 model [11℄. In this pa-per, following Refs. [12, 13℄, we will use the Chiral Quark-Soliton Model(�QSM) [14,15℄ (see Ref. [16℄ for review) to implement the symmetry break-ing due to the non-zero strange quark mass. This model satisfa
torily de-s
ribes the axial-ve
tor properties of the hyperons [17�20℄. Sin
e the sym-metry breaking pattern of the �QSM is identi
al to the one derived in largeN
 QCD [21℄, our analysis is in fa
t mu
h more general than the model itself.However, sin
e g(0)A (B) does not 
orrespond to the SU(3) o
tet axial-ve
tor 
urrent, it is an independent quantity in QCD and it 
annot be ex-pressed in terms of F and D without some further assumptions. The �QSM(as most of the hedgehog models [22℄) has a remarkable virtue of 
onne
tingthe singlet axial-ve
tor 
onstant with g(3)A and g(8)A , and the semileptoni
de
ay 
onstants in a dire
t manner. This 
onne
tion introdu
es a modeldependen
e into our analysis. However, as we dis
ussed in our previous pa-per on the proton spin stru
ture [12℄ and on the � spin [13℄, and as willbe shown in Se
tion 5.1, there is no signi�
ant numeri
al di�eren
e betweenthe results obtained with and without this model dependent ingredient. It
annot be 
he
ked whether this remains true for other baryons be
ause ofthe la
k of the data whi
h 
ould be additionally used if the model formulafor g(0)A (B) is abandoned.In Se
tion 2.5 we give an additional theoreti
al argument in favor of themodel predi
tion for g(0)A (B).
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z, K. GoekeIn the previous papers [12,13℄ we have shown how the symmetry break-ing in�uen
es the determination of ��p;� from the existing data on theweak semileptoni
 baryon de
ays. The main goal of the present paper isto extend this analysis to the other members of the o
tet using the samemodel independent method and to give a self-
ontained des
ription of thismethod presenting the details omitted in the previous publi
ations. In the�QSM semileptoni
 de
ays are e�e
tively parametrized by 6 
onstants whi
hare in prin
iple 
al
ulable within the model [17℄. However, in the presentmodel independent analysis they are treated as free parameters. By adjustingthem to the experimentally known semileptoni
 de
ays we allow not only formaximal phenomenologi
al input but also for minimal model dependen
e.In Refs. [20, 24�26℄ magneti
 moments of the o
tet and de
uplet have beenstudied in this way. Model 
al
ulations for the ve
tor-axial properties ofbaryons have been presented in Ref. [20℄. There also exist dire
t model
al
ulations of the spin polarization fun
tion itself [27, 28℄.Although the spin 
ontent of the hyperons will be most probably notdire
tly measured (with an ex
eption of � where spin stru
ture fun
tion
an be related to the measured fragmentation fun
tion [29, 30℄), there is asubstantial theoreti
al interest in the spin properties of the hyperons. We�nd that despite the fa
t that the symmetry breaking for the semileptoni
de
ays themselves is not strong, other quantities like �s and �� are mu
hmore a�e
ted. We observe splitting of �� for di�erent baryons. Unfortu-nately our analysis su�ers from large errors whi
h are mainly due to theexperimental errors of the �� de
ays. It is therefore of utmost importan
eto measure these two de
ays with higher pre
ision.The paper is organized as follows: In Se
tion 2 we re
all the SU(3) sym-metry results and dis
uss various ways of determining �� and separately�q's. In Se
tion 3, following Ref. [23℄, we re
all the main properties of the�QSM with spe
ial emphasis on the mass splittings, whi
h we subsequentlyuse in Se
tion 4 to parametrize the SU(3) breaking of the semileptoni
 weakde
ays. In Se
tion 5 numeri
al analysis is 
arried out and the 
on
lusionsare given in Se
tion 6.2. SU(3) symmetry at workLet us �rst brie�y re
all how the standard analysis is 
arried out. Threediagonal axial-ve
tor 
oupling 
onstants de�ne the integrated polarized quarkdensities for a given baryon B:g(3)A (B) = �uB ��dB ;p3g(8)A (B) = �uB +�dB � 2�sB ;g(0)A (B) = �uB +�dB +�sB : (4)
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tet Baryons 1347Note that in our normalization g(0)A (B) = ��B.Assuming the SU(3) symmetry, one 
an 
al
ulate g(3;8)A (B) in terms ofthe redu
ed matrix elements F and D:1g(3)A (p) = F +D ; p3g(8)A (p) = 3F �D ;g(3)A (�) = 0 ; p3g(8)A (�) = �2D;g(3)A (�+) = 2F ; p3g(8)A (�+) = 2D ;g(3)A (�0) = F �D ; p3g(8)A (�0) = �3F �D : (5)At this stage g(0)A = �� is an independent quantity and it is identi
al for allo
tet states. These equations together with (4) allow one to express �q's interms of D, F and ��:�up = 13 (D + 3F +��) ;�dp = 13 (�2D +��) ;�sp = 13 (D � 3F +��) ;�u� = 13 (�D +��) ;�s� = 13 (2D +��) ;�u�0 = 13 (D +��) : (6)The SU(3) symmetry imposes 
ertain relations between �q's of di�erent�avor for di�erent baryons:�up = �u�+ = �s�0 ;�dp = �s�+ = �u�0 ;�sp = �d�+ = �d�0 ; (7)so that �q's given in Eq. (6) are the only independent ones in the SU(3)symmetry limit. In addition we have the isospin relations�up = �dn ; �dp = �un ; �sp = �sn ;�u�+ = �d�� ; �d�+ = �u�� ; �u�0 = �d�0�u� = �d� ; �s�+ = �s�� = �s�0 ;�u�0 = �d�� ; �d�0 = �u�� ; �s�0 = �s�� (8)whi
h remain still valid after the in
lusion of the SU(3) symmetry breaking.In order to �nd the numeri
al values of �q's one 
onsiders di�erents
enarios whi
h we shortly dis
uss in the following.1 Note that g(3)A is proportional to I3 (third 
omponent of the isospin whi
h we assumeto take the highest value).
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z, K. Goeke2.1. Naive quark modelIn the naive quark model there exist two relations between the 
onstantsF and D : FD = 23 ; F +D = 53 �! F = 23 ; D = 1 : (9)Moreover, one assumes that the total spin is 
arried by the quarks, i.e.:�� = 1 : (10)With these parameters one gets �sp = 0. Values for all �q's and �p arepresented in Table I. The predi
tion for �p is, however, very bad, abouttwi
e the experimental value. TABLE IThe results for �q's, �� and �p for various phenomenologi
al inputs (denoted bya �) in the 
ase of the exa
t SU(3) symmetry.NRQM Ellis & Ja�e �p = 2:56 �QSMA1; A4 average A1; A4 average A1; A4 averageD �1 �0:80 �0:77 �0:80 �0:77 �0:80 �0:77F �2=3 �0:46 �0:50 �0:46 �0:50 �0:46 �0:50�up 4=3 0:92 1:00 0:79 0:81 0:77 0:98�dp �1=3 �0:34 �0:27 �0:47 �0:47 �0:49 �0:29�sp 0 �0 �0 �0:13 �0:20 �0:15 �0:02�u� 0 �0:07 �0:01 �0:20 �0:21 �0:22 �0:03�s� 1 0:76 0:76 0:60 0:56 0:58 0:74�u�0 2=3 0:50 0:50 0:33 0:30 0:31 0:48�� �1 0:58 0:74 0:19 0:14 0:13 0:68�p 5 3:34 3:75 �2:56 �2:56 2:44 3:632.2. Extra
ting F and D from the semileptoni
 weak de
aysCertainly these naive quark model values (9) are not realisti
. One 
ando better by extra
ting F and D from experiment. For example, assumingthe exa
t SU(3) symmetry, one hasA1 = �g1f1�(n!p) = F +D ; A4 = �g1f1�(��!n) = F �D : (11)For 
onvenien
e, we denote the ratios of axial-ve
tor to ve
tor de
ay 
on-stants by Ai (see Table III). Taking for these de
ays the experimental values,
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tet Baryons 1349one obtains F = 0:46 and D = 0:80 ; (12)as displayed in the 
olumn (A1; A4) in Table I.One 
ould, however, use any two Ai's out of six known weak semileptoni
de
ays to extra
t F andD: The number of 
ombinations is fourteen (a
tually�fteen, but two 
onditions are linearly dependent). Taking these fourteen
ombinations into a

ount, one gets:F = 0:40 � 0:55; D = 0:70 � 0:89 : (13)These are the un
ertainties of the 
entral values due to the theoreti
al error
aused by using the exa
t SU(3) symmetry to des
ribe the weak semileptoni
de
ays. These un
ertainties are further in
reased by the experimental errorsof all individual de
ays.Looking at Eq. (13), one might get an impression that a typi
al errorasso
iated with the use of the SU(3) symmetry in analyzing the hyperonde
ays is of the order of 15% or so. While this is true for the hyperon de
aysthemselves, the values of �q and �� for various baryons might be mu
hmore a�e
ted by the symmetry breaking. Indeed, sin
e�� = 12 (�p � 3F �D) (14)in the SU(3) symmetry limit we get�� = 0:02 � 0:30 (15)for F and D 
orresponding to Eq. (13) and �p as given by Eq. (2). Thislarge un
ertainty of the 
entral value of �� is entirely due to the SU(3)symmetry breaking in the hyperon de
ays. In Fig. 1 we plot �� togetherwith experimental errors for ea
h pair of the semileptoni
 de
ays.Anti
ipating the results of Se
tion 4 let us mention that there exist twolinear 
ombinations of Ai's whi
h are free of the linear ms 
orre
tions in the�QSM (and large N
 QCD [21℄), namely:F = 112(4A1 � 4A2 � 3A3 + 3A4 + 3A5 + 5A6) ;D = 112(4A2 + 3A3 � 3A4 � 3A5 + 3A6) (16)whi
h give numeri
allyF = 0:50 � 0:07 and D = 0:77 � 0:04 ; (17)as displayed in Table I in the 
olumn �average�. It is important to notethat by adopting this way of extra
ting F and D in the symmetry limit, nore�tting of F and D is required when ms 
orre
tions are added.
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z, K. GoekeIn what follows we shall use these two sets � Eqs. (12),(17) � of valuesfor F and D while dis
ussing the predi
tions for �q's.In order to extra
t all �q's separately, one needs some additional in-formation. Either another experimental input is needed, or a model whi
hpredi
ts g(0)A (B) in terms of F and D.2.3. Conje
ture of Ellis and Ja�eIn 1974 Ellis and Ja�e [6℄ made an assumption, based on the naive quarkmodel that �sp = 0 : (18)From our SU(3) formula (6), we see that this amounts to�� = 3F �D (19)whi
h indeed gives 1 for the naive quark model values (9). For the exper-imental values of F and D dis
ussed in the previous se
tion we get ��around 0.6 as displayed in Table I. Unfortunately, the value of �p is mu
hlarger than the experimental value.2.4. Linking hyperon de
ays with the high energy dataInstead of using the low energy data alone, one 
an also use the highenergy data on the �rst moment of the polarized stru
ture fun
tion of theproton (1) with �p = 2:56. The results of su
h �ts for two 
hoi
es of F andD 
onstants are presented in 
olumns 5 and 6 of Table I. A striking featureof these �ts is that the resulting �� is very small. This fa
t is often referredto as a spin 
risis. 2.5. Chiral Quark Soliton ModelAs will be shown in the following, the �QSM predi
ts in the SU(3)symmetry limit [18℄: �� = 9F � 5D (20)for all o
tet baryons. This formula has a remarkable feature: It interpolatesbetween the naive quark model and the Skyrme model. Indeed, for (9)�� = 1, whereas in the 
ase of the simplest Skyrme model for whi
h F=D =5=9, �� = 0, as observed for the �rst time in Ref. [32℄.Here �� is very sensitive to small variations of F and D, sin
e it is adi�eren
e of the two, with relatively large 
oe�
ients. Indeed, for the 14 �tsmentioned before Eq. (13) the 
entral value for �� varies between �0:25to approximately 1. Thus, despite the fa
t that the hyperon semileptoni
de
ays are relatively well des
ribed by the model in the SU(3) symmetry
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tor 
onstant is basi
ally undetermined. This is a
lear signal of the importan
e of the symmetry breaking for this quantity.In fa
t, 
on
lusions similar to ours have been obtained in 
hiral pertur-bation theory in Ref. [33℄.3. Mass splittings in the �QSMIn this se
tion we shall brie�y re
all how the model parameters are �xed.Be
ause of the SU(3) symmetry breaking due to the strange quark mass msthe 
olle
tive baryon Hamiltonian is no longer SU(3)-symmetri
. Indeed [34℄:Ĥ = Ĥ0 + Ĥ 0 ; (21)wherêH0 =Msol + 12I1S(S + 1) + 12I2 �C2(SU(3)) � S(S + 1)� N2
12 � (22)and Ĥ 0 = ms �D(8)88 + �Ŷ + 
p3 3XA=1D(8)8A ŜA! : (23)Here ŜA denotes baryon spin, C2(SU(3)) the Casimir operator and D(R)B S arethe SU(3) Wigner matri
es in representation R. Constants �, � and 
 aregiven by Ref. [34℄:� = �� + K2I2 ; � = �K2I2 ; 
 = 2�K1I1 � K2I2 � : (24)Here Ki and Ii are the �moments of inertia� and � is related to the nu
leonsigma term: 3� = �=m, m being the average mass of the up and downquarks.The 
olle
tive splitting Hamiltonian (23) mixes the states in variousSU(3) representations. The o
tet states are mixed with the higher repre-sentations su
h as antide
uplet 10 and eikosiheptaplet 27. In the linearorder in ms the wave fun
tion of a state B = (Y; I; I3) of spin S3 is given as: B;S3 = (�) 12�S3 �p8D(8) �B S + 
(10)B p10D(10) �B S + 
(27)B p27D(27) �B S � ; (25)where S = (�1; 12 ; S3). Mixing parameters 
(R)B 
an be found for example inRef. [17℄. They are given as produ
ts ofms (whi
h we assume to be 180 MeV)times a known numeri
al 
onstant N (R)B depending on the baryoni
 state Band a dynami
al parameter 
R. Sin
e 
R depends on the model parameterI2, whi
h is responsible for the splitting between the o
tet and higher exoti
multiplets [35℄ and is not 
onstrained from the data we will take them asfree parameters in our �ts.
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z, K. Goeke4. Semileptoni
 weak de
ays in the 
hiral quark-soliton modelThe transition matrix elements of the o
tet hadroni
 axial-ve
tor 
urrenthB2jAX� jB1i 
an be expressed in terms of three independent form fa
tors:hB2jAX� jB1i = �uB2(p2) �g1(q2)
� � ig2(q2)M1 ���q� + g3(q2)M1 q�� 
5uB1(p1);(26)where the axial-ve
tor 
urrent is de�ned asAX� = � (x)
�
5�X (x) (27)with X = 12(1 � i2) for strangeness 
onserving �S = 0 
urrents andX = 12(4� i5) for j�Sj = 1.The q2 = �Q2 stands for the square of the momentum transfer q =p2 � p1. The form fa
tors gi are real and depend only on Q2 in the 
aseof the CP -invariant pro
esses. We will negle
t g3 be
ause it is supressedby the ratio m2l =M21 � 1, where ml is the lepton (e or �) mass. Similarlywe shall negle
t g2. In prin
iple this form fa
tor is proportional to ms andtherefore should be in
luded in the 
onsistent analysis of the weak de
aysdata. Unfortunately, su
h an analysis is still missing and all experimentalresults on g1 assume g2 � 0.Another possible small ms 
orre
tions 
ome from the evolution of g1with Q2, due to the non-
onservation of the axial-ve
tor 
urrents 
aused bythe SU(3) symmetry breaking. These 
orre
tions are also negle
ted in ourapproa
h.Hadroni
 matrix elements su
h as hB2jAX� jB1i have been throughly stud-ied in the �QSM (see for example [16℄ and referen
es therein). Taking intoa

ount the 1=N
 rotational and ms 
orre
tions, we 
an write the resultingaxial-ve
tor 
onstants gB1!B21 (0) in the following form:g(B1!B2)1 = a1hB2jD(8)X3jB1i+ a2dpq3hB2jD(8)Xp ŜqjB1i+ a3p3hB2jD(8)X8 Ŝ3jB1i+ms a4p3dpq3hB2jD(8)XpD(8)8q jB1i+msa5hB2j�D(8)X3D(8)88 +D(8)X8D(8)83 � jB1i+msa6hB2j�D(8)X3D(8)88 �D(8)X8D(8)83 � jB1i ; (28)where ai denote parameters depending on the spe
i�
 dynami
s of the 
hiralsoliton model. Their expli
it form in the �QSM 
an be found in Ref. [17℄.
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tet Baryons 1353Analogously to Eq. (28) one de�nes the diagonal axial-ve
tor 
ouplings.In that 
ase X 
an take two values: X = 3 and X = 8. For X = 0 (singletaxial-ve
tor 
urrent) we have the following expression [17, 18℄:g(0)B Ŝ3 = a3 Ŝ3 +p3ms(a5 � a6) hBjD(8)83 jBi: (29)From theoreti
al point of view it is interesting to anlyze the N
 depen-den
e of the ai's [36, 37℄. Constants a2 and a3 are both subleading in 1=N
and 
ome from the anomalous part of the e�e
tive Eu
lidean a
tion. In theSkyrme model they are related to the Wess�Zumino term. However in thesimplest version of the Skyrme model (whi
h is based on the pseudo-s
alarmesons only) a3 = 0 identi
ally [32℄. In the 
ase of the �QSM a3 6= 0 andit provides a link between the SU(3) o
tet of axial-ve
tor 
urrents and thesinglet 
urrent of Eq. (29). It was shown in Ref. [31℄ that in the limit ofthe arti�
ially large soliton, whi
h 
orresponds to the �Skyrme limit� of thepresent model, a3=a1 ! 0 in agreement with [32℄. On the 
ontrary, for thesmall solitons g(0)p ! 1 reprodu
ing the result of the non-relativisti
 quarkmodel.Instead of 
al
ulating 7 dynami
al parameters ai and I2 (or 
10 and 
27)within the �QSM (what was done in Ref. [20℄), we shall �t them from theweak semileptoni
 de
ay data. It is 
onvenient to introdu
e the followingset of new parameters:r = 130 �a1 � 12a2� ; s = a360 ; x = ms a4540 ; y = ms a590 ; z = ms a630 ;p = 16ms 
10�a1 + a2 + 12a3� ; q = � 190ms 
27�a1 + 2a2 � 32a3� : (30)Employing this new set of parameters, we 
an immediately express allpossible semileptoni
 de
ay 
onstants between the o
tet baryons:�g1f1�(n!p) = �14r + 2s� 44x� 20y � 4z � 4p+ 8q;�g1f1�(�+!�) = �9r � 3s� 42x� 6y � 3p+ 15q;�g1f1�(�!p) = �8r + 4s+ 24x� 2z + 2p� 6q;�g1f1�(��!n) = 4r + 8s� 4x� 4y + 2z + 4q;�g1f1�(��!�) = �2r + 6s� 6x+ 6y � 2z + 6q;
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z, K. Goeke�g1f1�(��!�0) = �14r + 2s+ 22x+ 10y + 2z + 2p� 4q;�g1f1�(��!�) = �9r � 3s� 42x� 6y � 3p+ 15q;�g1f1�(��!�0) = �5r + 5s� 18x� 6y + 2z � 2p;�g1f1�(��!�0) = 4r + 8s+ 8x+ 8y � 4z � 8q;�g1f1�(�0!�+) = �14r + 2s+ 22x+ 10y + 2z + 2p� 4q : (31)The U(3) axial-ve
tor 
onstants g(0;3;8)A 
an be also expressed in terms ofthe new set of parameters Eq. (30). For the triplet ones2 we have:g(3)A (p) = �14r + 2s� 44x� 20y � 4z � 4p+ 8q;g(3)A (�) = 0;g(3)A (�+) = �10r + 10s� 36x� 12y + 4z � 4p;g(3)A (�0) = 4r + 8s+ 8x+ 8y � 4z � 8q; (32)and for the o
tet ones, we get:g(8)A (p) = p3(�2r + 6s+ 12x+ 4p+ 24q);g(8)A (�) = p3(6r + 2s� 36x+ 36q);g(8)A (�+) = p3(�6r � 2s+ 20x+ 8y + 4p+ 16q);g(8)A (�0) = p3(8r � 4s� 24x� 12y + 24q): (33)As already explained in the Introdu
tion the model provides a link be-tween the o
tet 
urrents and the singlet axial 
urrent. For the singlet axial-ve
tor 
onstants, we have:g(0)A (p) = 60s� 18y + 6z;g(0)A (�) = 60s+ 54y � 18z ;g(0)A (�) = 60s� 54y + 18z ;g(0)A (�) = 60s+ 72y � 24z : (34)2 Triplet g(3)'s are proportional to I3, formulae in Eq. (32) 
orrespond to the highestisospin state.
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tet Baryons 1355Let us note that by rede�nition of q and x we 
an get rid of the variable p:x0 = x� 19p ; q0 = q � 19p : (35)In the 
hiral limit parameters x, y, z, p and q vanish and we re
over theSU(3) symmetri
 relations from Se
tion 2 withD = �3 s� 9 r; F = 5 s� 5 r ; (36)from whi
h Eq. (20) follows.5. The SU(3) symmetry breakingWe �x the newly-de�ned set of parameters from the experimental dataon the semileptoni
 de
ays. Their numeri
al values are given in Table III.We do not quote the experimental errors on these parameters, sin
e they arehighly 
orrelated and 
annot be used dire
tly to 
al
ulate the errors of thephysi
al quantities of interest. Instead, we expressed all observables dire
tlyin terms of the Ai's. This is, however, not enough sin
e, as in the 
hirallimit, the extra input is needed. TABLE II�sp, ��p and �p;n for various phenomenologi
al inputs (denoted by a �) in the
ase of the broken SU(3) symmetry.NRQM Ellis & Ja�e �p = 2:56 �QSM��p �1 �0:47 0:56 0:51�sp 0:49 �0 0:31 0:32�p 3:65 0:71 �2:56 2:67�n �0:12 �3:06 �1:21 �1:10At this point a ne
essity of a 
omplete des
ription of the symmetrybreaking is 
learly seen. The strange quark mass 
auses all SU(3) symmetryrelations (7) to break. So in prin
iple one needs one extra experimentalinput for ea
h isospin multiplet. Let us �rst dis
uss the 
ase of the nu
leon.5.1. Spin 
ontent of the nu
leonWe shall repeat here the analysis of Se
tion 2, however, with the sym-metry breaking taken into a

ount. Again four di�erent 
hoi
es for an ad-ditional input will be 
onsidered: (1) ��p = 1, (2) �sp = 0, (3) �p = 2:56
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z, K. Goekeand (4) the �QSM formulae (34) for g(0)A . The results are summarized inTable II. It 
an be immediately seen that the �rst two possibilities are in
ontradi
tion with experimental data on �p and �n. On the other hand, ifwe use the experimental value of �p as an additional input (but no modelformula (34) for g(0)A ), or alternatively the �QSM predi
tion for g(0)A , theresults are almost indistinguishable. This gives a numeri
al support for the
orre
tness of the �QSM formula for the axial-ve
tor singlet 
urrent withthe SU(3) symmetry breaking. TABLE IIIModel parameters r; : : : ; q0 extra
ted from the data together with the predi
tions forthe semileptoni
 de
ays and �p;n in the 
ase of the exa
t SU(3) and broken SU(3).Results for Ai's with ms 
orre
tions 
orrespond to the experimental data [39℄.exa
t SU(3) broken SU(3)r �0:0892 �0:0892s 0:0113 0:0113x0 0 �0:0055y 0 0:0080z 0 �0:0038q0 0 �0:0140A1 (g1=f1)n!p 1:271� 0:11 1:2573� 0:0028A2 (g1=f1)�+!� 0:769� 0:04 0:742� 0:018A3 (g1=f1)�!p 0:758� 0:08 0:718� 0:015A4 (g1=f1)��!n �0:267� 0:04 �0:340� 0:017A5 (g1=f1)��!� 0:246� 0:07 0:25� 0:05A6 (g1=f1)��!�0 1:271� 0:11 1:278� 0:158�p 3:63� 1:12 2:67� 0:33�n �0:19� 0:84 �1:10� 0:33Of 
ourse the results of Table II have to be taken with a bit of 
arebe
ause of large experimental errors whi
h are not displayed. As we haveargued in Ref. [12℄, one 
ould still a

ommodate �sp = 0 due to the largeerrors of � de
ays. We shall 
ome ba
k to this point in the following.5.2. Numeri
al resultsIt the present se
tion we shall present the numeri
al results of our anal-ysis based on the Chiral Quark Soliton Model with the SU(3) symmetrybreaking. Our strategy is very simple: using model parametrization (31)
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tet Baryons 1357we expressed �q's and ��'s in terms of the six known weak semileptoni
de
ays. Errors are added in quadrature. The numeri
al results are sum-marized in Table IV and in �gures 2�9. To guide an eye it is 
onvenientto restore the linear ms dependen
e for the quark densities in the followingway: �q = �q(0) + ms180MeV ��q ��q(0)� ; (37)and similarly for ��. This is possible be
ause our 
hiral parameters r and sdo not need to be re�tted as the symmetry breaking 
orre
tions are in
luded.In order to display the errors whi
h 
ome from the experimental errors ofthe weak de
ays, at both ends of ea
h �gure we also plot the theoreti
alpredi
tions as bla
k dots together with the error bars. TABLE IVIntegrated polarized quark densities for various baryons.exa
t SU(3) broken SU(3)�up = �dn 0:98� 0:23 0:72� 0:07�dp = �un �0:29� 0:13 �0:54� 0:07�sp = �sn �0:02� 0:09 0:33� 0:51�u� = �d� �0:03� 0:14 �0:02� 0:17�s� 0:74� 0:17 1:21� 0:54�u�+ = �d�� 0:98� 0:23 0:73� 0:17�d�+ = �u�� �0:02� 0:09 �0:37� 0:19�s�+ = �s�� = �s�0 �0:29� 0:13 �0:18� 0:39�u�0 = �d�0 0:48� 0:16 0:18� 0:08�u�0 = �d�� �0:29� 0:13 �0:14� 0:21�d�0 = �u�� �0:02� 0:09 0:02� 0:16�s�0 = �s�� 0:98� 0:23 1:50� 0:60Let us �rst 
omment on the results on �p and �n. We see from Table IIIthat the experimental values are quite well reprodu
ed by the model, pro-vided the ms 
orre
tions are in
luded. In the symmetry limit their valuesare way o� from the experimental data.Next, let us observe that the singlet axial-ve
tor 
urrent 
ouplings g(0)Asplit when the symmetry breaking is swit
hed on. This is due to the termproportional to D(8)83 in Eq. (29). This splitting is depi
ted in Fig. 2. Wesee that ��p shows the weakest ms dependen
e, whereas ��� and ���depend quite strongly on ms. Large error bars for these quantities are duealmost entirely to the large errors of � de
ays A5 and A6. It is howeverevident from Fig. 2 that � and � are mu
h 
loser to the nonrelativisti
 limitthan p and �.
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Fig. 2. ��B with and without SU(3) symmetry breaking. In the �QSM with msdependen
e restored a

ording to Eq. (37). Bla
k dots denote model predi
tions(same as lines) with errors 
oming from the experimental errors of the semileptoni
weak de
ays.
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Fig. 3. �q' for the nu
leon; dots and error bars have the same meaning as in Fig. 2.
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Fig. 4. �q' for the �; dots and error bars have the same meaning as in Fig. 2.
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tet Baryons 1359In Figs. 3�6 we plot �q for the nu
leon, �, � and �, respe
tively. Wesee that in all 4 
ases �s rises relatively strongly with ms. It is thereforenot justi�ed to extra
t the strange quark polarization assuming the exa
tSU(3) symmetry. Unfortunately, �s's have also the largest errors 
oming,as in the 
ase of ��, almost entirely from the errors of � de
ays.
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Fig. 5. �q' for the � ; dots and error bars have the same meaning as in Fig. 2.
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Fig. 6. �q' for the � ; dots and error bars have the same meaning as in Fig. 2.In Figs. 7�9 we examine the breaking of the SU(3) relations given byEqs. (7). Interestingly we �nd that there is an approximate equality between�up and �u�+ for all values of ms.
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Fig. 7. Breaking of the �rst SU(3) relation of Eq. (7); dots and error bars have thesame meaning as in Fig. 2.
�1:0�0:50.00.5

�1:0�0:50.0
0.5

0 30 60 90 120 150 180ms [MeV℄
�q �dp�s�+�u�0................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................� � ��

Fig. 8. Breaking of the se
ond SU(3) relation of Eq. (7); dots and error bars havethe same meaning as in Fig. 2.
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Fig. 9. Breaking of the third SU(3) relation of Eq. (7); dots and error bars havethe same meaning as in Fig. 2.



Spin Stru
ture of the O
tet Baryons 13616. Summary and 
on
lusionsIn the analysis of the polarized stru
ture fun
tion g1 of the proton andneutron one has to take an additional input from the low energy hyperonde
ays. Customarily the SU(3) symmetry for these de
ays is assumed. How-ever, if one takes all possible 
ombinations of the low energy de
ays the re-sulting �� 
an take any value between 0.02 and 0.30. As depi
ted in Fig. 1this range is further in
reased if the errors 
oming from the experimentalerror bars of the semileptoni
 de
ays are properly in
luded. This observa-tion implies that the SU(3) symmetry breaking plays an essential role inextra
ting �� from the experimental data. It was therefore the aim of thispaper to study the in�uen
e of the symmetry breaking on the determinationof �� and �s for the o
tet baryons in a 
onsistent way.For this purpose we have performed the �model-independent� analysisbased on the algebrai
 stru
ture of the Chiral Quark Soliton Model. In thisapproa
h one makes merely use of the algebrai
al stru
ture of the model,treating the dynami
al quantities, whi
h are in prin
iple 
al
ulable in themodel, as free parameters. Model predi
tions of the axial-ve
tor propertiesof the o
tet baryons have been already 
al
ulated elswhere [20℄. There aretwo model ingredients whi
h are of importan
e. The �rst one is the modelformula for the o
tet axial-ve
tor 
urrents whi
h have been derived in thelinear order in ms and 1=N
. Our formulae here have the same algebrai
alstru
ture as in the large N
 QCD [21℄, and therefore they are more generalthan the model itself. Se
ondly, unlike in QCD, the model provides a linkbetween the o
tet axial-ve
tor 
urrents and the singlet axial-ve
tor 
urrent.This 
onne
tion is a truly model-dependent ingredient, however, we havegiven the arguments in favor of Eq. (29), based on the fa
t that apart fromthe general su

ess of the �QSM in reprodu
ing form fa
tors and partondistributions, in the limit of the small soliton it properly redu
es to theNonrelativisti
 Quark Model predi
tion, and in the limit of the large solitonit reprodu
es the Skyrme Model predi
tion for ��. Similarly, in Ref. [38℄the argument has been given that Eq. (20) naturally emerges in the limit ofthe large ms, where the SU(3) �avor symmetry redu
es to the SU(2) one.The numeri
al analysis of Se
tion 5.1 provides a further support for themodel formula for ��.We have presented two parametrizations of all available semileptoni
de
ays. The �rst one is obtained assuming the SU(3) symmetry, however thetwo redu
ed matrix elements F and D were extra
ted from the 
ombinationsof the semileptoni
 de
ays whi
h are free of the ms 
orre
tions (16), ratherthan from the neutron and �� de
ays alone. The se
ond one is obtainedby �tting all 6 measured semileptoni
 de
ays in terms of 6 free parametersde�ned in Eqs. (30), (31). The di�eren
e between the two �ts, as seen from
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z, K. GoekeTable III, is rather small, ex
ept perhaps for the �� ! n de
ay. Despitethe fa
t that the symmetry breaking for the semileptoni
 de
ays themselvesis not strong, other quantities like �s and �� are mu
h more a�e
ted bytaking into a

ount the e�e
ts of the non-zero strange quark mass. This is
learly shown in Figs. 2�9.Whether this sensitivity is a sign of the breakdown of the perturbativeapproa
h to the strangenes, as it was re
ently suggested in Ref. [38℄, is hardto say, sin
e our anaysis su�ers from large errors whi
h are mainly due to theexperimental errors of the �� de
ays. It is therefore of utmost importan
eto measure these two de
ays with the pre
ision 
omparable to the other fourde
ays. One should bare in mind that this is one of a few 
ases, where thelow energy data have an important impa
t on our understanding of the highenergy s
attering. Given the theoreti
al impli
ations of these experiments asfar as the role of the axial anomaly and the gloun polarization is 
on
erned[8�10℄, one should make it 
lear how important the new measurements ofthe �� de
ays would be. This is perhaps the most important message ofour analysis.The work of H.-Ch.K has been supported by the Korean Physi
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