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SU(3) symmetry breaking in hyperon semileptonic decays
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Flavor SU(3) symmetry breaking in hyperon semileptonic decay form factors is analyzed using\the 1/
expansion. A detailed comparison with experimental data shows that correctibpar®approximately 10%,
which agrees with theoretical expectations. Correctiorg, tare compatible with first-order symmetry break-
ing. A fit to the experimental data allows one to predict theform factor for 2°—3 " decay. The proton
matrix element of thel® component of the axial vector currepwhich is equal to —D in the SU(3)
symmetry limif is found to be~0.34—0.46.
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[. INTRODUCTION the SU(3) symmetric values and yield\4, value consistent
with that obtained fronK .3 decays. The fit also gives a good
In order to determine the Cabibbo-Kobayashi-Maskawalescription ofSU(3) symmetry breaking for the axial form
(CKM) mixing matrix from hyperon semileptonic decays factorg;. The Fermilab KTeV Collaboration will soon pub-
(HSD), it is important to understand flav&U(3) symmetry  lish their initial results forE°—3%" p-decay[6]. Our fit
breaking effects in the hyperog-decay form factors. At predictsf;~1.1 andg;~1.02—1.07 for this decay.
present,V,q can be precisely obtained from superallowed
0*—0* B decays, buv, can be more reliably determined 1I. HYPERON SEMILEPTONIC DECAYS
from K3 decays than HSID1] because there are larger un-
certainties due to first-order symmetry breaking correction'.?
in the HSD axial-vector form factors than in kaon matrix '€
elements. Quark model calculations including symmetry
breaking correctionf2,3] predict that the vector form factor
f, is smaller than itsSU(3) symmetric value. The value for
Vs Obtained using this prediction is incompatible with the
one obtained fromK¢; decays[4], V,s=0.2196-0.0023.  where the leptonic current
However, a recent analysis of the data favofedarger than
its SU(3) symmetric value, which yields value consis- L T (1 (1
tent W(ith)th)éK63 extraction[4]. g s L =gy (1= y)h H 4y (1= y9) 4, (22
In this paper we incorporat8 U(3) symmetry breaking , i
corrections into the HSD form factors within the framework @1d the hadronic current expressed in terms of the vector
of the 1N, expansion of QCD. The HSD form factors are (V) and axial-vector&,,) currents is
analyzed in a combined expansion ilNl/andSU(3) flavor
symmetry breaking. We will base our analysis on the formal- Ju=Vu=Au,
ism described in Ref5]. The organization of this paper is as
follows. Section Il gives a brief introduction to the weak
form factors relevant for HSD. The N expansion of the
HSD form factors is derived in Sec. Ill. In order to make this o o
article self-contained, a brief description of the basics of the A,=Vyauy,vsd+V Uy, ss. 2.3
1/N. expansion is given as well. In Sec. IV we perform a
detailed comparison of the theoretical expressions with the is the weak coupling constant, av4 and Vs are ele-
available experimental dafd] for the decay rates, angular ments of the CKM matrix. For definiteness, the notation and
correlations and angular spin-asymmetry coefficients of theonventions of Ref[7] are adopted in the present work.

octet baryons, and for the widtlisonverted to axial-vector ~ The matrix elements of the hadronic current between
couplings through the Goldberger-Treiman relatiof the  spin-1/2 states can be written as

decuplet baryons. Results and conclusions are presented in
Sec. V. We find that the best fit values fior are larger than , —
oy g (B |VM|B>:VCKMUB’(p2)

The low-energy weak interaction Hamiltonian for semi-
ptonic decays is given by

G
Hu=—J,L*+He, 2.1

V,=Vyuy,d+V,uy,s,

f2(0?) v f3(a?)

, , 2
*On leave from Departamento déskea, Centro de Investigacio X f1(a%) v+ M 0.4 M, au
y de Estudios Avanzados del IPN, Apartado Postal 14-740, 07000,
México, Distrito Federal, Mexico. Xug(p1), (2.9
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<B,|AM|B>:VCKMUB’(p2) C(B,B’) is a Clebsch-Gordan coefficier[lC(B,B’)il,
1V2, 1NV3, 1NV2 for A=Nm, 3* —Aw, S*=37, E*
92(0) 93(0?) —E, respectively.

X|91(@°) vt T — " T —

Ill. OPERATOR ANALYSIS
X ysUg(pP1), (2.9
In the N,—o< limit, it has been shown that the baryon

where ug(p1), P1, M; [ug/(p,),p2,M,] are the Dirac sector has a contract&lJ(2F) spin-flavor symmetry, where
spinor, the four-momentum, and the mass of the injfiahl] F is the number of light quark flavof40,11]. Corrections to
hyperon, g=p,—p, is the four-momentum transfer and the large N. limit can be expressed in terms of
Vckm Stands for eitheW 4 or V5. The quantities; andg, 1/N.-suppressed operators with well-defined spin-flavor
are the vector and axial-vector form factorsandg, are the  transformation propertidd 0]. Recently, the M. expansion
weak magnetism and electricity form factors, whilpand  has yielded predictions for properties of baryons such as
g3 are the induced scalar and pseudoscalar form factors, rexial-vector couplings and magnetic momeit,5,8 which
spectively. Time reversal invariance requires that the formare in good agreement with the experimental data. Thig 1/
factors be real. The six form factors are functiongjdfand,  expansion of QCD using quark operators as the operator ba-
unless explicitly noted otherwise, their valuesgg=0 are  sis [13,14,5 provides a framework for studying the spin-
discussedf; andgs; may be safely ignored in decays to an flavor structure of baryons. In the case of three flavors, the
electron, because their contributions to the different obserdowest lying baryon states fall into a representation of the
ables are suppressed by the electron mass. spin-flavor groupSU(6). WhenN.= 3, this corresponds to

In the limit of exact flavoiISU(3) symmetry, the hadronic the very well-known 56 dimensional representation of
weak vector and axial-vector currents belong3td(3) oc- SU(6).
tets, so the form factors of different HSD are related by A complete set of operators can be constructed using the

SU(3) flavor symmetry, zero-body operatol and the one-body operators
2y_B'B 2 B'B 2 _ o'
fk(q ) CF Fk(q )+CD Dk(q )1 (26) ‘]I:qT(E@l)q (1'1),
9i(0?)=C2 °Fic1 5(0%) + CB PDysa(q?), 2.7 .
) —qt s
whereF(q?) andD;(q?) are reduced form factors ai@f ® T*=q (1® 2 )q (0.,8),
and CB'® are well-known Clebsch-Gordan coefficients. The _
weak currents and the electromagnetic current are members o [0 A%
of the sameSU(3) octet, so all the vector form factors for G"=q §® 2 q (19, (3.9)

HSD are related at>=0 to the electric charges and the
anomalous magnetic moments of the nucleeps. In par-  whereJ' are the baryon spin generatof are the baryon
ticular, F;1(0)=1, D;(0)=0, F(0)=«kp+3k,, D,(0) flavor generators, an@' are the baryon spin-flavor genera-
= — 3 k,. Additionally, the conservation of the electromag- tors. The transformation properties of these generators under
netic current impliesF3(q%) =D3(g?) =0 so that the form SU(2)xSU(3) are given explicitly in Eq(3.2) as (j,d),
factor f5(g?) vanishes for all HSD in th&U(3) symmetry where j is the spin andd is the dimension of th&sU(3)
limit. flavor representation.
The leading axial-vectog, form factor is given in terms Any QCD one-body operator transforming according to a
of two reduced form factord) andF. Theg, form factor  given SU(2)x SU(3) representation has aNy expansion
for diagonal matrix elements of hermitian currentsof the form
(e.g. (Bluy*ysu—dy*ysd|B)) vanishes by hermiticity and
time-reversal invariancesU(3) symmetry then implies that {
g,=0 in the symmetry limit. Oqeo= nZO CoNmT On. (3.2
For the decuplet baryons, we will follow a formalism con-
sistent with chiral symmetry adopted in Ré8] and origi-  \yherec,(1/N,) are unknown coefficients which have power
nally introduced by Peccéb]. In this formalism, the width series expansions inN/ beginning at order unity. The sum
of a decuplet baryor8’ decaying to an octet baryoB is  j, Eq.(3.2) is over all possible independemtbody operators
given by O, with the same spin and flavor quantum numbers as
Oqcp- The use of operator identiti¢S] reduces the operator
2.9 basis to independent operators. In this analysis we are con-
' ' cerned with the N, expansions of the QCD vector and axial
vector currents, whose matrix elements betw8&li6) sym-
whereEg and g, are the octet baryon energy and the pionmetric states give the HSD form factors.
three-momentum in the rest frameBf, f .=93 MeV is the The 1N, expansion for the HSD amplitudes is derived to
pion decay constantg is the axial-vector coupling and first order in flavor symmetry breaking, and to leading order

N

9°C(B,B")4(Eg+ Mg
247f2 My,

FB’:
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in 1/N. for most of the form factors. For thig form factor, Ne
however, we include second-order flavor symmetry breaking Vvoa= E CHW 0. (3.6
corrections, since the Ademollo-Gatto theorem states that n=1 c

there are no first order corrections, so that the leading sym- 08 it 2 s _ o
metry breaking correction té, is of second order. A chiral The operatol/™ atq”=0 is a special0,9) o.perator,_|t IS the
perturbation theory calculation shows tifirmally) second- generator ofSU(3) symmetry transformations. This fixes
order symmetry breaking effects actually contribute at first
order in symmetry breakinfl5,16,! so we have included
these effects. Thé, form factor is multiplied byq, and so
makes a small contribution to the HSD amplitude. Sigde

of order the hyperon mass differences, the contribution of th
first orderSU(3) symmetry breaking correction if} to the V02— Ta (3.9
HSD amplitude is comparable to a second-order symmetry ' '
breaking effect, and is neglected. In the symmetry lif3it {4 o1 orders in the M, expansion. The matrix elements of
can be determlngd from the baryon anomalqus magnetic mcEq. (3.8 will be denoted byffu(s) hereafter.

ments, and that is what we do here. The axial form fagtor
is computed to first order in symmetry breaking. Thedorm
factor vanishes in the symmetry limit, so its contribution is

c;=1, ¢,=0, n>1. (3.7

Thus, the N, expansion o2 in the limit of exactSU(3)
élavor symmetry reduces to

B. Vector form factor with perturbative SU(3) breaking

comparable to symmetry breaking termsfis, and is ne- In QCD, flavorSU(3) symmetry breaking is due to the
glected. Finally,f3 andgs contributions are proportional to  strange quark masss, and transforms as a flavor octet. In
the electron mass, and also will be neglected. order to construct the most generaNl/expansion forv°2

up to second order in symmetry breaking, we need to con-
sider the spin-GBU(2) X SU(3) representations of the quark
. o ) operators contained in t8U(6) representation$, 35, 405

We begin by deriving the N, expansion for' the baryzon and 2695 i.e. (0,1, (0,8, (0,27, (0,64, and (0,1&@),
vector current in theSU(3) flavor symmetry limit. Atq since the baryon N, expansion extends only to three-body

=0, the hyperon matrix elements for the vector current arg,arators if we restrict ourselves to physical baryon states.
given by the matrix elements of the associated charge Ofhe 1N_ expansions for the above representations were

SU(3) generator. Let/** denote the flavor octet baryon computed in Ref[17]; the results can be summarized as
chargé follows.

The 1N, expansion for 40,1) QCD operator starts with
B> ,

A. Vector form factor f,

a
(a'yo )\—q) (3.3  the zero-body operataf,=1. Additional operators are ob-
2 ) qco tained by anticommuting witki2.

The 1N, expansion for a0,8) operator has the same
whose matrix elements betweehU(6) symmetric states form as Eq.(3.6) and will not be repeated here. TheN}/
give the values of the leading vector form facfqr V2 is  expansion for 40,27 operator contains the two- and three-
spin-0 and a flavor octet, so it transforms @8 under body operators
SU(2)XSU(3).

The 1N, expansion for 40,8 operator was obtained in Ogb:{Ta’Tb}’ (3.9
Ref. [17]. Operator reduction rules imply that ontybody ab b b i i
operators with a single factor of eithd? or G'@ appear. O3 ={T"{3.G "} +{1T°.{J,G"}}, (3.10
Thus, the allowed one- and two-body operators are

VOa: < B’

where the flavor singlet and octet components of the above
na_Ta (3.9 operators have .to be subtra_cted qff. As fq0a4) operator,
1 ’ ' the 1N, expansion starts with a single three-body operator

03={J,G"}. (3.5 O3bC= (T2 (TP T, (3.11)

where it is understood that the singlet, octet and 27 compo-
Rents are subtracted off in such a way that only the 64 com-
ponent remains. Finally, for a (0,20L0) operator, one ob-
tains

The remaining operators are obtained from these operato
by anticommuting withd?, O, ,,={J%0,}. Thus, the I,
expansion ofV/°2 has the form

08P ={T3 {J),G'’}}—{T°{J",G'3}}. (3.12
'For a more detailed explanation of this seemingly contradictory
statement, see Rdf16]. .
2The subscript QCD emphasizes the fact thaand q are QCD -
quark fields, not the quark creation and annihilation operators of the The (0,16-10) representation is not allowed by time reversal
quark representation. invariance.
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First-order symmetry breaking termsW{? are given by setting one free flavor index equal to 8 in the operators described
above. At second-order in the symmetry breaking, two free flavor indices are set equal to 8. This gives

1 1 1 . 1
V024 5V03=(1+ ea;) T2+ eazg-{J! ,Gial 4+ ea3W{J2,Ta}+ €b,d3P8TP+ esz—dabS{J' ,GIPY+ ebgmdabs{Jz,Tb}
c c c c
1 a T8 1 a i i8 8 i ia 1 a i i8 8 i ia
+ea4N—C{T T €as (T2 YL GPRHT (I, GBI + eag 1 (TP G —{T7{J.G )
C (o]

1 1 1 o o
T €20 AT, To + a7 o {T2 (T2, T b T 0 ({T°. {3, G H-{T°. {3, G
c C c

1 o o
+ €205z AT {3, G —{T® {0, G}, (313
Cc
|
wheree~mjq is a(dimensionlessmeasure o5U(3) break- VO3=(1401) T2+ v{T% Ng} +v4{T?, — 12432}
ing. Observe that similar terms with tiiesymbol replaced (3.18

by anf symbol are ruled out by time reversal invariance.
None of the(0,1) operators contributes #°? for AS=0 and ~ The baryons are eigenstates 5t 12, J2, andNg, so the
|AS|=1 weak decays, so they have been omitted in Eqmatrix elements of Eq(3.18 can be computed straightfor-
(3.13. Note that the coefficients in E¢3.13) must be such wardly. They are listed in Table | for the processes we are
that there is no symmetry breaking for th&s=0 weak de- concerned with.
cays, since isospin symmetry is not broken by the strange
quark mass. o C. Axial-vector form factor g,

Equation(3.13 can be rewritten in terms of the number

of strange quarks\, and the strange quark spif;, using The 1N, expansion for the axial-vector curreAt® was

[5] discussed in great detail in R¢&] and we will only state the
answer here. The axial current matrix elements can be writ-
1 ten as
T8= ——(N.—3N,), (3.149
2v3 © ¢

1 o _
SAR=aGR+bI T+ A%(c1G+ 0 T+ G Ny}

) 1 i
Gig= —_(J =330, 3.1 [ 1 i
550 3% (319 + T2+ — 58w
V3
After making use of the identit{8] d v Lo ol i
BFALCEER AR (319

JiGia/Jzzz T2+ E{Ta Ng} (3.16
3 2t s '

where

valid for AS=2Al transitions, rearranging terms and absorb- i [ [ [

. . _ ’ . W'=(c,—2¢cq)Js+(C3—2C5,)NJ' —3(c3+c4)NJe,

ing factors ofN_ * andN_ ? we obtain a rather compact form (Cq D3+ (Cs 2Ns (Ca+CalNsJs

for V%, namely, (320
TABLE I. Operator matrix elements for the vector form factor

V0a=-|—a7 fl_
for AS=0 decays, and Transition U3 vy v,y U3
V0= (1+01) T+ 0{T% Ng +u3{T2NZ} n—p 1 0 0 0
) STSA 0 0 0 0
+u,{T3 3% +vi{T?, — 12+ 33}, (317  A—p — 3R — 3 N 0
3 —n -1 -1 -1 2
for |AS|=1 decays. Her¢ is the isospin. For the decays we =-_, V32 V32 332 /6
are considering, the; andv, terms are not independent, 5-_,so0 143 ) ) 0
and can be written as linear combinations of tHeandv, =0 . 3+ 1 1 3 0

terms. Thus, Eq(3.17) reduces to
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TABLE II. Operator matrix elements for the axial form facipy.

Transition a b d (] Cy C3 (o
A—N -2 0 9/2 0 0 0 0
S* A -2 0 9/2 0 0 -4 0
S* Y -2 0 9/2 0 0 —4 8
EAN= -2 0 9/2 0 0 -8 4
n—p 5/3 1 0 0 0 0 0
STSA V213 0 0 0 0 813 0
A—p —312 —3/2 0 —3/2 —312 —312 —3/2
3 —n 1/3 -1 0 1/3 -1 1/3 1/3
ET—A /6 312 0 16 J3r2 J3r2 716
E-—30 5/\18 V2 0 5//18 %) 5W2 1V2
B0t 5/3 1 0 5/3 1 5 1

andA,=1 for a=4,5,6, or 7 and equals zero otherwise. Atical in structure to the axial current. It is convenient to de-
term proportional tal has been added in order for tB&J(3) fine the two parameters, andm, by

symmetric parameter®, F, and C [18] to have arbitrary : io 0

values. Adding this term will avoid the mixing between sym- M=m, G~ +myJ T,

metry breaking effects andN/ corrections in the symmetric o

couplings. Furthermore, the couplings have been paramhereQ represents tthU(B)lsgenerator Wh'ChS'S thge elec-
etrized in such a way that only the parametars, andd  ric charge, s0G'°=G"*+G' /v3, and TO=T3+T8/v3.
contribute to processes which take place in the strangenes§he parametersn; , can be determined from the anomalous

zero sector. IncludingSU(3) breaking, the reduced form Magnetic moments of the hyperons.
factorsD andF are defined as The contributions off, to the different observables of

HSD in theSU(3) limit are first-order symmetry breaking
2 contributions because of the kinematic factomofPrevious
D=a, F=gza+th, (32D work[4,19 has shown that reasonable shifts from $g(3)
predictions off, do not have any observable effect upgh

so thatg,/f,=D+F is positive for neutron decay, which ©Of 91 in a global fit to experimental data. We will use the
fixes all other signs. Thus, for any process, the matrix elebest fit value¢8] m;=2.87 andm,= —0.077 obtained from

ments ofA'@ are given as the sum of the parameterd, d,  the baryon anomalous magnetic moments tof fix
cq,...,C4 times matrix elements of the operators involved in
the expansion(3.19. The operator matrix elements were E. Weak electricity form factor g,

computed in Ref[8] and are listed in Table Il for the sake of

completeness. In the SU(3) flavor symmetry limit, the form factog,

vanishes, so thay, is proportional toSU(3) symmetry
_ breaking at leading ordeg, transforms oppositely tg, and
D. Weak magnetism form factor f, f, under time reversal, and therefore has a differeit, 1/
In the limit of exactSU(3) flavor symmetry, the weak Operator expansion.
magnetism form factor$, are directly related to the anoma-  Let W'@ be the operator whose matrix elements give the
lous magnetic moments of the nucleons, and are given iNalues ofg,. At first order inSU(3) symmetry breaking, the
terms of two invariantsn; andm,. Since the magnetic mo- contribution tog, transforms ag1,8 and (1,16-10) under

ment is a spin-1 octet operator, it has &llexpansion iden-
TABLE IV. Experimental data on three measura®=0 hy-

TABLE lIl. Operator matrix elements for the weak electricity peron semileptonic decays. The unitshaire 1023 s~ for neutron

form factorg,. decay and 190s™? for the remaining decays.
Transition b, b, bs nepe’;e St—Aety, E’HAe’je
n—p 0 0 0 R 1.1274+0.0025 0.25@:0.063 0.3870.018
ST—A 0 0 1 A, —0.0766:0.0036 —0.35+0.15 —0.404-0.044
A—p 32 —312 -1 e —0.08559-0.00086
3" —n 1/3 -1 0 a, 0.990+0.008
E A 116 V312 1 A 0.07+0.07
™30 5//18 %) 0 B 0.85+0.07
203+ 5/3 1 0 g/, 1.2601£0.0025
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TABLE V. Experimental data on four measurgkiS| =1 hyperon semileptonic decays. The unitRaodre

108 s74
A—pe v, ST —ne v, E-—Ae v, 2 3% v,
R 3.161+0.058 6.876:0.235 3.435:0.192 0.531*0.104
e, —0.019+0.013 0.34%0.024 0.530.10
Qe 0.125+0.066 —0.519+0.104
a, 0.821+0.060 —0.230+0.061
ag —0.508+0.065 0.50%0.102
A 0.62+0.10
g,/ 0.718+0.015 —0.340+0.017 0.25-0.05 1.2870.158
spin and flavor. Thé€1,8) expansion is given by IV. FITTING THE DATA
. . JiTb The experimentally measured quantitidd in HSD are
SWi2aip, fab8GIP +jp,fab8 , 3.2 the total decay rat®, angular correlation coefficients,, ,
8 1 2 N y g ey
¢ and angular spin-asymmetry coefficients, «,, ag, A,

and B. Often, the data is presented in termsPfand the
ratio g, /f, for the decay. This information is displayed in

: : Tables IV and V for the measured decays. The theoretical
The (1,16-10) expansion has not behen preiﬁented previousl¥y nressions for the total decay rates and angular coefficients
in the literature. The operatdiG'®, T"} —{G", T%, which  can pe found in Ref[7]. The radiative corrections and the
contains (16-10), can be split into 10 andi0 representa- four-momentum-transfer contribution to the form factors are
tions by contracting witlf2°%d°¢" [5]. The resulting operator also discussed in this reference. In the present analysis, we
contains (10— 10), which isT-even. This procedure leads to will take these corrections into accoutithe experimentally

which involves thef symbol, rather than thé symbol since
g, has the opposite time-reversal properties figpandf,.

the contribution measured quantity for the decuplet baryons is the decay
_ _ _ width, which has been converted to an axial-vector coupling
Wi 5<if8e9daeN({G'9, T} —{T9,G'"}) for each decay using the Goldberger-Treiman relation and
. acaBeh [ ~ig Th g ~ih Eqg. (2.8). This information is displayed in Table VI.
=—if2%d™{G9, T ={T9,G"}). (3.23 In this section we perform a number of different fits to the

experimental data. The experimental data which are used are
the decay rates and the spin and angular correlation coeffi-
cients. The value of,/f; is not included, since it is deter-
TIT2,T8]BB, Tr BT, T¥]B, mined from the otﬂgr qu%ntities and is not an independent
measurement. FoE~—3" decay, we have used;/fq,
TrBT2 Tr BT8—Tr BT® Tr BT? (3.24 however, since the spin and angular correlation coefficients
have not been measured. The parameters to be fitted are
given by a generaBU(3) analysis[7] neglecting isospin those arising from the I, expansions for the couplings,
breaking. We choose as independent parameteasdb, in ~ hamely,v;_3 for f; introduced in Eq(3.18 anda, b, d,
Eq. (3.22, andbs that multiplies the third invariant in Eq. C€1-4 for g; given in Eq.(3.19. We also attempted to fit
(3.24). The matrix elements are listed in Table Ill. For any b1-3 for g, but the experimental data is not sufficiently
process, the matrix elements\W? can be given as a sum of accurate to determine the smgll contribution to the decay
the parameterd,_; times the operator matrix elements amplitude. We therefore neglegj in the rest of the analysis.
listed in Table IlI. Finally, in the first stage of the analysis we use as inputs the
The parameterb, _ 5 are proportional te. As mentioned PDG values o¥/ 4 andVs[1] (which are primarily obtained
in the introductory remarks to this sectiagy, should be ne- from nuclearg decay anK¢; decay, respectively We later
glected for a consistent analysis. Nevertheless, we tried tBroceed to fit for them as well.
see if we could obtain some information @3 from the _
experimental data using the above formulas dgr How- A. SU(3) fit
ever, the data are not accurate enough for an extraction of the The simplest possible fit is aBU(3) symmetric fit to
small g,-dependence of the decay amplitudes. One expectdSD (ignoring the decuplet decayshich involves only two
thatg, should be about 25% df,, so thatg, is <0.5.

For HSD, the three operatof8.22 and (3.23 are linear
combinations of the three allowed invariants

TABLE VI. Experimental values of axial-vector couplings in

4 . . .
decuplet-to-octet processes. In this work we have adopted a dipole form for the leading vector

and axial-vector form factors, with massés,=0.84 GeV and
A—Nar S* L Aar S* S LN MA,=0.96 GeV for AS=0 transitions, andM,=0.97 GeV and
M,=1.11 GeV for|AS|=1 processe$7]. In Ref.[8] somewhat

g —2.04:0.01 -1.71+0.03 —-1.60+0.13 —1.42+0.04 different values oM, and M, were used. Our results are insensi-
tive to this difference.
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TABLE VII. Best fitted parameters for the vector and axial-vector form factdgg.andV g in fits A and
B are inputs. Errors are from the fit only, and do not include any theoretical uncertainties.

Fit A Fit B Fit C Fit D
Vid 0.9736:0.0010 0.97360.0010 0.97430.0009 0.97430.0009
Vis 0.2196:0.0023  0.21960.0023 0.21940.0023 0.21940.0023
v —0.03£0.04 —0.03+£0.04 —0.02£0.04
P 0.05+0.03 0.05:0.03 0.05-0.03
U3 —0.01+0.01 —0.01£0.01 —0.01£0.01
a 0.86+0.02 0.87-0.02 0.87:0.02 0.84-0.02
b —0.16+£0.03 —0.18+0.03 —0.18+0.03 —0.12+0.03
d —0.07x0.01 —0.07x0.01 —0.07x0.01 —0.03+0.01
Cy —0.03+0.02 —0.03+0.02 —0.03+0.02 —0.01+0.02
C, 0.09+£0.04 0.16:0.04 0.1G=0.04 0.05:0.04
C3 —0.06+0.01 —0.07+x0.01 —0.07x0.01 —0.05+0.01
(o 0.04+x0.01 0.03:0.01 0.03:0.01 0.02:£0.01
F 0.41+0.02 0.4G6:0.02 0.4G:0.02 0.43:0.02
D 0.86+0.02 0.870.02 0.870.02 0.84r0.02
3F-D 0.37+0.08 0.34-0.08 0.34:0.08 0.46-0.08

parameters, b for g, ; it corresponds to a fit using only  [20,21,8,22 Before drawing any conclusions, however, we
and D. The results area=0.797+-0.006, b=—0.059 will study in the next section the effect of symmetry break-
+0.009, which yieldF=0.47+0.01, D=0.80+0.01, &F ing in f, on the different observables, and in particular upon
—D=0.62+0.03, with y?=62.3 for 23 degrees of freedom. the reduced form factor§ andD.

The largey? of the fit is clear evidence fd8U(3) breaking.

A similar fit using the rates ang, /f, ratios was performed C. Symmetry breaking in f,

in Ref.[8]. Both results are in very good agreement. We also
followed this reference in order to make a preliminary study
of AS=0 decays only. Our fits produce similar results and
there is no need to show them here.

In the previous sectiong, was fixed at itsSU(3) sym-
metric value,f>%® . We now proceed to incorporate sym-
metry breaking corrections into thfg form factors in|AS|
=1 decays. Formally, one expects that these corrections
should be second order in symmetry breaking, due to the
Ademollo-Gatto theorem. However, we know from explicit
The next step is to see how the results are modified onceomputations of chiral loopEl5,16 that there are, in fact,
first-order symmetry breaking is taken into account. To thiscorrections which can be considered to be first order in sym-
order,f, will be kept at itsSU(3) symmetric value and, is  metry breaking. These were not included in H&f.
set to zero.f; is also kept at its symmetry-limit value,  The best fit parametets, _ for f; anda, b, d, ¢;_,, for
3U3)  because of the Ademollo-Gatto theoréffihus, only g, are displayed as fit B in Table VII. The resulting form
the ordere terms ing; introduced in Eq(3.19 will be con-  factors are given in Tables VIII and IX. The theoretical pre-
sidered. Fittinga, b, d, ¢c,_, leads to the results listed as fit dictions for the different observables are listed in Tables X,
A of Table VII, with y2=51.6 for 22 degrees of freedom. XI and XlI for the sake of completeness. The fit hg$
Comparing the values d¢f andD with those of the previous =39.2 with 19 degrees of freedom.
section, we see that the change due to symmetry breaking From Table IX, we observe th&U(3) breaking correc-
corrections is in fact smallcompared to a naive estimate of tions to the leading vector form factofg are as much as
SU(3) breaking. The leading parametexr is order unity,b 12%, depending on the strange-quark content of the decaying
is order 1N, d is order 1N2, and the values of,_, are ~ and emitted baryons. Furthermore, we can observe that the
small or smaller than expected from first-order symmetrynatural trend if,/f%®>1, as was pointed out in Refg!,
breaking €~30%, which is a measure of symmetry break-19]. Additionally, the ratiog, /f, of fit B (in Tables XI and
ing) and factors of M. These results agree with the ones XII) agree with the experimental ones listed in Tables IV and
presented in Ref8], which were obtained by using the total V. As for the axial-vector couplings of the decuplet baryons,
decay rates and,/f, ratios as experimental inputs. we can see in Table X that the theoretical predictions are in
Notice that the quantity B— D, which is relevant for the good agreement with their experimental values. The highest
analysis of spin-dependent deep inelastic scattering, isontribution tox? comes froms* — A« decay.
smaller than its value determined in tB&J(3) limit, and is In Tables XI and XIlI, the predictions for the different
considerably smaller than itSU(6) symmetric value of 1 observables are in reasonable agreement with their experi-
mental counterparts displayed in Tables IV and V, respec-
tively. The highest contributions to the totgf arise mainly

2_ : - 2_
SWe have mentioned earlier that chiral corrections fcare not ~ 10M e (Ax“=2.7) in n—pe v, a. (Ax"=24), a,
necessarily second order. They are included in the next section. (Ax?>=6.6) in A—pe v, «a, (Ax?=3.8) in 3~

B. First-order symmetry breaking
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TABLE ViIII. Predicted form factors. Errors are from th¢ fit only, and do not include any theoretical uncertaintieshas the same
values for fits A—-D, and; has the same values for fits B-D.

Fit A Fit B Fit C Fit D

Transition fq fy o1 fq o1 o1 01

n—p 1.00 1.85 1.26€0.001 1.00 1.2680.001 1.26&0.002 1.26&0.002
SESA 0.00 1.17 0.668:0.01 0.00 0.68:0.01 0.6G:0.01 0.6G:0.01
A—p -1.22 -1.10 -0.89+0.01 —-1.25+0.02 -0.89+0.01 —0.89+0.01 —0.89+0.01
3" —n -1.00 1.02 0.340.01 —1.04+0.02 0.34-0.01 0.34-0.01 0.34-0.01
=2 —A 1.22 -0.07 0.27:-0.03 1.35-0.05 0.25-0.03 0.25-0.03 0.25-0.03
E-—30 0.71 1.31 0.720.02 0.79-0.03 0.72:0.02 0.72:0.02 0.76-0.02
20,3+ 1.00 1.85 1.020.02 1.12:0.05 1.02:0.02 1.02:0.03 1.070.03

TABLE IX. Symmetry breaking forf,. The ratiofllffu(s) is displayed. Errors are from the? fit only, and do not include any
theoretical uncertainties.

Transition Fit B, C, D Anderson and LufyL6] Donoghueet al. [2] Krause[15] Schlumpf[3]
A—p 1.02+0.02 1.024 0.987 0.943 0.976
3" —n 1.04+0.02 1.100 0.987 0.987 0.975
E-—A 1.10+0.04 1.059 0.987 0.957 0.976
E 530 1.12+0.05 1.011 0.987 0.943 0.976
B0zt 1.12+0.05

TABLE X. Theoretical predictions for decuplet-to-octet axial-vector couplipgErrors are from the/? fit only, and do not include any
theoretical uncertainties.

Transition Fit A X2 Fit B X2 Fit C X2
A—N —2.03+0.01 0.3 —2.04+0.01 0.2 —2.04+0.01 0.2
S* LA —1.78+0.02 5.7 —1.77+0.02 3.7 —1.77£0.02 3.7
S* 3 —1.49+0.07 0.7 —1.55+0.07 0.1 —1.55+0.07 0.1
BE*E —1.38£0.04 0.8 —1.39+0.04 0.5 —1.39+0.04 0.5

TABLE XI. Theoretical predictions for threAS=0 hyperon semileptonic decays and their contributions to the f3talhe units ofR
are 102 s for neutron decay and £G? for the remaining decays. The predictions for fits C and D are the same as for fit B.

n—pe vy ST—Aetv, SToAe v,

Fit A e Fit B x> Fit A e Fit B X2 Fit A X2 Fit B X2
R 1.13 0.9 1.13 0.9 0.23 0.1 0.23 0.1 0.39 0.0 0.39 0.0
e, —-0.08 03  -0.08 03 -041 01 -041 01 -041 01 -041 0.1
@ —-0.09 27 -0.09 2.7
@, 0.99 0.1 0.99 0.1
A 0.05 0.1 0.05 0.1
B 0.88 0.2 0.88 0.2
g./f1 1.27 1.27
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TABLE XII. Theoretical predictions for fivéAS|=1 hyperon semileptonic decays and their contributions to the fStaThe units of
R are 16 s*. The values for fits C and D are the same as for fit B for the first three decay modés . FeB,° decay, fit C gives the same
values as fit B, and fit D giveR=0.4 andg, /f;=0.96.

I

A—pe v, ST —ne v, “—Ae v, E-—3% v, E'—3te v,

FitA x?> FitB x> FitA x?> FitB x? FitA x®> FitB x?> FitA x? FitB x®> FitA FitB FitD

R 314 01 319 02 643 36 683 0.0 287 87 332 04 036 27 038 22 065 0.68 073
e, —0.03 1.3 —-0.02 0.0 0.34 0.2 036 0.3 060 05 065 15 —0.14 -0.07 —0.10

Qe 0.01 2.9 0.02 24-063 1.2 —0.61 0.8 —-0.11 -0.05 —0.07

@, 098 69 097 6.6-035 40 —0.35 3.8 1.00 100 1.00

ag —-059 15 -059 17 0.67 2.4 0.65 1.9 —0.52 —-0.56 —0.55

A 0.53 0.8 0.46 2.6 0.71 0.75 0.73

B 061 056 0.59
0./f1 0.73 0.71 —-0.34 —0.33 0.22 0.18 1.03 0.91 1.03 0.91 0.96
—ne v, andR (Ax2=2.2) andg,/f, (Ax?=5.7) inE~  atleading order in the IV, expansion. The theoretical errors

3% .. If @, in A—pe v, decay is left out, there are &€ of ordere/N;, wheree is a measure a8U(3) breaking.

small readjustments of the parameters and predicted obser{fl Most hadronic quantitie§U(3) breaking is of order 20—
ables, some of them almost imperceptible, so that one cad0%. S0e/N. is of order 5-10%. One can also get a measure
draw the same conclusions as above. This fact suggests thgft the uncertainty in the results from the fit itself. One can
there is an experimental inconsistency in the value of thigise the PDG procedufé] for rescaled errors to redugé to
a,. one per degree of freedom. This multiplies all the errors on
One can redo the above fit includirgy. The best fit fit C by 1.4. It is important to keep in mind that the tables list
parameters areb;=0.9+0.5, b,=1.0£0.2, by;=—0.0 only the errors obtained frorg? fits to the data, and do not
+0.4, andy? is reduced to 27 for 16 degrees of freedom.include theory errors or any rescaling factors.
The reduction iny? suggests that there is a non-zerg but The quantity F—-D is not well determined. Small
the large error bars indicate that the experimental data is n@hanges in the fit tend to move andD in opposite direc-
sufficiently accurate to determirg.® The fit includingg, tions, so that there are large changes l-3. As an ex-
giges F-D=03+01, andf;=1.4+0.1,9,=1.4+0.1for  ample of a theoretical uncertainty, consider using &)
E°—X" decay. . _ for the decuplet widths with the factoEg+Mg)/Mg, omit-
Finally, we fit the data with the CKM matrix elements toq. This modified formula is what is obtain¢23] if one
Vyq and Vs as free parameters (neglectigy). Unfortu-  computes the decuplet decay widths using the baryon chiral
hately, there is not enough information on tfieS|=1 de-  aryrhation theory formalism of RefL8]. The modification
cays to make a detailed analysis and extract a valué,of ¢ £q (2.g) is equivalent to changes of ordefN, in the
from these data only. We will content ourselves with PeT-theoretical formulas used. The best fit value fdf-3D

forming a global fit to data allowing boti,4 andV 4 to be =0 ¥
. changes to 0.46, and fg in E°—2" B-decay becomes
free parameters. The best fit values for the CKM parameterim.g.rhe fitted paramefglrs are listed alg fit D )i/n Table VIIL.

are The difference between these numbers and those in fit C can

V,¢=0.9743-0.0009, V,=0.2194+0.0023. (4.1) bhe rft_egarded as an estimate of the theoretical uncertainty in
the fits.

These values have to be compared to their Particle Data One can redo the fits using(fixed) non-zero value o,

Group (PDG) counterparts[1] which are V q=0.9736 with b;_5 of the estimated theoretical size &f0.5. This

+0.0010 andV,s=0.2196+0.0023. The latter is the one changes the value aj; in 2°—3" by 5-10%, which is

guoted fromKg; decays. The best fit values for the other consistent with the estimated theoretical uncertainty.

parameters are listed as fit C in the tables. The values for the

HSD parameters in fit C are indistinguishable from fit B, and V. CONCLUSIONS

have not been listed separately in Tables Xl and XIl.
In this work we have analyzed the patternSifi(3) sym-

metry breaking in the HSD form factors within theNL/
) _ ~expansion. We have incorporated second-order symmetry-
The fits to the experimental data have used theoretlcaéreaking corrections to the leading vector form fadtor f,
expressions foBU(3) breaking in thef; andg, form factors a5 kept at its value predicted I8U(3) symmetry, andy,
was kept at itsSU(3) symmetry value of zero. Additionally,
we have corrected the axial-vector form factgrsto first
SEor example, fitting to all the experimental data exogptf, in order in Symmetry breaking. In the several different fits to
2~ —30 decay gives completely different valuesi;=—0.7  the experimental data we found that symmetry breaking cor-
+1.2,b,=0.6+0.4, b;=0.0+0.4. rections tof; increase their magnitudes over th&tJ(3)

D. Errors
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symmetric predictions by up to 12%, and that corrections tdhe present work can come from additional or better mea-
g, are consistent with expectations. surements on the several observables in HSD and decuplet
We can predict the form factors f&°—3* g-decay, baryons. However, with the current available data, thé,1/
which will soon be measured by KTeps]. Isospin symme- €xpansion provides a reasonable framework to analyze flavor
try relates this decay t& —3°, z(E°—3*)=v2z(E~  SU(3) breaking in HSD in a model-independent way. One
—39), wherez is any of the form factor$; or g;. This can  can regard fits C and D as best fitsS&J(3) breaking with
be seen explicitly from the tables. The measuremerEbf the current data, and the difference between fits C and D as
B-decay will provide some very important information on an estimate of the theoretical uncertainty in the results.
SU(3) breaking in HSD. AnSU(3) symmetric fit predicts The nucleon matrix element of tHE® component of the
thatgl for EOHE"’ decay is about 1.27. Direcﬂy using the axial vector current, i.e., B—D, is needed to extract the
measured value af, /f, for 5~ —3.° decay and th&U(3) value of the strange quark spin and of the total quark spin
symmetry value fof; predicts thaty; for £° decay should from the measured value of the spin-dependent deep inelastic
be 1.29-0.16. TheSU(3) breaking analysis of this paper Structure functions of the proton and neutron. The results of
predicts thatg; should have a smaller value, in the rangethis paper show that there is a significant correction to these
1.02-1.07. This number was obtained from a combined fit ofXtracted values due 8U3) symmetry breaking effects in
HSD and pionic decays of the decuplet baryons, which ar&!SD. One can determine the strange quark spin in the proton
related in the M, approach. The fit is not entirely satisfac- from elastic neutrlno-nucle_on scattering Wl_thout having to
tory, and it appears that some of the experimental inputs ardseSU3) symmetry24]. This measurement is currently be-
not consistent. Nevertheless, the result thafor Z° decay  INg performed by the LSND Collaboration. When their re-
(and also & — D) is smaller than itSU(3) symmetric value sults are av_aﬂable, they can _be qsed to test the pattern of
is robust. AnSU(3) breaking fit using only HSD datavith- ~ SUB3) breaking in HSD found in this paper.
out including decuplet decaysould give a value fog, that
is larger than th&&U(3) symmetric value of 1.27. As noted
in Ref.[8], there is clear evidence f&U(3) breaking in the We would like to thank J. Rosner and E. Swallow for
decuplet decays. At leading order in théil/expansion, this  helpful discussions. We are particularly grateful to E. Swal-
necessarily implie§ U(3) breaking in the hyperof decays, low for detailed comments on the manuscript. This work was
and leads to smaller values fgy in the Z B decays than an supported in part by Department of Energy grant DOE-
SU(3) symmetric fit. FG03-97ER40546. R.F.M. was supported by CONACYT
Before closing, let us stress the fact that the pattern ofMexico) under the UC-CONACYT agreement of coopera-
flavor symmetry breaking lowers the values BfD and tion. E.J. was supported in part by the Alfred P. Sloan Foun-
3F —D with respect to theiSU(6) predictions of 2/3 and 1, dation and by the National Young Investigator program
respectively, as was observed previously in REZ8, 21, 8,  through Grant No. PHY-9457911 from the National Science
22]. A further improvement on the parameters obtained inFoundation.
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