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We discuss second-order corrections to the vector and axial-vector baryon currents, arising from partial
conservation of axial-vector current and partial conservation of vector current in a field-algebra model.
It is shown that the amount of symmetry breaking is severely limited if an acceptable fit to leptonic-baryon-
decay data is required. This does not seem to be consistent with information obtained from meson data and

K*-nucleon scattering.

I. INTRODUCTION

EPTONIC baryon decays (Ibd) have been the
subject of rather intense experimental study.l
These data are usually analyzed in the light of Cabibbo’s
SU(3)-symmetric theory,? which has fared extremely
well in these tests, in which a three- to four-parameter
fit is made to a set of 11 data points.® Since SU(3) is
necessarily a broken symmetry, the excellent agreement
between theory and experiment is an intriguing fact. It
is thus to be expected that lbd will set rather strict
limitations on the type and amount of SU(3)-symmetry
breaking.

In the present paper we analyze lbd in an SU(3)
XSU(3)-symmetric field-algebra model, broken by im-
posing the requirement of partial conservation of vector
current (PCVC) and of axial-vector current (PCAC).
Symmetry-breaking effects have up to now only been
considered in connection with the axial-vector current
and only in a rather crude and phenomenological
manner? by allowing the axial-vector Cabibbo angle 64
to be different from the vector angle 6y. Symmetry-
breaking effects on the vector current were supposed to
be negligible by appealing to the Ademollo-Gatto
theorem.® We explicitly calculate these effects and show
them to be prohibitively large if as much breaking is
included as suggested by an analysis of meson data®”?
and K*-nucleon scattering.?

In Sec. IT we summarize some generalities. For more
details the reader is referred to Ref. 6, the notation of
which we use whenever pertinent. To get an idea of
what is to be expected from a theoretical calculation of
Ibd, we present a fit to the most recent data in the
symmetry limit. This is done in Sec. III. Section IV
contains the discussion of the realistic case, when
symmetry-breaking effects are included.

! See, e.g., H. Filthuth, in Proceedings of the Topical Conference
on Weak Interactions, edited by J. S. Bell (CERN, Geneva, 1969).
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Rev. D 1, 2663 (1970).
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II. GENERALITIES

As usual we assume the existence of 18 spin-zero
mesons contained in the meson matrix M, which trans-
form according to the (3,3*) representation of chiral
SUB)XSU(3). Out of the nine scalar mesons, we
actually only need the two strange doublets k, since the
divergence of the strangeness-changing vector current
will be proportional to the « field. The vector and axial-
vector gauge fields V2, 4,2, as well as the left-handed
baryons L=%(1+v;)B and the right-handed baryons
R=2%(1—~;)B, transform as [(8,1),(1,8)7].

A “super-Lagrangian” is now constructed according
to well-known rules employing covariant derivatives.?
Since the transverse parts of our currents are vector- or
axial-vector-meson dominated, we only need the free-
baryon term and the vector-meson-baryon term of the
total Lagrangian in order to calculate the relevant
matrix elements. The longitudinal parts are fixed by
appealing to PCAC and PCVC, which are implemented
by adding a symmetry-breaking term of the form!®

Lsp=Tr{F(M+M")}, )

where

and M+M*t=20 contains the nonet of scalar mesons.
Only o9 and o5 acquire nonvanishing vacuum expecta-
tion values and we may parametrize (0| |0) as follows:

ololo=(" @ b). )

a#0 breaks chiral symmetry and b><¢ breaks SU(3)
symmetry.

In the tree approximation for the case at hand, it is
sufficient to consider the following" baryon Lagrangian

9 See, e.g., Ref. 8 for more details in setting up the Lagrangian.

10 Since we are not interested in the details of the meson spec-
trum, we do not include the = U(3)XU (3)-violating mass-
splitting term in £g3. _ ‘

1t We have omitted terms of the form Tr(LMM?') Tr(MtMR).
Since L and R are traceless, one would only shift the A mass by
amounts proportional to (b2— a?)2.
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£5=—}Tr{ Z ¢ LL(MM") ", D, LA+R(M'M)™,D,R1+ z dn[ LD LM MYy Ry, D, R(MM")"]

+ex[ MM, D, LMM! +RM' M, D, RM M ]+ 5 [ LM (MIM)"RM+RM (MMM ]

n=0

1
+ 3 Bu[LMRM (MM RM LM (M M) |+~ [ LMMMRM MM +RMI MM LM MM} +He (3)
m=0

In order to allow for renormalization of the baryon
currents, we have to add
Lr=Mh Tr{f/_'y,,D,,M M TL—I—R;y,‘D,,M MR}
+he Tr{Ly, LD ,MM'+Ry,RD. M M}+H.c., (4)
where the covariant derivatives are
DM =0,M—iN2g(V,+A)M+iN2gM (V,—A,),
DuL=0,L—i(g/D[VitAu L], ®)
DuR=0,R—i(g/2)[V,— 4, R],
and g is the vector-meson coupling constant.
Cny An, €2, An, Bn, and s are constants to be determined
from the baryon mass spectrum and contain the model

dependence of our approach. In terms of baryon renor-
malization constants and masses, we have

=co+dotci1a?+d1b2+e.a2b? ,
=cotdot-c1b*+d10°+-e:0%?,
Zs'=cotdo+(c1-+di)a+exat,
=cotdot3(crtdy) (a2+26) +Bea(at 20,
my=Znab[ao+Bo+aa?+B1b2+y:a%%],
g =Zzab[ ao+Bo+aib?+Bia2+y.a2%],
ms=Zsa[ ap+Bo+a1a®+B1a2+vq0t], ©)
ma=Z[§(co+B0) (a°+2b%) +3(c1+B1) (a*+4-20%)
3y2(a%+206%) .

Finally we state the partial conservation laws:

'I’I’l()2 1 .
au(?V#a> =— Ei(fl—fﬁff“ )

m02
(",
4

a<m°2A> s
u p u ‘*\/Z(fl fZ‘P,

©)

a=4,5,6,7
“):V’Z—f1<p“, d=1, 2, 3 (8)

a=4,5,6,7

where ¢° is the pseudoscalar nonet and m, may be
identified with thé p-meson mass.

III. SU(3)-SYMMETRIC FIT TO
HYPERON DECAYS

We consider reactions of the type
B— B'+i+4w, )

where B and B’ are the initial and final baryons, 7 is
either an electron or a muon, and »; the corresponding
neutrino. The four-momenta and masses of the baryons
are P, M and P', M'.

In terms of the usual parametrization, the matrix
element of the hadronic current is

f2(0%)

(B'] 9.(0)| B)= uBI(P')[fl(QZ)vﬁ e o,

%)
f © “Qu‘Hh(Q )’Yﬂs‘f‘i'ﬁz—)Qn’Ys:I%B(P) , (10)

with

Q=P—P', ow=~1/2)yurs], Yl =74
and the metric is chosen such that P?=—M?2.
In the tree approximation, reaction (9) proceeds via

spin-one and spin-zero meson intermediate states. With
the aid of £5 and £g, we obtain the following matrix

TasLE I. Coupling constants used in the matrix elements of the vector and axial-vector currents.

Decay fV fA

n—p 1 (Zy1—4a’)ZN/Zr
T A 0 — (V3)202(Iu+hs) (Z3Za)V2/ Zs

A=p OB L =3 0= Q= Y2 2~ (DTN 2 =3 00 Q= k) 1N 2/ 2
o D25+ 0 0] (ZnZe) " 2 03 (v 237+ (b)) (ZnZ) ) Zc
E oA (VDB 20— 30— 0 (h— 2] (220" Z, (VDD (Za 1+ 20— F b+ (n—2)] (ZeZ0)"/ Zx
B o2 (AN 2 — (b0 )(ZeZ) " Zi (VD0 (24257 — (4] (ZaZo) Zx
o3t (22 — (- 0] (ZaZ2) "/ Z, [} (Z=+257) — (b40)h] (ZaZ2)"/ Zx
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TasLe II. Experimental data and predicted values in a one-angle fit for b=a.
Experimental data Predicted values
Decay Width (sec™) a/f Width (sec™) a1/ /1 N 2 £1
= — A€y (4.02+0.40) X 10° —0.35+0.18 4.04X105 e 0 1.449 0.604
=t — Aey (2.514-0.58) X 105 o 2.44 X108 cee 0 1.449 0.604
A — pev (3.3840.40) X 108 0.7740.06 3.62X 108 0.72 —0.300 —0.320 —0.217
A— puv (5.374+2.30) X 105 .- 5.92X 108 0.72 —0.300 —-0.320 —0.217
=T — nev (7.114-0.30) X 10¢ —0.2540.11 6.84X10¢ —0.29 —0.245 0.318 0.073
T > nuv (3.20+0.20) X 108 e 3.22X 108 —0.29 —0.245 0.318 0.073
™ — Ae” (4.03+1.00) X 10¢ 3.36X 108 0.21 0.300 —0.025 0.063
& This v lue corresponds to fi/g1.
elements:
AS=0, .
. N iQu(M — M) 1
(B'| jul BY= fv(BB'p)iin| yut up ,
m,? Q*+m,?
(11)
M4y’ 1
N ’ - A1 : U
(B'| jus| B)= fa(BB' Av)ip:| yuys——— —iQuys(M+M') - ug,
O may? Qmat  Qu?
AS50,
. , miy® . , 1
(B'| ju| B)= fv(BB'Kv)is:| vu — +1Qu(M —M") - Uz,
Q*+mry* O*+mey®  Q*wd
(12)
. Mi,® . 1 1
(B'| jus| B) =fA(BB'KA)7ZB{’YWs — —iQuys(M+M") - e
0*+mi,? Qtmrst  Q+ux

The coupling constants are given in Table I, where

Z7r=m/112/mp2a ZK=1+i(ZIr—1)(1+b/a)27
Zi=14+1(Z:—1)(1—b/a)

are the spin-zero meson-renormalization constants.

In the SU(3)-symmetry limit b — a, we obtain the
usual Cabibbo matrix elements, once the AS =0 matrix
elements are multiplied by cosf and the AS70 ones by
sinfd. Since the couplings depend only on ratios of re-
normalization constants and 6/e¢, we may, as far as
Table I is concerned, put Zy=1 and a=2%. In this case

we have the identification (for b=a)

h=1—(F+D)Z.,
hy=—1+(F—D)Z,.

In order to get some feeling for how well the theory
may be expected to agree with experiment, a fit to the
available data was made in the case b=a. Since the ex-
perimental error of (g1/ f1) for # — p is so much smaller
than the other experimental errors, we may impose from
the beginning?!?

(15)

(13)

(14)

F+4D=1.2310,

neglecting the error of 0.0098.
The numbers needed to calculate the decay rates are
taken from Ref. 13. We have also included SU(3)-

2 A, Barbaro-Galtieri ef al., Rev. Mod. Phys. 42, 87 (1970).
13 M. M. Nieto, Rev. Mod. Phys. 40, 140 (1968).

symmetric weak magnetism terms, obtained by putting

D 3 1
()
F+D e.m, 2 l_lltp/ﬂn

Table II displays the experimental data!* and the
predicted values in a one-angle fit. The following masses
were used:

ma,=1070 MeV, mg, =980 MeV,
mi,=1243 MeV, ue=1100 MeV.

We obtain a x2=7.3 for eight degrees of freedom
(np=8), giving a confidence level C.L.=509%,. The
fitted parameters are

0=0.248--0.01,
a=D/(F+D)=0.62+0.02 (h;=—1.584-0.08).

For a two-angle fit, we obtain very similar results.
X?=6.3, np=7, C.L.=539%,
6v=0.262+0.01, 6,=0.21740.03,
a=0.6040.02 (hy=—1.50+0.09).

The agreement is excellent. It may be added that we
are not interested in testing the hypothesis of conserved
1 All data are taken from Ref. 12, except g1(0)/f1(0) for A — p,

which is taken from M. Bagett et al., Inst. fiir Hochenergie-
physik, University of Heidelberg, report (unpublished).
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TasLE III. Results of a two-angle fit for model
(a0t+Bo, a1, B1, d1).

b/a 14 1.5 1.6
X 11.1 7.7 8.9
C.L. (%) 12 38 28
oy 0.243 0.298 0.318
N 0.248 0.178 0.153
a|asp 0.55 0.51 0.48

vector current (CVC), which predicts fi=0 for =— A
decays. This piece of information contributes the value
3.7 to X% Omitting it increases the C.L. to 82 and 909,
for the one- and two-angle fits, respectively.

We see that symmetry-breaking corrections must be
very small, in order not to spoil the agreement obtained
with pure SU(3).

IV. SU(3)-BREAKING CORRECTIONS

In a number of recent publications, meson properties
have been analyzed within the context of our ap-
proach.®” These analyses differ essentially only in their
assumption about the x-meson parameters; namely, the
mass u, and decay constant f,. Typically the range of
b/a is 1.2<b/a<2. Another process sensitive to sym-
metry-breaking effects is K*-nucleon scattering, the
analysis of which also suggests 8/a~1.8.8

As we shall see, values of b/a larger than ~1.3 are
excluded by lbd in an essentially model-independent
way, respecting of course the assumptions of Sec. II.

Given b/a, the matrix elements of our currents depend
on the following eight parameters:

cotdo, c1, da, €2, ao+Bo, a1, B1, and vs.

The most obvious solution suggesting itself would be to
assume pure mass mixing, i.e., putting ci=di=e;
=v9=0, co+do=1, obtaining a mass formula of the

SECOND-ORDER SU(3)-BREAKING - - -

2115

TasBLE IV. Results of a one-angle fit for b/a=1.2.

Model xt C.L. (%) 0 o
(co+Bo, a1, B1, d1) 7.8 44 0.245+0.01 —1.3140.07
(ao+ﬁo, ay, ,31, ez) 7.7 45 0.240-40.01 - 123:&007
(20+Bo, a1, B, v2) 8.9 34 0.2444-0.01 —1.44+0.08
(cotdo, c1, dr, 1) 12.3 10 0.2464+0.01 —1.114+0.06
Gell-Mann-Okubo type,’

3my+ms(202/a2—1)—2(b/a) my+mz) =0. (17)

Inserting the baryon masses into Eq. (17) gives
b/a=0.95 and a fit to lbd essentially identical to the one
for b=a is obtained. Yet this value of b/a is inconsistent
with the results of Refs. 6 and 7. We thus look for a
model which gives a good fit to 1bd with 5/a at least
>1.2.

A large variety of models may be constructed, rang-
ing from pure mass mixing to pure current mixing
(co+Bo=1, a1=P1=7v2=¢2=0), all of them collapsing to
the model of Sec. III in the limit 6 — a.

We start from b/a~2 and lower this value until an
acceptable X? is obtained. For such large values, all
models are very bad. Z— A decays are the most sensi-
tive ones to b/a, since the SU(3)-symmetric anchor is

" absent, i.e., fi=0 and g, depends on /., the function of

which is to cancel large values of b/a.
For example, mass mixing with ag=48o, a1, 81, and d;**
yields the following X2 for 6, =0y:

b/a= 14 1.5 1.6
X 11.2 14.1 19.3
CL. (%) 17 8 1

For other models the X% are even bigger. For two-
angle fits, an acceptable X? can only be found at the

TaBLE V. Predicted values for (ao+Bo, a1, 81, d1). Numbers in brackets correspond to the two-angle fit. 8x* refers to
the value contributed by the relevant item to the total x2.

ox?
Width (sec™) a/f fi fe I width (sec™) g1/ fi
ZT— Aev 4.13%X108 cee 0.0 1.450 0.611 0.07 3.7
[3.93%x10%] -] [0.0] [1.441] [0.596] [0.04] [3.7]
Zt— Aev 2.49X 105 ce 0.0 1.440 0.611 0.0006 cee
[2.37X105] [--] [0.0] [1.432] [0.5967 [0.05] -]
A — pev 3.69 108 0.75 —0.296 —0.316 —0.223 0.63 0.0
[3.36X10°] [0.77] [—0.322] [—0.345] [-0.192] £0.0007] [0.0001]
A— pu~ 6.05X 105 0.75 —0.296 —0.316 —0.223 0.08 cee
[5.50X105] [0.77] [—0.322] [—0.345] [—0.192] [0.003] [--]
=" — nev 6.83X 108 —0.34 —0.237 0.314 0.081 0.82 0.68
[6.87X 1057 [—0.28] [—0.259] [0.343] [0.057] [0.61] [0.10]
=T > 3.21X108 —0.34 —0.237 0.314 0.081 0.98 cee
[3.25%10¢] [—0.28] [—0.259] [0.343] [0.057] [1.34] [---]
E-— Ae™ 3.20X 108 0.21 0.293 —0.025 0.062 0.67 cee
[3.73% 105] [0.24] [0.319] [—0.027] [0.061] [0.09] -1

15 We label the different models by the parameters used to adjust the baryon spectrum, e.g., (@080, 1, 81, d1).



2116 R.

TasLE VI. Results of a two-angle fit for b/a=1.2.

C.lL.

Model xz (%) v 04 ha
(c0+Bo, a1, B1, d1) 6.0 57 0.267 3:0.01 0.20530.03 —1.2240.09
(ao+Bo, a1, B1, €2) 7.3 45 0.25540.01  0.2184£0.03 —1.19+0.09
(ao+Po, a1, B1, v2) 8.3 34 0.258 +£0.01 0.2194£0.03  —1.39+0.09
(co+do, 1, dr, 1) 7.2 43 —0.97 30.08

0.2724:0.007  0.190 40.02

expense of having very unreasonable values for 6,4 and
By. For (ay+PBa, a1, B1, d1), we get the results displayed
in Table TIT.

FFor cach decay, an effective a=D/(D+4F) may he
defined. An independent determination of this number
can be obtained for A — p and £ — A decays, !¢ giving as
some sort of average for these two decays an « in the
range

KOBERLE 3

obtained for 5/a<1.2. From now on we fix b/a to he
b/a=1.2

as the maximum value compatible with lbd.

We now list some results of a two-parameter fit.
Table IV contains the X2 and parameters for the models
giving the lowest X?; details are collected in Table V.
For a two-angle fit we obtain the results of Table VI.

The case (@y+Bo, a1, B1, d1) actually has a lower X?
than the symmetric two-angle fit, again at the expense
of a greater value for 8y —04. Since Zx#=Z.#Z«, one
may hope to get good fits for 84 closer to 8y, since our
symmetry breaking distinguishes between A and V.
Unfortunately, this is not the case.

We conclude by stressing that any model of SU(3)-
symmetry breaking should be tested with lbd. For the

type of symmetry breaking used in this paper, the
breaking parameter b/a cannot be larger than about 1.2.
One may of course also take for granted the Gell-Mann~
Okubo formula and pure mass mixing with /a~1 and
try to fit meson data and K*-nucleon scattering into
this picture.

0.58<a<0.60. (18)

Our two-angle fits for b/a>1.4 are excluded if we
impose the requirement (18). Acceptable fits arc only

18 See, e.g., R. E. Marshak, Riazuddin, and C. P. Ryan, Theory
of Weak Interactions in Particle Physics (Wiley, New York,
1969), p. 441.
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The theoretical and phenomenological advantages of looking at inclusive-type reactions in dual-resonance
models are discussed. The case of single-particle distributions is considered in some detail, and part of
the contributions explicitly evaluated. We find that such contributions exhibit “scaling’”” behavior of the
type observed long ago by Amati, Fubini, and Stanghellini in the multiperipheral model and which was
reproposed in more precise terms recently by IFeynman and by Benecke, Chou, Yang, and Yen. The explicit
form of the limiting distribution is given. A similar behavior is found in the case of the multiparticle dis-
tribution. The nced of manageable techniques for computing high-energy limits of dual loop discontinuities
is stressed. We finally comment on the possible relevance of our results on deriving bootstrap-type conditions
from duality and in providing a way to understand the connection between the dual-resonance model and
other models of current interest.

I. INTRODUCTION multiperipheral model,:2 namely, that in the laboratory

system, fixed low-mass clusters of sccondary particles
from high-energy collisions have a transverse momen-
tum distribution which is independent of the incident
energy and of the energy of the cluster.

LMOST ten years ago, prior to any substantial
high-energy data, Amati, Stanghellini, and
Fubini’ noted a remarkable scaling property of their
* Research sponsored in part by the National Science Founda-
tion under Grant No. 16147 and by the U. S. Atomic Encrgy
Commission under Contract No. AT (30-1)-2098.
1 On leave of absence from the Weizmann Institute of Science,
Rchovoth, Tsracl.

1D. Amati, A. Stanghellini, and S. Fubini, Nuovo Cimento 26,
896 (1962). Sec also K. Wilson, Acta Phys. Austriaca 17,37 (1963).

2 .. Bertocchi, S. Fubini, and M. Tonin, Nuovo Cimento 25,
626 (1962).



