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Evidence for SU(3) breaking in Cabibbo-type fits of semileptonic hyperon decay
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We analyze recent precision experiments involving semileptonic hyperon decay and demon-

strate that there exists definite evidence for SU(3) breaking. The type of breaking observed is a

difference in the D/(F +D) ratios in the b, S =0 and hS =1 sectors, which is at variance with

the simplest quark-model expectations. Wc comment on the relevance of symmetry breaking to

the determination of weak mixing angles.

Since 1963 when Cabibbo wrote his landmark pa-

per, ' the analysis of semileptonic hyperon decays has
been based upon this very simple and elegant
framework —a current-current weak interaction

G„0= JI
where G„=1.16632 x 10 ' Gev ' is the weak cou-

pling constant observed in muon decay,

l"=~.y'(l+y5)~, +~.y"(l+y5)~,
is the leptonic current, and

Jk =cossciy k(l + ys) d + sins c~ yk(l + ys) s

is the weak hadronic current. Taking matrix ele-
ments between two hyperons, one finds

(2)

fcossc
(B,' IJ.IB, ) = or ~(p») fiyi ~~"q"

m]+m2 m]+m2

g2 g3
+gi'Vx'Vs —I ). q 'Vs — + qkys &(pi)

m]+m2 m]+m2
(4)

f = ~~+ 2
~„=0.84, d = —

2
~„=2.861 3 (6)

(iii) g~ parametrized by SU(3). Although again
there is no Ademollo-Gatto theorem in this case so
that effects can arise in principle which are first order

where q =p~ —p2 and the various form factors

f~, . . . ,g3 are functions of q'.
Analysis of hyperon decay has conventionally uti-

lized the following.
(i) f3 =g2 =0 from G invariance plus SU(3) sym-

metry. '
(ii) f~ and f2 determined from CVC (conserved

vector current) and SU(3). That is, characterizing
the SU(3) transformation properties of B',J„,B by

i,j,k, respectively, we write

fi(0) =Ifjk

f2(o) = Ifijkf + dj/kd

The Ademollo-Gatto theorem guarantees that devia-
tions of f~(0) from this result will be second order in

symmetry breaking. However, no such assurance ex-
ists for f2. Nevertheless, using exact SU(3) we can
write the couplings f,d in terms of neutron and pro-
ton anomalous moments

in symmetry breaking, we utilize exact SU(3) to write

g|(0) =if)kF+dskD ('7)

cos8~ =cos8i,
sin8c = sin8~ cos83

Fits to date, using these assumptions and including
no symmetry breaking, have been uniformly excel-
lent. Typical is a recent fit by Shrock and Wang, '
which yields

singe ——0.222, F =0.429, D =0.824, (8)

and a X'=6.9 for six degrees of freedom.
The surprising thing about these results is that

although SU (3) breaking is generally of order 20%,
the standard Cabibbo framework, employing no
breaking at all, provides an excellent fit, as indicated
above. However, modern quark models generally
predict that definite SU(3) breaking should exist at
some level thereby affecting both the determination
of the Cabibbo angle and the quality of the semilep-
tonic fits.

In the six-quark version of the weak interaction the
semileptonic interaction of Eq. (4) retains the same
form but the coefficients "cos8c", "sin8~" of the
hS =0, hS =1 currents are now written as

25 2015



2016 RAPID COMMUNICATIONS 25

cos 8C+sin 8q =-12 2 (l0)

This feature should also invalidate the conventional
Cabibbo fit at some level. Hyperon semileptonic de-
cays are then especially interesting in this context as
they provide the strongest information on the KM
angles, bounding 83 from above. '

Recently, high-statistics experiments on various hy-
peron decay modes have become available, involving
thousands of events rather than the previous hun-
dreds. We have studied the new data within the Ca-
bibbo framework searching for the SU(3) breaking
predicted by the quark model and assessing its effects
on the weak mixing angles. This Communication re-
ports that a definite failure of the SU(3) Cabibbo fits
is indicated, revealing, ho~ever, a different pattern
of symmetry breaking than expected in the simplest
quark models.

For our primary analysis, we shall fit only the ex-
perimental hyperon semileptonic rates. The g~/f~ ra-
tios and asymmetry measurements have in general
been analyzed using at least some of the assumptions
of SU(3) symmetry (i.e., g2=0). However, strong
correlations can exist between the measured ratios
and some symmetry breaking (i.e., a nonzero g2). '
Since we do find evidence for SU(3) breaking in the
analysis of the branching ratios, the measured values
of g~/ft need to be treated with some caution. Thus
we shall indicate the effects of including g~/f ~ values,
but our principal analysis will utilize the decay rates.

After completing most of our work, we learned
that Garcia and Kielanowski have independently un-

where e~, 83 are the usual Kobayashi-Maskawa (KM)
angles. Thus we now have

s281+ sjn28& cos283 (
rather than by Cabibbo universality

covered similar evidence for SU(3) breaking. 9

Although clearly related, their analysis is somewhat
different and complementary to ours.

An important feature of our approach is the treat-
ment of the radiative corrections, which must be
carefully handled at the present levels of experimen-
tal precision. We separate the radiative correction
into three components: (i) a model-independent and
lepton-energy-dependent term whose explicit form
has been given by Sirlin'; (ii) for the case of
neutral-hyperon decay a Coulombic m'n/v correction
term which accounts for the interaction between the
final charged baryon and the charged lepton; and (iii)
a model-dependent and lepton-energy-independent
piece whose form has been given by Abers, Dicus,
Norton, and Quinn" and improved by Sirlin, who
has shown recently that the same form should obtain
for Fermi and for Gamow-Teller theory. '

We now begin by fixing cos8~ from analysis of
0+4+ Fermi transitions in nuclear P decay"

cos8i =0.9737 +0.0025

Secondly, from measurement of the electron and
neutrino asymmetries in neutron P decay we fix the
axial-vector coupling in neutron P decay'

g f~(0) =1.253 +0.007

Assuming now no SU(3) breaking —i.e., the usual
Cabibbo fit —we attempt to fit the ten branching ra-
tios in terms of two free parameters —the ratio

D
F+D

and the ~S =1 current coupling

sin8~ cos83 .

The results are shown in Table I, with the best-fit

TABLE I. The results of an SU(3) fit to semileptonic data. Experimental data are from Ref. 7. The fitted parameters are
quoted in the text.

Quantity Experiment
Rates alone Rates plus g&/f~

Fitted value Contribution to X Fitted value Contribution to X2

I (n ~pev)
I'(X+ Ae v)
r(X-- Ae v)
I'(A ~pev)
r(A-p»)
I (X nev)
1.(X--n»)
I (:- Aev)r(=-- roe v){.If,)(A-p")
(g~/f ~) (X ne v)
(gylf j)(:- Aev)
(fg/g)) (X—Ae v)

(1.091+0.017) x 10 3

(0 253+ 0 059) x 106

(0.370+0.020) x 106

(3.19 +0.05) xlo
(0 597+ 0 133) x 106

(7.20 +0.20) x 106

(3.04 +0.27) x 106

(3.27 -~0.22) x 106

(0.52 +0.12) x106
0.717+0.03

—0.387 + 0,034
0,248 + 0.050
0.034 + 0.090

1,10 x10 '
0.276 x 106

0.456x 106

3.23 x106
0.552 x 106

6.62 x106
3.11 x106
2.88 x106
0.508 x 10'

0.58
0.15

1&.6
0.57
0, 11
4.09
0.08
3.12
0.09

1.10 x10
0.276 x 10
0.458 x 106

3.25 x106
S 57 x106
6.70 x 106

3.15 x106
2.90 x 106

0 513x 106

0.723
—0.339

0.192
0

0.58
0.16

19.2
1.54
0.09
2.55
0.18
2.80
0.02
0.04
2.03
1.24
0.14
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value of

O, D =0.634 +0.008

very close to the SU(6) value

3
cxD =

5 p

while the best-fit value of

(13)

of freedom) gives

o,a =0.645 +0.006, sin8C =0.225 +0.002 (20)

nD =0.57 +0.015 (21)

while fitting hS =0 data (X'=1.0 for three degrees
of freedom) gives

sin8~ cos83 =0.224 +0.002

is consistent with the value

sin8~ =0.228 +0.010 (16)

nD =0.572 +0.015 (18)

which is now less than the SU(6) value. This clash
between AS =0 decays requiring 0.D & 0.6 and
h, S =1 decays demanding 0/D )0.6 is the origin of
the poor fit obtained when both are taken together.

These conclusions are unchanged if g~/f ~ values
are included. Fitting all available data yields X =31
for eleven degrees of freedom with

expected if 83=0. However, the overall X =—27 for
the fit is obviously much too large, given the seven
degrees of freedom, to be acceptable. The quoted er-
rors correspond to an increase in X by one unit.

The origin of this large X is in the AS =0 mode
X Ae v„which alone contributes about 19 to the
X'. In fact, if we omit the X-~Ae v, rates from
consideration a very good fit is found, as shown in
Table II, with a X =—5 for four degrees of freedom.
The fitted values

aD =0.644 + 0.009, sin8~ cos83 = 0.225 +0.002 (17)

are very close to the values found in the overall fit.
On the other hand, a fit of the 4S =0 decays

alone, n ~pe v„X-~Ae-v„as shown in Table II
yields

q„=0.94 +0.01, nD =0.625 +0.008

sin8~cos83 =0.231 +0.002
(22)

and X'=20.6 for six degrees of freedom. Once more
it is the decay X Ae v which is responsible for the
poor fit.

Removing X Ae v from consideration, we can
look at the AS =1 decays by themselves. Including
only the rates, one can obtain good fits to the rate
data for a wide range of values of q~, 0.8 «q&
«1.05, due to the compensation of a shift in q~ by a
shift in sin8~ cos83. The correlation is roughly

This pattern of symmetry breaking is not, however,
the one expected from simple quark models, which
suggest that g~ (and to a lesser extent f~) will under-
go an overall shift in scale when comparing ~S =0 to
hS =1 (due to the difference between d u and
s ~ u transitions) but that the aD =D/(D + F) ratio
should be the same for both the AS =0 and hS = 1

sectors. This pattern would have a strong effect on
the mixing-angle determination, as a relative shift in
b,S =1 compared to AS =0 would be compensated in
the fit by a corresponding shift in the apparent mix-
ing angle, sin8~ cos83.

We have attempted to see if such a quark-model
pattern might be acceptable, by including a renormal-
ization of all 4S =1 axial-vector couplings by a factor
gq [st~ =1 corresponds to the SU(3) limit], and have
refit the decay rates using q~ as a free parameter.
Again the fit is poor, with

eD =0.635 +0.005, sin8~ =0.225 +0.002 (19)

Use of hS =1 data alone (X~=7.3 for seven degrees

sin8~ cos83 =0.225+0.01(1—gg)
D =0.63 —0.1(1—qg )D+F

(23)

TABLE II. Separate fits to AS =0 and 4S =1 rates. The fitted parameters are quoted in the text.

Rate Experiment Fitted value
AS =0

Contribution to X

AS =1 fit
Fitted value Contribution to X

n pev
X+~Aev
X ~Aev
A~pev
A~ppv
X ~nev
X ~npv

~nev
=- -Xoev

(1.091+0.014)
(0.253+ 0.059)
(0.370+0.020)
(3.19 + 0.05)
(0.597+0.133)
(7.02 +0.20)
(3.04 +0.27)
(3.27 +0.22)
(0.52 +0.12)

x1P 3

x 1P6

x 1P6

x 106
x 1P6

x j.p6

x ]06
x 106
x 106

1.10x 10
0.22x 10
0.36x 106

0.58
0.42
0.49 ~ ~ ~

3.21x 106

0.55 x 106

6.94x 10~

3.27 x 106

2.86x 106

0.51 x 106

0.17
0.13
0.15
0.72
3.53
0.03
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If in addition the vector charge had some SU(3)
breaking (parametrized by qq) the mixing angles
could change more dramatically

0.225
sm8i cos83 = — +0.01

'gV 'gV
(24)

The range of allo~ed axial-vector couplings can be
reduced by inclusion of the gt/f~ values. With them,
a good fit can be obtained for q~ (or q~/qy if
q v W 1) ranging from 0.95 to 1.05, with the best fit
being

four standard deviations from the value required by
the Cabibbo fit to 4S =1 decays. Confirmation of
this measurement ~ould be very helpful. The pat-
tern of symmetry breaking appears to be that the
axial-vector current transforms with a slightly dif-
ferent SU(3) ratio nD in the AS =0 and AS =1 sec-
tors. In addition 5% SU(3)-violating shifts in the
overall scale of the AS =1 axial-vector-current cou-
plings may be present without significantly changing
the quality of the AS =1 fit. The corresponding
range in sinH~ cos83 is

gg =0.99 +0.06, nD =0.644 +0.006

sin8~ cos &3 =0.226 +0.002
(25)

0.220 ~ sin8~ cos03 ~0.230 (26)

Further work on the mechanisms of symmetry break-
ing is needed in order to fully assess the effect on the
determination of the weak mixing angles.

with X =7.2 for seven degrees of freedom. There is

no evidence for rid &1; however, small (5%) SU(3)
breaking of this sort can be accommodated.

In summary, present data yield a clear indication of
symmetry breaking, with the rate for X Ae v being
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