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We report results from a Fermilab polarized Sigma minus decay experiment.
From a sample of SO,000 beta decays and 10& two body decays with polarization
parallel to the magnetic field we have extracted the semi-leptonic form
factors. From another sample of 21,000 beta decays and 650,000 two body
decays where the polarization precessed in the magnetic field we have
measured the magnetic moment.

1. INTRODUCTION

Baryon semi-leptonic decay is described by
the Cabibbo theory which assumes that:
1. the weak vector current and the electro-
magnetic current consist of the appropriate
components of a common octet current of
SU(3)j 2. the axial-vector current is the
same component of another octet current) and
3. there is a universal suppression factor
for strangeness changing decays. Although
SU(3) symmetry is known to be broken (e.g.,
the baryon mass differences), no significant
effects have yet been reported in semi-lep-
tonic decays.

2. THEORY

For the decay t~ •* n + e" + v e, the matrix
element can be written as

(1)

where the GF is the Fermi weak coupling con-
stant. We assume the lepton current is
V - A and write the hadron current as

the SU(3) limit f2t0)/f1(0) = u n+ W 2 • -1.017
where un and Up are the neutron ana proton
anomoulous magnetic moments. A more rigor-
ous analysis by A. Sirlin^ in the spirit of
the Ademollo-Gatto theorem corrects this
value to -0.91. Similarly in the SU(3) limit
g- is second class and has conventionally
been ignored. The contributions of fj and
g3 are proportional to electron mass squared,
hence invisible in hyperon beta decay. The
q2 dependence of the form factors is formu-
lated2 as:

(3)

(4)

with M v = 0.97 GeV/c2 and M A = 1.25 GeV/c
2.

Decay product angular distribution asymme-
tries in the center of mass can be expressed
as
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where sin0c is the Cabibbo angle and q is
the momentum transfer squared. The form
factors are real if time reversal invariance
is assumed. The form factors for semi-
leptonic decays within the baryon octet are
related to each other tat q2 » 0) by SU(3)
Clebsch-Gordon coefficients. For
l~ •* n + s".+ v e the ratio gi(O)/f^(O) = F-D
where D and F are symmetric and antisymmetric
couplings of two SU(3) octets to form a
third. A recent measurement2 gave
F = 0.477 ± 0.012 and D = 0.756 ± 0.011. In

where i = n, e~, v . P is the Z~ polariza-
tion vector. In the case that P points in
the y direction, it can be written as
1 + c^PcosOy.

Differential decay rate and a^'s have been
calculated by several authors. In our
analysis we have used the calculations by
Garcia et al.4

3. THE SIGN OF g^f^-

For £~ leptonic decay, the Cabibbo theory
makes the distinctive prediction of a
negative gj/fi (i.e., a V + A hadronic matrix
element) which is the opposite in sign to
neutron beta decay.5 Thus a V - A inter-
action on the quark level gives a "v + A"
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:natrix element on the hadron level. Conse-
quently the electron asymmetry from polarized

beta decay would be expected to be large
md negative. An entirely analogous phenome-
non occurs in nuclear beta decay where a
"V - A" interaction on the nucleon level can
live rise to "V + A" matrix elements in
specific decays;_e.g., in tritium beta decay
(•{'-••He-3 + e* + v e) . Consequently, the
electron asymmetry from polarized H3 decay
•ould be ~-l even though the decay of the
"constituent" neutron is V - A and free
neutron decay has a very small electron asym-
netry. It was therefore disconcerting that
experimental measurements prior to 1984
favored a a small, positive electron asymmetry.5

The situation changed dramatically wiipn Fermi-
lab experiment E-715 reported a prerj.se de-
termination of the electron asymmetry per-
formed with a polarized T.~ beam.7 The new
value a e = -0.56 ± 0.12 is in striking
agreement with the Cabibbo theory. In con-
trast with the earlier low energy polarized
Z~ experiments with limited statistics, the
high fluxes of polarized Z~ from the Fermilab
hyperon beam (e.g., =lKHz l~ at ~2*\% polari-
zation) enabled E-715 to collect 5 x 104

beta decays. Moreover, the ability to pro-
duce polarized S~ in both vertical and
horizontal planes and to reverse the sign of
polarization gave the hyperon beam experiment
a degree of control over systematic effects
not available to the ear lier low-energy

measureir.2nts.8

4. FORM FACTOR ANALYSIS

4.1 What is Observable in Polarized B2ta Decay

We have already noted that f3 and g3 are sup-
pressed by (tne/mj-) and are hence invisible.
To better understand the sensitivity to the
other form factors we perform a Gordon re-
duction of the current in Eq. 2 to obtain:

F2(q
2)PU + F3(q

2)g1'sin(©c) G(n){F1(q2)Y
u + F2(

+ [G1(q
2)Yy +G(q2)PU+G3(q

2)qlJ]Y5} u(L) (6)

.-.•here ̂  = fx + (1 + i^/m^) f2~
 fl + l-Bi2'

F2 = 2f2, F3 = f2 + f3, GX = 9 1 -

(1 - mn/mi;)g2 - gx - O.23g2, G2 = 2g2,

G3 = g2 + g3.

from this, it follows that to leading order
• \«e are measuring the ratios f2/f^ and
gx (effective)/^, where g^ (effective) =

I qj - 0.23g2. It has been past practice to
ignore g2. However, recent theoretical
estimates indicate that this may not be a

j good assumption in strangeness changing
I decays.10 In polarized decays, there is
sufficient information to be sensitive to

g^ and g separately.

4.2 Measurement of |g^(0)|

He observe that the neutron spectrum in the
J." center of mass can be measured independ-
ently of the electron energy determination
from the relation

Tn = (7)

Moreover this spectrum is very sensitive to
\<3l\ (actually g^ (effective) as discussed in
4.1) and insensitive to f2. Therefore we
can analyze this spectrum to find

= 0.327 + 0.020 (8)

where the error is both statistical and
systematic combined. This value agrees
well with two previous hyperon beam experi-
ments. ' In this analysis we have pro-
visionally set g2 = 0 to facilitate compari-
son with previous experiments. A fit to our
data is shown in Fig. 1.
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Figure 1.

4.3 Measurement of f2(0) [weak magnetism].

As is well known, the electron spectrum is
sensitive to weak magnetism. However, one
must first correct the spectrum for radia-
tive corrections12 as well as radiation in
material. In our case the material contri-
buted (5.94 ± 0.2)% radiation length. We
obtain.

f2(0) = 0.96 ± 0.15 (9)

where the error is both statistical and
systematic combined. This agrees with,naive
SU(3) but somewhat better with the Sirlin
value.^ A fit to our electron spectrum is
shown in Fig. 2.
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thfl hyperon channel13. By measuring the
precession of the polarization in the hyperon
channel, the magnetic moment is determined.
We collected data at two Z~ momenta (253 Cfcv/c
find 300 Cev/c) to remove the 2nrr ambiguity.
Provious measurements using the spin preces-
sion technique made use of the t~ -* nir~
docny mode. w<? also had the beta decay
sample available which has the important ad-
vantage of having a much larger oc parameter.
Toblj 1 summarizes the results for both tvo
body and three body decay modes and at both
T.~ momenta.
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4.4 Measurement of g2 [weak electricity).

By combining our center of mass spectra with
the correlations of electron, neutrino and
neutron with 1 polarization we are able to
fit separately for g.̂  and. g2. In making our
fit, we use the two-body a parameter
(a = -0.067 t 0.008) as one of the inputs.
We obtain:

= 0.18 ± 0.082

g2(0) = -0.67 ± (J.37

o f , 0.10310.022 -0.09910.0S4 0.0137)0.0034 0.007710.0034

JJr -1.17610.024 -t.l4OtO.O28 -1.16110.038 -1.17QtO.a27

Event* 13.000 6000 310.000 350.000

TBDIB 1. Companion ol •symmttry. t* magnallc mcmanl In mfdttr
magnalww, and lampla tilt to) tKh dan tat.

The data is internally consistent so that we
may combine it to obtain:

(10) -1.66 ± 0.014 ± 0.011 p (11)

The x* contours in the g^, g2 plane for our
central value of Z~ polarization (0.24) is
"hown in Fig. 3.
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Figure 3,

The statistical power of this experiment is
not sufficient to definitively establish a
significant contribution from g2- As we
nave seen, the effect on the derived values
of g, is profound and it would clearly be
important to pursue the matter in this and
other hyperon decays.

J. l~ Magnetic Moment

't'his experiment also collected l~ decays with
the polarization in the horizontal (x,y)
plane perpendicular to the magnetic field of

where the quoted error is statistical and
systematic respectively. This measurement
helps to resolve the long standing differ-
ences in previous determinations of the
magnetic moment by the exotic atom method
and the hyperon beam technique. ̂•<*
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