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The purpose of this note is to extend Cabib-
bo's successful phenomenological form of uni-
versal weak interaction for leptonic decays to
nonleptonic s- and P-wave decays of baryons
assuming the validity of the results obtained
by Sugawara and Suzuki and Hara, Nambu,
and Schechter' for the parity-nonconserving
and parity-conserving amplitudes, respective-
ly. These results are based on the assumptions
(a) partial conservation of axial-vector current,
(b) commutation relations of the current com-
ponents, ' (c) unsubtracted dispersion relations,
and (d) CP even Cab-ibbo weak Hamiltonian with
the currents transforming like the components
of an octet. To achieve a relation between the
leptonic and nonleptonic decays, we introduce
a complete set of intermediate states and ex-
haust these contributions by keeping only the

single-baryon (B) and one-meson, one-baryon
states. The latter are approximated by the
decuplet resonances (B*). This procedure im-
mediately enables us to obtain the nonleptonic
decay amplitudes in terms of the leptonic ones
and the electromagnetic form factors. ' The
form factors associated with (B*iJg VIB) are
taken from the calculation of Albright and Liu'
for v+B-B*+l reaction cross section. Thus
the only unknown parameter in the present cal-
culation is the D/F ratio for weak and strong
interactions. With these as input and a univer-
sal D/F ratio, we conclude that Cabibbo's form
of weak current is capable of explaining both
leptonic and nonleptonic decays of baryons. v

S-wave amplitudes. —Following Sugawara'
and Suzuki, ' the s-wave nonleptonic decay am-
plitude may be written as

a(a"'n 'la ') =(a"'n" III 4"(O)la"&= " f ~(a" I0 ' '(O) la")+(v —v ) . (1)
v P.

' 8 8 8 I v

With the approximation scheme outlined above we write down the s-wave amplitude as
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(2)

The various reduced matrix elements in (2) are

(B(p1) II V +A IIB(p )) =u(p ) y (F +y F )+ — F +- F u(p ),

(B (P1) IIV +4 IIB(P ))=g (P1) 5 (G +G y )+ — (G +G y ) u(P ).1 g p, 2 A. 1 gp, 1 1 5 M~

Here, we have assumed that all the form factors occurring in (3) and (4) have the following struc-
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ture'.

(q )=& ' (0)I(1+v Ib), (5)

valid and the Sugawara sum rule, '

2A(A~ I= )-A(p~ la)=(-.')'"Ag~ Iz ),

where b = 37.4 p, '. The static values of these
form factors are"

(0) = 1.0, +2 (0) = 1.85, F, (0) = -1.2,

z, (o) = o, G, (o) = 3.5, G, (o) = -1.5,

G, (0) = -0.83, G2 (0) =0.A A

Using Eqs. (3) and (4) for the reduced matrix
elements in (1) and performing the summation
over the intermediate spins and momenta, we
obtain the s-wave amplitudes. We find in our
approximation scheme that the II~II = ~ rule is

also holds. With DII" = -1.43 for axial-vector
current" our results (Table l) compare very
well with the experimental results" and the
recent theoretical predictions of Ref. 3. We
may note here that the relative contributions
of decuplet intermediate states are of the or-
der of a few percent (&5%) of the total. We
may mention that in contrast with the assump-
tions of Ref. 3 we have not made use of the oc-
tet-dominance hypothesis for the weak-inter-
action Hamiltonian.

P-wave amplitudes. —Extending the work of
Sugawara' and Suzuki' and using the method
of Nambu and Shrauner, "the p-wave decay
amplitude B(B 'll 'IB"2) can be written down

as (see Ref. 3)

—(2kO) B(B 'll 3IB ) = Q [(B 'I fd xAO (x) IB )(B IH (0) IB ')
n =baryon

octet

-(B 'IH (0)IB )(B Ifd xA0 '(x)IB ')], (8)

where the matrix elements (B~ IHp c (0) IB~ ) can easily be related to the s-wave amplitudes and

(B I Jd xAO~&(x) IB" ) to strong interaction coupling constants. Using Eq. (1) the p-wave decay am-
plitudes can now be related to the various s-wave amplitudes as follows":

mG vY
B(p~ IA) =- ~ A(n~'I A)+ ~A(p~'I z'),

2 m

m G 1 1
B(n~'IA) = — A( ~OIA)+ —A( ~-lz-),

2 m m 3. (10)

mG ~2
B(A~ I

= ) = (d-f)A(A~'I =-'),
m

m G

B(P~'lz') =-- P
v2 m

p

A(pv'IZ+)+ A(p~'I Z ),
m

(12)

m G v2 1 2d

B(nw IZ ) = — A(p~'Iz+)+ —A(nv'IA')- fA(nv IZ )
2 m m 3

Z
(13)

m G f
B( ~ Iz-)=- — -A( ~ Iz )+ —A( ~ola) .

2 m m 3
(14)
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Table I. Comparison of the results of the present calculation with the available experimental data and the theo-
retical values of Ref. 3.

M
M

Ax 10~

lap/am la&& 10'

(i) Expt. a

(ii) b
(iii) Present calculation

(i) Expt. a

(ii) b
(iii) Present calculation

3.3 + 0.1

3.3 (3.2)
3.3

1.2 + 0.1

1.2 {1.2)
0.83

+4.4+ 0.1

+44 ( 45)
+4.1

-0.9+ 0.1

—0.9 (0.9)
—0.98

-1.9 + 0.3
-3.8+ 0.3
-3.2 (—3.3)

-4.8
3.7 + 0.3
1.5+ 0.2
1.7 (2.8)

1.1

-0.1+0.2

0 (o)
—2.8
4.2+ 0.2

1.8 {4.0)
0.25

4.2 + 0.1

4.5 (4.7)
+4.0

-0.5+ 0.6

-0.6 {—0.1)
-0.92

Hef. 11. "Ref. 3

It should be noted that these relations have
been obtained without the assumption of octet
dominance of the Hamiltonian. While for the
s-wave decays our results are consistent with
the lb, II = —,

' rule, we find for the p-wave decays
that the iaII = —,

' rule is satisfied if A(nm IZ )
is zero, '~ in agreement with the results of Ref. 3.
However, the = decay modes satisfy the rule
exactly in our model. The amount of violation
of the lAIl= & rule is small for the Z decays,
as is evident from Table I, while for the A de-
cays we get"

W '/W '=-2.1.

For the ratio P /s for A decay, we get 0.3,
to be compared with the experimental value"

/s = 0.35 + 0.03, and for P,/s, we get 0.2,
the experimental value being P,/s, = 0.30,",,.
The various s- and p-wave decay amplitudes
are given in Table I.

We thus find that the phenomenological form
of the Cabibbo current with accepted value of
the Cabibbo angle 9 = 0.25, universal Fermi
coupling constant GO=10 '/mp', and with a
reasonable d/f =-1.43 having the same value
for both the weak and strong interactions, it
is possible to unify" both leptonic and nonlep-
tonic decays of baryons through the use of cur-
rent commutation relations.

We would like to thank Professor R. C. Ma-
jumdar for his interest in this work. We are
happy to record our gratitude to Dr. S. K. Bose
(now at Trieste) for various discussions and
correspondences.
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We have just completed a determination of
the g factor of the free positron. Writing g
=2(1+a) where "a" is theg-factor anomaly, we

may express the result of our measurement as

a = 0.001 168+ 0.000 011= n/2m+ (l.2 + 2)n2/w2.

This is in agreement with the theoretical' and
experimental' values of the free-electron anom-
aly which are given as

a = 0.001 159 615 = n/2n'- 0. 32 8n'/m'+ ~ ~ ~

theor

a = 0.001 159622+ 0.000 000 027
expt

= n/2m-(0. 327+ 0.005)n'/w'.

The method we used to determine the g fac-
tor may be described in the following way:
A "bunch" of positrons from a Co" source is
sent into a magnetic field (Bf) which is almost
uniform but slightly bottle shaped. The posi-
trons are trapped and held in the bottle for a
measured length of time, and then ejected in-
to a polarimeter. As emitted by the Co" source,
the positron beam is polarized parallel to its
momentum. While in the magnetic field, the
positrons execute cyclotron orbital motion of
frequency &&, while their spins precess at fre-
quency & . The polarimeter determines theS'
projection of the final polarization of the pos-
itron onto a fixed direction. This is proportion-
al to cos[(&uc ~s)T+ q], where T is the length
of time spent in the bottle, and p is a constant.
The experiment consists of determining the
final component of polarization at a number
of trapping times T, and from that result, de-
termining c-~, which we denote by &D.
The g-factor anomaly, a, is simply &uDmc/eBfz.

Bfz is the axial component of magnetic field
averaged over the time the particle is in it. '

The experimental technique follows that al-
ready described for the measurement of the

g factor of the free electron, ' except for the

way in which the polarization and the analysis
of the polarization are accomplished. In the

electron measurements, Mott scattering was
used for both. In the positron measurements,
no polarizing process is necessary. The po-
larimeter works in the following way: After
removal from the trap, the positrons are stopped
in a plastic scintillator in a 13-kG magnetic
field (B), and measurements on their lifetime
before annihilation are made by a delayed co-
incidence system. The lifetime distribution
is dependent upon the component of polariza-
tion of the positrons in the direction of the mag-
netic field in which they are stopped. A more
detailed treatment of the polarization analysis
will follow the description of the experimental
arrangement.

The experimental arrangement is shown in
Fig. 1. The solenoid used to produce Bt is 11
ft long, 2 ft in diameter and wound with 8 lay-
ers of No. 10 SCHF magnet wire. Small aux-
iliary coils carrying the main solenoid current
shape the field in the trapping and extraction
regions. The source of polarized positrons
is 600 mCi of Co". Only positrons with kinet-
ic energy (200+30) keV or v/c=0. 7+0.05 (about
10% of the emission spectrum) are used. They
are emitted in a 222-G field and move down
the field (south-Fig. 1) with various axial ve-
locities until they enter the trapping region.
Here they are trapped by pulsing the inject cyl-
inder 1000-V positive. This causes a loss of
axial momentum as the gap is crossed so that
a given fraction of the particles reflects from
the right-hand magnetic potential hill. The
pulse is removed before the reflected positrons
recross the gap, so that they do not regain the
lost momentum and become trapped. To eject,
a positive 1000-V pulse is applied to the left-
hand (ejection) cylinder. While the particles
are trapped, all surfaces are at ground poten-
tial. The cylinders are brass, 12.5 cm in ra-
dius, and mounted concentrically within the
15-cm radius vacuum chamber.

After ejection, the positrons must be extract-
ed from the solenoid and brought to the polar-
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