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value of F for the 2_is \ and the correlated values of 
V0 and a for an NK pair are 280 MeV and 1.85 F, 
respectively. For these values it is calculated that an 
NK pair has a lowest-energy /=0 bound state at 
pi=2A\, and the corresponding mass of this system 
would be 1240 MeV. This is to be compared with the 
average mass of the S's equal to 1193 MeV. Since both 
the A0 and 2 systems are considered as bound states of 
N and K, it is presumed that they would have lifetimes 
comparable to the decay times of the K particle 

IN searching for the W meson hypothesized to mediate 
the weak interactions, an approximate value for its 

decay rates into various channels is required. Here we 
present a calculation of several of its decay rates using 
a model for the weak interactions, incorporated in the 
theory developed by Cabibbo.1 

The forms of the individual vector and axial vector 
currents entering the theory are obtained by considering 
only the pseudoscalar meson octet and the vector meson 
octet; interactions with baryons are not included. Strong 
interactions between the octets are taken into account 
by a phenomenological unitary symmetric coupling 
term. 

First, let us consider the axial vector current and for 
the moment we shall discuss only the p and -K mesons. 
The generalization to unitary symmetry will be made 
later. 

In their derivation of the Goldberger-Treiman rela­
tion for the 7r meson, Gell-Mann and Levy2 assumed 
that the divergence of the axial vector current is 
proportional to the 7r-meson field. In the absence of 
strong interactions this leads to a weak current for 
the pion proportional to d^ir. The presence of a p—w—ir 
coupling can be described by introducing a phenomeno­
logical interaction Lagrangian3 

£I=hei''kpfir%'irk, (1) 
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themselves. Such would be the case if the K decays 
occur through the Ki° channel. 

It is clear that the present model could lead to many 
resonances arising from many levels, not only from 
different I values but also from the same /. Clearly also 
the model has no bearing on those quantum numbers 
of the resonances which actually do exist. Given 
these quantum numbers, the values of Vo and a, which 
this phenomenological model proposes, are purely 
conjectural. 

where i, j , and k are isotopic spin indices. The constant 
h can be determined from the width of the p. This leads 
to an equation of motion for the pion 

( D + f » r V = - 2 W V ^ T * . (2) 

So if we write an axial vector current that is propor­
tional to 

d^+lhe^p^ (3) 

then, with the restriction 

cV„=0, (4) 

the current is seen to have a divergence proportional 
to the pion field. The restriction (4) is, of course, valid 
only when we keep terms linear in h, consistent with the 
phenomenological nature of the model. 

These considerations can be generalized to incorpo­
rate unitary symmetry by writing the total Lagrangian 
including the interaction term as 

-bnflxpi+hfPVSPtdrP*, (5) 

where Pl and V3' represent the pseudoscalar and vector 
meson octets, respectively, and F^i=dJ,V/J

i—dMFy*. The 
•fijk a r e proportional to the structure constants of the 
group SU3.

3 The corresponding term with di]'k (the 
totally symmetric symbol) is forbidden because of Bose 
statistics. 

Generalizing the current of Eq. (3) we have the 
unitary axial vector, 

X/=A(dMP*+2A/^*7M^P*). (6) 
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However, in dealing with co meson the possibility of 
co—(/> mixing should be considered.4,5 Denoting the pure 
singlet and octet states by co1 and co8, the physical 
resonances co and <f> are given by 

cox=co cos0— <psmd, 
(7) 

00s=co sin0+ <p cos0, 

where 0 has been determined to be the order of 30 
degrees.4-6 Because the co1 is a vector meson and a singlet 
representation of SU3, its decay into two members of 
a pseudoscalar octet is forbidden by generalized Bose 
statistics. 

The axial vector current in Cabbibo's theory is in 
general of the form 

/ / = [ c o s 0 c ( ^ 1 + ^ 2 ) + s i n 0 c ( i T M
4 + i X " / ) ] , (8) 

where K1, K2, KA, K5 are in our model given by Eqs. (6) 
and (7). A and 0C are constants to be determined from 
x decay and K decay. They are found to be1 

sin0c=O.26 

A=0.68wT . ( 

For later use we write Eq. (8) in terms of particle fields 

/ / = Acos0c{V2aM7r-+^[-2iv2(p / i-7r°-p>-) 

+ 2i(K*-K»-Kt*»K~)~l}+A. sin0c{v2^iT-
+hZ-2i(K^0T--pi-K°)-M(Kfl

:i:-Tr0-pfPK-) 

-i(6yi>(K»*-v-u,*K-)l}. (10) 

We choose the value of h to compromise among the 
widths of K* - » KIT, p -> 2TT, and <f> —> KK.7>S We take 
it to be9 

A 2 /4TT=2.7 . 

The vector current can be obtained from the unitary 
symmetry generalization of the conserved vector-cur­
rent theory.10 

Starting from the Lagrangian, Eq. (5), we make the 
gauge transformation 

dp?*-* d^—eAffWipf, (11) 

where <pl is either the vector or pseudoscalar octet, and 
A J6 is the unitary gauge field, introduced as a device to 
generate the current. The unitary current thus gen-
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erated is 

+hfmnkfi>kPmP>Vll
n}. (12) 

In dealing with weak interactions, only the com­
ponents 1, 2, 4, and 5 play a role, while the third and 
eighth components are coupled to the electromagnetic 
field. Upon examining the electromagnetic current we 
find that there is no term coupling the electromagnetic 
field to a single vector octet and a single pseudoscalar 
octet. For example, the observed11 decay co —•» ir°+y is 
not included. This decay can be accounted for by a 
phenomenological conserved current (not generated by 
a gauge transformation) 

Xe^rd^dvVJdrPK (13) 

The corresponding expression with fjh is not allowed 
because it has the wrong properties under charge 
conjugation. 

As with the axial vector current, we assume here 
that co— (p mixing is present. We can write a coupling 
of the singlet to the pseudoscalar octet in terms of a 
current which is simply 

y e ^ r t W d r P * . (14) 

The coefficients X and X' can be determined from the 
decay widths of the co and <p into the 7T0+Y channel. 
The partial width of the co is about 1 MeV,11 but the 
partial width of the <p is consistent with zero.12,13 The 
assumption that the cp does not decay by this mode 
gives the relation 

X'=(X/V3)cot<9, (15) 

and the co width of 1 MeV gives 

X=0.32m7r~
1. (16) 

With X and X' thus determined, the total unitary 
current is the sum of Eqs. (12), (13), and (14). From 
CVC theory, the weak vector current is now 

/ / = cosdciL^+iL^+sindciL^+iL^). (17) 

The third term in the current of Eq. (12) would 
describe the vector part of three-particle W-xneson 
decays; however, the axial vector part for such modes 
is not known, so this term is ignored in further con­
siderations here. The same comment applies to the 
first term of Eq. (12) describing W decays into two 
vector mesons. An exception to the latter statement is 
W+ —» p+-\-p° where the axial vector current does not 
contribute anyway. 

Except for the parts of the current mentioned in the 

11 G. Zweig, Nuovo Cimento 32, 689 (1964). 
12 S. L. Glashow, Phys. Rev. Letters 11, 48 (1963). 
13 A. Katz and H. J. Lipkin, Phys. Letters 7, 44 (1963). 
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preceding paragraph, the total current of Eq. (17) is 

/ / = cos<^M(dMp,°~d,p;Opr-^ 
+ i A w [ f ( 6 ) 1 / 2 d , p < r ^ 
+sin0c{ -i(K°dfiT~-T~dfXK())+ (i/V2) (T°d,K~-K-dliT

0)+iU6)1,2(vdf,K-~K~dflri) 

+%\eia,<,rZ2dvE:i,*
0dTir-+ 2dvPrdTK°+\/2dvPa0dTK-+^dvK(r*-dTT0- [ 2 / (6)l^dvK<T*-dT>n 

+ [2/(6)1 / 2][(3 c o s ^ - l ) / s i n 6 > ] ^ ^ T i T - - [ l / ( 6 ) 1 / 2 ] c o s ^ ^ T Z - ] } . (18) 

Using the currents Eq. (10) and Eq. (18) we can now 
calculate the decay rates of the W meson by the inter­
action Hamiltonian 

where 
gW,(jr+J*), 

g*/Mw2=Gv/TJ2. 

(19) 

We have carried out these calculations for the case of 
a JF-meson mass of 1.5 GeV. CERN neutrino experi­
ments indicate that the mass is approximately in this 
range.14'15 The numerical results for the decay rates are 
given in Table I in terms of the rate of W —•> 1+ v which 
is approximately 

mtew^i+v=g2Mw/6w. 

SUMMARY AND CONCLUSIONS 

We have calculated several of the decay modes of 
the W meson on the basis of a model of the weak in-

TABLE I. Decay rates of W~ into two meson final states expressed 
as a ratio to the rate for W~ —> /+*>. (Mass of W = 1.5 GeV.) 

Decay mode Rate 

W~- > 7T-+7T0 

> /C-+7T0 

>K~+V 

> K-+K° 

>P-+K° 
>P°+K-

0.235 
0.006 
0.004 
0.004 
0.051 
0.36 
0.36 
0.72 
0.11 
0.11 
0.057 
0.0045 
0.009 
0.0007 
0.016 
0.008 
0.01 

14 J. M. Gaillard, Bull. Am. Phys. Soc. 9, 40 (1964). 
15 Sienna Conference on Elementary Particles, 1963 (to be 

published). 

teractions incorporating unitary symmetry. In order to 
find the decay rate it is necessary to know both the 
vector and the axial vector currents. The vector current 
is found by generalizing the isotopic spin current of the 
usual strangeness nonchanging conserved vector-current 
theory to unitary symmetry. The axial vector current 
was chosen to satisfy the generalized Goldberger-Trei-
man relation. 

As was to be expected, the final states having nonzero 
strangeness were greatly suppressed. This suppression 
arises primarily from the low value of sin0, reflecting 
the experimental fact that AS= 1 decays are generally 
an order of magnitude slower than A 5 = 0 decays. 

Among the A S = 0 decays tabulated we note the com­
paratively high rate for W - ^co+x . I t is worthwhile 
observing that the calculated rate for this process is 
independent of our assumptions of unitary symmetry. 
This decay proceeds only through the vector current 
and is calculated using only conserved vector current 
theory and the decay rate co —» 7r°+y. 

Another observation to be made from the table is 
that several of the decay modes have purely charged 
final states. For example, W~ —-> p°+ir~ —> 7r++x~+7r~" 
and W~ -> K*°+K~ -> K++T-+K-. The total relative 
rate for this type of decay is about 0.45. 

In this model we have not considered the effect of 
form factors as induced by strong interactions. Final-
state interactions can become important if a resonance 
occurs at an energy near the mass of the W meson. 
Such effects have been considered, for example, by 
Bernstein and Feinberg.16 Since the W mass is believed 
to be14,15 about 1.5 GeV, the question of resonant en­
hancement must remain open until resonances in this 
energy range have been found and studied. 
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