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The #—p decay through an intermediate veetor meson is considered,
Choosing a simple interaction Lagrangian, the interaction Hamiltonian is
found to consist of a term for the decay mediated by the vector meson and
a direct decay term. The apparent contradietion with angular momentum
conservation is resolved by showing that the S-matrix element to lowest
order for the mediated decay process vanishes. The pion. then, decays
through the direct interaction.

In the intermediate vector meson theory of weak interactions, a natural
question arises how a spinless particle like the pion can decay into a muon
and a neutrino through a spin one vector meson: 7> W — p+4v, W being
the vector particle. The present note is aimed at clarifying this question.

1. Let us first recall some features of the canonical formalism of quantum
field theory.

(1) The interaction Hamiltonian generally differs from negative interaction
Lagrangian by a term which is at least of the second order in the coupling
constant g:

W, = —LFg2h .. .. .. {L1)
The term g2k can be uniquely determined fromn a given interaction Lagrangian
(Takahashi and Umezawa 1953). In many cases, £, , does not satisfy the

int

integrability condition while %, . does.
(ii) The S-matrix
o ) » +© + oo
S = z ( —; g J' dy .. f denP[ M (@) .o By ()] . (1.2)
n=0 —w o

corresponds to an assembly of Feynman diagrams. Each internal line in
the diagram is the propagator <P[-/1(x), z/?(x’)]>0.

If H,, contains the derivative D(9) of ¢, the internal line is
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The same §S-matrix can be obtained by replacing #,, by —JI,

.t and the
propagator by (Takahashi and Umezawa 1953)

CPHE), §) 3, = 106 (o)

= g [d(9), elw—a')] A (@—2")
/ : \
+\P[¢ @) . .. .. (1.3)

and

PO, DEWE Y,
= }d(8)D(9)D(9') A (x—2' )

g[d(a)p(a)p(a'), e(x—a")] A (x—2)

7 : NN
+ PIDEWE. DE@WEN S, - - ()

The symbol d(3) = {dug(@)] is the derivation operator appearing in the
commutation relation, e.g. [@y (%), Qﬁ(x')] 4+
1, g > '
= idyg(0) A (x—2'); and e(x—2') = { + % x‘i.
—]., Zp < xO

In this connection see also Umezawa (1956).

2. Consider now the theory of intermediate vector meson where the
weak interaction Lagrangian has the form

Lo =5 Wuti Wuth . c. N A 8!
Here j;, j;‘ are the baryon and lepton currents respectively and W, is a
vector field. It is the crucial point that the interaction Lagrangian and not
the interaction Hamiltonian is made up of current and vector fields.

To account for the conservation of angular momentum, we should write
the matrix-element in terms of the interaction Hamiltonian (1.1). We have
also to consider separately the two diagrams that result for the pion-decay,
viz. Figs. 1(a) and 1(b).
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The black boxes denote the baryon contributions due to
strong interactions. The internal line of Fig. 1(a)
corresponds to the propagation function defined by the
P.bracket.
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The contribution of Fig.- 1(a) is zero due to the conservation of angular
momentum. Still the pion can decay into a muon and a neutrino through the
reaction corresponding to Fig. 1(6). When we replace the P-bracket by the
P*-bracket, the contribution due to Fig. 1(b) is amalgamated into that due
to Fig. 1(a).

3. We shall illustrate the situation by a simple model of interaction with
the Lagrangian

Lo =fBYWutg0um . Wyu+h . c. .. .o (30)
Simplification is effected by replacing the =— W interaction throngh vacuum
baryon pairs by a direct #— W interaction.

The interaction Hamiltonian to (3.1) is

M. = —g2W,l VT+ 5 (foYol+g0on 1) (fiY oy + g0om)

int
—faYy W y—g0um . W[ p Wi —gd,mt W1 S (3.2)

The symbol x is the mass of the vector meson. The S-matrix element. corre-
sponding to Fig. 1(a) using the Hamiltonian, in (3.2) is

/F}S]I\ = — ——fd%fdf'y Bty | p(x)ym(x) lo/\o] a)m(y)]-n+\
1 0,0
x [Q(Sﬂ)«“ "i'z_/\) Ap(x—y)+)%,8#43)«43“)(-73—?/)]- .. (3.3)
The single-particle wave-function is given by
// 0 ] +\ = Z.p A
(o are VvV 2p,V
the propagation function by

efl"!/’

-2 eltl-(z—y)
AF(-’L‘—?I) = )i fd‘il iy’ and 28“48/\48( =)

is the normal-dependent term. Since

7]
J‘d“y 0]677 >‘12( A iz—'\) A (x—y)

eim2Pu . | da Colom )-n"'\ 15 8 8W(xm ),
\/2]“0V Xz g ool S HH (=

<F] S| > vanishes and nt — #*4» proceeds according to the reaction of the

Hamiltonian fgiy,udgm. When calculated with the Lagrangian (3.1), the
P*-bracket method gives

$itl =% f bz f aty iy @ > ol dgniy)|n* >

" [% ( - 2;.@_\) F(x——'y)] L (34)
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The expressions in the square brackets of (3.3) and (3.4) differ by
(1/X2)8,.40) 3 (w—y).

Summarizing, the canonical theory naturally introduces the direct decay
interaction (g%h) through which the pion decays into leptons.

ACKNOWLEDGEMENTS
The author is deeply indebted to Prof. H. Umezawa for suggesting the

problem and for his invaluable guidance throughout the work. He also
thanks Prof. E. R. Caianiello for his hospitality.

REFERENCES

Takahashi, Y., and Umezawa, H. (1953). The general theory of the interaction representation.
1. The local field. Prog. theor. Phys., Osaka, 9, 14.
Umezawa, H. (1956). Quantum Field Theory. North-Holland Publishing Co., Amsterdam.



