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In order to explain the apparent lack of re-
normalization of the vector P-decay coupling
constant, Feynman and Gell-Mann and Gerstein
and Zeldovich have suggested the idea of a con-
served vector current. ' The proposed current
is strictly conserved only in the approximation
in which one neglects small deviations from iso-
topic spin conservation such as those originating
from multiplet mass splittings and from the
usual electromagnetic corrections. At present,
the effect of these deviations is of considerable
interest in view of the existence of an apparent
small discrepancy between the beta and muon
decay coupling constants. It is the aim of this
note to prove some theorems, valid to all orders
in the strong coupling, concerning the effect of

these mass splittings on the effective vector P-
decay matrix element.

These corrections can most easily be calculated
by writing an "effective" Lagrangian which con-
sists of the usual free and strongly interacting
charge-independent boson-fermion Lagrangian,
Lo th e weak decay interaction L~, plus ter ms
involving operators which represent the multiplet
mass splittings (and which, when taken between
physical states, give the experimentally observed
mass differences). These mass operators may
be interpreted as arising from interactions which
violate charge independence, such as the elec-
tromagnetic coupling, and represent the clothing
by such a field of the fermion and boson propaga-
tors. ' The total Lagrangian may be written

L=L +L +L +L2,
ZP
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where 5muf, = mu - my, (&m')uf, = mu' - my'. It
should be noted that in isotopic spin space, L„
Ly and L, behave as spherical harmonic 8 Yo',

and Y2 respectively
The weak-interaction Lagrangian will be ex-

pressed in the form Lu'= gj &tj ", where j& is
the strangeness-conserving part of a conserved
charged vector current. For the following
theorems, we will assume that the part of j" con-
structed from the strongly interacting fields sat-
isfies the condition4

( p(-I

where g =t e~~T2. It is not necessary to specify
further the form of j . In momentum space, the
most general vector matrix element for P decay

arising from L is of the form

where I'I is the vertex operator

I' =(ay +bq +co q )r,
p +

and P' and P are the four-momenta of the neutron
and proton, q =P' —p is the four-momentum trans-
fer, and 6m, and 6m, denote the various mass
differences which appear in L, and L„respec-
tively. The quantities a, b, and c are invariant
functions of q' and of Om, and 5m, . The first
theorem states that a and c must be even func-
tions and b an odd function of Gm, . In order to
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prove this statement let us first observe that
under the transformation g, L is changed only
in that the sign in front ot L, is reversed.

From this, it follows that under this trans-
formation

I' (q, 5m„5m, )-I' (q, -5m„5m, ).p,

On the other hand, it is possible to show by
direct evaluation that under g

(5)
~ 1

where 6=Ce ' '. Comparing Eqs. (4) and (5)
and remembering Eq. (3), we find that a and c
are even functions and b is an odd function of
5m~.

The second theorem states that the contribu-
tions to M of first order in any of the 5m, (but
of zero order in the 5m, and for q& =0) is zero
to all orders in the strong coupling. In order to
prove this statement we first note that the above
contributions to the matrix element may be
written in the Heisenberg representation in the
form

M - fd'xd'y(p I Tfj (x)L,(y)) In)

xe [u y (1+y )u ],e p. 5 v'
where In) and Ip) are eigenstates of the total
charge-independent Hamiltonian H, derived from

Now we observe that U = fd'x j'(x) is a constant
of the motion because j& is conserved and there-
fore commutes with B,. Therefore, U acting on
either Ip) or In) generates a linear combination
of eigenstates of Ho corresponding to the nucleon
energy. ' (We assume that the only possible eigen-
states of this energy correspond to i =-,'.) Now,

setting q =0 and going to the nucleon rest frame,
we notice that only the zero component of j~ gives
a nonvanishing contribution and fj'e~q'xd'x re-
duces to U. Remembering the above-mentioned

property of U and the fact that L„behaving as
&, , cannot connect two isotopic spin —,

' states,
we see that M(1) = 0.

From the two previous theorems, we conclude
that the corrections to the effective vector P-
decay matrix element due to the various multiplet
mass splittings may be expected to be typically
of the order (Gmnp/my)'-10 . Although the
corresponding corrections in O' may be per-
haps larger by a factor of ten because of the
greater energy difference between initial and
final nucleon energies, the previous results in-
dicate that these effects may be completely neg-
lected in determining the ratio of the muon- and
P-decay coupling constants.

In a spirit of conjecture, it is perhaps inter-
esting to observe that if it is feasible to con-
struct appropr iate strangeness-nonconserving
currents which are conserved in the limit of
neglecting certain baryon mass differences, then
the possible existence of theorems similar to
those above would indicate that the renormaliza-
tion effects would be of higher order in the mass
splittings than might be originally expected.
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