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Abstract

It is suggested that the muon and electron have mass values which maximize the
dimensionless quantity I'/Q (decay rate/Q-value) for classes of meson decays and P
decays, respectively. As a consequence, Mz- — Mzo is predicted to be 5.2 + 0.3 MeV.

A RECENT paper [1] suggested a new approach to the problem of the anomalous mass of the muon.
The idea is based on the dominance of the p + vy decay mode of the pion, and kaon, in spite of
the large muon-electron mass ratio. Given a V - A weak interaction [2], the muon has, within
0.13 per cent, the mass which maximizes the quantity [q/Qny + Tku/Qgy, where I is the de-

cay rate and Q the Q-value for the indicated.two-body decay modes.

The above idea has also been applied to the mass of the electron and the corresponding (-

decays ™~ » m° + e~ +v_ and K° » K* + e~ + v_ [3]. (The latter decay has not yet been
observed. However, this is as expected because of the dominance of strangeness-changing decay
modes for the K-mesons which follows from the much greater energies available in those cases.)
With the assumption of a universal, V - A, weak interaction, and a conserved-vector current, it

was found that the value of the electron’ s mass which maximizes the quantity F“B/Q“B +

+0. 007
Tkp/Qkp 18 0.517 _g 905 MeV. This is to be compared with the electron’s mass which is 0.511

MeV.

Whereas m,, and K, are the only two-body decays involving muons, it is interesting to con-
Jecture that the electron’s mass maximizes /Q for a larger class of p-decays. We consider this
possibility here.

A P-decay is defined as a decay of the type A+ B+ e~ + ;:, where A and B are hadrons which
are members of the same isotopic multiplet (particles whose mass differences are believed to be
due to electromagnetic effects). With this definition there are the meson PB-decays indicated
above in the pseudoscalar-meson octet and the following decays in the baryon octet:

E- . B°, $” 4 3°, 3° 2 3* and N» P [4].
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To obtain explicit expressions for the matrix elements of the above decays, we use the
hadron weak currents suggested by Cabibbo [5] and the couplings determined by Brene, Hellesep
and Roos [6]. E.g. for the baryons we have for A » B,

- i i _ - -1BA
<B ‘JVA + JAKl A> = cos 6 x u [f YA

5 (Ot,qdiBA (1 - GA)fiBA) Pra Y:«] u,

with B = 1.15 and o4 = 0.67 + 0.03. With the assumption that the vector Cabibbo angle, 8y,
equals the baryon angle, 6p, cos 0 can be factored from J, for all of the decays.

Using the hadron current given by Cabibbo’s theory and the V - A lepton current, we obtain
for a given decay

Fi/Qi = CiEOi4 [(1 iy xi2)1/2(2 kil gxl‘_z = Sxi4)

+ 15x£4 In ((1 + (1 - xi2)1/2)/xi)] /(1 - xi),
where Eq; = My -~ Mg, x; = M_/Ey;, and C; is independent of mass values. We wish to find

6
the value of M, which, given all other mass values and couplings, maximizes F = 3 [,;/0;.
i=1
Introducing R; = Eq;/Ey; and calling x = M,/Ey,, Wwe have F = F(x, Eow, C;, Ry,
and we require x so that 0F/9x = 0. Using the tables of Rosenfeld et al., [7] we obtain [8]
M, =o0.51 0 0%y
g "= 027 =g, e BB
The result is not particularly sensitive to the d — f ratio for the axial currents (o above).

In fact, most of the uncertainty in the above result is provided by the uncertainty in fE,-,
Thus, if Egz = 6.5 £ 0.0 MeV with all other data as above, we would have X

M, = 0.57 £ 0.01 MeV.
We see that agreement is obtained with the conjecture that the electron’s mass maximizes [/Q
for all P-decays provided that E = is somewhat less than 6.5 MeV. (It is perhaps interesting

to point out that the relatively sparse data on leptonic =-decays was not used in obtaining a
value for d/f in Ref. [6]).

Momentum-transfer dependent form-factors, and recoil and radiative corrections were ignored
in the above calculations. They could provide a correction of the order of one percent [9]. we
suggest, therefore, that M_._ - M., ~ 5.2 + 0.3 MeV. This is consistent with the experi-

mental data. However, it disagrees slightly with the value predicted by SU(3) [10].

As pointed out [3], the effect of varying a lepton's mass in the case of the P-decays is not
as dramatic as that produced in the two-body leptonic decays. Nevertheless, for the P-decays,
the non-zero value of the electron’ s mass enhances F/Q by 5 per cent.



Possible leptonic decays of resonances, both meson and baryon, have not been included in the
above considerations. There is as yet no information on mass splittings within isotopic multi-
plets of resonances. But more importantly, it may be necessary to make a fundamental distinction
petween resonances and long-lived states with regard to weak interactions (11].

The speculative nature of the above considerations is obvious. In considering further this
approach to lepton dynamics one might keep the following in mind: The dimensionless character
of F/Q. The fact that maximizing this quantity for classes of decay processes yields the masses
of both charged leptons. (This suggests that there might be a relationship between the quantum
numbers associated with the muon and electron and the association of particular decay processes
with each lepton.)

Further development of the extremum relationship could make an "explanation" of the muon mass
(and the electron mass) in terms of self-energies generated through field interactions unneces-

sary, and perhaps even meaningless.

To summarize, we suggest that given the Cabibbo theory of weak interactions and the hadron
masses, both the muon and electron have masses which maximize the dimensionless quantity [/Q for
classes of decay processes associated with these particles. This conjecture requires that
M:_ - M:O & 5.5 MeV.
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