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and the indirect coupling is of the required form, giving for the
constant k,,

(68) k=1 fafs
a being a factor (})/2) < a < 2, dependent on the nature of
the meson. The equivalent direct coupling for Ss mesons is g,, for

Vv mesons g,, for Vt or At mesons g,, for Aa or Pa mesons g,,

and for mesons g;.
The lifetime 7, is given (except for Pa and Sv mesons) by

(69) 1)1, = a'f/dzn

with ¢’ = 1 for Ss or Pp mesons, = 2/3 for Vv or Aa mesons, = 1/3
for Vt or At mesons. For Pa or Sv mesons,

(70) 1/7,, = m?f'%/4ns

(for calculations of 7, see YUrRAWA et al. [1938a], BETHE and
NorpHEIM [1940], CHANG [1942], and for all cases SaAkATA [1941a]).
We know the value of k& and the magnitude of f, it is therefore

possible, by eliminating ; between (68) and (69) or (70), to find
the value of 7,. For Pa (or Sv) mesons,

(71) T, = 44-107°% sec.
(A has been defined in (43)), and for the other cases
(72) T = 3 ak-1071 sec.,

Le. it is »%/a times smaller. (This result is essentially the object of
ROZENTAL’s [1941b] paper where it was shown that the lifetime
of the cosmic ray meson was only compatible with Pa mesons!).
Therefore only Pa charged n-mesons can be acceptable for coupling
scheme (3) (see Fig. 11).

Fig. 11. Coupling scheme (3) Fig. 12. Coupling scheme (4)
———— indirect coupling. ———~ indirect coupling.
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Moreover, in this case (MARTY and PRENTKI [1948], LoPEes

[1948]) if m-mesons have the same coupling f; with (u,») and
(¢,v), we have 7, > 7,, '8 and therefore, as in § 4. 2, a possible
alternative to scheme (3) is scheme (4) (Fig. 12).

If 7 is pseudoscalar (as is likely, see § 2. 3), in schemes (3) and (4)
the indirect coupling for g-radioactivity is equivalent to a g, direct
coupling (n, p)(e, »); this gives the G—T selection rules. However,
we have seen (§ 3. 4) that the Fermi rules seem also necessary at
least for the O decay, and also probably for some forbidden shape
spectra which can be explained only by a mixture of Fermi and
G—T interactions, g, g, or g,, g, or even g,, g,. Therefore a direct
coupling g, must be added or, if one wants to avoid this direct
coupling, one has to postulate the existence of another charged
nuclear meson giving an indirect coupling equivalent to go. 1t
must therefore be a vector meson, and according to § 2. 6 it cannot
be the V*-meson. The lifetime of this postulated meson X (rest
mass %) for the process X — &% + » would be

(73) t=1.6 x 107 f2/x5 sec.,

where fis its nuclear coupling. Of course if f is small enough and /or »
is large enough, this meson would not be observable!

4.4 Summary

It is to be expected that we shall soon have more knowledge of
the nature of the V and V' mesons, and also on the terms of the
p-radioactivity direct (or equivalent indirect) coupling. The
coupling scheme (1) will be ruled out if this interaction is not 92 94
(other mixtures compatible with the scheme are forbidden in the
discussion § 3. 4), or if #-mesons are not pseudoscalar (but this is
most unlikely).

When the nature of the terms of the interaction for B-radio-
activity (direct) coupling are known more precisely, it will be poss-
ible, by the study (still in progress) of the u-meson decay spectrum,
to determine whether this spectrum can be satisfactorily accounted

¥ For the equivalence of the direct coupling (n, p) (¢, ) and the indirect
coupling n-(n, p) and #-(u, ) we did not distinguish between Pa mesons
and the other possibilities because the ratio of 7, 4« 1s then no longer y*/a but
only x*/u%*a ~ 1.7/a.
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for by the same coupling terms. It now seems more difficult to
visualize p-meson capture experiments decisive for the choice of
coupling schemes.

5. CONCLUSION

At present, the study of the coupling properties of particles is
only descriptive. Physicists observe and classify couplings in much
the same way as botanists do species! No essentially new ideas
(outside electrodynamics) have been successfully put forward since
Fermi’s p-radioactivity and Yukawa’s mesons, now over fifteen
years old. Predictions from these ideas have been very helpful, but
not completely so, as was expected.

Meson theories have had great success, but this is outside the
field of nuclear interaction. Nuclear physics has developed quite
independently of meson theories (for instance, the droplet model,
shell structure, and the phenomenological potential for nucleon-
nucleon interaction), and even for the simple nucleon-nucleon
interaction meson theories fail at high energy. However the dis-
covery of the z°-meson, so badly needed for meson theories of
nuclear forces, was a notable success, and its decay into two photons
gives more confidence to the application of hole theory for nucleons.
The #* and 7°-mesons are probably pseudoscalar, and experiments
now in progress with artificially created mesons (mainly con-
cerning interactions with hydrogen and deuterium) may be expected
soon to give a still better answer to the question, and allow one to
decide in favour of Pa andfor Pp coupling for this symmetrical
pseudoscalar set of mesons.

Today, direct coupling seems necessary for S-radioactivity, and
experimental agreement is satisfactory (the main difficulty is
C'). The study of spectra with forbidden shape (conjugated with
spin measurements), of electron neutrino angular correlation, of
neutron decay, etc. should fairly soon allow one to specify which
terms g,/; form the direct coupling. It is for u-meson decay how-
ever, in the present state of affairs, that direct coupling is absolutely
necessary and gives perfect agreement with experiment.

As long as coupling scheme (1) is not ruled out, it is remarkable
that one may be able to explain all interactions between particles
by adding only one coupling to the already known nuclear, electro-
magnetic and gravitational interactions.
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Especially for the problem of coupling properties of particles,
many answers are pending because in these cases the theory cannot
give reliable quantitative results. Too often in the literature the
existence of these particular cases is claimed to be excluded because
of such difficulties 19; it seems necessary to recall (as did ROSENFELD
[1950]) Fresnel’s sentence: “La Nature se joue de nos difficultés
analytiques”.

The opposite attitude is no better. The elegance of a theory is no
guarantee of its applicability to natural phenomena. Since elegance
cannot be decisive in accepting or rejecting a theory, it cannot be
significant as a criterion for the choice of alternatives within the
arbitrariness of a theory (as the choice of coupling 2 here). Experi-
ments give the final answer. Of course one has to make and test
first the simplest hypotheses (with the least possible arbitrariness).
But only a completed theory can be put in an elegant form ; theories
in evolution are necessarily unsatisfactory, and this is true for
the present theory of elementary particles which, (besides the
lack of a successful intermediate coupling method) probably
breaks down at very short distances or at very high energies. The
realistic point of view of regularization could have been a solution,
since it emphasizes the necessity of treating all fields together, but
it failed (see, for instance, Pars and UnLENBECK [1950]).

However, the future is very promising; new heavy particles
(V- andjor V') have been discovered in cosmic rays and may soon
be produced artificially. These probably have some bearing on the
unsolved problems of nuclear forces. Finally, the techniques of
observation of very high energy nuclear events have been greatly
developed, and will offer important data for testing improvements
or fundamental modifications of the theory of the interactions
between particles. Cosmic rays will for many years be our only
source of such events.

1% This has even been invoked against the existence of direct coupling
because of the ~ r=5 second order static interaction potential between any
two of the involved fermions!

*0 As, for instance, the symmetry principle of pE Groor and TOLHOEK
[1950]; this principle restricts the direct coupling of p-radioactivity to a
mixture of either g,, g, or g¢,, g4, ¢s.
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