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ABSTRACT

The near equality of the effective coupling constants
in the processes of beta decay, muon decay and muon cap-
ture has led to the postulation of a Universal Fermi Inter-
action between the pairs of spinor fields np, pv , ev . The
weak decays of the strange particles are consistent with an
effective coupling constant of the same order of magnitude
and can be understood by adding the Aﬂ—p pair to the above
pairs of spinors. The possibility of a universal four-fermion
interaction has been reexamined in the light of the recent ex-
perimental results on the nonconservation of parity and charge
conjugation in weak interactions. From measurements on
beta, muon, pion and kaon decay and the assumptions of the
two-component neutrino and the law of conservation of lep-
tons, it is concluded that the only possible universal four-
fermion interaction is an equal admixture of vector plus axial
vector interaction. Several experiments appear to centradict
this hypothesis and their status is reexamined.

1. INTRODUCTION

The near equality of the effective coupling constants-in
the process of B decay, . decay and p capture led various
authors (1) to postulate a Universal Fermi Interaction between
the pairs of spinor fields np, pv, eV . The observed lifetimes
for the several decay modes of strange particles are consist-
ent with an effective coupling constant of the same order of
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magnitude. A detailed study (2) of the strange particle decays
indicates that these can be understood as being brought about
by a {postulated) interaction of the (A°-p) pair to the above
pairs of fields (3]. We have investigated the question of a
Universal Interaction in this extended framework.

An analysis is made of the relevant information from
B decay experiments, as among the weak interactions this is
the best studied coupling. There is a wealth of pertinent data,
most of which are comparatively recent, including some
which are contradictory and require remeasurement. The
simplest and most satisfactory assignments of coupiling types
are ST or AV. A choice between the two possibilities requires
arguments based on analogies with other weak interactions.

The examination of other weak interactions favors
strongly the assignment of the AV combination on the basis
of the muon decay data in conjunction with the law of Conser-
vation of Leptons. Additional support for this assignment
comes from the decay modes and lifetime of the pion and to
some extent from the kaon decay modes. We are thus led to
postulate a universal four-fermion interaction which is a
mixture of vector plus axial vector interaction, In this man-
ner a natural explanation of parity breakdown in non-lepton
decays of kaons and hyperons is also achieved.

In Section 2 we review briefly the 8 decay data, and in
Section 3 the data on the decay of other particles. The specif-
ic statement of the Universal Interaction hypothesis 1s given
in Section 4.

2. EVIDENCE FROM THE 8 DECAY

The more important evidence on the nature of the
couplings in 8 decay may be summarized as follows:

(I) The electron-neutrino angular correlation. The
correlation parameter X has the values -1, +1, +1/3, -1/3, for
S, V, T, A interactions. Measurements have been made for
Hef’, Nel?, neutron and A35. The pure G-T transition in Heb

L )

indicates a strong T interaction (4) and the dominant Fermi
transition in A35 indicates a strong V interaction (9)., The meas-
urements on the mixed transitions Nelg, neutron are not very
decisive but they agree best with a VA or ST combination (6).
Since the angular correlations in allowed spectra depend only on
the absolute squares of the coupling constants (apart from the
Coulomb effect), these conclusions are independent of the val-
idity of time-reversal invariance. Also, since the correla-
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tion itself is a scalar, the parity conserving and nonconserving
parts contribute independently and the details of parity viola-
tion do not affect the above conclusions.

(II) The measurement of pseudoscalars in pure G-T
transitions. The emission asymmetry in the decay of polar-
ized B emitters and the longitudinal polarization of electrons
from B decay, being pseudoscalars, involve the interference
between the parity conserving and parity nonconserving inter-
actions. The two-component theory of the neutrino {’) brings
about the parity viclations in a natural fashion and leads to a
maximum value for this asymmetry. Experimental results on
Cob0 are consistent with this prediction (8). The interference
effect depends on the relative phase factors of the parity con-
serving and nonconserving terms. In the two-component
theory, these phases are always real (i.e. + 1) and the relative
sign is equivalent to the sign of the longitudinal polarization of
the emitted neutrino. However, the experimental quantity
measured is the electron polarization {or electron emission
asymmetry); the interference as to the type of interaction
depends on the assumption of one or the other polarization for
the neutral particle emitted. For a J = J-1 transition, the
measurements of longitudinal polarization and emission asym-
metry give essentially the same quantity, namely + { \A\z -
lTl 2y/( IA‘ 2 4 lT‘ ). The measurements on Co®¥ indicate A
or T according as the neutral particle emitted is right-handed
or left-handed. One easily verifies that the relative phase
factor between A and T is irrelevant in this connection.

(III) The measurement of pseudoscalars in pure
Fermi transitions. The quantity measured is 2 Re (SS'% -
Vv'ey / \S\z + \S'\z + t‘f\z 4 ‘V'lzl, The only decisive ex-
periment available (9) has been done on the 8 transition in
Gab®. The longitudinal polarization has the sign expected for
a Vor S interaction according as the neutral particle emitted
is right handed or left handed. The absolute value of the
asymmetry is large and is consistent with the maximum ex-
pected ~ V/C, This latter result would require the Fermi
coupling to be all pure scalar with a left handed particle
being emitted, or all pure vector, with a right handed particle
being emitted.

(IV) The electron polarization in mixed transitions,

The nuclides Sc46 and Aul78 have been measured
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(Au198 is first forbidden) (IU). The combination of coupling
constants measured here is (X is the ratio of G=-T to Fermi
matrix element):

Re (SS'* -~ VV'%) + x & {TT' - AA"®)

v S

o

(s|2+ 1s' |2+ | V2 +] V'8 + 52 (TI® + | T']° +]A15 + |A']2)

In both cases the latest experimental results give a very
large effect, which is consistent with the maxirmnum value ~
v/c. In other words, if the neutral particles are of the same
spirality for both Fermi and G-T ceuplings, the coupling
types have to be AV or ST,

(V) The measurements of pseudoscalar interference
terms between Fermi and G-T interactions. The emission
asymmetry as well as the §-polarized ¥ correlations in mixed
8 transitions followed by ¥ emission lead (in favorable cases)
to an estimate of the combination

Re X{ (ST +§' T#) - (VA" + V' A¥%) }

B o A i e

(1512 + |s'12 + [v[€+ [v']4) s 2 (T2 T2 + 1Al + [AY5

The Co23 measurement was originally interpreted to mean
that this combination was nearly zero (11); but the 5c46
measurements (}2) give a non-vanishing value for this quan-
tity, implying that both the assignments VT and SA are in-
compatible. The absolute value of the effect is large and is
not inconsistent with the possible maximum value. Unlike
the electron polarization, these interference terms are not
~ (v/c) but more nearly v/2c ] However, a measurement

of the same quantity on the oriented neutron decay (}3) seems
to give a much smaller value.

One verifies immediately that there is no choice of
coupling types consistent with all the experimental data. For
example, the measurement of angular correlations in mixed
transitions as well as the measurements of emission asym-
metry or 8-y correlations in mixed transitions favor a VA or
ST combination; but the measurements of angular correla-
tion in He® and A3% give T, V respectively. Nevertheless,
the fact that in practically all the measurements of pseudo-
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scalars the values obtained are consistent with the maximum
value possible must be highly significant.

‘The present 8 decay data, while still somewhat con-
tradictory from an experimental point of view, seem to sug-
gest some definite choices for the coupling types. Since in
most experiments, the measured asymmetry is large and is
consistent with the maximum possible value predicted by a
two-component theory of the neutrino, the simplest interfer-
ence would be that the 8 decay coupling is either AV or ST.
While in most of the experiments one cannot establish that
the absolute value is equal to the maximum, there are some
precise experiments (like the Cob0 asymmetry) which come
quite close to it; and one can expect that this conclusion will
be put to rigorous experimental test in the near future.

The AV (or ST) combination has the added merit that
the neutral particle emitted in electron decays is then right-
handed ( or left handed) both for the Fermi and the G-T inter-
actions. This is to be contrasted with the VT or SA combina-
tions where not only would neutral particles of apposite spi-
ralities have to be coupled in the § interaction but these coup-
lings would also be incompatible with the findings listed under
(V) above. In the case of both AV and ST, the Fierz interfer-
ence terms in allowed spectra and first forbidden spectra
vanish identically.

The small value for the combination discussed in (V)
for the neutron decay if taken literally requires that the Fermi
and G-T terms have a complex relative phase factor. This
conclusion applies equally for the ST and AV combinations. It
is quite possible that the asymmetry from the neutron decay
(12} has been underestimated experimentally.

The choice between AV and ST thus hinges essentially
on the electron-neutrine angular correlations or equivalently
on the determination of the spirality of the neutral particle
emitted in Bdecay. As regards the electron-neutrino angular
correlations, this implies a choice between the A35 and He®
experiments. It seems fair to suggest that both the A33 and
Heb experiments ought to be redone (13a)., The determination
of the neutrino spirality directly is impossible, but the con-
sideration of Universal Fermi interaction suggest that it should
be right-handed (see below). In the next section we examine
the other weak interactions in the light of such a principle.

il
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o u = Y ——

3. THE EVIDENCE FROM OTHER WEAK INTERACTIONS.

For muon decay, since two of the emitted particles can-
not be detected directly, an angular correlation experiment is
not possible. Although the spectrum shape {mmeasured by the
Michel parameter (14) ) depends on the coupling types the
Michel parameter by itself yields no very precise informa-
tion, The emission asymmetry for muons from pion decay at
rest gives the coupling combination VA, Since the argument
establishing this conclusion is somewhat elusive, we shall
briefly sketch it below:

The observed positron asymmetry from the decay of
stopped pt {originating from 7+ decay at rest) is negative (13)
and has an absolute value close to the maximum expected (1/3).
Provided we assume that the G-T interaction in Cob0 js tensor
and that the Law of Conservation of Leptons (10} is valid, the
vt has positive longitudinal polarization, The explicit relation
for the asymmetry for the positrons for a Hamiltonian which
conserves leptons gives the coupling types. If on the contrary,
we assume that the Btransition, in Co®0 takes place via the
axial vector interaction, the p+ has negative longitudinal polar-
ization. However, the interaction Hamiltonian for p decay 1s
now somewhat different, since the spirality of the neutrino
field is altered to conform to the observed Co®0 asymmetry.
In fact, the new interaction Hamiltonian is obtained by replac-
ing (1+ Ys ) by { 1 T ¥g5 ). Since pseudoscalars thereby change
sign, one can now verify that the coupling type is again deter-
mined to be A, V.

The muon decay data thus suggests A, V interaction
irrespective of the spirality of the neutrino field. The latter
canbe unambiguously determined ifone measures the longitud-
inal polarization of the positrons from u+ decay. The posi-
trons would be expected to be right - or left - polarized, ac-
cording as the Cob0 transition proceeds via axial vector or
tensor interactions, provided the Law of Conservation of Lep-
tons is valid.

The experimental value (17) of the Michel parameter,
0.68, is in good agreement with the value 0.75 expected for
the case of one right-handed and one leit-handed particle in
the final state {especially if one takes account of the radiative
corrections (18), which change the effective value of the para-
meter from 0.75 to 0.71). Since the T interaction vanishes

el
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identically in such a case (and since the A, V interactions are
equivalent), one can equally well assigna VA, VT or AT com-
bination for the interaction in p decay.

Additional information on the coupling types is obtained
from the decay lifetimes of 7 and K mesons, considered as
taking place through Fermi interactions superposed on the
strong Yukawa couplings. The branching ratios in these de-
cays are the quantifies of interest; and, to this extent, the
validity of either time-reversal invariance or the details of
parity violation may be disregarded. From the pion decay we
conclude: (a) The comparative rarity {19 | S 1074 ) of the
electron mode (2'0) 7+ = et 1 v indicates that the pseudoscalar
coupling of the ey, np {ields is small compared with the axial
vector {(or pseudoscalar) coupling of the pv, up fields. (b)

The rarity (21) (£10-2) of the radiative mode 7t ~ et + p + 5
indicates that the V, T couplings of the ey , np fields cannot
be much larger than the A, P couplings of the uv , np fields,
(c) The pion lifetime is consistent with an axial vector coup-
ling constant ~ 1049 erg cm3,

Among the strange particle decays, the most informa-
tive in this connection are the lepton modes KU»Z and K,, , the
latter being comparatively rare ( < 10-2 ). The relative pari-
ties of ANK are not known but if we assume that the K mesonis
Yg coupled, the rarity of the electron mode shows that P coup-
ling of the A%9p, ey fields is small compared to the axial vec-
tor {or pseudoscalar) coupling of the ACp, yv fields. (For
scalar-coupled K mesons, A and P are to be replaced by V, S
respectively.} The decay modes KLL?’ » Ko3 as well as the pion
modes 8, T are not very informative as far as coupling types
are concerned.

4, A SCHEME OF UNIVERSAL FERMI INTERACTIONS,
The analysis of the decay of pions and kaons thus seems
to point unequivocally to a dominant A interaction among those
operative in the decay process. The muon decay data is con-
sistent with VT, AT or AV. Among these three possible as-
signments, the only one involving the A interaction is AYV.
Since this is the only assignment consistent with 8 decay data
and pion (as well as kaon) decay data, the only possibility for
a Universal ¥Fermi Interaction is to choose a vector + axial
vector coupling between every two of the pairs of fields uv,
ey, np, A°p . This scheme provides a natural mechanism for

- i
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parity violating coupling of A°p, np leading to the T and 8
modes of the K meson. As an added merit, one can mention
that the AV combination behaves in the same fashion for the
decay of scalar and pseudoscalar mesons. This is important
if present indications that the kaon is scalar (¢13) turns out to
be correct.

In the framework of our hypothesis, the 8 decay inter-
action is defined uniquely by the sign of the electron asyme-
metry in the decay of oriented Co00, This unique form is

g P ‘}’p,(l+75lNE Y“(1+‘)’5)v+h.c.

The hypothesis of Universal Interaction generalizes this S
coupling to a coupling of four Dirac fields A, B, C, D in the
form

gA v, (1+y5)BC v, (1+y5)D
provided the reaction
B+ D= A+ C

or equivalently, the reaction

L]

B~ A+ C + D
satisfies the conservation laws of electric charge, lepton num-
ber and baryon number. Since %5 and Y, anticomrnute, one can

rewrite the interaction of the four fields A, B, C, D in the
form

g Ay, (1+ys) B Cy, (1+yg) D =

= 1/4g A (1-y5)y, (tyg) BC(l-yg)y, (l+yg) D =

H

A t t
g A Yu B' C Y, D
where A', B!, C', D' are the '"two-component'' fields

A'=({1/v2 ) (1+9y5)A A'=AB=(1/V2 )A (1-yc)etc.

il
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Now the ''two-component' field {1/ \f_—) (1 + Y5 ) A is an
eigenstate of the chirality operator (¢2) with elgenvalue + 1,
Thus the Universal Fermi Interaction, while not preserving
parity, preserves chirality and the maximal violation of pari-
ty is brought about by the requirement of chirality invariance.
This is an elegant formal principle, which can now replace the
Lee-Yang requirement of a two-component neutrino field coup-
ling {or equivalently the Salam postulate of vanishing base
mass and self mass for the neutrinol,

Chirality is invariant under strong reflection (CTP).
Vector and axial vector covariants bilinear in any Dirac field
connect only eigenstates of the same eigenvalue for the chiral-
ity. But S, T, P couple fields of opposite chirality and have
zero diagonal matrix elements in a representation diagonaliz-
ing the chirality operator. Thus our scheme of Fermi inter-
actions is such that if one switches off all mesonic interactions,
the gauge-invariant electromagnetic interactions (with Pauli
couplings omitted) and Fermi couplings retain chirality as a
good quantum number; and, surprisingly enough, chirality con-
servation would become a superselection rule. While at the
moment these arguments are purely formal, they may not be
entirely devoid of significance,

While it is clear that a mixture of vector and axial
vector is the only universal four-fermion interaction which is
possible and possesses many elegant features, it appears that
one published and several unpublished experiments cannot be
reconciled with this hypothesis. These experiments are:

(a) The electron neutrino angular correlation in He®

(Rustad and Ruby (¢3) ).

(b) The sign of the electron polarization from muon

decay (Lederman et al (24) }.

(¢) The frequency of the electron mode in pion decay

(Anderson and Lattes (20) ).
(d) The asymmetry from polarized neutron decay
(Telegdi et al (13) ).

All of these experiments should be redone, particularly
since some of them contradict the results of other recent ex-
periments on the weak interactions, If any of the above four
experiments stands, it will be necessary to abandon the hypo-
thesis of a universal V + A four-fermion interaction or either
or both of the assumptions of a two-component neutrino and/or
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the Law of Conservation of Leptons.
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