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ON THE UNIVERSAL FERMI INTERACTION
Sidney A. Bludman

Radiation Laboratory
University of California
Berkeley, Califoraia

April 8, 1958
ABSTRACT

The parity-nonconserving, V-A form of Fermi interaction is derived from
a principle of invariance under a continuous group of transformations, in analogy
with the ordinary gauge -invariance derivation of the minimal electromagnetic
interaction of charged« particleg. This assumption is a stronger restriction on the
form oftFermi interactions than that invoked by Sudarshan and Marshak, Gell-Mann
and Feynman, and Sakurai, and leads to additional predictions that are subject to
experimental check., 1f these transformations were symmetry transformations
of the entire Lagrahgian. then the f- and p-decay coupling constants would be
precisely equal. The implications of extending this Fermi gauge invariance to
a group depending on space -time functions is discuszed.

The possibility that Fermi interactions involving change of strangeness
are unallowed is considered, and the results of assuming a universal Yukawa V-.A

parity-nonconserving interaction are tabulated. Such & Yukawa interaction,
involving one new coupling constant. leads to reasonable K meeson and hyperon

decay rates and allows w7 meson decay into p + v without any appreciable
decay into e + v,
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Now the vectorial nature of the Fermi interaction suggests a atronge.r
assumption analogous to the assumption of gauge invariance in electrodynamics.
In this paper we consider the consequences of assuming for the Fermi interactions
an invariance unders a continuous group of transformations applied to various
fermions simultaneously. One motivation for this farther.reaching aasumpt{on is
that the charge -exchange character, expressed by the operators T & in Eq. (1),
can be incorporated more naturally. A second motivation is that certain con-
servation laws, to be discussed in Section III, would follow if the entire Lagrangian
were invariant under these continuous Fermi gauge transformations. Since the mass
terms, and probably also the strong interactions, are not invariaat under these
transformations, we will be led to speculate on the origin of the strong interactions
and the blocking of the symmetry of the weak interactions. '.

In Section III we also discuss two structure problems connected with the
weak interaction: the p value, and the Gamow-.Teller Fermi coupling constant
ratio. Section IV discusses the possibilith of allowing Fermi gauge transformations
which depend arbitrarily on space-time. This leads to a vector meson intermediary
field in Fermi interactions, with serious implications that are discussed.

We are inclined to believe that the Fermi interactions do not allow changes
in strangeness. Since this philosophy--which is in agreement with experimental
results on the absence of hyperon § decay--is more restrictive than the usual one,
we are led to introduce ia the Appendix a universal weak Yukawa interaction. This
additional interaction (with one arbitrary coupling constant) is sufficient to explain
the observed rates of most meson and hyperon decay processes, and makes verifiable
predictions about the asymmetries and nucleon polarizations to be expected in

hyperon decay.

The weak interactions have been generally regarded solely as destructive
of the reflection and charge -conjugation symmetry laws. The point of view suggested
in this paper, on the other hand, is that the weak interactions actually show some
symmetry not shared by the strong interactions.
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V. CONCLUDING DISCUSSION

v This development presupposes that we can treat the weak interactions

at least semiquantitatively, without attempting to deal with the strong
interactions. A Fermi current has been derived from a continuous group of
transformations, which presumably would be symmetry operations in the absence
of atmng-interactioh effects. The weak interactions are supposed to be the
interactions of this Fermi current with itself, and possibly with spin-zero
mesons.

34,5, three respects:

This assumption goes beyond earlier ones _

(a) A continuous group of transformations described in Eq. (2), ha’fs"been
introduced here in frank analogy with gauge invariance, general covaria;iée and
isotopic spin invariance, in order to give expression to the at-least-appiﬁoxi:hate ' :
conservation of Fermi charge observed in the near equality of Fermi coupling
constants. (As stated in Section IIl we imagine the Fermi gauge invaxj{ance to be
blocked, at least partially, by those same phenomena giving rise to s_i:rong inter-
actions and mass effects.) Invariance under a discrete group like that in Eq. (2')
does not imply any current conservetion at all.

{(b) We incorporate the three charge operators 7 + T . and T3 into our
symmetry transformation instead of asaumings' 45 directly the charge exchange
character of the interaction. Because we allow charge -retention Fermi
interactions (through 7;) in addition to the charge-exchange interactions(7) and (8)
we expect weak neutrino -nucleon but no neutrino-electron scattering processes.

(c) Since we see no reason why the Fermi interaction need extend to all fermion
pairs, we do not expect hyperon § decays involving strangeness change. If this
turns out to be the cage, we must assume an additional universal weak Yukawa
process to describe meson and hyperon decays.

The consequences of assuming Fermi gauge invariance are in any case
far.reaching enough to permit an experimental decision.
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- APPENDIX

In this appendix we wish to record the results of assuming a weak
interaction between a meson field ¢ of mass M, and particular pairs of
fermions

. -% .
(g/M) 2755, ¢ Ty, (1 +yg)d. (A1)

As suggested in the right side of Figure 1, this interaction is assumed to involve
only baryons (PA), (N A), (PE), (NZ'), ( EA) belonging to different charge
multiplets, and only the lepton pair (vy). From the rate 0.39 x 10 sec"l for

v decay, we fix

g?/aw = 3.67x 10713, (A2)

The other decay rates are then calculated from this one coupling constant and
compared with experiment in Table I. The rate for K- g + v has been given
previously. 17 For the baryon decays, no attempt has been made to calculate
branching ratios that would follow, for example. from the Al = f rule.
This weak Yukawa interaction discriminates between muon and electron
in such a way as to allow the decay w - u + v while preventing any appreciable
w-~e + v decay, The strong w coupling to (PN) of course still alloww,; in addition,
w decay through the Fermi interactions that are known to iavolve (PN) ( v e) as
wbll as (PN) (vp). The experimental upper limits on the ratio of decay modes of
e and p suggest, however, that these Fermi interactions can be responsible for
no more than one-tenth of all w decays.( A recent e-timate‘m of w decay through
the channel - ‘"N + MU= p+ v shows appreciable damping of the pion.nucleon
- coupling constant. This illuastrates how this channel may not contribute
' significantly in comparison with the direct Yukawa coupling assumed here. It
also shows how the amplitude for K de¢ay through j + T can be comparable with

that for w decay through T +R even though the stroag coupling constants are

somewhat unequal. )
The interaction (Al) leads to a ratxo of p-wave to s-wave emission
tan v (1 -X_2/(1 -x%) :
which is close to umty in hyperon decay. Here X = M/(M * MZ)’ where

M. and M. are the barvon masases. In the decav of Dolanzed hunerones . 19 large
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positive asymmetries a = sin 2 v and longitudinal polarizations PL = -@a

are thyeofore: gbtained. The transverse nucleon polarizations PT = cos 2 vare,
on the other hand, in the plane defined by the decay and the hyperon spin, and
relatively small. In this calculation the small effects of final -state interaction
have been neglocted. :

The experimental evidence indicatolzo I ul) 0.77 ¢ 0.16 in A decay,
which is consistent with the calculated value. The preliminary data probably
indicates small asymmetries in T decay, 21 Ghich would be in disagreement
with the calculated values listed in Table I. (S8uch an experimental result
would also disagree with the Al = 4 rule, which predicts large asymmetries of
opposite signs in at least two of the Y-decay modes.) In any case the
chirality-nonconserving strong interactions can easily wash out the asymmetries
and polarizations calculated on the basis of the simple V-A interaction.



-16. UCRL -8241

Table 1.

Decays involving mesons. The rates are calculated from the universal weak
Yukawa interaction {(Al) with coupling constant (A2) derived from the w life-
time. The asymmetry o and transverse polarigation P, of the decay baryon
in hyperon decay are given in the convention of Lee and Yang.

Process C alculated | Observed 1?.2
decay rate(sec ) decay rate{sec ') a PT
617 6

Kep+ v 55 x 10 48 x 10
A~ p 4w lo 0.234 x 101° -

0 . 0.10 x 10 1o 0.89 %> 0.45
A" >nsem 0.126 x 10

7

step+n’ ] 0.59 x 100
tteas+ ot \  0.62x 1010 0.69 x 1010 0.98 0.18
T n+vw 0.64 x 1010
2w A b 0.21 x 101° (0.005 -0.2)x101% 0.95 0.30
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CAPTION

Fig. 1. The basic weak Yukawa interaction that is assumed, along with the
Puppi trlangleyf in this paper.








