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ABSTRACT

It follows from the Feynman-Gell-Mann theory that the Fermi

intersction csn be regarded as due to an exchange of charped vector

megong between fermions. An alternative wodel ig rossivle: the

weai couplingas among fermions mny be due to an exchange of charged

anid neutral vector mesons. An extra condition of conservation of

the current which creates the neutral (leld is imposed o Porbid
unobserved reactions, The model differs from the Feynman-Gell-Mann
picture in that it leads to an intrinsic elestron-neutron intor-

action, the effective potential being of the order of L ev. JIf the

toupling of this hypothetical vector meson with fermlons has the
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same strength as the electric charge, the particle will have about

60 proton masses and will decay very fast into pairs of hyperons,

The hypothesis
lated in such a way
transition rate for
perimentally.

It 1s usual to
of fermions: (e+,v)

( E‘, Eo )ol This

of a unlversal Fermli interaction must be formu-
as to predict a sufliciently small or vanishing

fermion decays which have not been observed ex-

say that the coupling acts between glven pailrs
. + - + +
with (u",9) and with (p,n), (Z7,A), (&7, ),

assoclation excludes couplings of (p+,e) with

(e+,e) or (p,p) which would give rise to the non-observed reactions.

w8 + 8 + 8
1)

{ + p—p *+ o

However, in the decay of muons:

the experimental data are consistent wlth the vector-axisl vector

coupling of (p+,v) with (V,e) which is equivalent to the same coup-

ling of (p+,e) with (V,v). If the latter 1s regarded as physically

possible one coes not see the reason to forbid the couplings which

would give rise to reactions (1) in first order.

Feynman and Gell-Mann2 have proposed a vector-axial vector

coupling theory for the Fermi interaction which is in agreement

with most of the data on the reactions involving fermions only. As

they pointed out, this coupling may be regarded as due to a virtual

exchange of charged heéty vector mesons between two fermions. The

relation betwsen the mass of this hypothetical meson m,, the coup-
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ling constant,fx_of thls meson x with the fermi field and the Fermi

coupling constant G is:

e .

w5 = V8 @ 2)
m
X

The ordering of the fermion palrs in the Fermi couplings will
now be well deflned if we take this model seriocusly and posﬁulate.

that the weak interaction between_two fermions is due to the virtual

exchange of charged vector mesons., It then becomes clear that reac-

tions where there can be no charge exchange will be forbidden in
first order in G. Thus the reactions (1) 3 can only occur as & re-
sult of the successive exchange of two charged vector mesons and are
therefore less probable than the first order processés pt_+e+ +V+ 9
and W + p—wn + ¥, respectively, by a factor of order 1012.'

A consequence of thils postulate 1s that the scattering of neu-
trinos by electrons is possible in first order as well as the neu-

tron-proton scattering due to a weak, non-parity conserving inter-

action. The Fermi scattering of neutrons by electrons is, howsver,

forbidden in first order: the electron can only emit negative vec=-

tor mesons which the neutren cannot accept.u

We wigh to polnt out that there is an alternative picture which
describes the ébserved reactions, forbids'the undesirable fermion
decays and leads to some consequences which are different‘from those
mentioned above and can be tested in principle. The model is the

following: assume that any two fermions can exchange charged and

neutral vector mesons, Assume, further, that the neutral vector

meson enters the coupling with the fermi fileld 1n such a way that

the currant whigh creates the neutra} field 1s conserved {(the inter-
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action is, then, not charge-independent). Reactions like those in
(1), wﬁich have 1in a vertex one neutral vector mescon line and two
fermion lines c¢orresponding to different fermion masses violate
this condition and are therefore forbidden. This also excludes the
coupling of (p+,e) with (¥,9) and prescribes the unique interaction
of (p+,9) with (9,e) for the u-e decay. In the scattering of neu=-

trinos by electrons, the interaction 1s now of the form
¢{(3E a3 ae) + Gy (EYe) , 8= (14ivy)
n 3 b b ! 2 5

Conservation of the fermion current which emits neutral mesons im-
poses that the second term must congerve parity. Thus, if this

model 1s true, only the wesk interactions which involve charge ex-

change violate parity conservation; there exlst weak interactions,

those involving an exchange of neutral vector mesons, which conserve
parity.

An essential difference between this model and that which as-
sumes the existence of only charged vector mesons is in the intrin-
sic electron-neutron interaction: the former leads to a scattering
of neutrons by electrons due to a weak, non-electromagnetic, parity
conserving coupling. If the corresponding effective potential is
represented by a well of depth V and radius ea/(meca), the value of
V is of the order of I ev, if we take_the value 1.4 x Zf.OmLIrg EI'g,
cm3 for the Ferml coupling constant G, A Fermi-type coupling be-
tween electrons and neutrons has already been sugcested by Foldyg.
It follows from our model of the universal Fermi interaction where-
as 1t Is practically non-existent in the Feynman-Gell-Mann picture,
The scheme suggested here depends crucially on the vector-axial vec-

tor nature of the Fermi coupling. Only for neutral vector mesons
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can the extra condition be imposed to rule out the unobserved reac-
tions.
The hypothetlcal vector meson would be a very heavy and unsta-
ble particle. Its lifetime is:

T = 2161( h2
x- o
_ fx/(hc) m_o

for a decay into a nucleon (or hyperon) psir (mp/h_-@.l). Taking

X .5 ﬁ3 ) X
(2) into account and (Gwl0 —=— we have
m-e
¢
-.1?
T 10 ‘

X —~;§- gec, x = m;st/mp
and .

£2 / (fe) = 2,2 . 1076 ¥2 |
If we set f g = 82 one obtains m_ =60 m and T_ = 10-22 sec

x ? x 7 D x *

The author had stimulating conversations with C. M, G, Lattes,

J. Tiomno, L. Marques and P, Srivastava,

l. See ror exwuwyle, v. Leits Lopes, An. dcade Brasil. Ci. 29 (1557}, 8&l.

Z2a He Fo reyauvl o wo woil-lienm, rhys. keve WS (1958) 193; also &. C. 0.
Sudershan il . . wtvshek, Pedua-Venice Intermation Conlerence on "lMesons
and Hecentl; Sils..vil ol rorticles" - Septembor Z2-28, 1957. ‘

+

3¢ Direct redictive deeo o lilie Mt e"+¥ and 3 -» pt+¥ cennot obviously occur by
vector coupling ~iui: “i¢ cliectromegnebic field due to geuge invarisnce with
respect to the lnitcr. an effective tensor interaction vith Fus 1s possible
and results from the muon changing into en intermediete neutrino with the cre-
stion of & proton-satincutron closed loop which emits the ¥-raoy and annihilates
the neutrinoe imbo tie :iual electron. ‘The rate is, however, of order G~ and
thus uwndetectuble. 10 vhe radiative decty of EY proceeds via an intermediate
nion end protom the :iiletime is of order 107 sdc. .

4. We assume the priici .- o haryon pumber conservatione In first order in G,
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the exchange of wector mesons between & and n may lead to the reaction
e+n 45 +v for which one needs neutrons with energy higher than about
280 Mev. In second order, one may have the e - n scatiering

e+n +Z%Yas e+n which, however, gives no detectable contribution to
the scattering cress section. '



