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The author describes his �rst attempt in 1958 at the uni�cation of electromagnetic and weak interac-
tions and his prediction in the same paper of the neutral Z0 boson which would be the intermediate
quantum exchanged in an eventual electron-neutron weak interaction (as muonic neutrinos were
not known at that time).

I Introduction

Enrico Fermi [1] was the �rst to give a theoretical de-

scription of the neutron beta-decay, which became the

foundation of the theory of weak interactions. Histor-

ically, Fermi was also the �rst to propose an impor-

tant application of the ideas of quantum electrodynam-

ics which were developed mainly by P.A.M. Dirac [2],

W. Heisen- berg and W. Pauli [3], P. Jordan and E.P.

Wigner [4] and by Fermi himself [5]. In his article,

Fermi says that according to the quantum theory of

radiation, the number of photons in a system is not

constant: photons are created when they are emitted

and annihilated when they are absorbed. He, therefore,

postulated in his theory of the neutron beta-decay that

the \total number of electrons as well as of the neutri-

nos, is not necessarily constant". Each transition from

neutron to proton is associated with the creation of an

electron and of a neutrino. The reverse process, how-

ever, the transformation of a proton into a neutron, is

to be associated with the disappearence of an electron

and of a neutrino. He then replaced the electromag-

netic �eld A�(x) in the interaction lagrangean of this

�eld with the electromagnetic current

J�(x) = � (x)
� (x)

namely

L
 = e( � (x)
� (x)A�(x))

by a formula which describes the creation of an elec-

tron and an anti-neutrino - that is to say, �e(x)
��(x),

and the electric current by one describing the transition

neutron-proton. If G=p2 is the constant which replaces

the charge e and which expresses the intensity of the

weak interactions, Fermi postulated the lagrangean of

his beta-ray theory namely:

LW =
Gp
2
(�p(x)
�n(x))(�e(x)
��(x))

where we adopt the notation of the particle to indicate

its spinor operator.

The analogy with electrodynamics incited him to

choose a vector interaction. Several authors [6], just

after Fermi's paper publication, besides studying other

possible geometric forms of interaction, studied the pos-

sibility that the exchange of electron-antineutrino pairs

between a neutron and a proton might give rise to a

neutron-proton interaction, similar to the electromag-

netic interaction between charged particles which re-

sults from virtual photon exchanges between the parti-

cles. This attempt was not successful and was followed

by the introduction by Hideki Yukawa [7] of the idea

of an intermediate massive boson exchanged between

the nucleons and which would generate the nucleon in-

teraction. The mass of this boson was determined by

Yukawa by taking into account the range of the nuclear

forces.

At that time there was a prejudice among physicists
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against the idea of new particles - Einstein's photon was

accepted only after its evidence in the Compton e�ect

- so Yukawa's idea was taken seriously only after the

discovery of particles with Yukawa's boson mass in the

cosmic radiation by S.H. Neddermeyer and C.D. Ander-

son [8]. It turned out later that Yukawa's bosons are

the Lattes, Occhialini and Powell [9] pions with spin

zero, whereas Anderson and Neddermeyer particles are

rather muons, with spin 1/2, leptons therefore [10].

Yukawa's intention that his theory would be able to

describe both the strong interactions and the weak cou-

pling did not meet with success in regard to the weak

interactions [11].

The lack of knowledge of the precise form of the

weak interactions was an obstacle to the consideration

of intermediate bosons to induce these interactions -

would they be scalar, pseudoscalar, tensor or vector

bosons?

It was only after the paper by R.P. Feynman and

M. Gell-Mann [12] as well as those by E.G.C. Sudar-

shan and R.E. Marshak [13] and J. Sakurai [14], that

the form of the weak interaction was established as a

special combination of a vector current V and an axial-

vector current A, namely V � A; in interaction with

itself.

In their article, Feynman and Gell-Mann write:

\We have adopted the point of view that the weak in-

teractions all arise from the interaction of a current J�
with itself, possibly via an intermediate charged vector

meson of high mass".

Therefore, the idea of intermediate vector bosons

in Fermi's interaction became possible in spite of the

di�culties of this model: indeed, as in the year 1958

the existence of muonic neutrinos was not known, G.

Feinberg [15] showed that the absense of the radiative

disintegration of the muon.

�! e+ 


was imcompatible with the hypothesis of the interme-

diate vector-bosons. Indeed, with only one neutrino ac-

companying both electrons and muons this decay would

be possible according to the diagram (and two other di-

agrams):

whereas with �� 6= �e and a companion of only muons

one could not have �� connected to the electron.

It was in the year 1958 that, as I read Feynman-

Gell-Mann paper, I had the immediate feeling that if

weak interactions were due to the exchange of interme-

diate vector bosons they would have to be intimately

related to the electromagnetic interactions transmitted

by photons which are also vector particles.

An idea of uni�cation of these interactions, I pro-

posed it [16] in assuming that the intensity of the elec-

tromagnetic interactions e between electric particles

and the electromagnetic �eld is equal to the intensity

of the weak interactions, g between the weak currents

and the boson �eld:

e = g (1)

an idea which is implicit in this equality and in the

same geometric nature of both photons and intermedi-

ate bosons W .

In fact, as an electric charge the constant e is univer-

sal for all observable charged particles (con�ned quarks

have fractions of e as charge) so the above equation

extends the universality of e as a coupling constant.

Now the amplitude for the reaction

��! �� + e + ��e

according to the Fermi point-like interaction
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contains the expression

Gp
2
(���(p��)


�(1� 
5)�(p�))(�e(pe)
�(1� 
5)�e(p�e))

whereas the amplitude for this reaction via the inter-

mediate bosons W :

contains the formula

�g2(���(p��)
�(1� 
5)�(p�))

�
��� � kak�

m2

W

�
:

:
1

k2m2

W

(�e(pe)

�(1� 
5)�(p�e))

where

k2 = p�� � p�

If the momentum transfer is very small with respect

to the boson mass mW :

k2 << m2

W

then the two graphs will coincide, the amplitudes will

be identical provided that:

Gp
2
=

g2

m2

W

a relation between the Fermi constant, experimentally

known, and the unknown parameters, the mass mW

and the coupling constant g.

It was here that I replaced g by e according to equa-

tion (1) and this allowedme to evaluatemW . I obtained

mW � 40mp: (in fact due to factors I included in this

formula the value I indicated was 60 mp).

Once the idea of weak interactions mediated by vec-

tor bosons was taken seriously the question arose to me

if there would not exist weak interactions due to an ex-

change of neutral vector bosons between neutral weak

currents. I was in
uenced by the pion interaction with

nucleons, the invariance of which under the group SU2
gives only one coupling constant for the nucleon current

in interaction with the pion �eld. First proposed by N.

Kemmer the charge-independent theory states that:

1p
2
fc = fp = �fn � f

where fc is the coupling constant of charged pions with

neutron-proton currents, fp and fn terms couple neu-

tral pions with proto-proton and neutron-neutron cur-

rents respectively.

What would happen if we assumed neutral vector-

bosons in weak interactions together with the charged

vector bosons? I assumed wrongly that the exchange

of neutral vector bosons would give a parity conserving

interaction so as to have neutral current conserved; but

I pointed out that the neutral vector boson-now bap-

tised Z0-would give a weak electron-neutron interaction

so that the diagram

is predominant over the second order diagram:
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That is the experiment which occurred to me since

in 1958 muonic neutrinos were not known and much

less their beams.

I therefore proposed an alternative theory to that of

Feymman-Gell-Mann:

I supposed the existence of neutral vector bosons to-

gether with the charged vector bosons. In fact they

wrote in their paper: \We deliberately ignore the possi-

bility of a neutral current, containing terms like (�e�e),
(��e); (�nn) etc and possibly coupled to a neutral inter-

mediate �eld"1.

I thought that there was no reason to ignore possi-

ble neutral vector bosons as we knew that neutral pions

were found only after charged pions were revealed.

My paper was thus the �rst to give a value for the

mass of the W bosons of the order of magnitude of

their expperimental value. Two years later, T.D. Lee

and C.N. Yang [17] indicated that mw should be larger

than the mass of kaons in order to justify the absence

of the radiative decay K� ! W� + 
. And according

to B. Pontecorvo [18] \in 1959 the intermediate boson

(without serious reasons) was supposed to have a mass

of a few GeV".

As I communicated my results to Pontecorvo, he

wrote me a letter in which he says to have inserted in

the Russian version of his paper to the International

Colloquium on the particle physics history in Paris

(1982): \This question is still alive today, but nowa-

days we have the Glashow, Salam and Weinberg the-

ory which predicts that the intermediate bosons masses

are � 100 GeV, whereas in 1959 only a few scientists,

among them Ya Zeldovich and J. Leite Lopes, had the

opinion that intermediate meson masses may be �100
GeV, while it was generally believed (without serious

reasons) that these masses are only a few GeV".

The value of the masses of mw and the zero mass of

photons inhibited me to say that they form a multiplet.

And my prediction of the Z0 boson was not an aca-

demic exercise since I indicated that it would be the

intermediate quantum in electron-neutron elastic scat-

tering due to weak interactions. The preprint of my

paper was read by Abdus Salam, according to Jayme

Tiomno, who was at that time at the London Impe-

rial College, and Salam told him that it contained good

ideas. This remark was followed by several papers pub-

lished by A. Salam and J. Ward [19] but I did not have

the honour to be quoted by them. However, Steven

Weinberg [20] quoted my paper and the paper by S.

Bludman [21] and C.N. Yang [22] as well as Tiomno

[23] made a positive comment on this paper.

The neutral bosons Z0 are, as well knwon, also pre-

dicted by the electroweak model and equation (1) is

replaced by the relationship:

e = g sin�W

where the angle �W is the Weinberg angle which de�nes

the proportion in which the gauge �elds enter to de�ne

the electromagnetic �eld A� and the neutral boson �eld

Z�.

I was delighted in reading Weinberg's papers and

in 1972 I [24] proposed that the uni�cation of photons

and Z0 would enter the vector dominance model so that

the vector bosons �� would also be related to the in-

termediate vector bosons W�, as �0 is related to 
 and

Z0.

The model of Weinberg, Salam and Glashow gave

the theoretical reasons for my intuitive inductions, and

based on the Higgs mechanism, is the �rst example of

the uni�cation of physical forces.
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