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The possibility of constructing a model of unified electromagnetic-weak interaction of hadrons 
with violated isotopic symmetry is investigated. The vanishing of the photon mass and parity 
conservation by electromagnetism occur as a consequence of the violation of the symmetry of 
the primary unified isotopic- and CP-invariant interaction, due to the mixing of vector bosons 
belonging to different isotopic multiplets. The known empirical selection rules for the weak in­
teractions of hadrons and their minimal electromagnetic interactions appear as special mani­
festations of broken symmetry at low energies. The interesting effect of the restoration of the 
broken symmetry for large 4-momentum transfer in the e2-approximation of perturbation the­
ory is discussed. 

1. INTRODUCTION 

THE model of weak interactions with intermedi­
ate vector bosons seems to be the only model com­
patible with the hope of constructing a unified 
electromagnetic-weak interaction. The concept of 
unified electromagnetic-weak interaction has been 
developed earlier by Schwinger, [ 1l Ya. B. Zel'­
dovich (private communication), Salam and Ward[ 2l 
and Glashow[3l .* This concept assumes that the 
constant of semiweak interactions is equal to the 
electric charge (g =e), the mass of the intermedi­
ate boson is large M- (e2/ G) 112 - 30 GeV (here 
G is the Fermi coupling constant), the electric 
current being the neutral partner of the charged 
weak interaction currents. The latter point of view 
has been developed further in [ 4l, where it was 
assumed that the electric current and the strange­
ness conserving weak currents (both charged and 
neutral) together form a complete set of compo­
nents of an isovector and isoscalar (the hyper­
charge current). 

The vanishing of the photon mass and parity 
conservation in electromagnetic interactions were 
two well-known difficulties of this approach. It is 
conceivable that an understanding of these diffi­
culties can come only from the concepts of broken 
symmetry, concepts which in recent years have 
acquired an increasing importance, especially in 
connection with the successes of the classification 

*cf. also M. E. Mayer, Nuovo Cimento 11, 790 (1959), l7, 
802 (1961) [Trans!. note]. 

of hadrons. [ Sl It is without doubt interesting to in­
vestigate possibilities of this sort on the example 
of concrete models of unified electromagnetic­
weak interactions. 

In the present paper the possibility of construct­
ing a model of unified electromagnetic-weak inter­
action of hadrons is investigated, by means of a 
generalization of the previously proposed model of 
violated isotopic symmetry in the weak interac­
tions of hadrons.[S, 7l Within the framework of 
this model one can overcome both mentioned diffi­
culties and at the same time avoid contradicting 
the presently known experimental data on weak in­
teractions and electromagnetic phenomena, via the 
introduction of a larger number of intermediate 
vector X-fields with additional currents of the 
(V +A) type. 

In Sec. 3 the minimal electromagnetic interac­
tion of hadrons is considered, and in Sec. 4 their 
weak interaction, both as special cases of a uni­
fied primary isospin- and CP-invariant interac­
tion, the symmetry of which is violated by one 
common cause: the mixing of vector bosons be­
longing to different isotopic multiplets. [SJ A new 
approach to the understanding of the I AT I = 1/ 2 
rule and of its violation is proposed. It follows 
from the requirement that this rule be valid only 
"asymptotically" for q2 » M2, that for finite 
q2 « M2 the admixture of I AT I = % is of the or­
der 1/ 13- 1/ 30 in the amplitude, which is in satis­
factory quantitative agreement with experiment. 

The model also predicts a definite isotopic 
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structure of the strangeness-conserving interac­
tions (.b.S = 0), for which in interactions with .boT 
= 0, 1, 2 for energies Ec.m. « M the amplitudes 
are comparable to the ones in electromagnetic in­
teractions. For q2 » M2, in the region where per­
turbation theory is still applicable, a direct com­
putation in the e2-approximation shows a clear 
tendency towards a restoration of the violated 
symmetry of the electromagnetic and weak inter­
actions of the "bare" baryons. 

The possibility of including the leptons into the 
scheme of violated isospin symmetry of the elec­
tromagnetic-weak interactions and the problem of 
higher e2-approximations are not discussed. 

2. THE SYMMETRIC "PRELIMINARY" 
LAGRANGIAN OF THE UNIFIED ELECTRO­
MAGNETIC-WEAK INTERACTION OF 
HADRONS 

We write down a relativistically invariant, iso­
spin- and CP-invariant "preliminary" Lagrangian 
of the unified electromagnetic-weak interaction of 
the vector X -bosons with the hadron currents in 
the following form: 

(1) 

where the first term contains the (V-A) current 
and the second term contains the (V + A) currents. 
The (V - A) Lagrangian is chosen according to 
[ 6• 7 J in the form 

Lx<V-A) = 2-'/• e uv xv + j• X• + jY(O) XY(O) + jju(O) xu(O)], (2) 

where e is the electric charge of the electron, jv, 
js, j Y<O>, and ju<o> are respectively the isovector, 
isospinor and isoscalar hadronic currents (the 
vector part of j Y<o > is the hypercharge current) 
having a (V-A) Lorentz-structure. For simplic­
ity the vector index has been suppressed; the 
superscript (0) denotes neutral currents. 

We shall consider that the currents jv, js, and 
j Y<o > form a complete set of components of a uni­
tary octet of currents. Under this assumption one 
can maintain for the present model all the practi­
cal results of the Cabibbo theory[ aJ without any 
additional assumptions. [ n 

The isoscalar current ju<o > will be considered 
a unitary singlet. 1> The X-bosons in (2) which are 

l)The hypercharge current is the eighth component of a cur­
rent octet only in the absence of supercharged particles [•]. 
In the sequel this will be assumed for the sake of simplicity, 
although for the model under consideration it is sufficient to 
consider j Y (o) as a hypercharge current, without specifying its 
SU(3)-properties. In the presence of supercharged particles, 
each of the isoscalar currents ivY(o) and iv u(o) should be con­
sidered a superposition of a unitary octet and singlet. 

coupled to the (V - A) currents also form an octet 
and a singlet. The masses of all X-bosons will be 
considered equal to M. For the (V + A)-Lagran­
gian we write the following expression 

Lx<V+A) = 2-'/, e [jv Xv + jY(O) XYCO>], (3) 

where the J -currents have a (V + A) Lorentz 
structure, and as in (2) the upper indices den~te 
their isospin properties. The mass~s of all X­
bosons will be considered equal to M. 

In the present model the sole cause of sym­
metry breaking (1) is the presence in the Lagran­
gian of the free "intermediate" vector fields of 
the two-particle interaction terms of the type of 
"non-diagonal mass," which will be written out 
below. These terms are due to the mixing of par­
ticles from different isospin multiplets and the 
displacement of their masses. 

3. THE MINIMAL ELECTROMAGNETIC 
INTERACTION 

For the sequel it is useful to make the following 
remark. It is easy to verify that a system of two 
boson fields cp 1 and cp 2 of equal mass m, coupled 
via the two-particle interaction 

11L = + x2qJt~, 

with K a constant to be called in the sequel "non­
diagonal mass" or "mixing parameter," is equiv­
alent to the following system of noninteracting ljJ­
fields 

'Pt = 2-'!. (qJt + T2), 'IJ2 = 2-'h ( qJ1 - qJ2), 

with the shifted masses 

If the fields cp1 and cp 2 are components of dif­
ferent isospin multiplets, then the mixing produced 
by .b. L violates isospin symmetry. For K = 0 one 
can achieve the indicated mixing of the fields cp 1 

and cp 2, but since the ljJ-fields have now coincident 
masses, the symmetry breaking is only apparent. 

Let us mix the xv<o>_ and xYco>_bosons in the 
Lagrangian (2) with vanishing nondiagonal mass 
K1 = 0, i.e., let us consider the fields 

At= 2-'I•(Xv(O) + XY(O)), Az = 2-'/•{Xv(O) _ XY(Ol). (4) 

The masses of the A1 2 -fields are again equal to 
M. The mixing (4) le~ds to the following transfor­
mation of part of the Lagrangian (2) 

r<o>xv(O) + jY(O)XY(O)-+ 2-'/, (jv(O) + jY(O)) At 

(5) 

The vector part of the current (j v<o > + j Yeo>) has 
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an isospin structure identical to that of the elec­
tric current, and the current (j v<o > - j Y <o >) has the 
''complementary'' isospin structure. 

We carry out a similar mixing of the :Xv<o>_ 
and X Y<o > -bosons in the Lagrangian (3) with a non­
vanishing nondiagonal mass K~ = M2 - M2• The 
new fields 

have the following masses 

Aft2 = M2, AJ22 =2M2- M2. (7) 

The corresponding transformation of part of the 
Lagrangian (3) has the form 

pv(O)J{v(O) + jY(O)J{Y(O)---+ 2-'/•{jv(O) + jY(O))Jf1 

+ 2-'/•(jv(O) _ jY(Ol)Jf2• 

Thecurrents (jv<o> +jY<o>) and <JV<O>+fY<o>) 
differ from the electric current in their Lorentz 
(V 'f A) structure. 

(8) 

In order to obtain a parity conserving minimal 
electromagne!ic interaction it is sufficient to mix 
the A1- and A1-bosons with a mixing parameter 
K2 = M2• The mixing gives rise to two new fields 
A and B 

possessing the masses 

MA = 0, MB = l'ZM, (10) 

which interact respectively with vector and axial 
vector currents in a p- and C-conserving manner: 

e 
LA= 212 (jv(O) + jY(O) + jv(O) + jY<D>)A = ejel A, (11) 

e 
LB = -----=Uv(O) + jY(O) _ jv(O)- jY<Ol)B = ejb B. (12) 

212 

The current jel is identical with the electric 
current and the A-boson is identical with the pho­
ton. Therefore the interaction (11) is nothing else 
but the minimal electromagnetic interaction of the 
hadrons. The B-boson is a very heavy axial pseu­
dophoton and the interaction (12) has the physical 
significance of an "isolated," weak, parity-con­
serving pseudoelectric interaction. In the present 
model this interaction is a faithful satellite of the 
usual electromagnetic interaction (11). 

What are the possible experimental manifesta­
tions of the interaction (12)? In the Cabibbo the­
ory[ 8 ] the neutral axial vector hadronic current 
differs in its charge structure from the electric 
current. However, the experimental effects of the 
current (12) in hadronic processes are, apparently, 

completely masked by the corresponding strong in­
teractions. Therefore, if one does not consider the 
possibility of real generation of B-mesons, the ex­
perimental manifestations of the interaction (12) 
could hopefully be detected in principle in leptonic 
interactions. Indeed, due to the well-known uni­
versality of the electromagnetic interactions, the 
lepton terms can enter additively with the hadronic 
ones into the current jel in (11) and consequently 
into the current jb in (12). The considerations 
given above indicate that the charge structure of 
the axial vector leptonic current must be identical 
to the corresponding structure of the electric cur­
rent of the leptons. 

The presence of the interaction (12) among lep­
tons should manifest itself, in particular, in viola­
tions of the angular correlations in electron­
electron and electron-positron scattering, as pre­
dicted by quantum electrodynamics. These angular 
correlations are of the order of 1/ 2aG and are 
very small for q2 :::, m~. For large 4-momentum 
transfers q2 » m~, if one discounts the possibility 
of real B-boson creation, the main manifestation of 
the interaction (12) is only some difference in the 
values of the "constant" of electromagnetic inter­
actions of leptons in processes with real and vir­
tual photons. The deviation of the differential 
cross section for e-e scattering from the predic­
tion of usual quantum electrodynamics has the fol­
lowing expression in the center-of-mass system 

(13) 

For example, for Ec.m. ~ 1 GeV, the "anoma­
lous" contribution to the e-e scattering cross sec­
tion could reach ~0.2%. This effect could be veri­
fied experimentally in the near future in clashing 
electron-electron or electron-positron beams. 

4. THE WEAK INTERACTIONS 

The part of the Lagrangian (1) left over after 
separating off the interactions (11) and (12) refers 
to the domain of "weak" interactions. We shall 
construct the weak interactions of the hadrons ac­
cording to the previously proposed scheme. [ 6] One 
has to repeat all the transformations carried out 
in [ 6] and make the following substitution in the 
final expression for the neutral currents and bo­
sons: 

xv(O)---+ A2, jV(O)---+ 2-'f, (jv(O) - jY(Ol). (14) 

In addition one must explicitly take into account 
the additional term in (2) which is proportional 
to f. 

For the sake of completeness we write out the 
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fundamental formulas for the interactions of the 
charged currents also. [ 6 1 After mixing the 
charged isovector and isospinor bosons according 
to 

AL1 =- k2 (X"<+>x•<-> + xv<->x•<+>J, (15) 

we obtain the following resulting expression for 
the Lagrangian of the semiweak interactions of the 
hadronic and leptonic2 > currents: 

I.)J> = ~ e[ (z<+> + r<+> + r<+>) w<+> 

+ (Z<+> + jV<+>- js<+>) W'<+> +c. c.], (16) 

where l ± are the charged leptonic currents and 
the W-bosons are the symmetric combinations of 
the X-fields 

W<±> = 2-'t.(Xv<±> + X•<±>), W'<±> = 2-'I•(Xv<±>- Xs<±>). 

(17) 

The masses of the charged W-bosons are 

Mwz = M2 + k2, Mw,z = M2- k2. (18) 

In order to obtain agreement with the experimental 
data on the suppression of the strangeness-chang­
ing lepton-hadron processes, one must choose 
K ~ M/2 (cf. [ 61 ). 

After mixing the neutral bosons according to 

11Lz = -k12 (AzX~<o> + xu<o>x:<o>), (19) 

where xr <o > and X fl0 > are the real and imaginary 
parts of the complex field xs <0 > , we obtain the fol­
lowing expression for the Lagrangian of the semi­
weak interactions of the neutral hadronic currents: 

LW = 2-'!.e{(j"(O) _ jY(O) _ js<O> _ j•<O>*] w1(o) 

+ [jv(O) _ jY(O) + j•(O) + j•(O)*] W2(0) + [ -i(j•(O) _ j•(Ol*) 

+ l'Zfju(Ol)WiO) + [i(j•(O) _ j•(Ol*) + l'2fju(Ol)W4<0l}. (20) 

Here the W~~>2 bosons are, as in (17), the sym­
metric combinations of A2 and xr<o >, and the W ~0 >4 

bosons are similar combinations of xu<o > and ' 
xr<o>. The masses of the neutral bosons are 

M1~ 3 = Mz + k12, M:. 4 = Mz- k 1z. (21) 

The corresponding resulting expression for the 
Lagrangian of the semiweak interactions of the j-

2>In the present model, as in [•], the leptons are not includ­
ed in the scheme of broken isospin symmetry and the lepton 
interactions are described semiempirically. In (16) the charged 
leptonic currents are additively combined with the hadronic cur­
rent jv( ± ~ In agreement with indications from experiment, there 
should be no leptonic contribution to the neutral hadronic cur­
rent (jv(o) -jY(o)). 

currents has, according to (3) and (6), the following 
form 

Lw<V+A) = 1/z e [y2(l<+> + jv<+>)Xv<+> 

+ (Jv(o) - JY<O>) Az + c. c.]' (22) 

where, as before, we have added the charged lep­
tonic current z<±>. 

We write now the general expression for the 
electromagnetic-weak interactions of the hadrons 
in second order of e (the e2-interaction), with 
virtual intermediate bosons. Making use of the 
expressions (16), (20), (22), and (11), (12),we find 

ve'> = 1/4e2{(i"<+>r<-> + r<->r<+> + 2r<+>j•<->] 111 (MZ, k2, q2) 

+ lj2 [jY(O)jY(O) + jv(O)jv(O) + 4js(O)js(0)0 

_ 2jv<OljY(OlJ!11 (M2, k1z, q2) + 2jV<->js<+>f12(M2, k2, q2) 

_ [jv(O)js(O) _ jY(O)js(O)] f1z(M2, k12, q2) 

+ J2ju(OljU<Olf11 (M2, k12, q2) _ il'Zfju(O)j•(O)f12 (M2, k12, q2) 

+ 2[jv(+ljv(-) + jv<->Jv<+>]/1(JI12., q2) 

+ [jY(O)jY(O) + jv(O)jv(O) _ 2jv(O)jY(OJ]f1(211J2 _ M2, q2) 

+ 4jelrlA(O, q2) + 4jbjbA(2M2, q2) + c.c.}' (23) 

where D.(M2, q2) is the usual vector boson propa­
gator for mass M and 4-momentum q, .6.(0, q2) is 
the photon propagator, and D-1 and D-2 are the ef­
fective propagators introduced in [ 61 . They have 
the following explicit expressions 

1 
/1(M2, q2)= MZ+q2 (6aa+qaqa/M2 ), 11(0,q2)=6aa/q2, 

(24) 

(25) 

2k2 [ 2M2 + q2 ] 
/1z(M2, k2, q2) = - (MZ + q2) 2- k4 baa+ qaqa M4- k4 . 

(26) 

In (23) jeZ is the electromagnetic current and jb 
is the neutral axial vector current. In all other 
cases the j-currents are (V- A)-currents and the 
j-currents are (V +A)-currents. 

The following remark is important for the se­
qual. Considering four-fermion diagrams in the 
e2-approximation of perturbation theory we find 
that the terms in the propagators (24)-(26) which 
are proportional to qaW3 are proportional to the 
baryon masses qaW3 ~m~. One can neglect these 
terms if 

(27) 

The estimate (27) corresponds to the limit of ap-
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plicability of perturbation theory in a model with 
vector bosons, derived from unitarity in [ 101 , 

q2 < (2000 GeV)2• Therefore, in the domain of ap­
plicability of perturbation theory (27), in the 
e2-approximation one can neglect the terms with 
qCl'qp in all intermediate boson propagators in 
(24)-(26). This will be assumed in the following. 

We consider the principal physical consequences 
of the Lagrangian (23). 

1. The nonleptonic I D.T I = 1/ 2 rule and its vio­
lation. The Lagrangian (23) automatically satis­
fies the requirement I D.s I< 2, as in [61• As re­
gards the nonleptonic ID.TI = 1/ 2 rule, for ID.SI= 1, 
we have here a fundamental distinction. In the model 
of [ 61 the I D. T I= 1/ 2 rule was rigorous, valid for 
any momentum transfers q2• It is easy to see that 
in the present model, owing to the substitution (14), 
this rule cannot be satisfied for all q2• Indeed, 
making use of (23) and the Clebsch-Gordan coeffi­
cients one can see that the condition for rigorous 
I D.T I = 1/ 2 is 

2-'".12(JI12, k12, qZ) = .12(JI.J2, k2, q2), (28) 

which is impossible to realize for variable q2• 

Let us now introduce a new assumption. Were­
quire that the symmetry of the nonleptonic I D.T I 
= 1/ 2 rule be only "asymptotically" exact, for 
q2 » M2• Making use of (28) this requirement 
leads to the following relation (here the sum of 
(I D.YI = 1)-violating interactions (15) and (19) be­
haves like an isospinor): 

(29) 

For q2 « M2 the I D.T I = 1/ 2 rule is violated, there 
appear transitions with I D.T I =%.with an ampli­
tude for q2 = 0 proportional to 

2-·1~2 (M2, kt2, 0)- . .12 (M2, k2, 0):::::: 2k2 I 13M\ (30) 

whereas the I D. T I = 1/ 2 amplitude is proportional 
to 2~/M4• A more precise calculation, taking into 
account the Clebsch-Gordan coefficients, shows 
that the relative suppression of the I D.T I = % 
transitions is characterized for various processes 
by a factor (1/ 13 - 1/ 30 ) in amplitude, in satisfactory 
quantitative agreement with known experimental 
data. An additional reduction of the I D.TI =% am­
plitude for known processes at q2 ;/:: 0 is insignifi­
cant due to the large mass proposed for the inter­
mediate bosons assumed in this model. 

It is easy to see that in the other extreme case 
of "asymptotic" domain of 4-momentum trans­
fers q2 » M2 the following ratios for the ampli­
tudes with transitions I D.TI = 0, 1/ 2, % are found: 

(31) 

2. The suppression of the lepton-hadron 
strangeness changing processes. In distinction 
from the Cabibbo model,[Bl the suppression of 
lepton-hadron strangeness changing processes, 
has in the present model a dynamical character 
and does not assume a suppression of the strange­
ness-changing hadronic current. A direct experi­
mental verification of this point is possible in 
principle in high-energy antineutrino experiments 
(cf. [ 61 ), but, unfortunately the assumed large 
mass of the intermediate bosons shifts this reali­
zation into the future. 

3. Violation of CP-invariance. In the present 
model[ 111 the violation of CP-invariance is due to 
the W~o>- and W~0 >-bosons in the Lagrangian (20). 
These bosons are coupled at the same time with 
the currents ju<o> and (js<o>- js<O>* ), having dif­
ferent CP-parities 

CPju(O) = +ju(0)0 CPj•(O) = +js{O)•. 

In this sense the CP-violation is "localized" in 
distinction from the violation of space-parity. 
Comparison with experimental data on ~-decay[ 121 

leads to the estimate f::::; 2 x 10-3• Since by as­
sumption the current ju<o> is an isoscalar, the 
I D.T I = 1/ 2 rule should be valid for nonleptonic 
CP-violating strangeness-changing processes, 
i.e., we should have 

W(K2°-+n++n-)/W(K2°-+n°+n°) =2. (32) 

It would be important to test this ratio experi­
mentally. 

The hypothesis that the CP-even neutral cur­
rent contains also leptonic terms has been dis­
cussed in uu. 

4. Parity nonconservation in nuclear forces. 
The odd p, (VA)-interference terms in the current 
products of (23) contribute to the nonleptonic space­
parity-nonconserving e2-interaction Lagrangian. 
Here the contributions from the jj -terms and from 
the j j -terms have opposite signs. Making use of 
(23) -(26) one can see by direct calculation that the 
following conclusions hold: (a) for small q2 « M2 

the odd-P isospin-changing transition amplitudes 
(with I D.TI = 0, 1, 2) have approximately the ratios 
1 : 1/ 2 : 1/ 4 (for M ;/:: M), i.e., are of the same order; 
(b) in the "asymptotic" region q2 » M2 the follow­
ing ratios among amplitudes hold 

(33) 

The physical effects of parity nonconservation 
in nuclear interactions will drastically depart 
from these estimates for the following reason. The 
principal contribution to parity-nonconserving nu-
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clear forces with AT = 0 leads to interference of 
the above-mentioned odd-P amplitude of weak in­
teractions with the corresponding strong interac­
tion amplitude; the interference term is propor­
tional to the Fermi constant G. Owing to isotopic 
invariance of the strong interactions, however, the 
main contribution to the strangeness nonconserv­
ing nuclear interactions with isospin change I ATI 
== 1, 2 leads only to an interferen~e of the odd-P 
amplitude of weak interactions with the corre­
sponding P-even amplitude of the electromagnetic 
interactions; this term is proportional to aG. In 
principle the experimental verification of these 
conclusions is possible, although very complicated. 

5. The isospin noninvariant nuclear forces. In 
addition to the strangeness-changing and odd-P 
interactions, the e2-Lagrangian (23) also describes 
even-P AS== 0 interactions. By assumption, these 
latter contain all isospin-noninvariant nuclear 
forces, including the electromagnetic ones, since 
the "strong" interactions not taken into account 
in (23) are considered to be rigorously isospin­
invariant. The part of the Lagrangian which is 
responsible for the indicated interactions contains 
(VV) and (AA) terms coming from products of cur­
rents (products of two vector- or two axial-vector 
currents). Therefore, in distinction from the pre­
vious case, the jj -terms and the ] T -terms con­
tribute with equal signs, in addition to the contri­
butions of the electromagnetic (VV -term) and B­
interaction (the AA-term). 

As before, a direct computation shows the 
truth of the following conclusions: a) for q2 « M2 

the even-P amplitudes of the transitions with 
I AT I = 0, 1, 2 practically coincide with the cor­
responding electromagnetic amplitudes and are of 
comparable magnitude; b) in the asymptotic re­
gion q2 » M2 the following relations are verified 
among the even-P amplitudes for transitions with 
I AT I = 0, 1, 2: 

Ao, At, Az ~ q-2, q4 , {q-~[(VV)- (AA)] + 0(1 / q6)}. 

(34) 

Here [ (VV) - (AA)] denotes the difference of the 
two isotensors (T == 2) which appear respectively 
in the decomposition of products of vector and 
axial vector isovector currents. One should note 
that in deriving the result (34) it was essential 
that "electromagnetic" interactions, "B- interac­
tions" and "weak interactions" from the unified 
Lagrangian (23) give comparable contributions, 
since for q2 » M2 the latter become as strong as 
the electromagnetic interactions, and the ampli­
tudes differ from that of the electromagnetic inter­
action only by terms of higher order in 1 /q2. 

It is interesting to note that under the condition 
(34) the weak interactions lead in the present model 
to a cut-off of the divergences of the electromag­
netic mass differences within isotopic multiplets 
for large momenta of the virtual particles. 

6. The case of absence of charged leptonic 
(V + A) -currents. The most economic version of 
the model of electromagnetic-weak interaction of 
the type under discussion, not containing any _free 
parameters, corresponds to the choice M = M. 
The formulation of the theory is simplified in this 
case, since K1 = K2 = 0. One can avoid contradic­
tions with the known experimental data on weak 
interactions only in the absence of charged lep­
tonic (V + A) -currents. The nonconservation of 
spatial parity in nonleptonic processes is in this 
case completely accounted for by the presence of 
the S-currents in the Lagrangian (2). 

We note that the absence of charged leptonic 
(V + A) -currents is a direct consequence of the 
two-neutrino theory of weak interactions, with one 
leptonic charge and strict y 5-symmetry of the 
massive leptons[ 13 • 14 l or, alternatively of a theory 
with two leptonic charges. It is interesting that the 
lepton terms can combine into a neutral (V + A)­
current and the proposed ''mechanism'' for ob­
taining parity conservation in electromagnetic in­
teractions is in principle applicable to the leptonic 
terms, too. 

7. The case of presence of charged leptonic 
(V + A) currents. Parity conservation in the elec­
tromagnetic interactions of hadrons has been ob­
tained above at the cost of introducing hadronic 
currents of the (V + A) type. Since the leptons par­
ticipate in the electromagnetic and in the known 
weak interactions, one could expect that there 
exist also charged leptonic (V + A) currents, en­
tering additively into the 'jV<±>_currents of the 
Lagrangian (3) with the same universal constant. 
Such a possibility exists only in a theory with two 
neutrinos and a single leptonic charge, [ 13 l which 
suggests the following concrete form for these 
currents: 

!z<±>= (er41 (1-rs)v~'-)+(iir"(1-rs)v.). (35) 

It follows that in weak processes determined by 
the (V + A) currents anomalous lepton pairs 
(v11 , e-) and (ve, Jl-) should be observed in addition 
to the normal pairs (ve, e-) and (vJl' J1-). 3 l Such 

3)A characteristic possibility of the two-neutrino- one­
leptonic-charge hypothesis is the possibility of "neutrino flip" 
of the type (ve<->11+), (vf.L .... e+). It is possible that the assump­
tion of strict y5-symmetry of the massive leptons in weak in­
teractions may be too restrictive [14] and should be replaced by 
the assumption of (V - A) dominance, suggested by experiment. 
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"neutrino-flip" phenomena could, in principle, be 
observed in beta decay, in muon decay, in high­
energy neutrino experiments and others. 

The additions to the Lagrangians for beta and 
muon decays due to the T-currents are of the 
form 

Admixtures of the interactions (36) and (37) should 
lead to deviations of the asymmetries and longitu­
dinal polarizations in these decays from the pre­
dictions of the usual (V -A) theory. [ 14 l In high­
energy neutrino experiments the muon neutrinos 
should generate positrons. The accuracy of exper­
imental data on these phenomena, attained to date 
is of the order of 1%. [ 15 - 171 It does not exclude an 
admixture of 10% (V +A)-coupling in !_he Lagran­
gian and allows only to conclude that M ,<; 3M. 
Further increase in accuracy of the experimental 
data is extremely desirable. 

5. DISCUSSION AND CONCLUSIONS 

1. In the proposed model of unified electromag­
netic-weak interactions of the hadrons the con­
servation of the strangeness-conserving weak vec­
tor current is automatically satisfied, [ 18 l since 
the isotopic relatedness of the electric hadron 
current and this weak current is explicitly in­
cluded. We note that in distinction from the Ca­
bibbo model, [8 l no quantity of the type cos e ap­
pears here, in violation of the initially assumed 
equality of the vector coupling constant for beta 
decay and the ''bare'' weak interaction constant. 
In fact, the existence of a conserved vector cur­
rent is in itself an important argument in favor of 
a unified electromagnetic-weak interaction. 

2. In the present paper the Lagrangian of the 
electromagnetic-weak interaction is investigated 
in detail for hadrons, in the e2-approximation. 
Only in this approximation all violation of the 
initial isospin symmetry of the electromagnetic­
weak interaction of hadrons is completely deter­
mined by the explicitly given non-diagonal mass 
terms for the vector bosons. In higher approxima­
tions than e2, the isospin symmetry violation will 
be determined also by virtual leptons, and without 
making additional explicit definitions of the vio­
lated isotopic properties of the leptons it is impos-

sible to draw further conclusions. 4> One may hope, 
however, that the fundamental results derived in 
the e2-approximation in the domain of applicabil­
ity of perturbation theory (q2 < (1000 GeV) 2) will, 
to some extent, remain meaningful in the exact 
theory also. In particular, one might hope that in 
the exact theory the "hierarchy of symmetries" 
rule derived above will survive in the asymptotic 
region q2 » M2• 

We remark that, although the quantity M has a 
well-defined meaning in the model under discus­
sion, (M ~ 30 mp), the quantity M is a free param­
eter, which has to be determined from experiment, 
for instance from the magnitude of the violation of 
(V-A) coupling in beta-decay, in muon decay, or 
in high-energy neutrino experiments. From the 
experimental data known at present for these proc-

-2 2 esses, one can only conclude that M > 10M , 
whereas the applicability of perturbation theory in 
the "asymptotic region" is determined by the con­
dition M2 « 1000M2• On the other hand, as has 
been shown, there exists a "most economical" 
version (for the present time) of the unified elec­
tromagnetic-weak interaction model for hadrons, 
in which M:: M and the applicability of perturba­
tion theory is guaranteed in the asymptotic region. 

3. We have introduced above the assumption 
that the symmetry of the nonleptonic I b.T I = 1/ 2 

rule is exact only ''asymptotically,'' for q2 » M2• 

In the model under consideration this assumption 
leads to the relation (29), according to which the 
violation of the lb.TI = 1/ 2 rule for small q2 ::::: 0 is 
determined by an admixture of lb.T I =% transi­
tions which are weaker in amplitude 13-30 times, 
whereas for large momentum transfer q2 ~ M2 the 
amplitudes for lb.TI = 1/ 2 and lb.TI =%transitions 
are respectively of order q-4 and q-8• 

In addition, it turns out, that a rule analogous 
to the ''hierarchy of symmetries'' rule is auto­
matically fulfilled in the region of momentum 
transfers q2 » M2 for the amplitudes of all other 
types of electromagnetic-weak transitions de­
scribed by the e2- Lagrangian (23). This is true in 
particular for the odd-P and even-P strangeness­
conserving transitions. In both latter cases the 
isospin-changing amplitudes with I b.T I = 0, 1, 2 
are respectively of the orders q-2, q- 4, q-6• 5> 

This suggests another way of understanding the 
nonleptonic I b.T I = 1/ 2 rule and its violation. 

4)Jn addition, in higher approximations the fundamental dif­
ficulties with divergences crop up, the importance of which will 
also not be discussed here. 

S)There is a singularity for the even-P, T = 2 amplitude, cf. 
(34). 
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If the "symmetry-hierarchy" rule (i.e., the 
rule that in the asymptotic region of large momen­
tum transfers q2 » M2 the amplitudes for transi­
tions with larger changes of internal quantum num­
bers are of higher order of smallness than the am­
plitudes with smaller variations of the quantum 
numbers) is taken as one of the starting points of 
the model, then, since I .boT I = 1/ 2 is the minimally 
possible variation of isospin for a transition with 
l.b.S I = 1, the "symmetry-hierarchy" rule implies 
the relation (29). Consequently the I .boT I = 1/ 2 
rule and its violation appear as one of the conse­
quences of the ''hierarchy'' rule and of the 
(current) x (current) form of the interaction in the 
e2-approximation of perturbation theory. The sup­
pression of the I .boT I = 3/ 2 amplitude for q2 f:,j 0 is 
a specific consequence of the present model which 
agrees with experiment. For other transitions 
(with .b.S = 0) such a suppression does not occur 
(cf. supra). 

We note that the conclusion about the existence 
of a tendency to restore the violated isotopic sym­
metry in the domain of applicability of perturba­
tion theory is independent of the choice of the pa­
rameters of the model and is automatically ful­
filled. But the ''hierarchy'' rule requires more. 
One can, it seems, consider the postulated ab­
sence of .b.S = 2 transitions as another conse­
quence of the ''hierarchy" rule. 

Since, by assumption, only the electromagnetic 
and weak interactions of the hadrons are isospin­
noninvariant, and these have been taken into ac­
count by the present model, the indicated restora­
tion of isospin symmetry of the ensemble of had­
ronic interactions in the limit of large 4-momentum 
transfers, as well as the "hierarchy" rule, are in 
principle observable effects, which in the future 
could be subjected to experimental verification. 

4. Owing to the large number of intermediate 
bosons (the present model contains thirteen!) the 
proposed formulation is extremely uneconomical. 
However this impression does not reflect the es­
sence of the situation, since the number of mass 
parameters for the intermediate bosons is mini­
mal (one or two mass values), and the various bo­
sons could be considered as different states (iso­
spin, unitary, etc.) induced by the postulated new 
symmetry of the electromagnetic-weak interac­
tions (i.e., states of one or two kinds of intermedi­
ate fields). In this connection it is interesting to 
note that the history of theoretical physics sug­
gests examples in which an increase in symmetry 
was related to a growth of the number of funda­
mental states of particles (or fields). 

5. The only justification for the inclusion of 

(V +A)-currents in the present model was the 
necessity of deriving parity conservation in elec­
tromagnetism, starting from a parity-nonconserv­
ing unified isospin-invariant "preliminary" La­
grangian. For this purpose it was sufficient to 
choose approximately half as many (V + A) -cur­
rents as (V -A) -currents. It is however possible, 
from the point of view of the higher symmetry, to 
require that the "preliminary" Lagrangian pos­
sess a broken (V ± A) symmetry and that the sys­
tem of (V + A) -currents include also the unitary 
octet and singlet. In this case the complete set of 
currents-generators of the possible strong inter­
action symmetry group SU(3) x SU(3)[ 191 would 
participate in the unified electromagnetic-weak in­
teractions. 

6. The present model includes a set of param­
eters (boson masses and mixing parameters) which 
have to be determined from experiment. The model 
proves the possibility of such a formulation, but 
not its necessity. An obvious deficiency of such a 
formulation is the absence of theoretical arguments 
for the selection of the numerical values of a se­
ries of fundamental constants. It would be desir­
able that a physical quantity like the vanishing pho­
ton mass should be a necessary consequence of 
the theory. In a series of places the formulation 
given is not unique and could be perfected. 

But the main purpose of the proposed model 
was to exhibit the possibility of formulating a uni­
fied electromagnetic-weak interaction of hadrons, 
possessing broken isospin symmetry and which is 
compatible with all presently known experimental 
data. An experimental verification of the funda­
mental ideas which are realized in this model 
would be of decisive importance. In particular, the 
experimental detection of a small admixture of 
(V +A) currents in the known weak interactions, or 
the discovery of the B-interaction could be an im­
portant argument in favor of a unified description 
of electromagnetic and weak interactions. 

The author expresses his gratitude to M. V. 
Terent'ev and L. B. Okun' for valuable discussions 
and to Ya. B. Zel'dovich for interest in this work. 

Note added in proof (April 3, 1966) 1. It is easy to see that 
the estimate of the relative suppression of the I ilT I = 3/2 
amplitude given in the text, will not be considerably changed 
by making use of the exact propagators of the intermediate 
bosons (26) for arbitrary qaq/3, and therefore remains valid if 
one considers virtual strong interactions up to any order. 

2. The realization of the indicated possible restoration of 
broken isospin symmetry of the unified electromagnetic-weak 
interaction in the limit of large momentum transfers is in the 
general case ("switching" of virtual strong interactions) 
closely related to the following two assumptions: 1) in the 
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limits all weak currents are conserved qaja < C/ I q I; 2) in the 
diagrams which violate the current-current form of the Lagrang­
rian (23), involving virtual hadrons, the large invariant squared 
momentum transfer is associated preferentially with the W­
boson. 
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