We note that additional lowering of g and t can occur as a result of the
nonuniformity of the i1llumination of the spot, temporal pulsations of the flux,
and many other factors (for example, as already indicated in [3], the air re-
sistance, whichleessens the role of adiabatic cooling of the expanding vapor,
shortens the "flash" time).

In conclusion, we are deeply grateful to A.I. Petrukhin for valuable dis-
cussion and for providing the experimental data, and to V.V. Novikova for help
with the calculations.
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Gell-Mann et al. have advanced arguments [1] indicating the possibility of
an appreciable physical difference between diagonal and nondiagonal interaction
of weak currents. In [2] there was discussed a generalization of [1], includ-
ing electromagnetism in such a way that the total symmetry of the diagonal
interactions of hadron currents appears only affer combining the contributions
from both weak and electromagnetic interactions.

We consider here certain physical consequences of the proposed spearation
into "diagonal" and "nondlagonal" interactions, in the case of interactions of
leptonic electromagnetic currents, and note that the discovery of the effect of
diagonalization, if it exists and is general, can be expected not only in neu-
trino experiments [1] but also in high-energy colliding-beam experiments now
in progress, provided "violations" of quantum electrodynamics are observed.

We postulate that besides the coupling between the lepton and hadron parts

of the total electromagnetic current with the m§ssless proton field (we omit
the vector indices of the currents and fields)!/,

L= ejemp = o(ig" tifm)A, (1)
where

.izm Ei:? +i;”"5m°*'ﬁm“’

(2)

1)'I‘he possible contribution to the current jem from the charged W-bosons and

other possible types of new particles wlll not be considered explicitly here.
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(3)

and j¥ and jY are the components of the unitary octet of vector hadron currents,
the different parts of the electromagnetic current are also connect?d with
heavy neutral vector bosons V,, V,, and V5 in the following manner?/:

I ety - it vy, (1)

— 1
L -vm(if - —= iy Vs (5)
L« VEelizm - iz, (6)

All the Vi bosons have the same mass M, which 1s preferably set equal to the
mass of the intermediate vector bosons of the weak interactions [2]. The sum-
mary effect of interactions (1) - (6) in the e? approximation leads to the
following effective current-current infteractions:

1) Regularized effective electromagnetic interaction
~ em 2,8m .em
Lot = ¢liq i g Bhg, (7)
where AYueis the effective photon propagator,

1 1
AY =( -
aB ;
q

q2+M2

)%a8 - (8)
2) Diagonal interaction of neutral hadron currents

i
h VR .,

where Af is equal to the propagator of the vector boson with mass M,

8
ADg = (Byp + 9,98/ M) (a2 + M2)=1, (10)

3) Diagonal lepton interaction
TL . - e elErge) + Givgu) Girgu ) B - (11)

It follows from (7) - (11) that the essential difference between the ef-
fective propagators for the diagonal and nondiagonal current-current inter-
actions pertains, possibly, not to weak interactions only [1], but is a more
general physical phenomenon. It is possible to isolate in this manner the sin-
gularities of the ordinary electromagnetic interaction, which are responsible
for the known divergences (with the exception of the polarization of vacuum),
and to localize them only in the diagonal interactions (9) and (11). On the
other hand, a complete analysis of the latter is apparently meaningful only at
same level with the diagonal interactions of the weak currents. This reveals,

2)'?[‘he currents in (4) - (6) have the common property that their conservation
1s violated only by weak interactions.

316



possibly, a deep connection between the problem of divergences in electrody-
namics and ?he problem of the connection between electromagnetism and weak in-
teractions®’/. We shall consider here only lepton interactions.

It is seen from (7) and (11) that the effective propagator of the diagonal
electromagnetic lepton interactions (ee + ee and uu - uu) is given by

1 n

-f— § — (12)
(qz, ' q’+M’)8aB,

where n = +3, whereas the effective propagator of nondiagonal electromagnetic
lepton interactions (ee = up) is given by (8).

The diagonal interactions contribute to the anomalous magnetic moment of
the leptons. If it is naively assumed that they are responsible for the dis-
crepancy between the theoretical and experimental values of (g - 2) for the
muon, then the CERN data [3] and (12) would lead at n = +3 to the estimate
M = (6.8Y3-%) GeV. But in any case we get M 3z 5 GeV.

If the mass of the vector boson M is not very large, then these predic~
tions can be verified in the future in experiments with colliding electron-
positron beams. The ratio of the cross section of the nondiagonal reaction

e~ + et > +u+ (13)

in the present model to its value 1n ordinary quantum electrodynamics does not
depend on the angle and equals

ro=(1-¢)-2, (14)

where ¢ = E /M is the ratio of the total energy in the c.m.s. to the mass of

cms
the intermediate boson. For example, at M - 8 GeV and Ecms = 2 GeV, the ratio

(14) is equal to ~1.13. On the other hand, it 1s easy to find by direct cal-
culation that the ratio of the cross section of the diagonal reaction e~ + e’

- e~ + e+, which follows from the given model, to its value in the usual quan-
tum electrodynamics depends on the angle; for example, if the c.m.s. scattering
angle is 6 = n/2, the ratio is"

r, ={(2 +(n +1)e?)2 +n2‘4('_€2)-2](2 +ed) =2 . (15)

In particular, when n = +3, and € = 1/4, we get r, @ 1.2. When €? << 1, the
ratios (14) and (15) tend to unity. When €®> >> 1 we have r;, = 1/e* + 0 and r,
+ 16; the limiting ratio r,/r, » 1/16e" does not depend on the angle®),

What is the physical meaning of separating the current-current interac-~
tions into diagonal and nondiagonal ones? It is possible that the true basis
for such a separation is the condition of restoration of the postulated

3)The diagonal hadron interaction (9) complements in [2] the diagonal interac-
tions of weak hadron currents to form an isotropically invarient expression,
leading to elimination of the divergences for the mass differences of the iso-
multiplet components.

“)The ratio (14) for the reaction (13) coincides with the expression given by
Lee, in the theory with indeflnite metric, but the corresponding relations of
the type (15) for diagonal reactions are appreciably different.

S)Allowance for the charged W bosons might change somewhat the estimates for
the diagonal reactions (possibly n =+7 in lieu of n = +3 in (12) and (15), but
would not change the form of the interaction (7) and (8) or the estimate (14)

for nondiagonal reactions.
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symmetry [2]. From this point of view, the separation, predicted by the pre-
sent model, of the lepton interactions into diagonal and nondiagonal ones is in
fact a concrete formulation of the problem as applied to an experiment involv-
ing the lepton symmetry. The existence of the aforementioned diagonalization
effect for interactions of electrons and muons, namely the different character
of the energy and angular dependence of the deviations from ordinary quantum
electrodynamics for (eeee) and (eeuu) processes at high energies, respectively,
would signify that the e-currents and the u-currents are "different currents"
and that the electron and muon are of an essentially different nature. The
absence of such an effect would possibly signify only that there exists a uni-
fied leptonic electromagnetic current, and that the electron and muon are par-
ticles of the same type. In the latter case, both processes could be "diago-
nal," with an effectlve propagator of the type (12) (at n = +1 or n = +3).

The ratio (14) would have to be replaced in this case (for ee + uu) by

r=[1-nd(q -3)=112, (16)

and vanishes at €? = 1/(n + 1). The only possible nondiagonal interactions
would be hadron-lepton processes, for example e~et » n~nt and others [2].

In conclusion we note that particular interest attaches to the possibility
of experimentally verifying, in high-energy colliding-beam experiments, the
hypothesis [5] that there exists an axial pseudo-electric interaction, under
the condition that the boson mass is not very large, M << 100 GeV., It is
easily seen that this hypothesis leads to a separation of the electromagnetic
processes into diagonal and nondiagonal ones with respect to the particle
helicity (this 1s the consequence of the gauge-invariance conditions employed
above and of the relation (VV + AA) = L[ (V - A)(V - A) + (V + A)(V + A)]). A
convineing experimental confirmation of this idea would be the observation of
an essential difference between the cross sections for the reactions of high-
energy particles with identical and opposite helicities, for example eie£-+eie£

~o— —e= ~at ~at -t —nt
and €1 eg T €regr, Or ereg * eTeR and erer, > erer-

I am grateful to L.B. Okun' for a useful discussion.
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