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The corollaries of phenomenological theory of a 7 lepton in asymptotically free
SU(5) model, which confirms the existence of a heavy neutrino (m, =~ 1.5
GeV), are given. The 7—3e and 7—e -+ 2u decays are shown to be a good test of
this model. The decay modes of an N, lepton are discussed briefly.

PACS numbers: 13.10. 4- g, 14.60. — z, 11.30.Ly

The asymptotically free SU(5) model of a single interaction’ is now a well-de-
veloped scheme of the grand unification theory, which must be compared with ex-
periment. This model is unique because it unifies in a minimum attainable way the
SU(2) X U(1) Weinberg-Salam model and the SU(3) quantum chromodynamics,
which are now considered by many investigators to be the fragments of a future
theory. The internal consistency of this theory allows us to hope that its predictions
can be made with sufficiently high degree of certainty, which is extremely important
now in the formulation of experimental phenomenology of high energy and super-
high energy physics. Several quite interesting predictions of this theory (for example,
nonzero mass of e and u neutrinos,? finite lifetime of a proton, and several others)
can today be considered worthy of experimental investigation.

The phenomenology of a 7 lepton with a “heavy” neutrino is also considered a
very interesting feature of this SU(5) theory. The intrinsic, “heavy” neutrino (V,
lepton with m Ny .5 GeV) is responsible for only a small number of 7-lepton decay
channels, whereas the main channels of its decay involve a light » neutrino (the four-
component Dirac spinor). The latter interacts with e and u leptons according to the
Zel’dovich-Mahmound-Konopinski scheme.®> The phenomenology of a 7 lepton is
established by mixing (e, 7) leptons with (v, V) neutrinos
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The mixing of (u, &) leptons [as well as (b, d) quarks] with (vg, N ) neutrinos must
be small to avoid changing the ratio of weak constants, that is realized by the u and
B decays and that has been determined experimentally with great accuracy

[oB) /o u)1=1,003 +0,004. @

The neutral lepton current causes a number of so-called exotic, 7-lepton decays via
(er , Tr) mixing,
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where tan (5, 75) = 4.4 X 102, This SU(5) scheme differs in this respect from the
other theories in which these decays are forbidden. Here sin® 6y =0.21.

Our goal in this letter is to show that currently available experimental data for
the phenomenology of a 7 lepton are consistent with the scheme is which the “in-
trinsic,” light neutrino in a 7 lepton is missing. Such a scheme, which does not vio-
late the standard r phenomenology, predicts quite interesting effects, specifically,
the existence of so-called exotic processes [7— 3e (e2u) decays and other decays]
which have not been observed until now.

We shail use the 7—>»+ X decays to describe the phenomenology of a 7 lepton.
The main 7-lepton decays proceed in this scheme via the T—>e+2v and r>u+2»
channels. The 7> e+ 2p decay is completely analogous to the u decay, in which a
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correction is introduced only for the m,,/m, mass ratio. We shall take this important
feature into account below. The standard calculations of the 7—>e + 2v decay width,
which are omitted here, give the following result:

2(a? + 2[32) msr

T se+2v T 192 3 ’ “)
where the a and § coefficients
0,9x0,44g> 2,2X1072g2 G
2X4Xm%'/ ’ B 2X4(mzcosew)2’ )
which were calculated by using Eqgs. (1) and (3), determine the relative contribution
of the charged and neutral currents to this decay. The lifetime of a 7 lepton can be
determined by comparing Eq. (4) with the u—e +2v decay width
2a? 0,99 X 9,9 g2
T ket W LSRR AR I 6
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and also by using the experimental values for the ratio of the partial widths*

) I{r-e+2) 0.17
e T(rs an) ™
and the lifetime of u mesons (7, =2.2 X 107 sec). Finally, we can see that the life-
time of a 7 lepton

T ‘“)2 ! (—mJLjTB 0,98 X 10~ 12
7 “(T 1+2(B/a)2 m,_ ple =Y sec, (8)

just as in Eq. (8), is very close to its experimental limit [7, <2.3 X 107'2 sec (Ref.
4)] , although it differs from the predictions of the standard SU(5) model with a
“light” neutrino, where T, =2.8 X 10713 sec. We do not view this problem, however,
as a deficiency of the SU(5) model which is considered here. The ratio of partial
widths of the decay of a 7 lepton into e and u leptons, which was calculated accord-
ing to Egs. (1) and (3), has also been confirmed experimentally:

T(r»>p+20)
I'(r » e+ 2v)

The agreement with the experimental value [1.06 +0.1 (Ref. 4)] is within the error
limits.* On the whole, we found that the 7-lepton decay according to the scheme
7>v+X is in sufficiently good agreement with the experiment.

~1,2 . ©

We shall consider those exotic 7-lepton decay channels which set this SU(5)
theory apart from the other models, The 7->3e and 7 e+ 2u decays are the main
decays here. The calculations were carried out according to Eq. (3), taking into ac-
count that the particles in the final state are identical:
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The o; and g; coefficients are

1,2X1072. 6,29 g2 1,2X1072x9,21 g2 1,2X1072x0,14 g2
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In deriving (11) we have used the expression for the neutral current of the (u, ) ser-
ies of particles in addition to (3)
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where it is assumed that sin?(u;,, 97,) X ~0.14." The relative contribution of 7~ 3e
and 7> e+ 2u processes to the total 7-decay probability can be determined by com-
paring Eq. (10) with Eq. (4) and by using the experimental result of (7)

T'(r - 3e) ~ 2X 10739 U(r » e+ 2p)
'z~ all) (- all)

Although the estimates of (13) are below the level of experimental constraints,*
a search for these processes is very important.

=1X10739, (13)

The 7-lepton decays, which are accompanied by an intrinsic heavy neutrino, are
also very important. Because of the instability of N, neutrinos such a decay causes
a cascade decay

7 > N +e+ v , (14)
L——-2e+u(e+p+v)

which produces three light leptons and two final-state neutrinos. The probability of
TN, +e+v decay can be determined from Eq. (1), assuming that the energy release
in the final state is small
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The relative probability of this decay channel can be determined by comparing Eq.
(15) with Eq. (4)
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where it is assumed' thatm ~,~ 146 GeV. An analogous decay process 7 >N,
+u+ v is suppressed, since the energy release in this case is smaller because of the
finite mass of a u meson.

We shall also estimate the decay probability of an /V, lepton. Its main decay
channels (2¢ +v) and (e + u +v) in the SU(5) model® have approximately the same
probability which is calculated here from Eq. (1)
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We can see in Eq. (17) that there is an analogy between the decay of a 7 lepton via
the (e+ 2v) channel and the corresponding decay of a V; neutrino. An analysis of
other N, -Jepton decay channels shows that this analogy applies to the N -lepton
phenomenology as a whole, i.e., the relative probabilities of the corresponding decays
are similar

F(NT > 2e +v) /T (Nr - al ) =0,17. (18)

This makes it possible to estimate the lifetime of an N, lepton in a very simple way
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by effectively using only the appropriate mass factor.

The obtained results, therefore, confirm the existence of a heavy neutrino that
accomparies a 7 lepton. The 7> 3e, 7—>e + 2u and other processes predicted by this
model may serve as a good test for distinguishing experimentally this model from
that with a light neutrino. It is important to realize, however, that the parameters of
this model, when necessary, can be changed to some extent and that the estimates
obtained here should be further refined. The qualitative picture of this phenomenol-
ogy , however, must certainly be preserved.

In conclusion, the authors would like to take this opportunity to thank Prof.
E.S. Fradkin for his valuable advice and for his abiding interest in this work.
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