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The physics of the 7 lepton will provide in the near future evidence concerning
the question if this lepton, with its neutrino partner, is a sequential lepton or not.
So far, as was stressed in Ref. [1], all experiments are ihtemally consistent with the

Standard Model. Notwithstanding, it is well known that the accuracy of the » data

_are.still poor and it should be possible that pew physics will come up when the’

propo.sed 7-Charm factory gives new and more accurate data about T decays and

pl_;op'erties {2 _

For examplé. new data could conﬁrm the so called “r decay puzzle” [3], which
is a difference between the measured world average [4] 7 lifetime, 7, and the theo-
retically g:xpectéd value within two standard deviations. Explicitly (5]

7P — 7 = (0.16 £ 0.09) x 10125, (1)

although this discrepancy is not yet statistically significant, it can be translated into

" discrepancies in particular branching ratios, implying that the expected leptonic

branching ratios are about 2.3¢ higher than the average measurements [3]. The
branching ratio conflicts suggest that a shift in , and/or 7 maess, m,, should occur
when more precise measurements become available. In fact, preliminary results
from BES in Beijing point to a down shift of 2 in m, in relation to the world
average value [6]. Notwithstanding, in order to solve the discrepancy a down shift
of 6.4c is required as pointed out in Ref. [3]. _
Other possibility is that no such a shift on 7, or m; i8 needed but the problem

~with the branching ratios would still exist. This would imply & new physics. The

relationship of Eq. (1) with a possible deviation from universality can be see as
follows. It is well known that the decay diagram of the muon into electron being
similar to that of the 7 decay into electron or muon. For example, implies the

following relationship



(g_“)2 - (?) (%)SB.R.(T — ebw), (2)

where G and G, are the coupling constant of the 7 and p to the charged weak
current respectively. Assuming ey universality an average leptonic branching ratio

can be defined as in Ref. [6}: .

B 4 o
(B} = =035 = 17,884 0.26%. (3)

where the factor 0.973 is due to the mass of the muon. _

Using the world average value for the branching ratio Eq. (3) in Eq {2) it
follows that G,./G, = 0.975 £ 0.010 using non-LEP and LEP data or G./G, =
0.985 = 0.0009 using the BEPC value for. the r mass [6]. Of course in the Standard
Model universality implies G, = G,.

There have been some speculations about this possible deviation from the Stan-
dard Model. Some examples, usually discussed in the literature, of the new physics
" needed to solve the puszzle are:

1. the introduction of new gauge bosons [7],
2. four-generation leptons, mixing mainly with the third generation [8,9],

3. scalar particles which interfere destructively with the W-exchange amplitude
in the 7 decay [10}.

Of course, each of the above possibilities, and their variants, have their own dif-
ficulties. The first one implies a drastic modification of the Standard Model; the

second implies also a modification of the quark sector, necessary in order to avoid

anomalies; finally, the third one needs a larger Higgs sector (two triplets) in the -

Standard Model.

On the other hand, the simplesi solution has not been even mentioned in the
literature. It is ﬁossible, if the neutrinos are massive, that a mixing similar to
the Kobayashi-Maskawa one [11] occurs with three lepton generations. Here we will
consider the analysis of the experimental data with five free parameters, three angles
and two neutrino mass differences from Ref. {12]. The effects of the Kobayashi-

Maskawa mixing in the leptdnic sector were considered in Ref [13]. In particinlla.r

the effects of such a mixing for the case of leptonic decays of the r-lepton were

explicitly considered in Ref. [14]. Here we will consider this scenario in the context
of a possible “r decay puzzle”. '

The'Kol')ayashi—Maskawa l_épton mixing matrix is

V; Vee Veu Ver Vy
V:. = Vpe V;m Vm‘ yu . . (4)
V; Vr: Vrp V‘!‘T Vr

The unprimed fields are mass eigenstates and we will not consider the hierarchical

- mixing [15]. In Ref. [12] the Maiani parameterization {16] of the mixing matrix was

chosen and two solutions were found for the oscillation parameters which imply the

following ranges for the dizgonal matrix elements {Vi., Vi, Vor)

solution a) 1.00—0.98,1.00—0.99,1.00—0.98
solution b) 1.00—0.97,1.00—0.98,1.00—0.98

In the theoretical predictions of the_ r partial widths we will neglect neutrino masses.
In fact the neutrino mass is only important if m, > IOO'MeV for r — eu,a?,-decag.w,
or if m, > 50MeV for 7 — pu,f, décay [14] while tlfe Present éurrent limit is
m,, < 35MeV [4]. We use the following notation: Br = T7/Tg,, I being the
T partial decay width into the ¢ charged particle (e=,u~,7,K™) considering the
mixing and I'],, the total width. |



The widths with this kind of mixing are given by
| fr = WP AP

P Ve - ®
and

. Ve 2

r AVl o

= W Evap e ©

wherel = ¢,y and h = =, K and I}, oaxe the r partial widths without mixing which
have appeared in the literature [3]. In Eqs. (5) and (6) the denominator comes from
the definition of the G, constant in the y decay. Numerically we will consider the
hadronic partial decay width as T] = I7 + I%. _

Let us start by the theoretical result for the partial width from Refs. (3,17,
wﬁich includes radiative corrections, using the current data from Ref. [4] and pre-

senf.e& with the range implied by the solution a) above:

D(r = e71.7,) = (3.951384.1912%%) x 10"19GeV, o)
D(r — wv,5,) = (3.84138—4.179%) x 10-2GeV, (8)
- D(r = 71,) =(245 £ 0.06—2.71 £ 0.07) x 10-°GeV, (9
T{r — Kv,)=(1.60 £ 0.04—1.76 & 0.04) x 10~ GeV, (10)
I(r — hv,)=(2.61 £ 0.06—2.88 £ 0.07) x 10-GeV. (11)

With this mixing we have instead of Eq. (2)
v 2 2 5
(gl) = Weul® (E) (E‘-‘—') B.R.(1 - epv), (12)

Gp - "[‘rr{z Tr my

and using the current r lifetime and mass [6)

M, =1776.9 £ 0.4 £0.3, MeV 7, = (3.00 £ 0.05) x 10", (13)

(G,) P IV.P | 0.941 +0.024 (world average) (1)
— = et W
Gu/ WP 0.967 + 0.018 (BEPC).

5

With the values of the diagonal matrix elements given in solution a) we obtain
'V,,,,I"'/ {Vee|? = 0.98—1.04. We see that there is consistency with the value G, /G, =
.0.975:I:0.{110 [6]. Eqs.(6)-(10) are also compatible with the respective experimental
branching ratios. Similar results arise using the matrix elements given in {b).

We can also verify that ratios of partial widths are consistent with leptonic

mixing

l - ]VMPI_‘E - — +0.01 S

Fr = TLpT: = 0.95 + 0.01—1.013301 | . (15)
H_ 11
2ho_ =£ = 0.68 & 0.02—0.69 + 0.02, 16)
G IValr (

Ip_ 117 ' |

= =R - (664 0.02—0.60 £ 0.02. 17
Ty = Vapr; — 0904 - o

As before, we show in Eqs. (15)-(17) the range of the ratios of the partial widths
taking into account the range of the matrix elements. Again it is possible to. -verify
" that there is congistency with experimental data.

We have shown in this comment that a possible deviation from p~T universality

if confirmed by future experiments is sufficiently small to be accounted by three
“generations mixing in the leptonic sector.
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