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Supersymmetric decay of the 7 lepton
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The angular distribution of muons or electrons produced in the supersymmetric decay of tau lep-
tons, 7~ —¥,¥1 ", is calculated. This decay mode has the same observable final state as the ordi-
nary leptonic decay 7~ —v,¥;/~ but may be distinguished from it by the differing energy and angu-

lar distribution of the final-state lepton.

Low-energy supersymmetry' is an attractive and feasi-
ble extension to the standard model.? It is a solution to
the hierarchy problem in the sense that it provides a nat-
ural way of protecting a small Higgs-boson mass from
large radiative corrections. Experimentally, supersym-
metric particles (sparticles) have not been seen and hence
the masses of detectable sparticles, with the possible ex-
ception of the gauginos and Higgsinos, are much greater
than those of their corresponding partners. However,
sneutrinos are not directly detectable but light sneutrinos
will have consequences on low-energy phenomenology
unless the sleptons and gauginos are very heavy. If the
sneutrinos associated with the 7~ and either the u~ or
e~ are light, by which we mean less than 1 GeV, then the

supersymmetric decay of the tau lepton 7~ —v. %,/ ~ will
compete with the ordinary leptonic decay 7~ —v v,/ ~
(which has the same observable final state) giving rise to
deviations both in the energy distribution® and angular
distribution of the final-state lepton. With a new genera-
tion of e Te ™ machines on line in the near future, a large
event sample of 7 decays will soon be available for
analysis. Small deviations in the energy and angular dis-
tribution of the final-state lepton from that predicted by
the standard model will be easily observable. In this
Brief Report we calculate the angular distribution of the
lepton produced in the supersymmetric decay of polar-
ized 7 leptons.

The matrix element for the process 7~ —vv I~ is

found from evaluating the Feynman diagram shown in
'
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where M, is the mass of the supersymmetric partner of
the Wboson W, g5, =pf+p ’.;I is the four-momentum car-

ried by the W, and g is the SU(2);, weak coupling con-
stant of the standard model. The variation of the W
propagator with q%, has been neglected. Upon squaring
this expression, we find that, for a polarized 7,
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where p, and p; are the four-momentum of the 7 and
final-state lepton. The four-vector s is the spin vector of
the 7 lepton, such that in its rest frame p_-s=0 and
p;-s=—|p;lcosf);, where 6 is the angle between the
direction of the final-state lepton and the polarization of
the tau. The spin-averaged lepton energy distribution has
been calculated before by Kane and Rolnick in Ref. 3; we
will use their notation for simplicity.

After integrating over the phase space of both sneutri-
nos we find that the double differential cross section of a
massless final-state lepton is given by
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where x;=M; /M and x =E;/M .. Phase space dictates
that x lie within the range 0 to 3[1—(x, +x,, )2]. Also,

we have
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and ¢, =cosB,, as defined before. When we perform the

angular integration over cosf, we recover the result of

Ref. 3 for the energy distribution of the final-state lepton.
If we define the asymmetry 4 (6,) to be
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where 1 indicates a spin-up 7 and | a spin-down 7, then
we find in the limit of massless sneutrinos that

A(6))— —Lcosh ,

which is significantly greater than the asymmetry found
in ordinary leptonic decay of —4{cosf.

In conclusion, we have calculated the angular distribu-
tion of massless leptons produced in the supersymmetric
decay of 7 leptons. We find that the angular asymmetry
is much stronger than for the ordinary leptonic decay
mode. This feature along with the differing energy distri-
bution of the final-state lepton, as indicated in Ref. 3,
provides useful tools for observing the supersymmetric
decay mode or setting limits on the masses of the super-
partners. Unfortunately, since M, appears as an inverse
fourth power in the expression for the rate, the lower lim-
it that can be found for M, does not depend strongly on
the precision of the experimental data. An example of
which is, if we assume that an upper limit on the devia-
tion of the angular distribution is of order ~ 1%, then
this translates into M >4My for massless sneutrinos.
It is interesting to speculate that if a fourth generation of

FIG. 1. The diagram responsible for the supersymmetric de-
cay of the 7 lepton.

leptons exists in nature then it would have significant
phase space available to its supersymmetric decay mode
for sneutrinos considerably more massive than the ones
considered in this work.
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