
s

PHYSICAL REVIEW D 1 APRIL 1996VOLUME 53, NUMBER 7
Production and decay of single heavy spin-3/2 leptons in high energy electron-positron collision

F. M. L. Almeida, Jr., J. H. Lopes, J. A. Martins Simo˜es, and A. J. Ramalho
Instituto de Fı´sica, Universidade Federal do Rio de Janeiro, Ilha do Funda˜o,

Rio de Janeiro, BR-21945-970, Rio de Janeiro, Brazil
~Received 5 October 1995!

We discuss the possibility of detecting heavy spin-3/2 leptons at CERN LEP 2 and NLC energies. The
angular distributions of primary ordinary leptons are shown to be a good measure to discriminate between a
heavy spin-3/2 lepton and a similar nonstandard spin-1/2 signal.

PACS number~s!: 13.10.1q, 13.35.2r, 14.60.Hi
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There is now an extensive amount of data that confirm
standard model as the theory of fundamental interactio
However, since it depends on a relatively large number
parameters adjusted by hand, there is an expectation
some extended theory will provide a deeper understandin
its nature. As yet, none of the theoretical proposals h
achieved this goal. On the experimental side, a lot of eff
has been put on the search for new particles, which co
shed some light on the physics beyond the standard mo
In this paper we study the production and decay of possi
heavy spin-3/2 leptons at an energyAs5190 GeV reached at
the CERNe1e2 collider LEP 2 and at a future Next Linea
Collider ~NLC! at As5500 GeV.

The motivation for spin-3/2 leptons comes from at lea
three scenarios. In composite models ordinary spin-1/2 l
tons and quarks are thought to be formed by more fundam
tal fermions. If this hypothesis is correct, then excited sp
3/2 states are expected to exist@1#. Composite fermions in
enlarged groups~relative to the standard group! also imply
spin-3/2 fermions@2#. In supergravity gauge theories@3# the
spin-3/2 gravitino is the fermionic counterpart to the grav
tational field. More recently, spin-3/2 fields appear in
quaternionic quantum-mechanical model@4# for composite
leptons and quarks. Unfortunately, there exists no comp
self-consistent theory of interacting spin-3/2 fields. At th
classical level there is the problem of faster than light prop
gating modes@5#. The minimal electromagnetic coupling fo
pair production of spin-3/2 leptons violates unitarity ju
above threshold@6#. These problems make difficult any com
parison of theoretical predictions for spin-3/2 objects wi
any possible ‘‘new physics’’ experimental signal. Some tim
ago, it was pointed out@1# that some of these difficulties
could be ameliorated for the coupling of spin-3/2 fermions
massive electroweak gauge bosons. Although this hypoth
is not a solution of the problems concerning spin-3/2 field
one expects that it will allow that reliable phenomenologic
estimates be made, in the same spirit of the effective Fe
theory for weak interactions. The heavy gauge boson pro
gator can act as an effective form factor, and one can co
pute production cross sections for spin-3/2 fermions wh
violate unitarity in kinematical regions well above thres
olds, as in the old Fermi model. There are some theoret
arguments for a high spin-3/2 mass. The well-know
Weinberg-Witten theorems@7# leave open the possibility of
massive spin-3/2 states at higher energy scales. This is
ported, to some extent, by a recent analysis of the LEP 1 d
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carried out by Montero and Pleitez@8#, which implies the
boundM3/2.MZ . We are then lead to study massive spin
3/2 fermions with masses above theZ mass.

The phenomenology of spin-3/2 lepton production ha
been studied for electron-positron collisions@1#, hadronic re-
actions@9#, and more recently, for the DESY electron-proton
collider HERA@10# and thee2g mode of the next generation
of electron-positron colliders@11#. In this paper we turn our
attention to the production and decay of a single spin-3
lepton ine1e2 collisions at LEP 2 and NLC energies. Spin-
3/2 lepton pair production is also possible, but it is bounde
by M3/2,As/2, whereas single spin-3/2 lepton production
can reach masses as high asAs. We compare our results for
spin 3/2 with the analogous heavy spin-1/2 case. A detaile
analysis of the production process of single heavy spin-1
leptons was carried out in Ref.@12#, in the framework of
different nonstandard electroweak models, and the model d
pendence of unpolarized production cross sections and d
tributions was found to be weak.

In order to reduce the model dependence on spin-3/2 co
plings, we consider the phenomenological currents

J1
m5eūm~p,3/2!~c1V2c1Ag5!u~k,1/2!, ~1!

J2
m5

e

L
ūl~p,3/2!qlgm~c2V2c2Ag5!u~k,1/2!, ~2!

TABLE I. Branching ratios~%! for the two-body decays of
heavy spin-3/2 leptons. The parentheses show the products of
W ~or Z) boson decay.

L3/2
2 →( l2n l)n L3/2

0 →( l1n l)e
2 8

L3/2
2 →(hadrons)n L3/2

0 →(hadrons)l2 50

L3/2
2 →(invisible)e2 L3/2

0 → invisible 5

L3/2
2 →( l1l2)e2 L3/2

0 →( l1l2)nL 3

L3/2
2 →(hadrons)e2 L3/2

0 →(hadrons)nL 18
3555 © 1996 The American Physical Society
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where ūm(p,3/2) represents a Rarita-Schwinger vect
spinor, qm5pm2km and L is a mass scale that sets th
strength of the interaction. We assume that the mixing
tween ordinary spin-1/2 leptons and heavy spin-3/2 lept
occurs only within the same lepton family, with conservati
of lepton number. A more general classification of operat
with dimension up to six, involving spin-3/2 fields, is give
by Burges and Schnitzer@13#.

A spin-3/2 heavy lepton, whose mass exceeds the exp
mental lower boundM3/2.MZ , generally decays via a two

FIG. 1. The lowest order Feynman diagrams for the proc
e1e2→e2(ne)L

1(L̄0).

FIG. 2. ~a! Cross sections for single production of heavy sp
3/2 leptons atAs5190 GeV. The cross section for a nonstanda
spin-1/2 lepton of a vector doublet model is shown for comparis
~b! Same as~a!, but atAs5500 GeV.
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body process. The widths of the spin-3/2 leptons, according
to currentsJ1 andJ2 , are given by

G~1!5
a

48
~c1V

2 1c1A
2 !M3/2

~12k!2

k
~1110k1k2! ~3!

and

G~2!5
a

48
~c2V

2 1c2A
2 !M3/2SM3/2

L D 2 ~12k!4

k
~112k!, ~4!

wherek5(M3/2/MB)
2 andMB stands for the vector boson

(W or Z) mass. ForL5M3/2 and coupling constants of the
order of one, typical widths are then in the range 0.1–10
MeV, showing that the direct observation of these leptons is
a hopeless task. The branching ratios for two-body decays
are given in Table I. For the charged spin-3/2 lepton the most
favored signature will be one ordinary charged lepton~pri-
mary lepton! in one hemisphere and aW boson and a miss-
ing n in the other. For the neutral case, the dominant event
will have one missing neutrino in one hemisphere, along
with aW boson and charged ordinary lepton in the opposite
hemisphere.

It is well known that there is no theoretical prediction on
the absolute value of the total cross section for spin-3/2 pro-
duction. We have then normalized the total cross section to
the upper bound on similar spin-1/2 production@12#. In Fig.
1 we show the Feynman diagrams for single spin-3/2 lepton
production. The explicit calculation of these diagrams leads
to

ds

dx

~1!

5
p

12
a2

~12h!

M3/2
2

2

„f ~s!A1@8h1~12h!2~12x2!

24B1hx#1 f ~ t !$A1~11h!~112h!1B1h~32h!

22~A11B1!h2~12h!@A1~122h!1B1h#x2%

1 f ~st!~A11B1!$4h1~12x!

3@4h1~12h!2~11x!#%…, ~5!

ess

n-
rd
on.

FIG. 3. Total cross sections as functions of the center-of-mass
energy, for input massesML5120 GeV andML5400 GeV.
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FIG. 4. Normalized angular
distributions of the primary lepton
for different couplings~V6A, V,
or A! in spin-3/2 currentsJ1 and
J2 .
n

-

r

ds

dx

~2!

5
p

96
a2

~12h!2

hL2 „8 f ~s!~12h!2$A2@11h1~12h!x2#

12B2x%1 f ~ t !@11h2~12h!x#2$~51h!A2

2~32h!B21~A21B2!@2x1~12h!x2#%

24 f ~st!~12h!~A21B2!~11x!@11h1~12h!x#

3@12h2~11h!x#…. ~6!

In the expressions above,x5cosu, whereu is the angle of
the primary lepton with respect to the incoming electron, a
the coupling constantsgiV and giA refer to standard-model
vertices of the form2 iegm(giV2giAg5). In addition,

h5M3/2
2 /s,

f ~s!5
s2

~s2MZ
2!21~GZMZ!2

,

f ~ t !5
s2

~ t2MZ
2!2

,

f ~st!5 f ~s!
~s2MZ

2!

~ t2MZ
2!
,

Ai5~ciV
2 1ciA

2 !~giV
2 1giA

2 !,

and
d

Bi54ciVciAgiVgiA ~ i51,2!.

Figure 2 shows the production cross sections for charged
spin-3/2 leptons, both atAs5190 GeV andAs5500 GeV.
For the sake of comparison, the cross section for the produc
tion of a heavy spin-1/2 lepton is also shown for a model
with mixing angles equal tou i50.1. Assuming that LEP 2
and NLC luminosities will take on the conservative yearly
values of 150pb21 and 10f b21, respectively, the production
rate of a 120 GeV spin-3/2 lepton is found to be around four
events per year at LEP 2 but may reach 700 events per yea
at NLC. The energy dependence of the total cross sections is
displayed in Fig. 3. The curves grow steeply with the center-
of-mass energy, which suggests the breakdown of unitarity.
As expected, this is more severe in the case of the higher-
dimension operatorJ2 . However, this violation of unitarity
occurs for energies far above the production threshold.

Clearly, it would be difficult to separate an eventual spin-
3/2 heavy lepton from a corresponding spin-1/2 signal only
on the basis of total cross sections. Therefore, it is natural to
investigate which distributions are useful to determine the
spin of nonstandard heavy leptons, and/or to distinguish the
phenomenological currentsJ1 and J2 . The results of this
study are summed up in Figs. 4–6, which show the normal-
ized angular distributions of the charged ordinary lepton that
accompanies the charged heavy lepton. In Fig. 4 the structure
of the phenomenological currentsJ1 andJ2 was assumed to
be V6A, V, or A. One can see that there is no significant
dependence on the coupling constantsciV andciA . In Figs.
FIG. 5. ~a! Normalized angular
distribution of the primary lepton
in heavy spin-3/2 lepton single
production, at LEP 2 energies and
for an input massML5120 GeV.
The corresponding distribution for
the case of heavy spin-1/2 lepton
production is also shown.~b!
Same as~a!, but for an input mass
ML5160 GeV.
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FIG. 6. ~a! Normalized angular
distribution of the primary lepton
in heavy spin-3/2 lepton single
production at NLC energies and
for an input massML5250 GeV.
The corresponding distribution for
the case of heavy spin-1/2 lepton
production is also shown.~b!
Same as~a!, but for an input mass
ML5400 GeV.
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5 and 6 we compare the spin-1/2 and spin-3/2 cases. T
primary charged lepton associated with the heavy spin-1
charged lepton is produced mostly in the forward hem
sphere, especially at NLC energies. As a matter of fact, t
behavior is reproduced in the case of spin-3/2 currentJ1
when the lepton mass is large enough, but it may still
possible to distinguish the two angular distributions if pola
ized e1e2 beams are employed, along the same lines
suggested in@12#. If heavy spin-3/2 lepton production is cor-
rectly described by currentJ2 , however, the probabilities of
detecting the primary lepton in each hemisphere are roug
he
/2
i-
is

e
-
as

ly

the same at LEP 2 energies. Although this is no longer true at
NLC energies, the normalized angular distribution which
corresponds to currentJ2 remains different from the other
two.

In conclusion, we have shown that it is feasible to search
for new spin-3/2 heavy leptons at LEP 2 and NLC colliders,
and that in most cases their experimental signals can be dis-
criminated from similar spin-1/2 effects.
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@11# O. J. P. Éboli, E. M. Gregores, J. C. Montero, S. F. Novaes,
and D. Spehler, Phys. Rev. D53, 1253~1996!.

@12# F. M. L. Almeida, Jr., J. H. Lopes, J. A. Martins Simo˜es, P.
Queiroz Filho, and A. J. Ramalho, Phys. Rev. D51, 5990
~1995!.

@13# C. J. C. Burges and H. J. Schnitzer, Nucl. Phys.B228, 464
~1983!; Phys. Lett.134B, 329 ~1984!.


