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Looking for spin- —leptons in hadronic collisions
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We compute cross sections for the production of spin- —leptons in proton-proton collisions, un-

der general assumptions on the coupling of these fermions with ordinary particles. If the compos-
iteness scale is 1 —5 TeV and for masses in the range 50—500 GeV these particles will be within the
reach of Fermilab Tevatron and the Superconducting Super Collider. We comment on the possi-
ble signatures of such leptons.

The standard model of strong and electroweak interac-
tions is in remarkable agreement with the present experi-
mental results. However, the large number of parameters
introduced ad hoc in the theory can be considered as an
indication of the existence of some new physics beyond
the standard model ~ In this larger context some of this
arbitrariness would be reduced or tightened, as occurs in
grand unified theories, composite models, superstring
theories, etc.

If nature, at a deeper level, chooses the possibility in
which the fermions are composite, and the constituents
are binded by a force similar to the strong-interaction
force, we would expect, for example, leptons of spin —,'.
Actually, there is no experimental evidence against spin- —,

leptons of moderate or large masses (masses up to a few
GeV can be ruled out from the results of e+e collid-
ers').

This work is devoted to the study of the production of
spin- —, leptons in hadronic collisions. We shall make use
of phenomenological electroweak currents in order to de-
scribe the coupling of these leptons to the standard elec-
troweak vector bosons. The reason for doing so is that we
do not have renormalizable theories describing the in-
teraction of spin- —,'particles.

We adopt three different phenomenological V+ 3
currents involving spin- —,

' (g) and spin- —,
' A'„) fields, con-

sistent with the Rarita-Schwinger theory:

qq~y, Z~X +—l (2a)

( —)

qq'~ 8'—~L—v (2b)

where q =p
& +p2, and the mass scale A should be relat-

ed to a compositeness scale, or to the spin- —,'-lepton mass
(if we assume them fundamental). The currents (la) to
(lc) are built up with operators of increasing dimen-
sionality. Other forms (with the same dimension) could
be found, but it is possible to show that they can be re-
duced to the three above. We assume that the different
electro weak vector bosons couple to the currents
(la) —(lc) according to J„;Vf' (V/'= A",Z", W") with
strengths c; and c; which can be different for each vector
boson (hereafter, these constants will be referred as cz,
cy» cz» cz» cw, and cw)

We shall be considering a scheme identical to that pro-
posed by Lopes et al. ,

' associating to each usual lepton
doublet (v, l)&&2 a spin- —,'doublet (JV,X)3/2 which carries
the same leptonic number. Furthermore we do not allow
intergenerational transitions in order to eliminate flavor-
changing neutral currents which are quite constrained by
low-energy experiments.

We will study the production of a spin- —', lepton in ha-
dronic collisions through the Drell-Yan mechanism as a
result of the subprocesses (depicted in Fig. 1)

J„';=X„(pl )(c;+c;yg)g(p2),

J„",; = ~ &'(p 1 )q~1 „(c;+c,l s)4(p2»

,X'(pi )q~i~,pe'(c;+c, r s W (p2)
A

(la)

(lb)

(lc)

We compute the rapidity distribution at y =0 for the
( —)

process pp~X —1 (X* v )+X. This quantity gives a
good estimate of the total cross section, because the ra-
pidity distribution is flat in the considered range. In terms
of the quark distribution functions (fh ) and neglecting the
spin- —,-lepton masses the rapidity distribution is written as
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& ~I ——(Aa/9A ) (2+g),
'9

(4b)

am~i ——( Aa/9A ) ( I+2g),
7l

(4c)

FIG. 1. Drell-Yan mechanism for the production of a pair
spin- —' —spin- —' leptons.

2 2

where a =e /4~, g=M /s, and

2cv(czc~+ cz c~ )
A =(cy +c y)+ s(s —Mz )

(s —M, ')'+ rz'Mz'

pp ~Xl(Xv)
dcT

d
y 0

XJ, drift(+&')fP+r)f&q q -ci(x ).(s )
M /s

(3)

where &(s=rs) is the total cross section for the sub-
processes (2a) or (2b) and M is the spin- —,

' mass. For the
quarks distribution functions we have taken the set 2 of
Ref. 4, whereas the cross sections for the subprocesses (2)
computed for each current (1) are listed below.

For the neutral-current subprocesses (2a) we have

(cv +cq )(cz +c z )

(s —Mz ) +I z Mz

where cv (cz) is the vector (axial-vector) coupling of the
quarks to the electroweak bosons

cv —— . ( —,'T31 —Q sin Ow),
sine gr cose gr

—1
( —,'T3L, ) .

sInt9p cosOgr

& ~~ ——( Aa/9) ( I+ 10g+q ),I (1—g)' 2

s'g
(4a) For the charged-current subprocess (2b) we have ob-

tained

a(cw +c w ) s 1

, (1—q)' 10+rj+-
432sin Ow (s —M ) +I w Mw 7l

(a/A')(cw'+c w') s ' (1—g)'
432sin Ow (s —Mw ) +I w Mw 'g

(a/A )(cw'+c w ) s' (1 —rj)~

432sin Hw (s —Mw ) +I w Mw

(6a)

(6b)

(6c)

As expected, the nonrenormalizable phenomenological
theory lead us to cross sections that violates unitarity. An
estimate of the values of s up to which the cross sections
(4) and (6) are meaningful, can be obtained by imposing
saturation of the unitarity bound. We have obtained the
following range of energies for each type of current (I, II,
and III).

we have assumed that the cross sections for the sub-
processes fall as 1/s. We have checked that our numeri-
cal results do not change in a significant way, in the range
of masses and energies considered, even if we allow a de-
viation from this behavior.

Our results are depicted in Figs. 2 —6. We have as-
surned

Current

I
II
III

y-Z

s510M /8
s 10 MA/8'
s510(M A /8)'

s&10M /C
s S10'MW/C'"
s 5 10'(M A /C)'i

where B and C are given by

B=(c +c )+(cv +c„)(cz +c z )

+2cv(czcz+czcz)

C=cg +c w

and we have taken sin 0~ ——0.226. Above these values

c& ——e, cz ——0,
cz ———cz ——e/sin0w, cw ———cw ——e,

and we have also neglected the s = —,
' lepton masses in the

calculation. The cross sections of the neutral channel
dominates for energies as high as the one of the Fermilab
Tevatron (see Figs. 2—4). At energies that will be reached
by the proposed Superconducting Super Collider (SSC)
both events are of the same order.

The currents associated with operators of lower dimen-
sionality dominate at low energies, but at energies of —10
TeV the situation is reversed: the currents II and III be-
come more important. We also observe a crucial depen-
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FIG. 2. Rapidity distributions at y =0 for processes (2a) and
(2b), at &s = 540 GeV, and for different currents.

FIG. 4. The same as Fig. 3, for process (2b).
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FIG. 3. Rapidity distributions at y =0 for the process (2a), at

&s =2 TeV, for currents I, II, and III with different values of
A.

dence on the scale A for these two currents. For A —1

TeV we have a real possibility of detecting spin- —, leptons
at energies of the Tevatron and SSC. This is true when
they couple to the electroweak bosons through currents II
and III, but if A increases only current I will be operative.
In any case, for X masses up to 500 GeV, a large number
of events/year should be expected in the existent or
planned hadronic colliders thus permitting the observa-
tion of spin- —,

' leptons.
The lepton L should be searched through its decay into

a real weak boson and a light lepton (I or v) if X is
heavier than M~, or by looking directly to one event with
three charged leptons in one hemisphere and a single
charged lepton in the other hemisphere. For example,
suppose that the spin- —,

' lepton is of the muon type and
that it is produced through reaction (2a) with subsequent
decay into a p plus a lepton (I) pair:

w &, +@+

-p +I +1+ .

If the leptonic pair (I 1+) are muons the spectral distribu-
tion of this last p+ is, for current I,

dl
& 20(L„~3p)= x —x+ I

I ) dx

where the muon mass has been neglected when compared
to M, and x =2E/M (E is the energy of the outgoing p+).
These kind of events may offer a quite distinctive way to
look for a possible spin- —', lepton.

If spin- —', leptons are found at high-energy hadronic col-
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FIG. 5. The same as Fig. 3, for &2=40 TeV. FIG. 6. The same as Fig. 5, for the process (2b).

liders, with a large number of events, it may be interesting
to measure other quantities as the transverse-momentum
distribution, etc. , enabling a more precise determination of
the couplings c; and c;. For this reason, we give in the
Appendix the invariant cross sections, from which these
quantities can easily be computed.

In conclusion, if the compositeness scale is of the order
of I —5 TeV, the observation of spin- —', leptons will be
within the reach of the Tevatron or the SSC if the spin- —,

'

particles have masses in the range 50&M &500 GeV.
The most promising events are those in which there are
three usual leptons in one hemisphere and another lepton
at the opposite hemisphere. The measurement of the
invariant-mass distribution of the three leptons and the
spectral distribution of the lepton having the same charge
as the one in the other hemisphere will give a definitive
signal for the production of spin- —,

' particles.
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APPENDIX

We give here, as a matter of completeness, the invariant
cross sections for the subprocesses (2).

For the neutral channel, and each one of the currents
(1), we have

d&
dt

I

A(s —M ) s+ (M —s t) + s(M2 2t —s—)—
3~$ 2M 2 2

(A 1)

—M )
I A [2t 2t(M s) s(M —s)]+—B's(M——s —2t)]-

3ms M
d~ III

A(s —M ) [(s M)(sM 2—st) 2st ]-, —
3&$ M

where

(A2)

(A3)

cycgczcz 2 2cg(czcy+czcy)B'=
p2 p 2s + 22 p 2s(s Mz ). —

(s —Mz ) +I z Mz (s —Mz ) +1 z Mz
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For the charged channel, we get

do
dt

(cw +c w ) [2gs —t —ts(1 —g)]—2cw(g —1 —2t/s)2 — 2 ~ I 2 2

72msin Ow (s —M ) +1 w Mw 5
(A4)

dy II 2

j(cw +c w )[(1+2tls)(1 g)—+2t Is]
144vr sin Hw q [(s —Mw ) +I w Mw ]

—2c w(1+ 2t Is —g ) I, (AS)

dg III

dt

D(CW +C w ) (1—g) 1
[(1—q )(qs —2t ) 2t Is ]—.

144~sin Hw (s —Mw ) +I w Mw sg
(A6)
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