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We extend our previous analysis of the production of neutral, non-Hermitian, Aavor-changing

gauge bosons (8'I ) to include single, associated production in e e collisions. Such gauge degrees
of freedom are associated with the SU(2)1 subgroup of E6 which can lead to new low-energy elec-
troweak interactions and produce distinct decay signatures.
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Superstring-inspired E6 models may lead to an enrich-
ment of the phenomenology of the electroweak sector at
relatively low energies. ' One of the most interesting pos-
sibilities is the extension of the usual electroweak gauge
group of the standard model (SM) by an additional SU(2)
factor whose generators commute with the electric
charge 6: SU(2)t. Under SU(2)L XU(1)r XSU(2)t, the
fermions in the 27 of E6 transform as

doublets and singlets of SU(2)I] restricts M ( WI )

=M(Zt) =M~ 200 —250 GeV when the mixing of ZI
with the SM Z is ignored.

Turning now to the problem of single-8'I production
we consider the reactions e+e ~WtE e+ (WtE+e )

and make use of the effective-photon approximation for
hich the subprocess ye WtE (and ye+ WIE

needs to be considered and is shown in Fig. 1. We then
find, summing over 8'I and Wz production,
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with SU(2)L ~t~ acting vertically (horizontally). Some dis-
cussion of the phenomenology of these new SU(2)t in-

teractions has been given in the literature and in our ear-
lier work. One of the most important new ingredients in
this scenario is the existence of new neutral, yet non-
Hermitian, gauge bosons (WI) which couple the ordinary
and exotic fermions in the SU(2)t doublets. In our earlier
paper, hereafter referred to as I (Ref. 3), we considered
the pair production of 8'I's in e+e colliders and single,
associated production at hadron colliders. In this adden-
dum, we wish to consider single-8'I production at e e
colliders. This process is especially important in looking
for 8'I's with masses too large to be pair produced at a
given e+e collider energy. 8'I carries lepton number
(L = —1) as well as negative R parity so that it needs to
be either pair produced or produced in association with
another negative-8-parity state. Present bounds on the
Hermitian SU(2)t gauge boson Zt, together with the rath-
er constrained Higgs sector in E6 models [containing only

iiE

FIG. 1. Diagrams for the process ye ~ 8'lF-.
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where m is the mass of the exotic fermion E, P~&, is the
photon structure function of the electron, t' = t —m, and

t, 2= —
—,'(s —M +m )

0

10-'

+ —'[(s —M +m ) —4m M ]' (3)

wltll 5 xs, and (uslilg cx 128.0 and x g =0.230
=sin Oiv) the parton-level cross section is given by
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where we have defined

~
A~ =s 'M +s t'M s(1+—mM )

st '—(2+m M ),
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Figures 2 and 3 show the results of our calculation for the
total cross section as a function of M for difFerent m
values at &s =1 and 2 TeV, respectively. For both
&s =1 and 2 TeV e+e colliders we will assume an in-
tegrated luminosity of 30 fb ' in accord with the work in
Ref. 5. Since the Wt (and E) must be reconstructed from
a final state consisting of one ordinary plus one exotic fer-
mion which also subsequently decays, a reasonably large
number of events (N) will be needed before one can claim
that WI has been found. We will take N =30 in our dis-
cussion below so that (when combined with the assumed
integrated luminosity of 30 fb ') this would imply cross
sections as small as 10 pb will produce W~E final states
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FIG. 3. Same as Fig. 2 but for &s =2 TeV. A, m =100
GeV; B, m = 100 GeV; C, m = 300 GeV; D, m =500 GeV.

at observable rates. Figures 2 and 3 show that it is the
combination m +M which is actually constrained; for
&s = 1 (2) TeV we find that the WIE final state occurs at
an observable rate for m +M ~ 920 (1800) GeV.

From the 8'I associated-production mechanism dis-
cussed above it is clear that single-8 I production will be
quite diFerent than single production of other gauge bo-
sons. O'I itself will have a large branching fraction into
the eE and hd modes with eE providing the cleanest sig-
nature since there is an additional jet in the hd case.
Once produced, the E from the Wt (and the E on the op-
posite side) will decay into du (du) and eV (ev) with the
dominance of either mode being sensitive to the relative
sizes of the corresponding Yukawa couplings in the su-
perpotential. For example, the leptonic E decay chain re-
sults in

ev

followed by

e8'

10 ev, (6b)
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FIG. 2. Total cross section for O'I+ Wl production in e+e
collisions at &s = 1 TeV as a function of the mass I for
difFerent values of m: A, m =50 GeV; B, m =100 GeV; C,
m =300 GeV; D, m =500 GeV.

8 I decay thus involves a final state with several charged
leptons as well as missing pT from y's and/or v's. 8'I de-
cay into the hd will result in a similar final state with ad-
ditional jets which in either case results in a final state
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with a very large eA'ective mass. It is thus clear that the
8'I production and decay is sufticiently unique to distin-
guish it from any conventional SM background due to
other processes.

In conclusion we have examined the cross section for
and decay signatures of single-Bz production in e e
annihilation. This mechanism leads to the production of
an exotic fermion (E) in addition to the O'I in the final
states so the production search limits we obtain are for
the sum of the masses of both particles. The O'I and E
decays lead to a final state which is very distinctive with

1eptons, missing pT, and (possibly) jets.
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