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Figure 2: (Left) 95% C.L. confidence regions in the MZ′
I
-MZ′

η
parameter space from

the two-Z ′ fit with and without including the scalars ϕ and ∆ (ocher and brown solid
regions, respectively). (Right) The same in the MZ′

I
-(λ∆/M∆)−1 plane from the fit to

the Z ′
I plus the scalar ∆ (green solid region) and from the fit also including Z ′

η and ϕ
(ocher solid region).

• Z ′
R: Similar to the LR model, the limits on Z ′

R can be drastically reduced adding a
Z ′

R. Also as in the LR case, the cancellation of the purely leptonic contributions
by adding extra scalars alone leaves the limits intact. However, a significant
improvement is possible when we combine the two additions. Since the Z ′

R only
couples to RH fermions a complete cancellation of all four-fermion contributions
would be possible with the addition of the second Z ′

R and of scalar singlets
ϕ# with couplings properly chosen. For our specific choice of scalar couplings,
however, this cancellation is incomplete. Hence, we can find a 95% C.L. limit on
MZ′

R
. As can be observed by comparing Eqs. (14) and (16), a perfect cancellation

of the leptonic four-fermion operators requires that the scalar couplings satisfy
the equality

λee
ϕe

/
√

2 = λeµ
ϕµ

= λµe
ϕµ

= λeτ
ϕτ

= λτe
ϕτ

. (19)

In such a case there is a flat direction in the parameter space, allowing for arbi-
trary MZ′

R
values by adjusting the other extra parameters. This is illustrated in

figure 3, which is analogous to figure 1 for Z ′
χ, but with the scalar coupling choice

in (19). We must emphasize, however, that in the effective Lagrangian approach
used here the fits only makes sense for MZ′

R
above the maximum LEP 2 energies

∼ 209 GeV.

• Z ′
B−L: The limit on the Z ′

B−L mass is to a large extent determined by purely
leptonic LEP 2 data. Thus, we do not find any Z ′ that can lower this limit. On
the other hand, the addition of new scalars does allow for a MZ′

B−L
limit around

16


