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ABSTRACT

We examine tlle ability of the NLC (V/s -- 500 GeV) e+e - linear collider to
discover and identify the origin of new neutral gauge bosons, with masses in excess
of the machine's center of mass energy, via deviations from the predictions of the

Standard Model for the process e +e- ---* rf. New gauge bosons with masses in

the few TeV regime may be probed at such a collider.

The existence of at least one new neutral gauge boson (Z2) is a relatively

common prediction of many extensions of the Standard Model (SM) and their ex-
perimental observation would clearly signal that a new mass scale has been reached.
Direct searches for such particles at the Tevatron I and indirect evidence 2 from ex-
isting [,.EP and low energy data indicate that the masses of such gauge bosons are
quite likely to be in excess of 500 GeV. Thus if such new particles are to be at ali
observed at the NLC x/_ = 500 GeV e+e- linear collider one must look for indirect
effects, as was the case for the SM Z at PEP, PETRA, and TRISTAN. Since the
mixing between the SM Z and a new gauge boson is constrained to be quite small
in most models, 2 the most promising technique as an indirect search is to examine
the process e+e- _ ff for deviations from the predictions of the SM. The specific
quantities of interest to us will be the total cross section (al), the forwaxd-backward

asymmetry (A/Fs), and if longitudinal polarized beams axe available, the left-right

asymmetry (A/LR), and the polarized forward-backward asymmetry (A/PFB). A
last possibility is to examine the final state polarization asymmetry of r's (A_o_)

produced in e+e- _ r+r - as has been measured quite accurately at LEP.

Clearly, any limit we obtain on the mass of the Z2 (M2) will be highly model
dependent and many different models exist on the present market. A short summary
of the models discussed here is given in Ref. 3 and we refer the reader to that paper
and the references therein for details on the properties of these models.

Our procedure is straightforward; we calculate aI,AIFB, etc. in the SM and
in an extended electroweak model containing a Z2 for different values of M2. We

T

restrict ourselves to the cases where f = #, c, or b as well as making use of Apot, and



we include QCD corrections to 3-loop order and ali oblique electroweak corrections.
We assume #, c, b, and _-identification efficiencies (el) of 100%, 30%, 50%, and 100%,

T

respectively, and that 75% of the r decays can be used to measure Aro t as indicated
by present experience at LEP. 4 We assume either no beam polarization (P = 0) or
P = 90% with 5P/P = 0.01. For a fixed integrated luminosity,/2, the anticipated
errors on the above quantities are given by (N I - crl£ey)

5Ny = X/_ 5AYEs = 1 --(A/FB) 2" ,/2
' NI '

5AYLR = 1- (PAILR) 2 (AYLRSp) 211/2mfp2 + p , (1)

1- (Apot) 2 1/2

5Apot = 2N.epo t

Systematic errors associated with uncertainties in/2 are neglected. Using Eq. (1) _;o
determine the errors, we perform a X2 comparison between a set of generated 'data'
for a Z2 present with mass M2 and the SM predictions. For M2 near 500 GeV, the
two 'data' sets are easily distinguishable so we raise the value of M2 until the 95%
C.L. from the X2 analysis is reached, thus setting the Z2 search limit within a given
model. As shown in Ref. 5, the results of this procedure are essentially unaltered if
one also accounts for backgrounds and initial state radiation, provided appropriate
cuts are used. In obtaining these limits, 7. - Z' mixing is neglected and we assume
that the Z2 decays only to the conventional SM fermions.

Figure la shows the search limit obtained for the E6 Effective Rank 5 Model
(ER5M) both with and without beam polarization as a function of the model pa-
rameter 0, while Fig. l b presents the/2 dependence of the search limit for several
other models. Table 1 also displays the /2 and P dependence of the search limit

for various models described in Ref. 3. In general we see that for/2 = 25 fb -1, the
search limit lies in the range 3- 8 x v/s.

Of course, we want to do more than simply discover a Z2, we also would like
to identify it in the sense of determining its model of origin. To do this we compare
the generated 'data' sets which result from two different Z2's with the same mass.
Let us suppose that a Z2 from a particular model is actually present in the NLC
data. We wish to know up to what value of M2 can we say at 95% C.L. tha'_ it is
not the Z2 from some other model; this value of M2 is referIed to as the ID-limit. 6
The procedure is then similar to that used to obtain the search limit; we raise M2
until the 95% C.L. ID-limit is reached. Figures 2a and 2b show the ID-limit for a



Z2 arising from the Left-Right Symmetric Model (LRM) and Alternate Left-Right
Symmetric Mode 1 (ALRM), respectively, assuming/_ = 25 fb -1 and P = 0 or 90%,
when contrasted with a Z2 from the ER5M. For the LRM case, P _ 0 increases the
ID limit by _ 700 GeV while in the ALRM, its role is not significant. Figures 2c,
2d, and 2e show the corresponding ID-limits for the particular Es models _b, X, and
U, respectively, where we again observe that polarization does not play a significant
role. The ID-limit for model ¢(X,r]) essentially vanishes at 8 = 0 ° (=t=90°,37.76 °)
since we are then comparing identical models.

Can the NLC be used to determine the couplings of a new Z2? Here we ask
if the deviations in the data due to a Z2 arising from the ER5M can be used to
determine the model parameter 8, whose value uniquely determines all of the Z2
couplings to fermions. How well 8 can be determined not only depends on i:, but
also on the model and the value of M2; clearly for large M2 the deviations from the
SM are small enough to make 8 determinations difficult.

Figures 3a-3c display how well 8 can be determined for a Z2 arising from E6
model ¢ (8 = 0°) for several M2 values for P = 0 or 90% and/: = 5 or 25 fb -1 . The
allowed 95% C.L. range is the region between the parabolic curves where the solid
horizontal line is crossed. We see that for M2 = 1 TeV, 8 is fairly well determined,
but that as M2 increases to 2 TeV and beyond, the 8 determination is seriously de-
graded even for/2 = 25 fb -1 This will, of course, happen in other models as shown
in Table 2, which also displays how model dependent the 8 range determination is
fur fixed/: and -hd2.

When examining the Z2 search limit, ID-limit, and coupling constant deter-
mination cap_bilities of the NLC, it is wise to remember that both the LHC and
SSC are expected to have run for some time before the NLC turns on. Hadron
colliders can not only discover Z2_s, but can also identify them and determine their
couplings. 7 A comparison of the results presented here and those in Ref. 7 suggests
that for the NLC to remain competitive with the LHC/SSC requires increasing
to 1-2 TeV and/2 = 100 - 400 fb -1. Designers of NLC machines should keep this
perspective in mind.
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Table I. Discovery Limits in TeV (at 95% C.L.) for Z2's arising from various ex-
tended electroweak models assuming v/s = 500 GeV and for various values of the
integrated luminosity. Values with(out) parenthesis indicateP = 90%(0) is as-
sumed. See Ref. 3 for details about the models displayed.

Model 10 fb 21 25 fb -1 100 fb -1

LRM 1.75 (2.34) 2.17 (2.89) 3.03 (3.85)

ALRM 2.94 (3.06) 3.69 (3.83) 5.20 (5.37)

SSM 2.86 (2.91) 3.58 (3.65) 5.06 (5.13)

FH 1.12 (1.18) 1.35 (1.43) 1.85 (1.94)

HARV(0.3) 3.31 (3.51) 4.15 (4.38) 5.84 (6.09)

HARV (0.5) 3.46 (3.67) 4.32 (4.58) 6.09 (6.38)

HARV (0.7) 3.73 (4.03) 4.67 (5.04) 6.58 (7.04)

HARV(O.9) 5.93 (6.65) 7.45 (8.35) 10.4 (11.8)

KUO 2.66 (2.88) 3.33 (3.60) 4.69 (5.03)

ISO 3.73 (4.05) 4.68 (5.07) 6.61 (7.09)

HYP 3.68 (4.01) 4.62 (5.02) 6.53 (7.02)



Table II: 95% C.L. range for the parameter 8 for four different models with L =
5 or 25 fb -1 and 90% beam polarization.

Model M2 (TEV) L (fb -1) 0 Range (deg.)

1.0 5 -11 ° to 14°

1.0 25 -4.5 ° to 6°

1.5 5 -34 ° to 43 °

1.5 25 -13 ° to 18°

2.0 5 -49 ° to 73°

2.0 25 -23 ° to 37°

X 1.0 5 -100 ° to - 74°

1.0 25 -95 ° to - 85°

1.5 5 -116 ° to - 47 °

1.5 25 --103 ° to -73 ° ,

2.0 5 -152 ° to - 14°

2.0 25 --113 ° to - 55 °

r/ 1.5 5 -9 ° to 63°

1.5 25 23° to 50°

I 1.5 5 -99 ° to - 26°

1.5 25 -67 ° to - 43°
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Fig. 1" (a) Search limit for a Z2 boson arising from the ERSM as a function of the
model parameter # assuming £ = 10 fb -1 with P = 0 (dots) and P = 90% (dashes),
and £ = 25 fb-a with P = 0 (dashed-dots)and P = 90% (solid).(b)Searchlimit

fora Z2 arisingfrom the Es model _, correspondingto0 = 0° (dots),theLKM

(solid), the Sequential Standard Model, SSM, (dashes), orthe ALRM (dashed-dots)
as a function of the integrated luminosity with P = 90%.
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Fig. 2: ID-limits for several different Z2's arising from (a) the LRM, (b) the ALRIvi,

(c) model ¢, (d) model X, and (e) model 77for/2 = 25 fb-z and P = 0 (dots) or
P = 90% (dashes) in comparison to Z='s from the ERSM as a function of 0.
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