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ABSTRACT

The discovery of aZ’ and the measurement of Z' couplingsto
fermions are main tasks of future colliders. Here, the possibili-
tiesto measure Z’ f f couplingsat an NLC operating below aZ’
resonance are studied. In dependence on the mass of theZ’ and
the collider parameters one will be abl e to discriminate between
Z' models.

. INTRODUCTION

The Standard Model is the powerful theory to describe pro-
cesses observed at existing colliders. But, most physicists are
thoroughly convinced that beyond the Standard Model surprises
areahead. A Z' isan extension of the Standard Model with clear
possibilities of detection and interpretation. If the centre—of—
mass energy of an NLC islarge enoughto produceZ’ bosonsthe
study of their propertieswill be easy. But evenindirect measure-
ments of ete~ — ff below the Z’' production threshold may
giveinformation about itsnature. Besidesinformation about the
mass the knowledge of Z' couplingsto fermionsisimportant for
astudy of thesymmetry breaking expected at an energy of 1 TeV.

As long as the Z’' mass is unknown, a precise and model-
independent measurement of Z’ f f couplings, a’f, v} isdifficult.
One has to analyze directly cross sections and asymmetries [1].
Nevertheless, all observablesare sensitiveto normaized Z' cou-
plingsa},v¥; eg. a} = a}+/s/(m3, — s) (see[2]). Only if
the centre—of—mass energy is near the production threshold Z’
massand Z’ f £ couplings can be determined with good accuracy
and theidentification of Z' modelsbecomes possible(see[3, 4]).

Here, prospective measurements of Z’ couplingsto fermions
at NLC are studied assuming that the Z' mass is known from a
discovery at LHC.

In preparation of the design for an NLC different scenarios of
basic parameters are suggested (see [5]):

(a) +/s= 500GeV: 50fb*
(b) /s =1000GeV : 100fb~* (1)
(¢) +/5=1500GeV : 100fb~*

The electron beam will be polarized, P,- = 80 %, the positron
beam is assumed to be unpolarized. Here, case (1 a) and (1 )
are taken into account. Expectationsfor (1 b) or other scenarios
can be extrapolated.

A collider with the parameters (1) alows the measurement
of total cross section, o, forward-backward asymmetry, Arg,
|eft-right asymmetry, Arr and forward-backward polarization
asymmetry, AFZ with small statistical uncertainties. The ex-
perience of LEP and SLD experiments encourages to expect
good techniques of quark flavour identification with high effi-
cenciesand purities[6]. Nevertheless, backgroundreactionsand

misidentification of final state fermions can lead to relatively
large systematic errors especialy if ¢ fina states are analysed.
The systematic errors can dominate and weaken the results for
the Z’ f f couplings (see also [3, 4]) Theinfluence of systematic
errors on Z' coupling measurements is considered.

In thefollowing, the measurements of Z'1l couplingsand Z’ qg
couplings are studied separately.

Cuts are applied to approach areadlistic situation of measure-
ments. In case of leptonic fina states an angular acceptance cut
of 20° is taken into account. Further, the t-channd exchange
in Bhabha scattering is neglected. If quark flavours are tagged
the fiducia volume depends on the design of the vertex detec-
tor. Prospective designsforesee a selection of at |east two tracks
within25° < 8 < 155°. For completeness, the influence of dif-
ferent angular ranges on the accuracy of theZ’ f f coupling mea-
surement is aso considered.

In order to reach the full sensitivity to Z’ effects, a cut on the
energy of photonsemitted in theinitial state, A =1 — s/ .. /s,
isapplied. At /s = 500 GeV aradiative return to the Z pesk
isavoided choosing eg. A = 0.9. An uncertainty of 0.5% is
taken into account for the luminosity measurement. For numer-
ical studiestheprogram package ZEFIT/ZFITTER [7, 8] isused.

I1.  Z' COUPLINGSTO LEPTONS

Assuming lepton universality Z' couplings to the initial and
fina state are equal. This clean scenario alows the determina-
tionof Z' couplingsto leptonswith agood accuracy if thediffer-
ence between centre-of-massenergy and Z' massisnottoolarge.
Taking into account a systematic error of 0.5% for al leptonic
observables and an efficiency of |eptonidentification of 95%the
Z’' couplings can be identified as demonstrated in figure 1. Itis
assumed that aZ’ existseither inthey model orintheLR model.
Different Z' masses are assumed.

The observabl esdepend only on productsor squares of a’f and
v} . Thus, an ambiguity in the signs of couplings remains.

The sensitivity to Z’ effectsinet e~ annihilationisreduced if
theZ' massislarger. A scaling law describesthis (see[2]):

, , m2 _s 1/2
Aa; Av] ( z, )

Ad,” Av,  \m2, —s
2 2 7z,

)

If mz, > 6-4/stheZ’ contributionsinfluence the observables
only weskly. The point (a},v;) = (0, 0) infigure 1 cannot be
excluded with 95% CL, althoughthe existenceof aZ’ (;x model)
isassumed. A discrimination between models, even theindirect
detection of aZ’ isno longer possible. Only upper limitson Z’
parameters can be derived.
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Figurel: 95% CL contoursfor aj andv;. A Z' isassumed inthe
x model or inthe LR model withamass of mz.=1TeV (hatched
ared) and mz.=1.5 TeV (shaded area). The dashed (dotted) line
limitsthe 95% CL bounds on Z'Il couplingsif aZ’ with amass
mz=25TeV (mz =3 TeV) existsinthey model; £ = 50 fb~!
and /s — 500 GeV.

With a higher luminosity the loss of sensitivity may be com-
Aa)  Av)

pensated,
L, 1/4
~ | = 3
Ady’ Av), <£1> 3

Relation (3) shows that an increase of luminosity improves the
accuracy of the Z' coupling measurement only slowly. If possi-
ble, itisbetter to goto higher centre—of—-massenergies. ANNLC
operatingat /s = 1.5 TeV withaluminosity of 100fb~1 allows
aclear distinction between Z'models up to mz: = 3 TeV ana
lyzing leptonic observables. Thisis shown in figure 2. The Z’
mass is assumed to be known.

Systematic errors of leptonic observables as assumed above
influence the resultsfor a; and v; only weakly.

1. Z' COUPLINGS TO QUARKS

At NLC the derivation of Z' couplings to quarks depends on
the knowledge of the couplingsto eectrons. In particular, if the
error range of a, and v, includes a, = v, = 0, asimultaneous
fit to leptonic and quarkonic couplings fails. In the following
we assume that an analysis of |eptonic observables|eadsto non-
vanishing Z'ee couplings.

The identification of quark flavors is more complicated than
lepton identification. Although designs of a vertex detector for
the NLC let expect efficiencies of 60% in b—tagging with a pu-
rity of 80% [6], the systematic error of b-quark observableswill
not be less than 1%. This is suggested from extrapolating the
present experience of the SLD collaboration with roughly 150 k
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Figure 2: Discrimination between x, % and LR model based on
95% CL contours for a; and v; for mz,=3 TeV (shaded ared).
For mz, = 5 TeV (dashed ling) x and LR model can be till
distinguished; £ = 100 fb=! and /s = 1.5 TeV.

hadronicZ°® events[9] up tothecollider perfomancegivenin (1).
The systematic errors limit the accuracy of aay, v, determina-
tion substantielly. |mprovements dueto a higher luminosity can
be fully removed by an imperfect flavor identification. Figure
3 and 4 demonstrate the influence of integrated luminosity, Z’
mass and systematic errors on the contours for Z’qg couplings.
An efficiency of 40% is assumed for the determination of Z'cc
couplings in agreement with [6]. Both figure 3 and 4 demon-
strate that the magnitude of the systematic errorsisimportant for
Z’' qq coupling measurements.

In figure 5 expected results for Z’bb couplings are shown for
different fiducial volumesof thevertex detector. Anideal vertex
detector leads to only dightly better results.

V. MODEL IDENTIFICATION

Figures 6, 7 and 8, 9 show the expected results for Z’bb and
Z' ce couplingsfor the two different collider scenarios (1 a) and
(1 ¢) assuming mz: =1 TeV and mz. =3 TeV, respectively. It
isassumed that aZ’ intheyx, v, or LR model exists. Systematic
errors of 1% for b-quark observables and 1.5% for c-quark ob-
servables are taken into account. The figures demonstrate that a
Z' modd can be separated although the collider operates below
aZ' resonance — but only to some extent. The crucia point is
theratio of Z' mass and centre-of—mass energy, R — myz. /+/s.
If R > 2 the distinction between most of the models becomes
nearly impossible if quark fina states are analyzed. (see also
[2, 4]). Anincrease of luminosity cannot improve this substan-
tialy (seefigures 3 and 4) and the systematic errors must not be
neglected. The detection limitsare reached.
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Figure3: Influence of luminosity, Z' mass, and systematic error
on contours of Z’bb couplings. A Z’ inthey model is assumed;
/s = 500 GeV.
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Figure 4: Influence of luminosity, Z' mass, systematic error on
contours of Z’cé couplings. A Z’ in the x mode is assumed;
V/s = 500 GeV.
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Figure5: 95% CL contoursof Z’ couplingsto b-quarksin depen-
dence on thefiducia volume of the vertex detector. Anideal 4x
detector (thinsolidline) iscompared with cos 8 < 0.96 (dashed
line) and cos @ < 0.87(solidline). A systematic error of 1% for
all b-quark observables istaken into account.
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Figure 6: Model discrimination for mz: = 1 TeV studying
ete™ — bbat+/s = 0.5 TeV with£ = 50 fb~!. A systematic
error of 1% for all b-quark observablesistaken into account.
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Figure 7: Modd discrimination for mz: = 1 TeV studying
ete™ — ccat+/s = 0.5 TeV with £ = 50 fb~1. A systematic
error of 1.5% for al c-quark observablesis taken into account.

The situation becomes still worse if the Z' mass is unknown.
In order to perform a simultaneous fit of Z' mass and couplings
the available luminosity should be distributed on different of
centre-of—mass energies since the contributionse . z+, oz z: and
o7z totheobsarvablesvary asafunctionof /s and mz.. This
could guarantee a sufficient number of data points and a well-
defined x 2. But thedistributionof luminosity on several centre—
of—mass points and the uncertainty of m,. enlarges the allowed
range for Z' couplings. Furthermore, if the difference between
centre—of—mass energy and Z’ mass is large, the sensitivity for
model -independent searches can be lost. More detailson a si-
multaneous determination of my:, a’f and v} can be found in

(3].

V. CONCLUSIONS

If aZ’ boson with amass mz: < 6 x /s exists observ-
ables measured at NLC deviate from their Standard Model ex-
pectations. The interpretation of these deviations within spe-
cia Z' models givesthe Z' mass. More interesting is a model-
independent analysis. With the determination of Z’ f f couplings
conclusionson the Z' model become possible. If the Z' massis
known a good discrimination between Z' modelsispossiblefor
mg: < 3x+/sfromleptonpair production. Incase of quarkonic
final statesthe accuracy of the Z’ ¢ coupling measurement isdi-
minished by systematic errors which could reach the magnitude
of the statistical errors. A good model resolutionis expected for
mg < 2 x /s for the considered collider scenarios.
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Figure 8: Model discrimination for mz. = 3 TeV studying
efe” — bbat/s = 1.5 TeV with£ = 100 fb~!. A systematic
error of 1% for all b-quark observablesistaken into account.
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Figure 9: Mode discrimination for mz. = 3 TeV studying
efe™ — ccat+/s = 1.5 TeV with£ = 100 fb~!. A systematic
error of 1.5% for al c-quark observablesis taken into account.
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