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in the forward regions, this 

 background reduces the polar angle acceptance for quark 
avour tagging and
dilutes the jet charge separation using jet charge techniques. These experimental conditions require eÆcient
and robust algorithms to ensure sensitivity to 
avour-speci�c f �f production. The statistical accuracy for the

determination of �f �f , A
f �f
FB and Af �f

LR has been studied, for �+�� and b�b, taking the Clic parameters at
p
s

= 3 TeV. The Simdet parametrised detector simulation has been used and the 

 ! hadrons background,
corresponding to 10 overlayed bunch crossings, has been added to e+e� ! �+��, b�b events. b�b �nal states
have been identi�ed using an algorithm based on the sampling of the decay charged multiplicity of the highly
boosted b hadrons at Clic energies [3]. Similarly to Lep analyses, the forward-backward asymmetry has been

extracted from a �t to the 
ow of the jet charge Qjet de�ned as Qjet =

P
i
qijpiT j

k

P
i
jpiT jk

, where qi is the particle

charge, pi its momentum, T the jet thrust axis and the sum is extended to all the particles in a given jet. Here
the presence of additional particles, from the 

 background, causes a broadening of the Qjet distribution and
thus a dilution of the quark charge separation. The track selection and the value of the power parameter k
needed to be optimised as a function of the number of overlayed bunch crossings. The results are summarised
in terms of the relative statistical accuracies ÆO=O in Table I. Another important issue is the accuracy on the
luminosity determination, that needs to be controlled to 0.5%, or better.

III. SENSITIVITY TO A Z 0
BOSON

There is a wide range of New Physics scenarios predicting the existence of new vector particles with masses
in the TeV range. One of the simplest extensions of the SM consists in the introduction of an additional U (1)
gauge symmetry, whose breaking scale is close to the Fermi scale. This extra symmetry is for instance predicted
in some grand uni�ed theories. The extra Z0 associated to this symmetry naturally mixes with the SM Z0.
The mixing angle is strongly constrained by precision electroweak data to be of the order of few mrad while
direct searches at Tevatron for a new Z0 boson set a lower mass limit around 600 GeV. Further improvements
are expected by precision electro-weak data obtained at a Giga-Z facility.
The search for such an extended gauge sector o�ers an interesting framework for studying the sensitivity to

scales beyond those directly accessible, even at a multi-TeV collider. It also raises the issue of the ability to
discriminate between di�erent models. Main classes of models with additional Z0 bosons include E6 inspired
models and the left-right models (LR) (for a recent review see [4]). Concerning the E6 models, the Z0 fermion
couplings depend on the angle �6 which de�nes the embedding of the extra U (1) in the E6 group.

In this study we have considered the so-called � model with �6 = � arctan
p
5=3, the � model with �6 = 0

and, as a reference model, the so called sequential SM (SSM) which has an additional Z0 boson with SM-like
couplings.
There has been a signi�cant interest in the Lhc and LC potential in the search for a new Z0 boson. At the

LC, the indirect sensitivity to its mass,MZ0 , can be parametrised in terms of the available integrated luminosity
L, and centre-of-mass energy,

p
s. In fact the scaling law for large MZ0 can be obtained by considering the

e�ect of the Z0 � 
 interference in the cross section �. For s << M2
Z0 and assuming that the uncertainties Æ�

are statistically dominated, we get the range of mass values giving a signi�cant di�erence:

j�SM � �SM+Z0 j
Æ�

/ 1

M2
Z0

p
sL >

p
��2 (1)

and the sensitivity to the Z 0 mass scales as:

MZ0 / (sL)1=4 (2)

This relationship shows that there is a direct trade-o� possible between
p
s and L, which should be taken

into account when optimising the parameters of a high energy LC.

The �f �f and A
f �f
FB (f = �; b) values have been computed, for 1 TeV <

p
s < 5 TeV, both in SM and including

the corrections due to the presence of a Z0 boson with 10 TeV < MZ0 < 40 TeV, with the couplings predicted
by the models mentioned above. This has been obtained by implementing them in the Comphep program.
The relative statistical errors on the electroweak observables are obtained by rescaling the values of Table I for
di�erent energies and luminosities. The sensitivity has been de�ned as the largest Z0 mass giving a deviation of
the actual values of the observables from their SM predictions corresponding to a SM probability of less than
5%. This sensitivity has been determined, as a function of the

p
s energy for an integrated luminosity L of

1 ab�1 and 5 ab�1, and rescaled to other values of L using the formula (2) and assuming the uncertainties to
be dominated by statistics. Results are summarised in Figure 1. For the � model the sensitivity is lower: for
example to reach a sensitivity of MZ0=20 TeV, 10 ab�1 of data at

p
s=5 TeV would be necessary.
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TABLE I: Relative statistical accuracies on electro-weak observables, obtained for 1 ab�1 of Clic data at
p
s = 3 TeV,

including the e�ect of 

 ! hadrons background.

Observable Relative Stat. Accuracy
ÆO=O for 1 ab�1

��+�� �0:010
�b�b �0:012
A��FB �0:018
AbbFB �0:055
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FIG. 1: The 95% C.L. sensitivity contours in the L vs.
p
s plane for di�erent values of MZ0 in the SSM model (left)

and in the E6 � model (center) and for di�erent values of the compacti�cation scale M in a �ve dimensional extension
of the SM with fermions on the boundary (right).

IV. SENSITIVITY TO KALUZA-KLEIN EXCITATIONS IN THEORIES WITH

EXTRA-DIMENSIONS

Theories of quantum gravity have considered the existence of extra-dimensions for achieving the uni�cation
of gravity at a scale close to that of electroweak symmetry breaking. String theories have recently suggested
that the SM could live on a 3+Æ brane with Æ compacti�ed large dimensions while gravity lives on the entire ten
dimensional bulk. The corresponding models lead to new signatures for future colliders ranging from Kaluza-
Klein (KK) excitations of the gravitons [5] to KK excitations of the SM gauge �elds with masses in the TeV
range [6].
Among the models with extra dimensions we have considered the �ve dimensional extension of the SM with

fermions on the boundary which predicts KK excitations of the SM gauge bosons with couplings
p
2 larger

than those of the SM. KK masses are given by Mn = nM , with M the compacti�cation scale of the �fth
dimension. Indirect limits on M � 4 TeV from electroweak measurements already exist [7]. These models
predict excitations of the Z0 and of the photon which are almost degenerate in mass.
In this analysis we have included in the cross section calculations only the exchange of the �rst KK excitations

Z(1) and 
(1), neglecting the e�ect of the remaining towers which give a small correction. The scaling law for
the limit on M can be obtained by considering the interference of the two new nearly degenerate gauge bosons
with the photon in the cross section and taking the s << M2 limit. The result is the same as eq. (2). The
analysis closely follows that for the Z0 boson discussed above. In Figure 1 we give the sensitivity contours as
a function of

p
s for di�erent values of M . We conclude that the sensitivity achievable for the compacti�cation

scale M for an integrated luminosity of 1 ab�1 in e+e� collisions at
p
s = 3 TeV - 5 TeV is of the order of

40 TeV - 60 TeV. Results for a similar analysis, including all electro-weak observables are discussed in [8].
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V. SENSITIVITY TO CONTACT INTERACTIONS

The scenarios investigated above address speci�c models of New Physics beyond the SM.
Fermion compositeness or exchange of very heavy new particles can be described in all generality by four-

fermion contact interactions [9]. These parametrise the interactions beyond the SM by means of an e�ective
scale, �ij,

LCI =
X

i;j=L;R

�ij
g2

�2ij
(�ei


�ei)(�fj

�fj): (3)

The strength of the interaction is set by convention as g2=4� = 1 and models can be considered by choosing
either j�ijj = 1 or j�ijj = 0 as detailed in Table II. The contact scale � can be interpreted as e�ect of new
particles at a mass MX , 1=�2 / �2=M2

X .
In order to estimate the sensitivity of electro-weak observables to the contact interaction scale �, the statistical

accuracies discussed in Section II have been assumed for the �� and b�b �nal states. The systematics of the
assumed 0.5% include the contributions from model prediction uncertainties. Results are given in terms of
the lower limits on � which can be excluded at 95% C.L., in Figure 2. It has been veri�ed that, for the
channels considered in the present analysis, the bounds for the di�erent �ij are consistent. High luminosity
e+e� collisions at 3 TeV can probe � at scales of 200 TeV, and beyond. For comparison, the corresponding
results expected for a LC operating at 1 TeV are also shown. Beam polarisation represents an important tool
in these studies. First, it improves the sensitivity to new interactions, through the introduction of the left-right
asymmetries ALR and the polarised forward-backward asymmetries Apol

FB in the electro-weak �ts. If both beams
can be polarised to P� and P+ respectively, the relevant parameter is the e�ective polarisation de�ned as

P =
�P� + P+
1�P� + P+ . In addition to the improved sensitivity, the uncertainty on the e�ective polarization, can

be made smaller than the error on the individual beam polarization measurements. Secondly, in the case of a
signi�cant deviation from the SM prediction would be observed, e� and e+ polarization is greatly bene�cial to
determine the nature of the new interactions. This has been studied in details for a LC at 0.5{1.0 TeV [10] and
those results also apply, qualitatively, to a multi-TeV collider.

VI. CONCLUSIONS

Extending the sensitivity to New Physics beyond the anticipated reach of the Lhc, is a prime aim of future
colliders. By accurately measuring electro-weak observables, a LC able to achieve e+e� collisions at and beyond
1 TeV, with high luminosity, can indirectly probe scales extending from tens to several hundreds TeV.
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TABLE II: De�nition of di�erent models of contact interaction.

Model LL RR LR RL VV AA V0 A0

�LL �1 0 0 0 �1 �1 �1 0

�RR 0 �1 0 0 �1 �1 �1 0

�LR 0 0 �1 0 �1 �1 0 �1
�RL 0 0 0 �1 �1 �1 0 �1

0 100 200 300
   [TeV]

LL

RR

RL

LR

VV

AA

V0

A0

1 ab-1,  P-=0.8, e+e−→µ+µ-

CLIC(3 TeV): P+=0.6, ∆sys=0.5%, ∆L=0.5%

LC (1TeV):   P+=0.6, ∆sys=0.2%, ∆L=0.5%

∆P/P=0.5%

0

1
0

0

2
0

0

3
0

0

4
0

0

   [TeV]

LL

RR

RL

LR

VV

AA

V0

A0

1 ab-1,  P-=0.8, e+e−→b b
-

P+=0.0:

P+=0.6:

∆P/P=0.5%∆P/P=0%

∆sys=0 ∆sys=0.5%,

LC, 1 TeV
P+=0.4

FIG. 2: Limits on the scale � of contact interactions in e+e� ! �+��; b�b for Clic operating at 3 TeV (dashed
histogram) compared to a 1 TeV LC (�lled histogram) for di�erent models and the �+�� (left) and b�b (right) channels.
The electron polarisations P� is taken to be 0.8 and the positron P+ to be 0.6. For comparison the upper bars in the
right plot show the sensitivity achieved without positron polarisation. The in
uence of systematic uncertainties is also
shown.


