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Model-Independent Analysis of the Indirect Effects of an
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In this paper, we present a technique for analyzing the indirect manifestation of an
additional Z’-boson in the planned experiments at future eTe™ colliders. The developed
technique is based on the representation of the differential cross section for the process
ete™ — ff (where f # e) incorporating new effective parameters of the Z’-boson. The
availability of the electron polarization option plays a key role in the implementation of the
technique. As a result, we obtained model-independent constraints on the characteristics of
the Z’-boson, taking into account the experimental capabilities of CLIC.
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1. Introduction

The Compact Linear Collider (CLIC) offers
high-energy ete™ collisions up to center-of-mass
energies of 3 TeV [1]. At the initial energy
stage /s 380 GeV, we have uniquely rich
programme of Higgs and top-quark physics. At
the higher-energy stages 1.5 TeV and 3 TeV,
CLIC encompasses effects of beyond the Standard
Model (SM). For this energies stages, we have
2.5 ab™! and 5 ab™! very high integrated
luminosity, respectively. Polarization plays a
key role in future electron-positron and hadron
collider experiments |1, 2|. The CLIC baseline has
+80 % longitudinal electron polarization and no
positron polarization. The combined analysis of
future data from the CLIC with data from the
Large Hadron Collider (LHC) is also a point of
interest [3]. Searches for new particles is one of the
basic parts of the CLIC experimental program. In
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this paper, we focus on the additional Z’-boson
(Z') |4, 5]. Presently, we have no experimental
indications for such particle [6].

We assume that the effective gauge group of
a typical Z’ model is

SU3)e x SU2)L x ULy x U'(1), (1)

where SM is supplemented by an additional U’(1)
gauge group |7-12]. The reason for the appearance
of the Z’ is symmetry breaking at energies of the
order of TeV.

Grand unified theories predict many new
particles, such as exotic fermions, additional
charged gauge bosons additional Higgs
bosons. The number of exotic fermions increases
significantly with the size of the gauge group. We
shall ignore the couplings to other beyond-SM
particles such as exotic fermions.

The general interaction Lagrangian for the
gauge group (1) has the form:

Oz -
22 ufr (ol(2) = gl (Z)5) §

= Z 5Z’Z/ufvug%’,fwaf7
a==

or

Lyc =

(2)

where wy = (1+£+%)/2 and the Z’ couplings (5,
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gb.a(Z') and ngE,vf) depend on the choice of the
U'(1).

Taking into account the actual bounds on
the Mz ~ 4 —5 TeV [13-16], we can study only
indirect (or virtual) effects of the Z’ at CLIC.
We describe such effects as deviations from the
prediction of the SM [17].

If a Z' is indeed discovered, possibly at
hadron collider, precise measures of Z’ couplings
at CLIC would be essential for testing extended
gauge models. In this regard, the primary focus is
to obtain model-independent constraints on the
Z' couplings and to investigate the sensitivity of
the process ete™ — ff to the chiralities A\, and
Ay. To achieve the goal, we propose a technique
(Sec. 5) that is based on the differential cross-
section representation (Sec. 4). Linear dependence
of this representation on the new effective
parameters allows to get constraints using a
combination of polarized observables. As a result,
we obtained model-independent constraints on
the left- and right-handed couplings of the Z’
for 2 high energy energy stages at CLIC (Sec.
6). Such constraints can be used in the model-
dependent analysis. The statistical processing
plays a very important role in a such research.
Often, correlation is not taken into account. Our
technique takes into account the correlation. Note
that the mass mixing of Z — Z’ bosons [18-20] is
not taken into account in this paper.

2. Kinematics

We discuss a case of f # e in the process

6_(]91, )\p1)+€+(p2, )‘pz) — f(kla )‘k1)+f(k2v /\kz) s
(3)

where four-momentum p{" have the form:

.5 ¥a

P = T(WZJ)O)OaBl]) ’ pg = 7(7‘7170707 _BZ]) ’
(4)
Pt =pi +py =+/5(1,0,0,0) . (5)

In the (4), Bij and 7Yij are

2
Bij = Bz m2 (5) = \/1 + (iﬂ? —»"U?) -2 (fﬁ? +m§) ,
(6)
(7)

where m; ; is the fermion masses.
In case of m;; = me, the vectors (4) have
the form:

p/f = ﬁ(laoaovﬁe) ) pg - £(170707 _Be) .

2 2
(8)
In case of m; ; = my, we have, respectively:
Vs
k= Y=
)
\/g
kY = Y=
D)

(1, B sinf cos ¢, B¢ sinfsin ¢, By cosb) ,

(1, =By sinf cos ¢, — By sin O sin ¢, — By cos 0) ,
(9)

where /s is the center-of-mass energy, By =
/1 74m30/s is the velocity of the final state

fermion in the center-of-mass and 6 is the angle
between outcoming anti-fermion f and incoming
positron e™.

3. Amplitude

The process (3) at the Born level is described
by s-channel Feynman diagram, shown in the Fig.
1.

The amplitude of this diagram is written as
follows:

M;m 7>‘P2 (V)

klv)\kg
% pPrPY
=0 (o) 8 ity
\4 ay,a0=+

><’l_))\p2 (pQ) ’7#(")041’&)\“ (pl)ﬂ)\kl (k‘ll)fvaazvka (k2) )
(10)

where Ry = s/(s — MZ +iMyTI'y) is the vector
boson propagator, Jdy is the gauge coupling,
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f

FIG. 1: Feynman diagram of the process (3).

T'yy is the total decay width and My is the
mass of vector boson V. The bispinors uy, (p1)
and vy, (k2) satisfy Dirac equations and spin
conditions for massive fermion and anti-fermion.

The couplings of the left- (L,—) or right-
(R,+) handed fermion to the SM vector bosons
are defined as:

0 =—Qs Ay ==

v (oo, — Qf Sln%v)
975 =

11
sin Oy cos Oy ’ (11)

where @y is the charge of fermion, T3y is the
third component of the SM isospin and Oy is the
Weinberg—Salam angle.

We use the original technique [21] to derive
the compact form of the amplitude for all possible
spin variables:

App oA JU s
M)\Zi,)\zz (V)= 25VRV{)‘kl)‘p15)\k27/\k16)\p2,>\p1 gg(V)ga(V)nfne X <]\4‘2/ - 1)

(3, V)0, + 90V, 5 ) (35, (VIO ryy + 950V)00 0,7 ) DAL s, (6,0,-0)

where
V) =gb(V) = ABiga(V) (13)
=Tk i sz, i=ef. ()
Apra = Apr = Ap2)/2 5 Ak = (Mg — Akp)/2
(15)
and gl (V) = Ygy; +ovp), gh(V) = Loy, —

g‘J}’ f) are the vector and axial fermion couplings,
respectively.

For the case m. < /s, the amplitude (12)
can be represented as:

ApsA 1
Mo (V) = 205,20, D3, 0, (600, —0)

x (6/\k27_)\k1§§k1(v) + 93 (V)5Ak2,Akl?7f> 9v15vRv S xS

(16)

because g5(V) = g{\,’e and 7, = 0.

(12)

4. Differential cross-section

The square of amplitude (16), after a number
of transformations, can be represented in the
form:

Mo (ete =54, 2,2' = [ )P

APl 7)‘P2

= DM Vv 2 = Oxpy
Ak, =% Apy =%
Py(s)Ge{ M} 491 0)gd ()i s 0
1,5=",4,2'
sy radiin] o

Henuneiinblie gBiieHnst B CJIOKHBIX cucTemax 1. 28, Ne 1, 2025



Model-Independent Analysis of the Indirect Effects of an Additional Z’-Boson at CLIC 71

where
Pij(s)
82(<S — Mf)(s — MJZ) + MZFlM]F])
(s = MP)? + MTP)((s — MF)? + MFT3)
(18)
Gf{)\l )\2 } _ ng g]/\?c ’ (19)
Gt =a oxa,m, @
h = (14 \p, cosf)? (21)

The differential scattering cross-sections of
the processes egeﬁ — ff and e;{ef — ff can
be, respectively, written as:

-, +
DS {A’“’A“}, (22)
Ay =% A=+
deL > Z {A’”’A'”}- (23)
Ay =+ Ay ==

where z = cosf.

After some transformations, we can find that
the expressions (22) and (23) are written in the
following form:

dO‘LR T 2 B
- N [2 SM+2' (1-
= O | 207 ey {Z7 1+ =8p2)°
A i B CENCTS g
(24)
doRt T By
= Cix
dz 2s

x[nf (a5 {0 + g L))

( +sz)2 M—I—Z{ }+

+(1 = Byz) qu;\4+zl{ } ) (25)
where
SM+Z' [And2 | _
ef A1, A2 -
= > ey el @)
imj:’-}/aZ:Z/

and N¢ is the color factor (1 for leptons and 3 for

quarks) and ey, is the fine-structure constant.
If we take into account electron P,- and

positron P,+ polarization fraction, the differential

cross-section can be written in the form:

dopM 7 1
dZ _(1_P67P€+)1
dO‘LR dO.RL
1-P 1+ P, , (27
x{( ) o (L Pa) 5 b, (21)
P —P,
Pg=-—"°"—""5— 28
eff 1— P@*Pe+ ) ( )
where P is the effective polarization.
Finally, by some manipulations, we can

rewrite the (27) as

do SM+27' 2 ﬁ
OP, Pt TQemPf [ ASM+2'
PP - pop ) emPS {
dz C( e e+) Ss 3
H(1 = 28)2Q M + (1+ 25f)2Q§M+ZI} ’

(29)

The linearity of Qi 1%43* 7" is a crucial aspect
of the technique presented in the Sec. 5.

It is important to note that effective
parameters Q1 SM+-2" depend on polarization
peff = 1=+ P as follows:

SM+Z ++

= e s et

Q§M+Z' = pantef ST Ao
P = G (S ST SR ) +
g (ST S EEY)

It is convenient to rewrite (30) in a more compact
form:

QSM+Z eff‘qSM+Z ’2 +peff‘qSM+Z ’2
SM 7z _ SM+2' SM+2'
= plart P+ plglary TP
M4z M+Z' «SM+Z'
SV = o (pg Rlapr 7 M
SM+Z' +SM+Z'
i Rlagr im0 D) (31)
where
SM+Z' _ S
Dreds DI o VR ol
i=,2,7' g
(32)
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In the (32), indices A\, and Ay indicate the
handedness of the initial electron and final
fermion, respectively.

In case of my < /s, the expression (29)

depends only on Qf]‘/“zl and Q;MJFZ/ effective
parameters:
dO'SM+Z/ 9
P _,P 4 T
——=< < = Ng(1-P.-P, =
dz C( e e"") s

% [(1 _ 2)2 fM+Z’ + (1 +Z)2 gMJrZ’] ) (33)

5. Model-independent technique

For the scenario My > /s, only the
interference of the SM term with the Z’ exchange
is important. In this case the deviation from the
SM prediction is given by:

AQ; (papoplg) = QM =@M (i=1,2),
(34)
where
Agro, = a7 P =185 (35)
As one can see, deviations Agy, », depend on the
combination of A, and Ay.

To obtain model-independent constraints on
the AQ12 we use a x? test. A Z' gives a signal
in the observable O; if the deviation AO; from
the SM prediction is more then experimental
error 00;. To extract confidence intervals on the
Q = AQ1 2, we assume that the Q follow an n-

dimensional normal distribution (i =1,...,n):
1
Q)=———
f( ) (271')”/2|V\1/2
1 PO .
xexp =2 (2 - Qfvi@-Q)| . (36

Then, the square form
FQQ=Q-Q"V'i@-Q), (37

follow a x* distribution [22].
For our case, optimal set 2 = 0 because the
absence of AQ); deviations implies that Qf M+z"

Qs

In the square form (37), the covariance
matrix V depend on the correlation coefficient Pij
and the standard deviations o ;.

Subsequently, we can write the following
statement:

Prob [F(Q,ﬁ) <K?|=a, (38)

where K2 is the quantile of the n-dimensional x?
distribution, which is defined by the integral:

K2 9—n/2 a1
——exp[—x/2]2™*de=1—«a . (39
| frgy vl (39)
By (38), the equation for the confidence region of
Q for confidence level C.L. = 1 —« can be written
as:

F(Qv ﬁ) = ng = Axgrit ’ (40)
therefore

XQ(Q) ~ Xr2nin + Aerit )

Xinin = X (€2) - (41)

where x2,, = 0, Ax2,, sets the confidence level
(C.L.), typically 68.27% or 95%.

The range of € can be estimated by three
probabilities:

1. The probability of being within the

inscribed elliptical region &;1;

2. The probability of being within the
described rectangular region &;. For such a
case, the following probabilistic statement
can be written as:

Prob [ﬁl —Kpo1 <1 < ﬁl + K,oq1 and
Qy — Kooz < Qo <Oy + Kooo] = & . (42)
The probabilistic content & > & and

depends on p12, which influences the shape
and angle of the ellipse’s inclination.

3. The probability of being within the
horizontal strip &3, corresponding to the
probabilistic statement:

Prob [ﬁl —Kyo1 <1 < Ql + K, o1 or
Qo — Kooo < Oy < Qo + Kaoo) = &5 . (43)
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Often, correlation, particularly case 2, are
not considered and only one-parameter intervals
from case 3 are used. The case 3 can be used
when the correlation is not significant, but it is
important to understand that &; and &3 are not
equivalent.

As an observable we use the number of
events NSM+Z in the phase space z:

— nASM+Z’
OZ:NZ * :cgint'cpol'sf

Zi+1 dO_SM+Z/
. ——|d 44
/Zi ( p ) z, (44)

where Z,,; is the time-integrated luminosity, ¢y
is a coefficient that depends on the electron and
positron polarization, ¢ is the efficiency in the
reconstruction and identification of fermions.
Due to the high luminosity, the number of
events in the bin is relatively large and follows
a Poisson distribution. Then, the random error
is equal to NZ-SM . If we take into account
systematic uncertainty dsys, the experimental

error is

50; = SNSM — \/NSM 1+

systNSM) ’ (45)

After that, to extract confidence intervals on
the Q, we can write the x? function as follows:

k 2

AN;(Q

() = Z [MVS(M)] R Xouin + DXt
i=1 {

(46)

where AO; = AN;(Q) = NSM+2(Q) —
and k sets the number of bins for the angular
distribution. It is not necessary to plot an ellipse
in order to extract the confidence intervals |23].
Standard deviations and correlation coefficient
can be derived from the equation. For example,
after numerical calculation (45) we have an
equation of the form:

SM
Ni

Cllﬂ% + 2C122: Q9 + CQQQ% +C33=0. (47)

Using these Cj; coefficients it is possible to

calculate p12 and o7y 2:

Ci2

S 48
pr2 V1109 (48)
o = VCi1 oy — V2
C11Coy — C%, C11Ca2 — C%,
(49)
where
011_2607,2 w; 25012 W; 4, 50)
k
012 = Z (501-211}1’_11]@_,_ . (51)
i—1

In these equations, 6C; is defined as:

Lint Cpol Ef Nc¢ (1 _Pe—Pe"') T

0C; = em
' 5N{9M 8s
(52)
and
22 2
Wi+ = Zit+1 (1 + zip1 + ’;1> —Zi (1 + 2+ 2) :
(53)

Analyzing the (48) and (49), we can conclude
that the o012 and pi2 are independent of the
AxZi = —Css.

By option of initial polarization, we have
the opportunity to investigate two identical
observables. In order to obtain confidence
intervals on the deviation parameters (35), two
numbers of events with different polarization shall
be considered. As a result of this, we compose
a system of equations and obtain the following
solutions:

b
p:ﬂ AQa peﬁ"aAQb

AQLR: a_+.b b
peff peff 7peﬁ? peff
b
peffaAQb _peff AQa
AQRL ,a_+,b b
peff peff 7peff peff
+,b
A peff AQQ _peﬂ"aAQb
qLL = —a_+.b ’
peff peff _peff peff
a b
_pﬁ‘AQ2_pﬂ‘AQ2
AQRR— < a_+.b ia —b (54)

peff peff _peff peff
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where {a,b} = {P,- ={a1,b1}, P+ = {az,b2}}.

These linear combinations also have normal
distribution. Taking this into account, we
calculate the (54) as:

|Agx.x, | = ncL. \/c% (AQ;{a,b})Q L3 (AQ;{a,b})z .

(55)

where nc 1. sets the confidence level (1 for 68.27%
C.L. and 1.96 for 95% C.L.) and the ¢? are
coefficients from equations (54) that depend on
. . +,{a,b}
combination of p g .
To extract the constraints on the 2’
couplings, we assume that the total decay width

is relatively large I'zr = 0.1 x M.

6. Numerical results

In this section we discuss the sensitivity of
the process ete™ — ff (where f = u,7,b,¢) to
the chirality A, and Ay at CLIC. To this aim, we
consider 2 stages with energies of the order of TeV
(Table 1). For each of these stages, a baseline is
adopted of sharing the running time for —80 %
and +80 % electron polarization in the ratio 80:20
[1]. Then, the coefficient ¢,,; = 1/5 in the formula
(44) is: 1/5 for the +80 % electron polarization,
4/5 for the —80 % electron polarization and 1
for unpolarized initial beams. We have chosen the
polarization configurations a = {0,0} and b =
{—0.8,0} in order to increase the total number of
events.

Table 1: Baseline CLIC stages.

Vs [TeV] Lint [ab”']
P =0%|P.- =80 %|P.- = +80 %
15 2.5 2.0 05
3.0 5.0 4.0 1.0

For numerical calculation, we take into
account the systematic uncertainty dsyst = 2 %
and assume that the identification efficiency are:
100 % for pu*pu~ events, 50 % for 777~ events,
80 % for bb events, 50 % for éc events. The

region of the angular distribution at CLIC is
bounded by the interval [—1, 1] and divided by the
number of bins k£ = 20 [1]. Since it is impossible
to distinguish quark and anti-quark jets in the
experiments, we have reduced the number of
events in the process ete™ — @q by half. Even
so, the statistics of events for leptons and quarks
are not significantly different because for quarks
a color factor No = 3.

First of all, we calculate the o2 for the
AQ‘f’g which depend on the correlation coefficient
(Tabies 2 and 3). In our case, the correlation
turned out to be negative and negligible.

Table 2. Standard deviations for AQ%’I)} at CLIC
with /s = 1.5 TeV (p12 = —0.21).
fermion| AQ§ AQS AQY AQS
I F0.0076|F0.0146 | F0.0085|F0.0168
T 70.0106|50.0197|70.0119|F0.0228
b F0.0025|F0.0070|0.0030|0.0098
c 70.0049|750.0122]50.0065|F0.0154

Table 3. Standard deviations for AQ{%" at CLIC
with /s =3 TeV (p12 =~ —0.21).
fermion| AQ$ AQS AQY AQS
4 |T0.0106|70.0197| F0.0119]F0.0228
7 |70.0149F0.0272] 70.0167| 70.0315
b |70.0036|70.0097|70.0042] F0.0135
¢ |70.0069|F0.0168|F0.0092| F0.0213

In order to assess the sensitivity, using
equations (54) and (55) we obtain model-
independent constraints on the deviation Agy, ;
for all possible combinations of A, and Ay. As
shown in Tables 4 and 5, the process ete™ — ff
is the most sensitive to LR chiral combination.

Table 4. Model-independent constraints on the Aqy, x,
at CLIC with /s = 1.5 TeV (68.27% C.L.).

fermion| Agir | AgrL | Aqun | Agrr
o F0.0054 |0.0101 |0.0107|0.0195
T F0.0076 |F0.0141 |F0.0145|F0.0264
b F0.0019|50.0034 | F+0.0062 | +0.0100
c F0.0041 |F0.0068 | F0.0098 | F0.0167
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Table 5. Model-independent constraints on the Agy, x,
at CLIC with /s = 3 TeV (68.27% C.L.).

fermion| Agir | Agqrr | AquL | Agrr
o F0.0076 |F0.0141|F0.0145|F0.0264
T F0.0106 |F0.0197|=F0.0200|F0.0364
b F0.0027 |F0.0048 |F0.0085|F0.0138
c F0.0058 |F0.0096 | F0.0135|F0.0231

To assess the sensitivity, we obtained allowed
regions for the Z’ couplings, shown in Figs. 2
and 3. The lines on these plots indicate the
bounds of the allowed regions for different choices
of A¢ and Ay. To accomplish this, we use the
assumption of the Z’ total decay width, along
with formula (35) and the explicit form given in
(33). as shown in Figs. 2 and 3, the best sensitivity
is observed for the LL chiral combination of the Z’
couplings, which is attributed to the fact that the
contribution of g2 in the formula (35) exceeds
that of quf .

Figs. 4 and 5 show how the regions depend
for the product of gé,ve X gé,J on the choice of
the final state ff. The best sensitivity occurs for
b quarks, while the worst one is for 7 leptons.
This is related to the identification efficiency of
77~ events, which is half that for u™p~ events.
This difference is explained by the fact that for
77~ events only hadronic decays are taken into
account [1]. In the general case, it is possible to
constrain only product of electron and fermion
Z' couplings (ggie X ggf’f). However, using the
assumption of lepton universality for the Z’
couplings, the process eTe™ — ¢/~ has become
unique. In this case, we can individually extract
lef- and right-handed lepton couplings of the Z’
(gé, , and gg, ¢)- In this regard, the comparison
of Z and Z' ’couplings is of some interest. The
Tables 6 and 7 shows this comparison as the ratio
|gg‘f€| / |gg‘§7£| for My fixed at 5, 10 and 15 TeV.

Table 6. Ratio of |gg‘:€| / |g}‘j7€| for £ = p at CLIC with
Vs =15 TeV (68 % C.L.).
)\g MZ’ =5 TeV MZ’ =10 TeV MZ’ =15 TeV

L 3.4 1.7 1.1
R 1.9 0.9 0.6

Table 7. Ratio of |g2fz| / |g2‘i’e| for £ = p at CLIC with
V5 =3 TeV (68 % C.L.).

)\g MZ/ =5TeV MZ/ =10 TeV MZ/ =15 TeV
L 7.0 2.9 1.9
R 3.9 1.7 1.1

Another interesting question is the potential
of the process (3) to identify the My by the
measurement of the cross-section, which depends
of the couplings of Z’ and M. For this case,
model-independent analysis can be employed in
the context of a model-dependent analysis. If the
model is given, i.e., we know the Z’ couplings, it
is possible to obtain constraints on the M.

My, TeV

/] 68%C.L.
ot A A \ A I A A A
-06 -04 -02 00 02 04 06

/15 /1//
9z¢%97 4

FIG. 2. Model-independent bounds on the product
of electron and muon chiral couplings of the
Z" in the etem — ptpu~ at CLIC [/s =
1.5 TeV, Lipt = 2.5 abfl(unpolarized) and L =
2 ab™!(polarized)] for 68.27 % C.L. (different line
colors correspond to various choices of chiral
combinations).
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My, TeV

14

-0.15-0.10-0.05 0.00 0.05 0.10 0.15

/IE /I//
9z X9z 4

FIG. 3. Model-independent bounds on the product
of electron and muon chiral couplings of the Z’ in
the ete™ — ptpu™ at CLIC [\/s = 3 TeV, Lt =
5 ab™ ! (unpolarized) and .%,; = 4 ab™!(polarized)]
for 68.27 % C.L. (different line colors correspond to
various choices of chiral combinations).

Mz, TeV

68 % C.L.

-04 -0.2 0.0 0.2 04
L L
9z %9z

FIG. 4. Model-independent bounds on the product of
electron and fermion chiral couplings of the Z’ in the
efe™ — ff (where f = u,7,b,¢) at CLIC [\/s =
1.5 TeV, L = 2.5 abfl(unpolarized) and L =
2 ab~!(polarized)] for 68.27 % C.L. (different line
colors correspond to various choices of the final state).
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FIG. 5. Model-independent bounds on the product of
electron and fermion chiral couplings of the Z’ in the
ete™ — ff (where f = p,7,b,¢) at CLIC [\/s =
3TeV, Lt = 5 ab_l(unpolarized) and L =
4 ab™!(polarized)] for 68 % C.L. (different line colors
correspond to various choices of the final state).

7. Concluding remarks

The paper presents a technique for analyzing
characteristics of an additional Z’-boson in
the process efe™ — ff (where f # e).
This approach is based on the introduction
of effective parameters (34), which depend
on both the polarization of electron-positron
beams and the characteristics of the Z’-boson.
The linear dependence of the electron-positron
annihilation
parameters allows to obtain constraints using
a combination of polarized observables. This
technique makes it possible to obtain both model-
independent and model-dependent constraints on
the characteristics of the Z’-boson. The effective
parameters allow to extract separate and model-
independent information about individual lepton
couplings of the Z’ (gé,g, g]Z{,Z) under the
assumption of lepton uni\}ersali{y for a fixed
My In case of quark pair production, we can
only constrain the product of electron and quark
couplings of the Z’ (gé}i X gé}f] ).

By applying the technique, we obtained
model-independent allowed regions for the mass
and combinations of chiral couplings of the Z’-

cross-section on these effective
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boson for various final states (f = u,7,b,¢) and
high-energy stages at CLIC. The best sensitivity
occurs for b quarks and u leptons.
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