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Abstract

In this thesis the global Standard Model (SM) fit to the electroweak precision

observables is revisited with respect to newest experimental results. Various con-

sistency checks are performed showing no significant deviation from the SM. The

Higgs boson mass is estimated by the electroweak fit to be MH = 94 +30
−24 GeV with-

out any information from direct Higgs searches at LEP, Tevatron, and the LHC

and the result is MH = 125 +8
−10 GeV when including the direct Higgs mass con-

straints. The strong coupling constant is extracted at fourth perturbative order as

αs(M
2
Z) = 0.1194 ± 0.0028 (exp) ± 0.0001 (theo). From the fit including the direct

Higgs constraints the effective weak mixing angle is determined indirectly to be

sin2 θℓ
eff = 0.23147 +0.00012

−0.00010. For the W mass the value of MW = 80.360 +0.012
−0.011 GeV

is obtained indirectly from the fit including the direct Higgs constraints.

The electroweak precision data is also exploited to constrain new physics models

by using the concept of oblique parameters. In this thesis the following models are

investigated: models with a sequential fourth fermion generation, the inert-Higgs

doublet model, the littlest Higgs model with T -parity conservation, and models

with large extra dimensions. In contrast to the SM, in these models heavy Higgs

bosons are in agreement with the electroweak precision data.

The forward-backward asymmetry as a function of the invariant mass is measured

for pp → Z/γ∗ → e+e− events collected with the ATLAS detector at the LHC. The

data taken in 2010 at a center-of-mass energy of
√

s = 7 TeV corresponding to an

integrated luminosity of 37.4 pb−1 is analyzed. The measured forward-backward

asymmetry is in agreement with the SM expectation. From the measured forward-

backward asymmetry the effective weak mixing angle is extracted as sin2 θℓ
eff =

0.2204 ± 0.0071 (stat) +0.0039
−0.0044 (syst). The impact of unparticles and large extra

dimensions on the forward-backward asymmetry at large momentum transfers is

studied at generator level.
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CHAPTER 3

The Global Fit of the Electroweak

Standard Model

Precision measurements, in line with accurate theoretical predictions, allow us to probe physics

at much higher energy scales than the masses of the particles directly involved in experimental

reactions by exploiting contributions from quantum loops. In case of the SM, unknown param-

eters of the SM (e.g. the Higgs boson mass) can be determined from multi-parameter fits. The

analysis presented in this chapter relies on the Gfitter framework [1] and the presentation fol-

lows closely (though not identically) the presentation in the publications [1, 34]. This analysis

has benefited from the enormous work in the past which has been done for the calculation of

the electroweak precision observables. During this effort various software packages have been

developed predicting the electroweak precision observables within the SM: ZFITTER [35, 36],

TOPAZ0 [37, 38], LEPTOP [39, 40], and GAPP [41, 42] (see also the review [43]). Electroweak

SM fits are also routinely performed by the LEP Electroweak Working Group [44] and for the

electroweak review of the Particle Data Group [42].

This chapter is organized as follows. First, the statistical aspects of the fits as implemented

in the Gfitter framework and the theoretical predictions of the electroweak observables are

discussed. The experimental data used in the analysis is introduced. Especially, the treatment

of the information from direct Higgs searches is explained in detail. The chapter concludes

with the presentation of various fit results. Among them, constraints on the Higgs mass, a

determination of the strong coupling, and indirect determinations of MW , mt, and sin2 θℓ
eff are

shown.

3.1 Statistical Aspects

The statistical analysis is performed with the Gfitter framework, which adopts a least-square

like notation. The test statistics is defined as

χ2(ymod) ≡ −2 ln L(ymod) , (3.1)

where the likelihood function (L) depends on the free parameter (ymod) of the physics model.

The likelihood function of a parameter with its central measured value (x0), positive (negative)

13



3. THE GLOBAL FIT OF THE ELECTROWEAK STANDARD MODEL

Gaussian error σ+
Gauss (σ−

Gauss), and positive (negative) theoretical error σ+
theo (σ−

theo), for a given

set of ymod parameters and the theoretical prediction f(ymod) is given by1

− 2 ln L(ymod) =



























0 , if: −σ−

theo ≤ f(ymod) − x0 ≤ σ+
theo ,

(

f(ymod)−(x0+σ+

theo)
σ+

Gauss

)2

, if: f(ymod) − x0 > σ+
theo ,

(

f(ymod)−(x0−σ−

theo)
σ−

Gauss

)2

, if: x0 − f(ymod) > σ−

theo .

(3.2)

Theoretical uncertainties are treated according to the RFit scheme [45, 46], i.e. the theoretical

prediction can freely vary within the range of the theoretical uncertainty without contributing

to the χ2 estimator. The final test statistics of the global fit is defined as the sum over all

−2 ln L(ymod) contributions from each observable. Correlations between measurements are

considered properly in the likelihood function.

In addition, it is possible to introduce dependencies among parameters in Gfitter, which can

be used to parametrize correlations due to common systematic errors, or to rescale parameter

values and errors with newly available results for parameters on which other parameters depend

(rescaling mechanism).

For the parameter estimation the offset-corrected test statistics is used

∆χ2(ymod) = χ2(ymod) − χ2
min(ymod) , (3.3)

where χ2
min(ymod) is the absolute minimum of the test statistics. The minimum value of ∆χ2

is zero, by construction. This ensures that, consistent with the assumption that the model is

correct, exclusion confidence levels (CL) equal to zero are obtained when exploring the ymod

space.2 The CL is computed for a Gaussian problem by

CL = 1 − Prob(∆χ2, ndof) , (3.4)

where ndof is the number of degrees of freedom of the offset-corrected ∆χ2. In case of a

non-Gaussian problem a toy Monte Carlo analysis is required to estimate the CL. For the

electroweak SM fit no significant deviations between the toy Monte Carlo analysis and eq. (3.4)

are observed [1].

The p-value is an estimator for the goodness of the fit. It quantifies the probability of

wrongly rejecting the theoretical hypothesis. For a Gaussian problem the p-value is compute

by Prob(∆χ2, ndof). In case of the electroweak fit, this naive p-value determinations have been

confirmed with Monte Carlo toy experiments [1, 47].

In Gfitter the minimization of the test statistics is performed by TMinuit [48]. In addition,

more involved global minima finders are used: Genetic Algorithm and Simulated Annealing,

which are available with the TMVA [49] package in ROOT [2].

1The central value x0 corresponds to the value with the largest likelihood, which is not necessarily equal to

the arithmetic average in case of asymmetric errors.
2Throughout this thesis the term confidence level denotes 1 minus the p-value of a given ∆χ2 (or χ2) test

statistics, and is hence a measure of the exclusion probability of a hypothesis. This is not to be confounded with

a confidence interval, which expresses an inclusion probability.

14
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3.2 Standard Model Predictions

The SM predictions for the electroweak observables measured by the LEP, SLC, and Tevatron

experiments are implemented as a function of the floating fit parameters MZ , MH , mt, mb, mc,

∆α5
had(M2

Z), and αs(M
2
Z). The predictions of the effective weak mixing angle and the W mass

are the most important ones in order to constrain the mass of the Higgs boson. For the W

mass eq. (6) and the coefficients of eq. (8) from [50] have been implemented. The calculation

contains the full two-loop and leading beyond-two-loop corrections. The implementation of the

effective weak mixing angle follows the full two-loop and leading beyond-two-loop computation

of [51–53]. The asymmetry parameters can be computed by the effective weak mixing angle

via

Af = 2
gf
V /gf

A

1 + (gf
V /gf

A)2
, (3.5)

where
gf
V

gf
A

= 1 − 4|Qf | sin2 θf
eff . (3.6)

The forward-backward asymmetry where the superscript ’0’ indicates that the observed values

have been corrected for radiative effects and photon exchange, can be determined from the

asymmetry parameters as follows

A0,f
FB =

3

4
AeAf . (3.7)

Unlike the asymmetry parameters, the partial widths of the Z boson are defined inclusively,

i.e. they contain all real and virtual corrections. They can be computed by1

Γf
Z =

GF M3
Z

6
√

2π

[

(gf
A)2

(

(1 − 4|Qf | sin2 θf
eff)Rf

V + Rf
A

)

+ δf
Im(κf )

Rf
V

]

+ ∆f
EW/QCD , (3.8)

where GF is the Fermi constant. For the analysis presented in this thesis, the vector and axial-

vector couplings (gf
A and gf

V ) are implemented using the parametrizations of [55–58], which

are computed at one-loop level and partly at two-loop level for O(ααs).
2 To account for a

different Higgs mass dependence of the parametrizations and ZFITTER at large Higgs masses

(MH & 500 GeV), a quadratic correction is added to (∆TZ)SM of eq. (23b) in [58] (for further

explanation of the T parameter see chapter 4)

(∆TZ)SM,Corr =

{

0 if MH ≤ 200 GeV,
0.00764(xh − xh,200) − 0.112(xh − xh,200)

2 if MH > 200 GeV,
(3.9)

where xh = log(MH/100 GeV) and xh,200 = log(200/100).3 This correction factor does not af-

fect the electroweak SM fit, but it slightly influences the constraints on new physics parameters

(cf. chapter 4). The term δf
Im(κf )

in eq. (3.8) represents the corrections from the imaginary part

1See for instance [54] and [55–58].
2The above mentioned Gfitter publications use the implementations from ZFITTER [35, 36], which contains

up to two-loop electroweak corrections [35, 36, 43, 54, 59–66] and all known QCD corrections [35, 36, 67].
3The coefficients are determined by comparing the values of the T parameter computed with eq. (23b) of [58]

and with the Fortran ZFITTER package [35, 36] (version 6.42 [68]).

15
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