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2.2 Gauge tlieory and Higgs mechanism 

under SU(3), a special unitary gronp of degree n, transforrnation. The different forces 
interact \vith different strengths, which are quantified by the coupling constants. These 
coupling crmstants arc sho'.vn in Tab. 2.1 comparcd to thc strcngth of thc strong forcc, 
vdüch is set to 1. 

The strong force is clescribed by the quantum chromodynamics (QCD). lt is mediated 
by 8 masslcss gluons, which intcract with particlcs that havc colour chargc. Thcrcforc 
gluons only interact \vith quarks and other gluons, as they also have colour charge. Only 
considcring thc gaugc thcory, fundamental forccs arc supposccl to have infinite intcraction 
ranges and to have massless force carriers. ]\" evertheless, experirnents on the st.rong force 
have a finite range. This can be explained by the so-callecl quark confinement. 

The electromagnetic interaction, described by the quantum electrodynamics (QED), 
is mcdiatcd by photons. Photons arc masslcss, likc gluons, and intern.et with all particlcs 
that lrnve electric charge: all fermions except the neutrinos and \V bosons. In contrast 
to thc strong force, thc clcctromagnctic intcraction has infinite rangc, consistcnt with a 
gauge theory. 

The force carriers of the \veak interact.ion are three vector bosons >vith spin 1, narnely 
thc z0 boson with 7'.eHJ clectric chargc ancl thc w± bosons with a chargc of ±eo. As 
mentioned before, a gange theory irnplies zero mass for all gauge bosons. Nevertheless, 
the mediating bosons of the \veak force has finite masses. This is introducecl to the 
thcory by a local symmetry brcaking of thc SU(2) xU(l) symmetry. This symmctry 
breaking requires t.he coupling to a ne>v scalar field , the Riggs field, tha t. gives rnass to 
t he gauge bosons. Due t o these masses the 'veak force has a very short interaction range. 

Thc fourth fundamental forcc is givcn by thc gravitation , which , togcthcr with thc 
electromagnetic force, is the defining force in everyday life as it has infinite range. Nev­
ertheless, on subatomic scales it can be neglected as its strength is much \veaker compared 
to thc othcr forccs. lt is also the only fundamental forcc that is not clcscribcd by thc 
SM. If gravitat.ion can be described using quanturn field t.heory t.he mediating part.icle 
is given by the graviton. So far , the graviton has not been discovered. 

2.2 Gauge theory and Higgs mechanism 

The S::VI is describecl by a relativistic quantum gauge fielet theory. Hist orically, the 
dcvclopmcnt of thc S:'vI bcgan whcn physicists t riccl t o combinc quantum thcory with 
special relativity. The combination of these theories lead to relat ivistic quanturn field 
theory and it s Dirac equation 

(2.1) 

which clcscribcs thc frcc mot.ion of rclativist.ic part iclcs. 1 11 clcnotcs thc Dirac matriccs , 
2 

\J/(x) the wave function Of a particle, X the four-vector and K = ~~ , in nat nral nnits 
"' = m , corresponds 'vith 2„K to the inverse Compton \vavelength \vith m the particle 
mass. T his thcory thcn was applicd to clast:>ic clcctromagnctism, which was only possiblc 
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3.2 The CMS detector and its components 

CMS DETECTOR 
Total weight : 14,000 tonnes 
Overall diameter : 15.0 m 
Overall length : 28.7 m 
Magnetic field : 3.8 T 

CRYSTAL 
ELECTROMAGNETIC 
CALORIMETER (ECAL) 
-76,000 scintillating PbW0 4 crystals 

Brass + Plastic scintillator ,......7,000 channels 

22 

STEEL RETURN YOKE 
12,500 tonnes SILICON TRACKERS 

Pixel ( 100xl50 [!ffi) -16m' -66M channels 
Microstrips (80xl80 [!m)-200m2 -9.6M channels 

SUPERCONDUCTING SOLENOID 

MUON CHAMBERS 
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers 
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers 

PRESHOWER 
Silicon strips,..., 16m2

,..., 137,000 channels 

FORWARD CALORIMETER 

Fig. 3.2: Overview of the CMS detector [31]. 
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10 Conclusions and outlook 

This thesis presents a study on the signal extraction performance of I3oosted Decision 
n·ccs for thc H-+ T+T- channcl. Thc scarch includcs cvcnts of a Riggs boson produccd 
by vector-boson fusion decaying to a pair of T making use of the final st.ates µTh and eTh. 

The background treatment is performed by implementation of the irreducible Drell-Yan 
background proccss (Z-+ T +T-) and thc rcduciblc tf and \V-jcts proccsscs. 

The aim of the stucly is the optimi;rn.tion of a I3DT methocl for the signal extraction 
for 8 and 13 TcV, with a focus on thc 13 TcV analysis. Both analyscs arc pcrformcd by 
utilizing sirnulated l'vionte Carlo samples. The :rvIC samples used for the 8 Te V analysis 
arc nor~nalizcd to a luminosi ty of .L = 19. 7 fb- 1 and arc providccl for thc signal proccss 
and the Drell-Yan background bot.h for the final stat.e µTh. For 8 TeV, the optimized 
I3DT algorithm performs significantly better (A:\1S 3.5) than the cut-based analysis 
(A1'1S=2.1). Thc ab:::olutc numbcrn arc only indicativc a::; many approximation::; arc 
rnade, like the simplified st.atistics and systematics t reatrnent and the consideration of 
only DY. However , the I3DT analysis performs significantly better than the cut-based. 

For 13 Te\r, the BDT is firstly t.rained and opt.irnized on the MC samples for t.he signal 
and DY processes for the final state µ Th normalized to .L = 10 fb- 1

. The choice of the 
:::tarting point of thc optimi,.;ation proccdurc i::; maclc considcring thc insights gainccl in 
the 8 TeV analysis. The optirnized BDT gives an AMS of 3. 7, compared to 1.9 from t.he 
cut-based analysis. 

For t he follmving analyses results, two t.ypes of quantifying the performance are con­
cluctecl. The value stated first is the approximate median significance, t he seconcl value 
:::tatcd in brackcts dcnotc::; thc significancc calculatcd by thc CMS CombincdLimit framc­
work. For a rnore complete background t.reat.ment , the tf and \V +,jets processes are 
implementecl . Under consideration of these three backgrouncls the optimi11ation of the 
BDT algorit.hm is performed again. The performance of t.he optimized BDT is given by 
a significance of 2.G (2 .3), whereas an AMS of 1.05 is obtained for the cut-based analysis . 
For thc analysis of thc eTh thc BDT is rcoptimizcd lcading to a :::ignificancc of 2 .0 (2 .0) . 
As t.he signal yield in this channel is lmver t han in µTh, a lmver A:rvIS in eTh \vas expected. 

To makc usc of thc signal cxtraction pcrformancc of both channcls, two different 
approaches for combining t.he hvo channels are st.udied. In t.he first approach (µTh _ eTh) 

the event classification is performed separately for each channel. The A:\IS is ca.lculatecl 
from thc sum of thc cvcnts of both channcls. In thc CombincclLimit framcwork , two 
separate channels are declared. The significance is calculated to 2.9 (3.4) . For the second 
approach t he I3DT algorithm is reoptimi:zed ancl trained only once using the MC samples 
for both thc µTh and eTh channcl. This lcads to a significancc of 2.9 (4 .0). Thc A~IS docs 
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