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Die Welt der kleinsten Teilchen und das Top-Quark
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Confinement: Quarks can never be
observed as a free particle
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The Top-Quark

A real massive contemporary...
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The Top-Quark
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The Top-Quark
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The Top-Quark
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Most massive
fundamental particle
(*mass of a gold-atom)

Due to its small
lifespan it can not
hadronise
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Top quarks are mainly produced as top quark pairs at the
LHC, namely via the strong interaction

Standard Model Production Cross Section Measurements Status: May 2017
B‘ A Qlotal (x2) .
I'}' if' q t = 10M £ 4o inetasto ATLAS Preliminary B ey
S 105 F o1<priotev Run1.2 5=7,813TeV LHC pp V5 =7 TeV
o B8l Data 45-40f7!
5 03« g:'ftcas Tev
10 Ral. LHC pp 5 =8 TeV
pr =25 GeV
-1
10 g B2  Dam 203
LHC pp v5=13 TeV
I 3 ;=0
q t q t 10 e | ngia’y o Mot B oata 0.08-36.1f07!
) Pr>100GY n2mzt To ™ W
O n;= ww
10 e Jl-vﬂv-t o AW o_dn_lal
o =2 _“__n- Mg M% o A .
. >0z
The Top-Quark almost exclusively breaks up 10* S
=40 = 0
. N5 4= . 16 s-chan A g
into a W-Boson and a Bottom-Quark 1 Ozt 0% A
n Zﬁn'::ﬁnﬁ5 nJI;:T Hi%wt = mj,>_533_6e\r
107! o n28 L a
In,zv'"ﬁ“ o - o
o [+] Hovyy my>1TeV
10_2 njz7 na H—ZZ—ar o B . m
T m ] W W
3 — 1- ]
10 I'I- wz
]
Nloo% PP Jets Y w zZ tt t wWoYY H WV Vy dwrz tiy ny azvﬂ wzwwwwwy g‘m ;\ﬂ
fid. fid. fid. fid. fot. fot. fid. fid. fid. fid. tot. tol fid. fid. fid. tot. fid. fd. fid. fid. fid.

t > Wb

Lukas Kretschmann



UNIVERSITAT
WUPPERTAL

The Top-Quark Y oo

But the top quark can also be
produced as a single particle, not
just in the form of a particle-
antiparticle pair!
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Single Top-Quark Production
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Single Top-Quark Production
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How can you tell how often these processes happen?
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Einzel Top-Quark Produktion
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How can you tell how often these processes happen?
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Why should you investigate the t-channel? ity sencisone
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proportional to the I/,

matrix element of th th V{:S Wb

CKM matrix

- Test of unitarity of
the CKM matrix
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Why should you investigate the t-channel?

Cross-Section
proportional to the V¢,

matrix element of th
CKM matrix

- Test of unitarity of
the CKM matrix

Test of the
standardmodell:

Cross section of the
channel, R;
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Investigation of the t-channel cross-
section
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Tile calorimeters

A LAr hadronic end-cap and
forward calorimeters
Pixel detector :

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiatfion tracker
Semiconductor tracker
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Investigation of the t-channel cross-section B4y sercisone
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Signature of the t-channel production:

One W-Boson

One jet from a Bottom-Quark

One or two additional light jets t-channel
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Background Processes LYy ceroisone

W/Z + Jets

Diboson (WW/WZ/Z72)

Top-Quark Pair-Production (ttbar)

QCD (,,fake” Leptons)
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Analysis-Strategy

Neural LLH-Fit to Modelling
Network measure of
for better Cross systematic
seperation section errors

Selection of Modelling

events of QCD
from data background
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Analysis-Strategy

Neural LLH-Fit to Modelling
Network measure of
for better Cross systematic
seperation section errors

Selection of Modelling
events of QCD
from data background
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Untersuchung der Einzel Top-Quark Produktion Gy sercisone
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Signature of the t-channel production:

One W-Boson

One jet from a Bottom-Quark

One or two additional light jets t-channel
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Analysis-Strategy

Neural LLH-Fit to Modelling
Network measure of
for better Cross systematic
seperation section errors

Selection of Modelling
events of QCD
from data background

Have to skip this step due to
time constraints

Lukas Kretschmann
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Analysis-Strategy

Neural LLH-Fit to Modelling
Network measure of
for better Cross systematic
seperation section errors

Selection of Modelling

events of QCD
from data background
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Neural Network Bxs sencisone
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The number of events of the single Top-Quark t-channel production is
contained in the investigated events

The only problem is that the individual kinematic variables are not
precise enough (consent data to simulations)

Lukas Kretschmann




Neural Network

The number of events of the single Top-Quark t-channel production is
contained in the investigated events

The only problem is that the individual kinematic variables are not
precise enough (consent data to simulations)
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Neural Network Bxs sencisone

UNIVERSITAT

WUPPERTAL

In order to obtain a high-precision variable, different kinematic
variables can now be combined with a neural to form a high-

precision discriminant, whereby the individual variables should
already have a high level of precision and a good separation of
signal and background
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Neural Network Bxs sencisone
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In order to obtain a high-precision variable, different kinematic
variables can now be combined with a neural to form a high-

precision discriminant, whereby the individual variables should
already have a high level of precision and a good separation of
signal and background
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Neural Network
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Analysis-Strategy

Neural LLH-Fit to Modelling
Network measure of
for better Cross systematic
seperation section errors

Selection of Modelling
events of QCD
from data background

Lukas Kretschmann



Likelihood-Fit

In order to now calculate the cross

section, a scaling factor for the signal

process is extracted with a likelihood fit

06, B7) = I1P

b

(s (B, 7)) - T1G(B75 1, 6)
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L+l @
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_(Bb—1)2
- exp ( (%5?1) )

The likelihood function for the NN-Out
distribution is minimized (the negative
natural logarithm of it) and the cross-
section can be calculated using this
relationship!
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Analysis-Strategy i nenciscue

Neural LLH-Fit to Modelling
Network measure of
for better Cross systematic
seperation section errors

Selection of Modelling
events of QCD
from data background

| will have to skip this part due to time constraints!
In addition, the modeling is highly complex and
there is really not enough time for it

Lukas Kretschmann
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Summary

Now we finally did it!
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Summary

Run 2, {s =13 TeV, m =172.5 GeV December 2020

NLO (MCFM),
—t——
PDF4LHC (MSTW2008. CT10, NNPDF2.3)total stat
M scale uncertainty
scale ® PDF @ ag uncertainty

G channel t (Stat) * (SYS'() t (Iumi)

ATLAS, L =32 fb

D47 + 6 + 45 +
JHEP 04 (2017) 086 6£45+£5pb

CMS, L =359 fb"

207 +2+30+5pb
PLB 800 (2019) 135042

ATLAS, L _=10.0 o™

225 +5+ 19+ 4 pb
Lukas' BelLL (2021/22)

100 200 300 400 500
GH:hanneI [pb]

Lukas Kretschmann

Excellent agreement
between the cross-
section measured here
and the theoretical
prediction

Also a good agreement
with the other
measurements of the
collaborations
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Summary % BERGISCHE

Run 2, ys =13 TeV, m =172.5 GeV December 2020

NLO (MCFM),
—
PDF4LHC (MSTW2008, CT10, NNF’DF2.3)total stat
B scale uncertainty

scale ® PDF ® a, uncertainty Prozess/Effekt —A;EES) (%] —Aoczg;)l) (%] —A;Et(;‘gg) (%] AR—}? (%]

St channel + (Stat) + (Syst) + (luml) Data statistics +2.6 +3.3 :t234 :I:420

JES (Jet Energy Scale)  £11.67 +11.04 +7.52 +0.63

b-tagging efficiency +0.65 +0.35 +1.31 +0.3

tthar +5.07 +5.71 +3.80 +0.64

Z+Jets +0.40 +0.65 .87 +0.25

W+Jets +2.52 +2.46 +0.29 =],

CMS,L =359fb Diboson +0.35 +0.55 < 0.1 +=0.2
PLB soot(2019) 135042 207+2£30+5pb s-channel +0.37 +0.58 < 0.1 +0.35
Luminosity 1.8 +1.8 +1.8 +2.55

Insgesamt: +13.47 +13.49 +9.13 +5.14

ATLAS,L =100 fb

225 +5+ 19+ 4 pb
Lukas' BelLL (2021/22)

0 100 200 300 400 500
Gi‘—channel [pb]
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ATLAS Open Data Vs=13 TeV, 10 fb”
[Mstat. ® syst. [ [stat.
Measurement result . Good Agreement
5 with the different
PDFs. Low systematic
error as expected
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Summary
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Probability density

— |th| > 0.86

— ATLAS OD Vs= 13 TeV, 10 fb

0.1020304050.60.70809 1

2
V|
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Excellent lower limit
for Iy, (at 95%
confidence)—> good

check of the SM
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ATLAS Open Data 13 TeV Datensatz




Final-state categories

Final-state categories

Leading object pr (min) [GeV]

Collection name

N, =1

N, >2

N,=3

N, >4
NlargeRjet >1& Ny=1
Ni paa =1& N, =1

N, > 2

29
25
25
29
250 (large-R jet), 25 (lepton)
20 (713,), 25 (lepton)
39

llep
2lep
3lep
4lep
llargeRjetllep
llepltau
GamGam

Lukas Kretschmann




Available physics Objects

Electron (e)

Muon (u)

Photon (7)

InDet & EMCAL rec.
loose identification
loose isolation
pT > 7 GeV
In| < 2.47

InDet & MS rec.
loose identification
loose isolation
pT > 7 GeV
In| < 2.5

InDet & EMCAL rec.
tight identification
loose isolation
E+ > 25 GeV
In| < 2.37

Hadronically decaying 7-leptons (77,)

Small-R jets

Large-R jets

InDet & EMCAL rec.
medium identification
pT > 20 GeV
In| <2.5
1 or 3 associated tracks

EMCAL & HCAL rec.

anti-k;, R = 0.4
pT > 20 GeV
In| < 2.5
b-tagging (MV2c10)

EMCAL & HCAL rec.
anti-k;,, R = 1.0
T > 250 GeV
In| < 2.0
trimming: Rg,;, = 0.2, f.,t = 0.05

Lukas Kretschmann




MC simulation samples

Process | Unique “channelNumber” | Generator, hadronisation Additional information
Top-quark production
tt+jets 410000 PowHEG-BOX v2 [68] + PyTHia 8 [69] | only 1£ and 24 decays of ti-system

single (anti)top t-channel
single (anti)top Wit-channel
single (anti)top s-channel

(410012) 410011
(410014) 410013
(410026) 410025

PowHEG-BoX v1 + PyTHIA 6 [70]
PowHEG-BoxX v2 + PYTHIA 6
PowHEG-Box v2 4+ PyTHIA 6

Z — ee, U, TT
W — ev, pv, Tv
W — ev, pv, Tv + jets

361106 — 361108
361100 — 361105
364156 — 364197

W/Z (+ jets) production

POWHEG-BOX v2 + PYTHIA 8

PowHEG-BOX v2 4 PyTHIA 8
SHERPA 2.2 [T1]

LO accuracy up to Nj =1
LO accuracy up to Nj =1

LO accuracy up to 3-jets final states

Z — ee, up, TT + jets 364100 — 364141 SHERPA 2.2 LO accuracy up to 3-jets final states
Diboson production

Www 363359, 363360 SHERPA 2.2 qq’frz final states

wWw 363492 SHERPA 2.2 ¢ve'v' final states

ZZ 363356 SHERPA 2.2 qq ¢7¢7 final states

’ ’

zz 363490 SHERPA 2.2 ¢Y070 T4 7 final states
Wz 363358 SHERPA 2.2 qq' €7 ¢ final states
wZz 363489 SHERPA 2.2 lvqq’ final states

Wz 363491 SHERPA 2.2 £vet e final states
Wz 363493 SHERPA 2.2 fvvy’ final states

SM Higgs production (my = 125 GeV)

geglF', H - WW 345324 PowHEG-BoX v2 + PYTHIA 8 fvd'y final states
VBF, H - WW 345323 PowHEG-Box v2 + PyTmia 8 ¢vé'v’ final states
’ ’
geF, H —+ ZZ 345060 PowlEc-Box v2 + PYTHIA 8 7476 T¢ T final states
’ ’
VBF, H — ZZ 344235 PowlEG-Box v2 + PYTHIA 8 ¢ ¢ T¢ T final states
’ ’
ZH, H — ZZ 341947 PyTHIA 8 ¢Te7e e T final states
’ ’
WH,H > ZZ 341964 PyTHIA 8 707 ¢ T¢ T final states
geF, H — ~v 343981 PowHEG-BOX v2 + PYTHIA 8
VBF, H — ~« 345041 PownEG-Box v2 + PyTHIA 8
WH(ZH), H — ~vv 345318, 345319 PowHEG-BoX v2 + PyTHIA 8
ttH, H — ~~ 341081 aMC@NLO [72] + PvyTHIA 8
BSM production
A 301325 PyTHIA 8 m, =1TeV
.t ’
i —exle sy 392985 aMC@NLO + PyTHiA 8 m; = 600 GeV, m_o = 300 GeV

X1
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MC simulation samples

Tuple branch name C++ type | Variable description

runNumber int number uniquely identifying ATLAS data-taking run

eventNumber int event number and run number combined uniquely identifies event
channelNumber int number uniquely identifying ATLAS simulated dataset

mcWeight float weight of a simulated event

XSection float total cross-section, including filter efficiency and higher-order correction factor
SumWeights float generated sum of weights for MC process

scaleFactor _PILEUP float scale-factor for pileup reweighting

scaleFactor .ELE float scale-factor for electron efficiency

scaleFactor-.MUON float scale-factor for muon efliciency

scaleFactor . PHOTON float scale-factor for photon efficiency

scaleFactor _TAU float scale-factor for tau efficiency

scaleFactor BTAG float scale-factor for b-tagging algorithm @70% efficiency
scaleFactor_LepTRIGGER float scale-factor for lepton triggers

scaleFactor_PhotonTRIGGER float scale-factor for photon triggers

trigk bool boolean whether event passes a single-electron trigger

trigM bool boolean whether event passes a single-muon trigger

trigP bool boolean whether event passes a diphoton trigger

lepn int number of pre-selected leptons

lep_truthMatched vector<bool> boolean indicating whether the lepton is matched to a simulated lepton
lep-trigMatched vector<bool> boolean indicating whether the lepton is the one triggering the event
lep_pt vector<float> transverse momentum of the lepton

lep_eta vector<float > pseudo-rapidity, 7, of the lepton

lep_phi vector<float > azimuthal angle, ¢, of the lepton

lep_ E vector<float> energy of the lepton

lep_z0 vector<float > z-coordinate of the track associated to the lepton wrt. primary vertex
lep_charge vector<int> charge of the lepton

lep_type vector<int> number signifying the lepton type (e or )

lep_isTightID vector<bool> boolean indicating whether lepton satisfies tight ID reconstruction criteria
lep_ptcone30 vector<float> scalar sum of track pr in a cone of R=0.3 around lepton, used for tracking isolation
lep_etcone20 vector<float> scalar sum of track Er in a cone of R=0.2 around lepton, used for calorimeter isolation
lep_trackdOpvunbiased vector< float > d, of track associated to lepton at point of closest approach (p.c.a.)
lep-tracksigdOpvunbiased vector<float > d significance of the track associated to lepton at the p.c.a.

met_et float transverse energy of the missing momentum vector

met_phi float azimuthal angle of the missing momentum vector

jetn int number of pre-selected jets

jet_pt vector<float > transverse momentum of the jet

jet_eta vector<float > pseudo-rapidity, 7, of the jet

jet_phi vector<float > azimuthal angle, ¢, of the jet

jet_E vector<float> energy of the jet

jet_jvt vector<float> jet vertex tagger discriminant [21] of the jet

jet_trueflav vector<int> flavour of the simulated jet

jet_truthMatched vector<bool> boolean indicating whether the jet is matched to a simulated jet
jet_MV2cl0 vector<float> output from the multivariate b-tagging algorithm [22] of the jet
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MC simulation samples

Tuple branch name | CH+ type | Variable description

photon_n int number of pre-selected photons

photon_truthMatched vector<bool> boolean indicating whether the photon is matched to a simulated photon

photon_trigMatched vector<bool> boolean indicating whether the photon is the one triggering the event

photon_pt vector<float > transverse momentum of the photon

photon_eta vector<float> pseudo-rapidity of the photon

photon_phi vector<float> azimuthal angle of the photon

photon_E vector<float> energy of the photon

photon_isTightID vector<bool> boolean indicating whether photon satisfies tight identification reconstruction criteria
photon_ptcone30 vector<float> scalar sum of track pp in a cone of R=0.3 around photon

photon_etcone20 vector<float> scalar sum of track Et in a cone of R=0.2 around photon

photon_convType vector<int> information whether and where the photon was converted

largeRjet_n int number of pre-selected large-R jets

largeRjet_pt vector<float> transverse momentum of the large-R jet

largeRjet_eta vector<float> pseudo-rapidity of the large-R jet

largeRjet_phi vector<float> azimuthal angle of the large-R jet

largeRjet_E vector<float> energy of the large-R jet

largeRjet_-m vector<float> invariant mass of the large-R jet

largeRjet_truthMatched vector<int> information whether the large-R jet is matched to a simulated large-R jet

largeRjet_D2 vector<float> weight from algorithm [57] for W /Z-boson tagging

largeRjet_tau32 vector<float> weight from algorithm [57] for top-quark tagging

tau_n int number of pre-selected hadronically decaying 7-lepton

tau_pt vector<float > transverse momentum of the hadronically decaying 7-lepton

tau_eta vector<float> pseudo-rapidity of the hadronically decaying 7-lepton

tau_phi vector<float> azimuthal angle of the hadronically decaying 7-lepton

tau_E vector<float > energy of the hadronically decaying 7-lepton

tau_charge vector<int> charge of the hadronically decaying 7-lepton

tau_isTightID vector<bool>> boolean indicating whether hadronically decaying 7-lepton satisfies tight ID reconstruction criteria
tau_truthMatched vector<bool> boolean indicating whether the hadronically decaying 7-lepton is matched to a simulated T-lepton
tau_trigMatched vector<bool> boolean signifying whether the 7-lepton is the one triggering the event

tau_nTracks vector<int> number of tracks in the hadronically decaying 7-lepton decay

tau_BDTid vector<float> output of the multivariate algorithm [24] discriminating hadronically decaying 7-leptons from jets
ditau_m float di-7 invariant mass using the missing-mass calculator [54]

lep_pt_syst vector<float > single component syst. uncert. (leppon momentum scale and resolution [36,15]) affecting lep_pt
met_et_syst float single component syst. uncert. (Ep  scale and resolution [30]) affecting met_pt

jet_pt_syst vector<float> single component syst. uncert. (jet energy scale [37]) affecting jet_pt

photon_pt_syst vector<float > single component syst. uncert. (photon energy scale and resolution [16]) affecting photon_pt
largeRjet_pt_syst vector<float> single component syst. uncert. (large-R jet energy resolution [37]) affecting largeRjet_pt
tau_pt_syst vector<float> single component syst. uncert. (7-lepton reconstruction and energy scale [24]) affecting tau_pt
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Rekonstruktion der B-Jets

mv2c10 Algorithmus




Rekonstruktion der B-Jets

Displaced

Secondary
Vertex

Durch die Rekonstruktion eines sekundaren Vertex in
einem Jet, aufgrund des Zerfalls von schweren
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Rekonstruktion der B-Jets —
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Monte-Carlo Simulationen
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Monte-Carlo Simulationen
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Monte-Carlo Simulationen

ATLAS Monte Carlo Event Simulation

Event Generation Detector Simulation Digitisation Reconstruction
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Monte-Carlo Simulationen

Lukas Kretschmann




Monte-Carlo Simulationen
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Der Large Hadron Collider




Der Large Hadron Collider
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Der Large Hadron Collider
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Der Large Hadron Collider
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Der Large Hadron Collider

T frldge 1S
150 tiries hotier THaN QN
L1 dipole noguct

B, w=

-«_-g

Lukas Kretschmann 64



Lukas Kretschmann



Der Large Hadron Collider

CERN Accelerator Complex
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Der Large Hadron Collider
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Der ATLAS-Detektor
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Der ATLAS-Detektor
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Der ATLAS-Detektor

tunnel center
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Der ATLAS-Detektor

Innere Elektromagnetisches ~ Hadronisches Myonen-

Spurdetektoren Kalorimeter Kalorimeter kammern
Halbleiter-Detektor,

Ubergangsstrahlungs-Detektor

Elektron, Positron
el. geladenes Hadron

Myon, Anti-Myon*

Photon
el. neutrales Hadron

Neutrino

Teilchenspur (durch lonisation Energieabgabe
oder Erzeugung von Photonen) (Teilchenschauer)

® e o e Tejlchen hinterldsst keine Signale
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Der ATLAS-Detektor
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Der ATLAS-Detektor
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https://www.spektrum.de/lexikon/physik/elementarteilchen/4234
https://www.spektrum.de/lexikon/physik/hadronen/6249
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