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3. SINGLE TOP PRODUCTION
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Observation of single top production: 
cross section  Vtb

2

study top-polarization and EWK top 
interaction

Test of non-SM phenomena:
4th generation
FCNC couplings
W’ , H±

anomalous Wtb couplings

Signal – background discrimination:
Tevatron:  multivariate methods (neural networks, boosted 

decision trees, matrix element method)
LHC: cut-based or multivariate method 

3.1 Cross Section, Couplings



Thomas Müller, Institut für Experimentelle Kernphysik, KIT                                ICTP-NCP School on LHC Physics 2016



Thomas Müller, Institut für Experimentelle Kernphysik, KIT                                ICTP-NCP School on LHC Physics 2016

Signal, Background
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… by UA1 at CERN SppS

on-shell W boson

• excess in  Mlb vs. Mlbb scatter plot

• compatible with mt = 40  10 GeV

• later improved background estimate
Phys. Lett. B 147, 493 (1984)

First “Observation” of Single Top

-
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Single Top at the Tevatron

Combined CDF, D0
Legacy Measurement
From the Tevatron!



Thomas Müller, Institut für Experimentelle Kernphysik, KIT                                ICTP-NCP School on LHC Physics 2016

Kidonakis

Single Top at the LHC

J. High Energy Phys. 06 (2014) 090
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Ratio Rt = t/t

Wajid Khan, PhD Thesis.

Rt is sensitive to the u/d PDFs; naïve expectation Rt = 2
Measurement of t using binned max. likelihood fit to NN output in 2-jets    
and 3-jets data split according to charge of lepton

The measurement is in agreement with the predictions based on 
various global PDF sets that range from 1.86 to 2.07.

-
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3.2 Search for tb Resonances

http://arxiv.org/abs/1205.1016

CMS-PAS-B2G-12-010

q bt

Observed limits (ATLAS, CMS): mW‘R> 1.8/ 2.0 TeV
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4. DECAY PHYSICS: W HELICITY
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4.1 W-Helicity

Distribution of Angle * between
charged lepton in W system and 
W-Boson in Top-Quark system:

Three possible helicities:

WW

bb
LongitudinalLongitudinal
WW00 :  :  FF00

RightRight--handedhanded
WW++ : : FF++

Left handedLeft handed
WW-- : : FF--

bb

WW bb

WW

tt tt tt SuppressedSuppressed

SM: 
F- = 0.31

F0 = 0.69

F+ = 0.001Motion of W in 
Top rest system

A. Czarnecki, J. G. Körner, J. H. Piclum, Phys. Rev. D 81, 111503 
(2010)
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With three helicity fractions, there are two independent
quantities to measure (3rd fraction is fixed since Σf = 1)
• We choose to measure f0 and f+
• Can either measure both fractions simultaneously (2D fit)
• or fix one fraction to its SM value and measure the other (1D fit)

Tevatron Combo

Tevatron Results on W Helicity

PRD85, 071106 (2012)
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CMS Results on W Helicity
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5. TOP QUARK PROPERTIES
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5.1 Top Mass Measurements

Start with calibration…
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Evolution of Top Quark Mass Determination
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JES vs Mtop in all four experiments
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Mass Fitting

Template method:
fit MC generated distributions assuming     
different Mtop to data
Matrix element method:
probability based on LO tt matrix element 
using full kinematics of the event
Ideogram method
event likelihood computed as a convolution of a   
Gaussian resolution function with a Breit-Wigner (signal)
Calibration curve method
di-lepton channel using mt2
b quark lifetime method
boost propotional to Mtop; 
use of decay length of b jet

Example: sources of 
uncertainties at 
Tevatron
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Top Quark Mass Combinations

±0.44%
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Top Quark Mass Determination from fits and from tt
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22

http://project‐gfitter.web.cern.ch/project‐gfitter/

Masses in EWK Theory
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5.2  t t  Mass Difference-
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CMS-TOP-11-019
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5.3 Width of the Top Quark

Phys. Rev. D 85, 091104(2012)
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5.4 tt+V Production
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5.5 Electrical Charge of the Top Quark 
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Inelastic collisions: ~7×1010

5.6 Measurements of the Standard Model
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Searches for New Physics Beyond 2 Generations

In all cases, the Standard Model holds firmly!
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6. The Future
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The Growth of the Number of Top-Antitop-Events

D‘Hondt, Talk 2014
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Perspectives for the Top Quark Mass



Thomas Müller, Institut für Experimentelle Kernphysik, KIT                                ICTP-NCP School on LHC Physics 2016

… and for new Bosons
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The Cost of High Luminosities: Pile-Up

For this we need to rebuild the detector !
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Snowmass report: 
arXiv:1310.5189 

Our dreams for the Longterm Future
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CONCLUSIONS
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Supported by the State of Baden-Württemberg, HGF, the DFG and the BMBF

Twentytwo years after first evidence, top quark physics is a 
fundamental column in particle physics.

The Tevatron has left a legacy in precision measurements, analysis
methods and searches at the energy frontier.

The LHC has become a top factory and outperformed the Tevatron in 
most aspects.

Theory has been accompanying us in this exciting programme, being
a match in terms of precision and paving the way in predicting new

phenomena. 

So far, agreement with SM predicitions is astounding.

But still: exciting times are awaiting us !


