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Hadron Collider Physics 

2009 - 

Lecture  3
 Top quarks
 photons

Disclaimer: 
 shown results based 

on 2010-2011 data for 
LHC

 the 2012 news left to 
topical lectures of the 
next week 
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Standard Model

 Most quarks/leptons/bosons deeply scrutinised already
 Neutrinos not really testable at hadron colliders
 Many open issues about top quark
 Higgs (?)
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Cross-section

(?)
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The top quark
 Needed in theory as 

isospin partner of b-quark
 Properties well defined by 

the Standard Model
 Unknown – top quark 

mass
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Brief history of the top quark
 1976: Discovery of Upsilon at Fermilab

 Contains a 5th quark: the b-quark
 Structure of the families suggested existence of the 6th quark: 

the top 

 From here on the race to find top quark begun
 Petra (e+e-): mt > 23.3 GeV in 1984

 Tristan (e+e-) in Japan: mt > 30.2 GeV in late 80s

 SPS (p pbar): discovery of W and Z in 1983

 UA1: mt > 44 GeV in 1988  (after having access in 1984 which they 
thought was evidence for the top)

 LEP (e+e-): mt > 45.8 GeV in 1990

 UA2: mt > 69 GeV  which closed down channel 

 W→ t b search closed down
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Brief history of the top quark
 Searching again for ttbar production with top mass above 

W boson mass
 1992: first lower limits on top from CDF (mt > 91 GeV)

 1994: first lower limits on top from D0 (mt > 131 GeV) 

 Electroweak fits from LEP/SLS/Tevatron data:
 155 GeV < mt < 185 GeV

 Early 1994: 

    “Evidence for top at CDF”  
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Top-quark discovery
 February 24th 1995: Simultaneus 

submission of top discovery papers 
to PRL by CDF and D0
 50 pb-1 at D0

 mt = 199 ± 30 GeV

 tt = 6.4 ± 2.2 pb

 Background-only hypothesis rejected 
at 4.6

 67 pb-1 at CDF
 mt = 176 ± 13 GeV

 tt = 6.8+3.6
-2.4 pb

 Background-only hypothesis rejected 
at 4.8
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Top quark mass measurement
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Single top-quark production

 Single top: very challenging 
channel
 Low signal: similar signature like 

W+jets! 
 Counting only: Uncertainty on 

background larger than expected 
signal 

 2009: Observation of top quarks 
in single top production 
 5 by CDF & D0!
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Top-quark pair production
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Tevatron vs LHC
2011 2011
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Final states in ttbar
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Top quark pairs at Tevatron
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Measurements from Tevatron
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Top event reconstruction l+jets
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Top event reconstruction l+jets
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Top event reconstruction l+jets
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Top event reconstruction l+jets
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Top event reconstruction l+jets
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Top mass from fit
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Matrix element method
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Top-quark mass combinations
PIC2011 status
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QCD hard scattering processes
 EW gauge bosons Di-jets       Direct photons 

 Measuring those processes test our understanding of:
 Partonic structure of protons
 QCD scattering  via calculations of N(NLO) 
 Hadronisation/underlying event
 What makes a good jet algorithm
 Data driven background estimates for rare processes  
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Why measure prompt photons?
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Photons at LHC
 X reach of photons at 

LHC is couple of orders 
of magnitude lower 
than the previous 
experiments

 Dominance of the 
Compton scattering 
cross-section gives 
possibility of clean 
probe to constrain 
gluon pdf's
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Prompt and isolated photons
 Prompt:

 Direct from the hard 
scattering

 Parton fragmentation more 
important at low ET

 Isolated:
 Isolation criteria to reduce 

bgd from QCD jets
 Photons from neutral 

meson decay in jets
 Reduced fragmentation 

component:
 ~30% reduction at 15 GeV
 <10% above 35 GeV 
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The ATLAS electromagnetic 
calorimeter
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Electromagnetic objets 
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Photon identification

 loose and tight 
selection

 optimised separately 
for unconverted and 
converted photons R

Eratio
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Photon isolation

 Define isolated photon 
comparable to theory

 Isolation corrected 
event-by-event for 
leakage, pile-up, 
underlying event. 
Average 450-550 MeV
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Inclusive cross-section

 Measured in 4 
rapidity ranges 

 Here example for 
central barrel
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Diphoton cross-section
 Background estimated with two methods:

 ABCD method: extrapolate from the bgd enriched  
control regions 

 here shown example of 2D template fit
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ABCD method

 Signal purity > 90% for 
ET>50 GeV

 Main systematic 
uncertainties:
 MC inputs (corrections to 

isolation definition)
 Bgd control region definition

Monte
 Carlo
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Isolated di-photon cross-section



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 38

Photon measurements: reach also TeV 
scale by now

(June 2011)
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