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Latest news
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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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Final states in ttbar
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What we study about top-quark?
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Measurements from Tevatron
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Top-quarks at LHC
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Top mass measurement
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Top event reconstruction l+jets
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Top event reconstruction: all hadronic
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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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Matrix element method
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Top event reconstruction l+jets
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Template method
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Top-quark mass combinations
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LHC top mass combination results



21 November 2012
 Elzbieta Richter-Was 26

Tevatron top mass combination results
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Top quark mass: what we measure?

 What is theoretical interpretation of the measured 
parameter?
 We extract top mass based on Monte Carlo → is it the pole mass?

 Alternative method: extract mass form the 
measured cross-section for ttbar production 
 Assuming MC mass = pole mass or MSbar mass

 Take difference as systematics

 Calculatett as function of pole mass; compare to measured tt as 
a function of pole mass
 Extract pole mass: 

                 mt = 167.5+5.2
-4.7 GeV  (D0)

                 mt = 166.4+7.8
-7.3 GeV  (ATLAS, 35pb-1)
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Inclusive cross-section: l+jets pre-tag
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Top mass from cross-section

 The result is not competitive in 
precision but:
 Provides the top quark mass value in an 

exact definition of the mass-pole
 Important cross-check, complementary 

to direct top mass measurements

 Likelihood fit on the mass 
dependence

 Uncertainty of the theory includes:
 Variation of the renormalisation, 

factorisation scales
 Error due to experimental uncertainties 

in the PDFs
 Variation of the strong coupling constant 

in the PDF

1.1 fb-1
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Top anti-top mass difference
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Top  anti-top  mass difference 
 

 Select events with a muon and 
multi-jet in the final state

 The muon charge allows to split 
the data sample in two sub-
samples, where top or anti-top 
quarks decay hadronically

 Ideogram (approximate ME) 
method is used to measure mass 
of the top quarks.

 Many systematics cancel with 
the subtraction 

World best limit!

1.1fb-1
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Jets multiplicity in tt events
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ttbar charge asymmetry: ppbar
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ttbar charge asymmetry
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ttbar charge asymmetry: ppbar
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ttbar charge asymmetry: ppbar
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W helicity in top quarks decay
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W helicity in top quarks decay
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W helicity in top quarks decay
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Top quark charge
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Top quark charge
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Electroweak production of top quark

   For the first time evidence at Tevatron in 2010 ( s+t channel)

    It is challenging even for LHC, in particular s-channel observation 
is a long shot (background)

     All diagrams have Vtb vertex
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Why look for single top quarks?

 Test of the SM predictions
 Does it exist? YES
 Establish different channels 

separately
 Cross-section ~ |Vtb|

2

 Test unitarity of the CKM matrix, 
e.g. hints for existent of the 4-th 
generation

 Test of b-quark PDF: DGLAP 
evolution?

 Search for non-SM 

    phenomena
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Final state
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Finding the needle in the haystack
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Electroweak production of top quark

Vtb might stay at 10% precision 
for some time
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tt cross section
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Search for ttZ production
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Summary
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Next topics

 28.11  – Dibosons and anomalous couplings
   5.12, 12.12 - - Higgs Higgs 
 19.12  – SUSYSUSY
         9.1  – other searches for New Physics 9.1  – other searches for New Physics 
     16.1  - B-physics programme16.1  - B-physics programme
     23.1  – heavy ion programme23.1  – heavy ion programme
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Measurements from Tevatron
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Measurements from Tevatron
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Measurements from Tevatron
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Measurements from Tevatron



21 November 2012
 Elzbieta Richter-Was 55

Measurements from Tevatron
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Measurements from Tevatron
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Measurements from Tevatron
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Measurements from Tevatron
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Measurements from Tevatron
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Measurements from Tevatron
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Top mass 
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