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The Top QuarkThe Top Quark
  needed as isospin partner of needed as isospin partner of 
    bottom quarkbottom quark

  discovered in 1995 by CDF and discovered in 1995 by CDF and DDØ:Ø:  
    mm

toptop
  ~ gold atom~ gold atom

  large coupling to Higgs boson ~ 1:large coupling to Higgs boson ~ 1:
    important role in electroweak important role in electroweak 
    symmetry breaking?symmetry breaking?

  short lifetime: short lifetime: ττ ~ 5  ~ 5 ··1010-25-25s s  Λ≪ Λ≪ --11

QCD QCD 
::

    decays before fragmenting decays before fragmenting 
    →→  observe “naked” quarkobserve “naked” quark
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1995, CDF and D1995, CDF and DØ Ø 
experimentsexperiments, Fermilab, Fermilab

Top HistoryTop History

discoverydiscovery

19 events19 events

17 events17 events

PRL 74, 2632 (1995)
PRL 74, 2626 (1995)
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1995, CDF and D1995, CDF and DØ Ø 
experimentsexperiments, Fermilab, Fermilab
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l+4 jetsl+4 jets
1 b-tag1 b-tag

~1000 events~1000 events
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1995, CDF and D1995, CDF and DØ Ø 
experimentsexperiments, Fermilab, Fermilab

Top HistoryTop History

discoverydiscovery precisionprecision

searchessearches

19 events19 events

17 events17 events       todaytoday

PRL 74, 2632 (1995)
PRL 74, 2626 (1995)

TevatronTevatron
~1000 events~1000 events

l+4 jetsl+4 jets
1 b-tag1 b-tag
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1995, CDF and D1995, CDF and DØ Ø 
experimentsexperiments, Fermilab, Fermilab

Top HistoryTop History

LHC: LHC: 
top factorytop factory

discoverydiscovery precisionprecision

searchessearches

19 events19 events

17 events17 events       todaytoday

PRL 74, 2632 (1995)
PRL 74, 2626 (1995)

TevatronTevatron
~1000 events~1000 events
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top physics at the Tevatrontop physics at the Tevatron
top production cross sectionstop production cross sections

top propertiestop properties

searches in production and decaysearches in production and decay

prospects at the LHCprospects at the LHC

conclusionsconclusions

OutlineOutline
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Top Quark Analyses at the TevatronTop Quark Analyses at the Tevatron

anomalous couplings
rare decays

branching ratios
CKM-Matrix-Element |Vtb|

new particles

spin correlations
charge asymmetry

A
FB

mass, charge, 
width, lifetime

W helicityproduction cross-section
production kinematics

production through resonances
new particles searches 

for new 
particles

analyses with up to 4 fbanalyses with up to 4 fb-1-1 of data:  of data: 
several thousand top candidate events per experimentseveral thousand top candidate events per experiment

  top pair productiontop pair production

single top productionsingle top production  observation by CDF and Dobservation by CDF and DØ!Ø!  
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Top Quark Analyses at the TevatronTop Quark Analyses at the Tevatron

anomalous couplings
rare decays

branching ratios
CKM-Matrix-Element |Vtb|

new particles

spin correlations
charge asymmetry

A
FB

mass, charge, 
width, lifetime

W helicityproduction cross-section
production kinematics

production through resonances
new particles

  top pair productiontop pair production

single top productionsingle top production  observation by CDF and Dobservation by CDF and DØ!Ø!  

searches 
for new 
particles

analyses with up to 4 fbanalyses with up to 4 fb-1-1 of data:  of data: 
several thousand top candidate events per experimentseveral thousand top candidate events per experiment

S. GrederS. Greder

R. SchwienhorstR. Schwienhorst

A. ListerA. Lister

B. Casal LaraB. Casal Laraññaa

R. ErbacherR. Erbacher

Y. PetersY. Peters

T. FerbelT. Ferbel

J. LinacreJ. Linacre
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Top Quark Pair ProductionTop Quark Pair Production

  tt  gg

  qq--

85%85%

  qq     tt

  tt--

  tt--   tt--   tt--

  gg   gg

  gg  gg  gg

  tt   tt

15%15%

σ
tt
 = 7.46 

-0.67
 pb in NNLO

approx

(m
top

 = 172.5 GeV)

_
+0.48

PRD 78, 034003 (2008)
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Top Pair SignaturesTop Pair Signatures

all jetall jet
46%46%

dilepton (e/dilepton (e/μ)μ)
  6%6%

  top decay:top decay:  

  tt

  bb

  qq  ν,ν,

    WW++

e/e/μ μ + jet+ jet
34%34%

~100%~100%

τ'τ'ss
14%14%

  q'q'--
  

ℓℓ++,,
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Lepton+jets SignaturesLepton+jets Signatures

multijets

  qq

  qq--

  tt

  tt--

WW++

  WW--

  bb

  bb--

  νν

ℓℓ++

  q'q'--

  qq

e/μ + jet

  signalsignal

“ ”ℓ“ ”ℓ

  bb

  bb

 -

IP

SV

 Jet 1

IP

S
V

 Jet 2

SV

IP

IP

SV

 Jet 1

 Jet 2

μ-

ℓℓ++

  bb

  bb

W + jets

3000 times higher rate backgroundbackground

10  10 times higher rate
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Top Pair Production Cross SectionTop Pair Production Cross Section

±8%±8%

lepton+jets channel:lepton+jets channel:
topological information (NN)topological information (NN)

  tt/Z+jets cross section ratiott/Z+jets cross section ratio

±21%±21%

all hadronic channel:all hadronic channel:
b-taggingb-tagging

m
top

 = 175 GeV m
top

 = 172.5 GeV

  measure if production rate is as predicted by NLO QCDmeasure if production rate is as predicted by NLO QCD

toptop toptop

σ
tt
 = 

6.9 ± 0.4 (stat) ± 0.4 (syst) ± 0.1 (Z theo) pb

_ σ
tt
 = 

7.2 ± 0.5 (stat) ± 1.4 (syst) ± 0.4 (lumi) pb

_

__
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Top Pair Production Cross SectionsTop Pair Production Cross Sections

⇒⇒ good agreement with SM in all channelsgood agreement with SM in all channels
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Single Top Quark ProductionSingle Top Quark Production

VV tbtb

direct measurement of |Vdirect measurement of |V
tbtb
||

s-channel:s-channel:  σ
tb
 = 1.04 ± 0.04 pb

NNNLO
approx 

, m
top

 = 172.5 GeV

t-channel:t-channel:  σ
tb
 = 2.26 ± 0.12 pb

NNNLO
approx 

, m
top

 = 172.5 GeV

Vtb

tt   missing Emissing ETT

  leptonlepton

  jetsjets

  b-jetsb-jets

Vtb

PRD 74, 114012 (2006)
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It has been challenging for years...It has been challenging for years...

⇒⇒ multivariate analysis techniquesmultivariate analysis techniques

ℓℓ

νν

ℓℓ

νν

bb

bb
__
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Multivariate AnalysesMultivariate Analyses
Boosted Decision

 Trees
Boosted

Neural Networks
Matrix Elements

combine up to 12 different analysis channels:combine up to 12 different analysis channels:

singlesingle
toptop
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Boosted Decision
 Trees

Neural Networks Matrix Elements Likelihood

combine up to 8 different analysis channels:combine up to 8 different analysis channels:

single topsingle top   EE
TT
+jets selection : +jets selection : 

    recover badly reconstructed e, recover badly reconstructed e, μ; include τμ; include τ

//

Multivariate AnalysesMultivariate Analyses
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Single Top ObservationSingle Top Observation

singlesingle
toptop singlesingle

toptop

⇒⇒ observation with 5.0observation with 5.0σ!σ!

|V
tb
| = 1.07±0.12

|V
tb
| = 0.91±0.13



   21/07/2009              Top Quark Highlights              – Christian Schwanenberger –              EPS 2009, Krakow          23 

First Evidence for t-Channel ProductionFirst Evidence for t-Channel Production
  remove s/t channel constraint which could be changed byremove s/t channel constraint which could be changed by

    - additional quark generation- additional quark generation
    - new heavy bosons- new heavy bosons
    - FCNC- FCNC
    - anomalous top quark couplings- anomalous top quark couplings

singlesingle
toptop

DDØ Run II preliminary 2.3 fbØ Run II preliminary 2.3 fb-1-1DDØ Run II preliminary 2.3 fbØ Run II preliminary 2.3 fb-1-1

signal region

σ(t-channel) = 3.14
-0.81

 pb
+0.94

evidence with 4.8evidence with 4.8σσ

  train multivariate analysis for train multivariate analysis for 
    t-channelt-channel
  measure t-channel andmeasure t-channel and
    s-channel simultaneouslys-channel simultaneously
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Single Top Production at HERASingle Top Production at HERA
  not possible in SM, but via flavour changing neutral currentsnot possible in SM, but via flavour changing neutral currents
  results complementary to LEP and Tevatronresults complementary to LEP and Tevatron
  full data set analysedfull data set analysed

ZEUS prel. 379 pbZEUS prel. 379 pb-1-1

L. BellagambaL. Bellagamba

/Z
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top physics at the Tevatrontop physics at the Tevatron
top production cross sectionstop production cross sections

top propertiestop properties

searches in production and decaysearches in production and decay

prospects at the LHCprospects at the LHC

conclusionsconclusions

OutlineOutline
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The Top Quark MassThe Top Quark Mass

  free parameter in the Standard Modelfree parameter in the Standard Model

  check the check the self-consistency of the Standard Modelself-consistency of the Standard Model
    in combination with W mass measurementin combination with W mass measurement

  prediction on prediction on Higgs massHiggs mass

h h
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Extraction TechniquesExtraction Techniques

  reconstruct mreconstruct m
toptop

  compare data to MC with differentcompare data to MC with different
    mm

toptop
 hypotheses hypotheses

all hadronicall hadronic

  probability densities for every event as function of mprobability densities for every event as function of m
toptop

Transfer FunctionsTransfer Functions
(Probability to (Probability to 

measure x when y measure x when y 
was produced)was produced)

PDF’sPDF’sLO-Matrix LO-Matrix 
element x phase element x phase 

spacespace

AcceptanceAcceptance
(selection, (selection, 
trigger,...)trigger,...)

P sig  x ;mtop , JES =Acc  x ×
1
σ∫ d

nσ  y ;mtop  dq1 dq2 f  q1  f q2  W  x , y ; JES 

template method:template method:

matrix element method:matrix element method:
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Extraction TechniquesExtraction Techniques

  use variables strongly correlateduse variables strongly correlated
    with mwith m

toptop

  compare data to MC with differentcompare data to MC with different
    mm

toptop
 hypotheses hypotheses

all hadronicall hadronic

  probability densities for every event as function of mprobability densities for every event as function of m
toptop

Transfer FunctionsTransfer Functions
(Probability to (Probability to 

measure x when y measure x when y 
was produced)was produced)

PDF’sPDF’sLO-Matrix LO-Matrix 
element x phase element x phase 

spacespace

AcceptanceAcceptance
(selection, (selection, 
trigger,...)trigger,...)

P sig  x ;mtop , JES =Acc  x ×
1
σ∫ d

nσ  y ;mtop  dq1 dq2 f  q1  f q2  W  x , y ; JES 

template method:template method:

matrix element method:matrix element method:
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m
top

 = 

173.7 ± 0.8 (stat) ± 1.6 (syst)  GeV

3. 6 f b -1 ±1.0%±1.0%

Results in l+jets ChannelResults in l+jets Channel

m
top

 = 

172.1 ± 0.9 (stat) ± 1.3 (syst)  GeV

3. 2 f b -1 ±0.9%±0.9%

  maximum Likelihood fit to data:maximum Likelihood fit to data:

jet energy scale:jet energy scale:

translate jet into translate jet into 
parton energyparton energy
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Tevatron Combination: March 2009Tevatron Combination: March 2009

m
top

 = 173.1 ± 1.3 GeV

arXiv:0903.2503

±0.75%±0.75%

ttheory & experiment: uniform treatment of systematicsheory & experiment: uniform treatment of systematics

Heinemeyer et al.
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t-t Mass Differencet-t Mass Difference
__

  mass difference would implymass difference would imply CPT-violation CPT-violation

  l+jetsl+jets channel channel
  use matrix element methoduse matrix element method
  modified MC to allow for   modified MC to allow for   
    different top and anti-topdifferent top and anti-top
    massesmasses

⇒⇒ agreement with SMagreement with SM
measured for the first time for 'bare' quarksmeasured for the first time for 'bare' quarks⇒⇒

arXiv:0906.1172

statistics dominatedstatistics dominated

e, e, μμ+jets+jets
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Spin Correlation in Dilepton ChannelSpin Correlation in Dilepton Channel

  qq
--  qq

  tt
--

tt
⇒⇒

⇒⇒
⇒⇒ ⇒⇒

33SS
11 quantization axisquantization axis  

θθ
++

  sspins correlated only if top lifetime is short enoughpins correlated only if top lifetime is short enough

coscosθθ
++
coscosθθ

--

tt, partonstt, partons

no spinno spinSM spinSM spin

__
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  qq
--  qq

  tt
--

tt
⇒⇒

⇒⇒
⇒⇒ ⇒⇒

33SS
11 quantization axisquantization axis  

θθ
++

  sspins correlated only if top lives short enoughpins correlated only if top lives short enough

coscosθθ
++
coscosθθ

--

reconstructedreconstructed

SM spinSM spin
no spinno spin

Spin Correlation in Dilepton ChannelSpin Correlation in Dilepton Channel
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  qq
--  qq

  tt
--

tt
⇒⇒

⇒⇒
⇒⇒ ⇒⇒

33SS
11 quantization axisquantization axis  

θθ
++

  sspins correlated only if top lives short enoughpins correlated only if top lives short enough

coscosθθ
++
coscosθθ

--

κκ

⇒⇒ first results in Run-II, agreement with SM within 1first results in Run-II, agreement with SM within 1σ (CDF), 2σ (DØ)σ (CDF), 2σ (DØ)

 κ = -0.17 +0.64
-0.53

 κ = 0.32 +0.55
-0.78

  NLO QCD:  NLO QCD:  κ κ ≈≈ 0.78 0.78

  beam axisbeam axis
  4.2 fb4.2 fb-1-1

  off diag. axisoff diag. axis
  2.8 fb2.8 fb-1-1

  coscosθθ
bb

reconstructedreconstructed

SM spinSM spin
no spinno spin

Spin Correlation in Dilepton ChannelSpin Correlation in Dilepton Channel

Nucl.Phys.B690, 81 (2004)
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top physics at the Tevatrontop physics at the Tevatron
top production cross sectionstop production cross sections

top propertiestop properties

searches in production and decaysearches in production and decay

prospects at the LHCprospects at the LHC

conclusionsconclusions

OutlineOutline
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  qq

  qq
--

  tt

  tt
--

    WW++

      WW --

  bb

  bb
--

  νν

ℓℓ ++

  q'q'
--

  qq

Search for New Physics in Top ProductionSearch for New Physics in Top Production

?
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  search for bumps in search for bumps in 
    tt reconstructed tt reconstructed 
    mass spectrummass spectrum

Search for tt ResonancesSearch for tt Resonances

  no resonance production in tt    no resonance production in tt    
    system is expected insystem is expected in SM SM

  some models predictsome models predict tt bound tt bound
    statesstates::    e.g.e.g.  leptophobic Z'leptophobic Z'  withwith
    strong 3strong 3rdrd generation coupling generation coupling

  all hadronicall hadronic

__

__

__

  q'q'
--

qq

__
MM

Z'Z'
 > 805 GeV  > 805 GeV 

l+jetsl+jets, 3.6 fb, 3.6 fb-1-1

MM
Z'Z'
 > 820 GeV  > 820 GeV 
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Forward Backward Charge AsymmetryForward Backward Charge Asymmetry

  test coupling to top pairstest coupling to top pairs

Z'Z'

V-AV-A
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  test coupling to top pairstest coupling to top pairs

VV

gg

Forward Backward Charge AsymmetryForward Backward Charge Asymmetry
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 A
fb
 = 0.193 ± 0.065 (stat) ± 0.024 (syst)

NLO QCD in O(O(αα
ss
33)): A

fb
 = 0.05 ± 0.015

tagtag

yy
hadhad

A fb=
F−B
FB

  test coupling to top pairstest coupling to top pairs

template fit, 
corrected:

detector level:

⇒⇒ agrees within 2agrees within 2σσ

A
fb
 = 0.12 ± 0.08 (stat) ± 0.01 (syst)   with 1 fb-1det

PRL 100, 062004 (2008)

Forward Backward AsymmetryForward Backward Asymmetry

-Q-Q
ll
yy

hadhad
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Search for New Physics in Top DecaysSearch for New Physics in Top Decays

  qq

  qq
--

  tt

  tt
--

    WW++

      WW --

  bb

  bb
--

  νν

ℓℓ ++

  q'q'
--

  qq

?

?
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Search for Charged Higgs BosonsSearch for Charged Higgs Bosons

  qq

  qq--

  tt

  tt--

    WW++

    WW --

  bb

  bb
--

  uu

  dd

  νν

ℓℓ --

__

  supersymmetry can remedy shortcomings of the SMsupersymmetry can remedy shortcomings of the SM

M
H+

=80 GeV
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M
H+

=80 GeV

Search for Charged Higgs BosonsSearch for Charged Higgs Bosons

  qq

  qq--

  tt

  tt--

    HH++

    WW --

  bb

  bb
--

  νν

  ττ++

  νν

ℓℓ --

decrease decrease increase

  supersymmetry can remedy shortcomings of the SMsupersymmetry can remedy shortcomings of the SM
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MSSM InterpretationsMSSM Interpretations
CPX benchmark scenario: strangephilic Higgs

DDØ Run II preliminary 1.0 fbØ Run II preliminary 1.0 fb-1-1

Br(Br(HH++→→ττ++νν ) + Br() + Br( HH++→→cscs ) = 1) = 1   
__
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MSSM InterpretationsMSSM Interpretations
CPX benchmark scenario: strangephilic Higgs

⇒⇒ first limit on a CP-violating MSSM scenario in Hfirst limit on a CP-violating MSSM scenario in H++ searches searches

HH++→→ττ++νν

HH++→→cscs
__

HH++→→cscs
__

DDØ Run II preliminary 1.0 fbØ Run II preliminary 1.0 fb-1-1

Br(Br(HH++→→ττ++νν ) + Br() + Br( HH++→→cscs ) = 1) = 1   
__

HH++→→ττ++νν
MM

H H 
 > 154 GeV  > 154 GeV ++
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top physics at the Tevatrontop physics at the Tevatron
top production cross sectionstop production cross sections

top propertiestop properties

searches in production and decaysearches in production and decay

prospects at the LHCprospects at the LHC

conclusionsconclusions

OutlineOutline
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Top Pair Production at the LHCTop Pair Production at the LHC

10 top pairs per day @ Tevatron  ↔   1 top pair per second @ LHC

  rediscovery possible already with 10 pbrediscovery possible already with 10 pb-1-1 at 10 TeV at 10 TeV
    - cross section uncertainty ~20% for dilepton channels- cross section uncertainty ~20% for dilepton channels
    - test lepton identification, jet identification, b-tagging, etc.- test lepton identification, jet identification, b-tagging, etc.

Δσ
tt
 = 15% (stat) ± 10% (syst)    

          ± 10% (lumi)

_

eeμμ
L. FioriniL. Fiorini

P. Ferreira da SilvaP. Ferreira da Silva

toptop
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Single Top ProductionSingle Top Production

t-channel:t-channel: most sensitive most sensitive

Δ|V
tb
|= 12% (stat+syst+theo)

4 single tops per day @ Tevatron  ↔   30 single tops per minute @ LHC

Boosted Decision
 Trees

dominated by systematic dominated by systematic 
uncertainties due to b-tagging, uncertainties due to b-tagging, 
JES, luminosityJES, luminosity

1 fb-1

Δ|V
tb
|= 11%

Δ|V
tb
|= 14%

single topsingle top
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Top PropertiesTop Properties

  systematically limited Tevatron analyses hard to beat: systematically limited Tevatron analyses hard to beat: 
  ∆  ∆mm

toptop
 ~1 GeV  (instead of 1 – 1.3 GeV at the Tevatron) ~1 GeV  (instead of 1 – 1.3 GeV at the Tevatron)

  measure basic quantities as spin, charge and couplings with highmeasure basic quantities as spin, charge and couplings with high
    precisionprecision

  measure some quantities for first time, as e.g. spin correlationmeasure some quantities for first time, as e.g. spin correlation

  qq
--  qq

  tt
--

tt
⇒⇒

⇒⇒
⇒⇒ ⇒⇒

  gg  gg

  tt
--

tt

⇒⇒

⇒⇒
 ⇒ ⇒ ⇒ ⇒

Tevatron:Tevatron: LHC:LHC:

  NLO QCD:  NLO QCD:  κ κ ≈≈ 0.78 0.78
  measurements (dilepton)measurements (dilepton)
    cannot separate yet betweencannot separate yet between
    SM and 0SM and 0

  NLO QCD:  NLO QCD:  κ κ ≈≈ 0.33 0.33
  l+jets with 220 pbl+jets with 220 pb-1-1 gives gives
    already ~50% uncertaintyalready ~50% uncertainty
    with ATLASwith ATLAS
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Searches for New PhysicsSearches for New Physics

  in many cases LHC has a better sensitivity by orders ofin many cases LHC has a better sensitivity by orders of
    magnitude as e.g. flavour changing neutral currents with 10 fbmagnitude as e.g. flavour changing neutral currents with 10 fb-1-1

  new development: tagging of boosted top jetsnew development: tagging of boosted top jets

constraints:constraints:
  top masstop mass
  W massW mass

⇒⇒ 46% efficiency, 2% fake rate 46% efficiency, 2% fake rate 
for pfor p

TT
=600 GeV top quarks=600 GeV top quarks

S. RappoccioS. Rappoccio
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top physics at the Tevatrontop physics at the Tevatron
top production cross sectionstop production cross sections

top propertiestop properties

searches in production and decaysearches in production and decay

prospects at the LHCprospects at the LHC

conclusionsconclusions

OutlineOutline
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ConclusionsConclusions

  single top observation + direct measurement of Vsingle top observation + direct measurement of V
tbtb
  

  precision measurementsprecision measurements
    top mass with 0.75% uncertaintytop mass with 0.75% uncertainty

  top propertiestop properties
    new analyses possible such as spin correlationnew analyses possible such as spin correlation

  searches for new physics in top sectorsearches for new physics in top sector
    general agreement with SMgeneral agreement with SM

  excellent prospects for top physics at the LHCexcellent prospects for top physics at the LHC

Highlights of top quark physics:Highlights of top quark physics:
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BackupBackup  
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The Tevatron at FERMILAB: pp CollisionsThe Tevatron at FERMILAB: pp Collisions

Main Injector
 & Recycler

Tevatron

Booster

p 
p 

  p source

Chicago

_

_

CDF DØ

60 km60 km

p 

√s =1.96 TeV 
∆t = 396 ns

Run I 1987 (92)-95: 125 pbRun I 1987 (92)-95: 125 pb-1-1

Run II 2001-11: ~100x larger dataset Run II 2001-11: ~100x larger dataset 
                                                    at increased energyat increased energy

p 
_ 

__

top quark discoverytop quark discovery
measure properties with high precisions:measure properties with high precisions:
is it really the particle expected in the SM?is it really the particle expected in the SM?    
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Top mass from cross section measurementTop mass from cross section measurement

±3.3%±3.3%pole pole 
massmass

  lepton+jets/dilepton/lepton+tau combinationlepton+jets/dilepton/lepton+tau combination

M
top

 = 169.1
-5.2

 GeV  with NNLO
approx

+5.9
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Spin Correlation ResultSpin Correlation Result

 κ = 0.32 +0.55
-0.78

NLO QCDNLO QCD

κ
measured

κ
tr

u
e

 κ = -0.17 +0.64
-0.53

⇒⇒ first results in Run-II, agreement with SMfirst results in Run-II, agreement with SM

NLO NLO 
QCDQCD



   21/07/2009              Top Quark Highlights              – Christian Schwanenberger –              EPS 2009, Krakow          57 

Limits on Leptophobic Z'Limits on Leptophobic Z'

  all hadronicall hadronic
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Limits on Leptophobic Z'Limits on Leptophobic Z'

MM
Z'Z'
 > 805 GeV  > 805 GeV 

  all hadronicall hadronic

l+jetsl+jets, 3.6 fb, 3.6 fb-1-1

MM
Z'Z'
 > 820 GeV  > 820 GeV 
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Search for new particlesSearch for new particles

  qq

  qq
--

  tt

  tt
--

    WW++

      WW --

  bb

  bb
--

  νν

ℓℓ ++

  q'q'
--

  qq

??

  tt??
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Search for t' QuarksSearch for t' Quarks

  qq

qq--

  t't'

  t't'
--

WW++

  WW --

  qq

  qq--

  νν

ℓℓ++

  q'q'--

  qq

  e.g. 4e.g. 4thth generation of top quarks generation of top quarks

mm
t' t' 
> 311 GeV> 311 GeV  

MM
H H 

> 146 GeV> 146 GeV  

  analyse manalyse m
tt
recoreco , H , H

TT

  analyse nanalyse n
jetsjets

 , n , n
b-jetsb-jets

 , H , H
TT

t't'G'G'
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Forward backward asymmetryForward backward asymmetry

  qq

  qq
--

  tt

  tt
--

    WW++

      WW --

  bb

  bb
--

  νν

ℓℓ ++

  q'q'
--

  qq

tagtag

yy
hadhad
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Charge asymmetry in SMCharge asymmetry in SM

  no asymmetry in O(no asymmetry in O(αα
ss
22))

  asymmetry in O(asymmetry in O(αα
ss
33))

interference interference 
between:between:

interference interference 
between:between: tt

tttt

tt qq

qqqq

qq

______ __

t

t

q

q

tt

ttqq

qq

qq

qq

tt

tt

__ ____ __
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W mass W mass 
constrains jet constrains jet 
energy scaleenergy scale

jet energy scale:jet energy scale:

translate jet into parton energytranslate jet into parton energy

Lepton+Jets ChannelLepton+Jets Channel

  qq

  qq--

  tt

  tt--

    
WW++

      
WW --

  bb

  bb
--

  νν

ℓℓ
++

  q'q'--

  qq
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Extraction techniques: matrix elementExtraction techniques: matrix element
  probability densities for every event as function of mprobability densities for every event as function of m

toptop

Transfer FunctionsTransfer Functions
(Probability to (Probability to 

measure x when y measure x when y 
was produced)was produced)

PDF’sPDF’sLO-Matrix LO-Matrix 
element x phase element x phase 

spacespace

AcceptanceAcceptance
(selection, (selection, 
trigger,...)trigger,...)

P sig  x ;mtop , JES =Acc  x ×
1
σ∫ d

nσ  y ;mtop  dq1 dq2 f  q1  f q2  W  x , y ; JES 

  maximum Likelihood fit:maximum Likelihood fit:

mm
toptop

PP
sigsig

PP
sigsig

PP
sigsig

PP
bkgbkg

mm
toptop

mm
toptop

mm
toptop

mm
toptop

PP
evtevt

signalsignal signalsignal signalsignal backgroundbackground experimentexperiment

×× ×× ×× ==
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Search for the SM Higgs bosonSearch for the SM Higgs boson

  contains Yukawa couplingcontains Yukawa coupling

ggood separation against ood separation against 
background:background:

  4, 4, ≥5 jets≥5 jets with 1, 2,  with 1, 2, ≥3 b-tags≥3 b-tags
    (lepton+jets channel)(lepton+jets channel)
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Search for the SM Higgs bosonSearch for the SM Higgs boson
N

u
m

b
er

 o
f 

ev
en

ts
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Limits for the SM Higgs bosonLimits for the SM Higgs boson

4545

  only the beginning...only the beginning...
  optimize selectionoptimize selection
  analyse more variables as e.g. invariant bb massanalyse more variables as e.g. invariant bb mass

    → → included in the Tevatron Higgs combinationincluded in the Tevatron Higgs combination

__
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SVT/SVXSVT/SVX

  B hadr ons  l ifeti me B hadr ons  l ifeti me ττ  ~  1 p s ~  1 p s
  B hadr ons  t rav el  LB hadr ons  t rav el  L

xyxy
 ~  3 m m bef ore d ec ay ~  3 m m bef ore d ec ay

  form a  7 -v ariable n eu ral n etwo rkform a  7 -v ariable n eu ral n etwo rk
  even t t aggi ng ef fic ien cy 54%even t t aggi ng ef fic ien cy 54%

    (with fake  r ate of  1 %)(with fake  r ate of  1 %)

b-tagg ing  at  Db-tagg ing  at  D ØØ
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Search for Z' productionSearch for Z' production

ttbar resonancesttbar resonances

l+jetsl+jets
selectionselection

Z' searchZ' search

FB asymmetryFB asymmetry

Z' searchZ' search


