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The Large Hadron Collider 
and the ATLAS Experiment
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7 TeV

14 TeV
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2010: Peak inst. lumi 2.1 x 1032 cm−2 s−1

with 368 proton bunches/ beam
with 150 ns time interval and          
1011 protons/ bunch at 7 TeV

20 MJoule stored beam energy

LHC Startup 2009/2010LHC Startup 2009/2010

LHC design luminosity 1034 cm−2 s−1

with 2835 proton bunches/ beam
and 25 ns time interval,                  
1011 protons/ bunch at 14 TeV

335 MJoule stored beam energy

First proton-proton collisions: 

20 November 2009   at  0.9   TeV

11 December 2009   at  2.36 TeV

30 March        2010   at  7.0   TeV
                           centre-of-mass energy

Low intensity 
bunches

High intensity 
bunches

Bunch 
trains
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1st top quarks

1st W boson 1st Z boson

Improved q* mass 
limit     > 1.53 TeV

LHC Startup 2009/2010LHC Startup 2009/2010

1st WW, WZ, Wγ, Zγ events
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2011: Peak inst. lumi 1.25 x 1033 cm−2 s−1

with 1092 proton bunches/ beam
with 50 ns bunch spacing and          
1.2 x 1011 protons/ bunch at 7 TeV

60 MJoule stored beam energy

LHC 2010/2011LHC 2010/2011

LHC design luminosity 1034 cm−2 s−1

with 2835 proton bunches/ beam
and 25 ns time interval,                  
1011 protons/ bunch at 14 TeV

335 MJoule stored beam energy
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Rediscovery of the Standard Model: Di-Muon Resonances Rediscovery of the Standard Model: Di-Muon Resonances 
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Observation of W, Z production already with Lint = 6.4 nb−1

W→ μν

Electroweak Gauge Boson Production Electroweak Gauge Boson Production 

W→ μν
142,081   
eventsW→ μν

Charged lepton with                     
transverse momentum pT

μ

Neutrino: missing                    
transverse energy ET

miss

p p

pT
μ

ET
miss

W energy/momentum balance (only) 
transverse to the beam axis
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Electroweak Gauge BosonsElectroweak Gauge Bosons

Z→ μμ Z→ ee

13,858  
events

9,170 
events
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Gauge Boson Pair Production Gauge Boson Pair Production 
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W, Z prod. cross section measurement,        
good agreement with SM NNLO prediction

Electroweak Gauge BosonsElectroweak Gauge Bosons

Z→ ll

W→ lν

σW x BR(W→ lν) = 9.96 ± 0.23 ± 0.50 ± 1.10 nbσW x BR(W→ lν) = 9.96 ± 0.23 ± 0.50 ± 1.10 nb

σγ/Z x BR(γ*/Z → ll) = 0.82 ± 0.06 ± 0.05 ± 0.09 nbσγ/Z x BR(γ*/Z → ll) = 0.82 ± 0.06 ± 0.05 ± 0.09 nb
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First top quark pair candidate 
events end of May 2010

e

μ

ν

ν

b

b

Top Quark Production Top Quark Production 

μ

e

b

b

b

b



09/06/2011 PD Dr.Hubert Kroha, Max-Planck-Institut f. Physik, Tests des Standardmodells der Teilchenphysik, SS 2011 15

Top Quark ProductionTop Quark Production

Search for t t events in lepton + jets 
+ missing energy                        

q’

e, μ

q

ν

b

b

b quark jet 
identification:

b tagging
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Top Quark Production Cross SectionTop Quark Production Cross Section
q’

e, μ

q

ν

b

ν

ν

bb e, μ

b

e, μ
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Top Quark Mass Reconstruction Top Quark Mass Reconstruction q’

e, μ
q

ν

b

b

T
Tevatron: 7 fb-1 
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Higgs Boson Searches Higgs Boson Searches 
Present status with the data from 2010:

Prospects with data from 2011:
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New Heavy Weak Gauge Bosons: W’, Z’New Heavy Weak Gauge Bosons: W’, Z’

MZ’ > 1.4 TeV (95% CL)

Assumption: same coupling strengths as SM gauge bosons 

MW’ > 1.7 TeV (95% CL)

Tevatron limits (D0: W’, CDF: Z’): 1 TeV (95% CL) 
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Substructure of Quarks: 

• Ecited Quark States q*→ qq’

• New effective qq’ → qq’ “contact” interactions (Fermi 4-fermion interaction)

Substructure of Quarks: 

• Ecited Quark States q*→ qq’

• New effective qq’ → qq’ “contact” interactions (Fermi 4-fermion interaction)

Mq* > 2.6 TeV (95% CL) Λc > 9.5 TeV (95% CL)

Compositeness energy scaleExcited quark mass


