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Large Hadron Collider (LHC) 
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Proton-Proton Collisions at the LHC 

Present Nominal 

beam energy 4 TeV 7 TeV 

N. of bunches 1380 2808 

bunch spacing 50 ns (~15 m) 25 ns (~7.5 m) 

* 0.6 m 0.55 m 

proton/bunch 1.51011 1.151011 

events/crossing 30 19 

L [cm -2 s -1] 6.71033 
 

1034 

enormous challenge for the detectors 

   and for data collection/storage/analysis 

109 interactions per second !!! 
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The Largest and Most Complex Detector 
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We were lucky – shortly after colliding beams 

were announced on November 23 2009 at 14:22 

an interesting event appeared on our screens 
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2009 Plan and Results 

Integrated luminosity recorded 
by ATLAS in 2009: 20 μb−1 
Integrated luminosity recorded  
during stable beams: 12 μb−1 
Maximal peak luminosity seen 
by ATLAS: 7 1026 cm-2 s-1 
Total number of collisions recorded:  
917 Kevents 
with stable beams: 538 Kevents 
collision candidates at 2.36 TeV:  
34 Kevents 90% data-taking efficiency 
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1953: Podolanski-Armenteros Plot  

KS 

L L 
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Reconstruction of , 0 (1950),  (1960) 

Reconstructed from 
converted photons 
 → e+ e - 

e - 

e+  

 0 → : m = 134.0 ± 0.8 (stat) MeV 

  → :  m = 527 ± 11 (stat) MeV 

R ~ 30 cm (1st SCT layer) 
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Inner Detector Material mapping: →ee 

Goal is to know material to better than 5% 
(e.g. for W-mass measurements) 
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Charged-particle multiplicities 

Our first physics paper Phys.Lett. B688 (2010) 21-42 



Bunch train 

commissioning 

Nominal bunch 

commissioning 

Initial 

luminosity 

run 

Nominal 

bunch 

operation 

(up to 48) 

Performance 

ramp-up 
(368 bunches) 

2010:  

new energy and luminosity frontiers 
Peak luminosity 2.11032 cm-2s-1 (5 orders of magnitude in ~200 days) 

15 12/06/2012 
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2010 Nominal 

beam energy 3.5 TeV 7 TeV 

N. of bunches 368 2808 

bunch spacing 150 ns (~ 45 m) 25 ns (~7.5 m) 

* 3.5 m 0.55 m 

proton/bunch 1.21011 1.151011 

events/crossing 2 19 

L [cm -2 s -1] 2.11032 
 

1034 

2010 

93.6% data-taking efficiency 

◼ 27 February : machine 

operation started again  

◼19 March : first (single) 

beams ramped up to 3.5 

TeV 

◼ 30 March: first collisions 

at 3.5+3.5 TeV 
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User analysis jobs on GRID 

 More than 1000 users, with huge increase in number of running jobs 

 

April 10 

7 TeV Collisions 

20k jobs/day 



Trigger 

ATLAS has a three level trigger 

All three levels are now 

actively selecting events 

Prescales are adjusted 

throughout the fill to 

hold the output rate 

around 300 Hz. 

 

This is set by our offline 

capacity. 

Trigger rates of major streams 
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Trigger Menu Evolution 

Five orders of magnitude increase in luminosity 

Gradually commission and then apply HLT rejection 

 

Evolution of HLT configuration during the pp run: 
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First measurements with pp 

 Charged-particle multiplicities in pp interactions at sqrt(s) = 900 GeV 

      measured with the ATLAS detector at the LHC. Phys Lett B 688, 1, 21 

 Additional results with 2.36 and 7 TeV data 

pT>500 MeV 

Number of charged particles  
as a function of pT and  
Plus studies of underlying  

event, new MC tune… 
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Di-Muon and Di-Electron Spectra 

Di-electron: 

• Data with 5 GeV ET di-electron 
trigger (prescaled in later 
data) 

• Trigger selection produces 
shoulder around 15 GeV 

Di-Muon: 

 Leading muon, pT>15 GeV, 
second muon, pT>2.5 GeV  

1980s 1970s 1960s 
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W and Z cross section with e and  

 Dominant lumi uncertainty (11%) should be reduced by a factor 2 soon.  

 Measurement of the Wl and Z/* ll production cross sections in p-p collisions 

 at sqrt(s) = 7 TeV with the ATLAS detector, Submitted to JHEP (11 Oct 2010) 

W W+ 

W- 

Z 



And Even Some Candidate W to Tau Nu Events 

This channel has substantially more background, so it’s more difficult 

to tell event-by-event if a given event is a real tau or background. 

Passes tightest 

tau cuts; fails 

loosest 

electron cuts. 
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W observation 

Observation of  W based on 550nb-1 also available. 

78 events with hadronic  decay candidates. Backgrounds: 

11.1±2.3±3.2 from QCD 

11.8±0.4±3.7 from other W/Z decays 

Event properties consistent with expectation 
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More on Top Quarks 

Events keep pouring in, including this “golder-than-gold” candidate. 

e + 2 b-tags 
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More on Top Quarks 

e + 2 b-tags 

Close-up of the b-tags. 
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pT(μ)= 48 GeV  pT(e)=23 GeV 
pT (b-tagged jet) = 57 GeV 
Secondary vertex: 
 -- distance from primary: 3.8 mm  
 -- 3 tracks pT > 1 GeV 
 -- mass=1.56 GeV 
ET

miss=77 GeV, HT=196 GeV 

eμ candidate 

pT (tracks) > 1 GeV pT (tracks) > 1 GeV 

In summary: 
 the properties of the 9 observed candidates are consistent with tt production 
 several of the candidates are in a region where the expected signal purity is high 
 but: for more conclusive statements, more data (“control samples”) are needed 
    in order to quantify the backgrounds  

The era of top-quark studies at the LHC has started  

12/06/2012 
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Searches for excited quarks:  q* jj Full data sample analysed 

Looked for di-jet resonance in the measured M(jj) distribution 
 spectrum compatible with a smooth monotonic function  no bumps 

 Experimental systematic uncertainties included: luminosity, JES (dominant), background fit, .. 
 Impact of different PDF sets studied  with CTEQ6L1: 0.4 < M (q*) < 1.18 TeV   

0.4 < M (q*) < 1.29 TeV excluded at 95% C.L.   
Latest published limit: 
CDF: 260 < M (q*) < 870 GeV 

q* model simulated  
with Geant4 

1.29 TeV 

12/06/2012 

Published in Phys. Rev. Lett. 105 (2010) 161801  



2011 
 Beam back around 21st 

February 
 2 weeks re-commissioning 

with beam (at least) 
 4 day technical stop every 

6 weeks 
 Count 1 day to recover 

from TS (optimistic) 
 2 days machine 

development every 2 
weeks or so 

 4 days ions set-up 
 4 weeks ion run  
 End of run – 12th 

December 

12/06/2012 43 

~200 days  
proton physics 
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2011 Nominal 

beam energy 3.5 TeV 7 TeV 

N. of bunches 1331 2808 

bunch spacing 50 ns (~15 m) 25 ns (~7.5 m) 

* 1.5 − 1.0 m 0.55 m 

proton/bunch 1.451011 1.151011 

events/crossing 6 − 12 19 

L [cm -2 s -1] 3.651033 
 

1034 

2011 

93.5% data-taking efficiency 



2011 Data Taking Conditions  Proton Run 5.2 fb-1   

45 

2010 

12/06/2012 
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Hits on tracks are constant 
even at pileup of 30 

Pixel SCT TRT 

Comparison of tracks in random 
events  between normal 
running and high mu run 

Tracking at high pile up (μ~30) 

Fakes will increase 

12/06/2012 



Now have covered a lot of phase space  

for many signatures 
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Photon measurements:  

reach also TeV scale by now! 



12/06/2012 49 



Top-quark physics:  

precision measurements on their way! 

12/06/2012 50 



12/06/2012 51 

2012 
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2012 Measured vs Predicted 

Integrated Luminosity 
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With the current rate of luminosity 
production ~ 1 fb-1/week,  
we are well on track to get more 
than 15 fb-1 this year. 

E= 4TeV 
Beta* = 0.7m 
148 days of 
physics 

   
   



2012 LHC schedule Q1/Q2 
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2012 



2012 LHC schedule Q3/Q4 
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LHC plans (LS1, LS2, LS3) 
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