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 Large Hadron Collider & ATLAS Timeline
1980’s: First ideas about LHC

1990 - ECFA Aachen meeting: Physics, detector, machine (H➝ϒϒ ?)
First R&D’s (First Accordion prototype)

1992 - ATLAS Letter of Intend
2 metre accordion module with fast readout

1994 - ATLAS Techincal Proposal
Spanish fan - Endcap accordion prototype

1996 - 2000 - ATLAS Technical Design Reports
Modules Zero and R&Ds, tesbeam, tesbeam, tesbeam

2000 ATLAS Memorendum of Understanding
Cavern & detector construction starts

2003-2004 ATLAS detector starts to go down
ATLAS combined testbeam

2006-2007 ATLAS continues installation 
First cosmic muons data taking

2008 - LHC incident / 2009 First collisions
More cosmic muons + 0.9 TeV  + 2.76 TeV pp collisions

2010 ~35 evts/pb pp collisions at 7 TeV & Pb-Pb collisions
2011 ~ 5 evts/fb pp collisions at 7 TeV & Pb-Pb collisions

2012 ~ 20 evts/fb pp collisions at 8 TeV - The Higgs boson is discovered mH ~125 GeV 
ATLAS is 20 years old

2013 - p-Pb collisions and start of a two years Long Shutdown 2
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 ATLAS Tracking Detector (or Inner Detector)
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ATLAS pixel detector: 80x106 pixels (1.7 m2)

Installation 27 June 2007
LHC beam circulated in September 2008

4

1744 pixel modules with 46080 pixels/mod.
Each chip: 50x400 µm2 ⟹ σpos=14/115 µm
Barrel    R=50.5, 88.5 & 122.5 mm
EndCap R coverage 9-15 cm

30cm 80cm

30 µm
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 B-jet efficiency: data vs MC
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Overall simulation efficiency integrated for jets with pT > 15GeV and |η| < 2.5

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/FlavourTaggingPublicResultsCollisionData#Approved_Plots_for_7_TeV_Data

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/FlavourTaggingPublicResultsCollisionData#
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/FlavourTaggingPublicResultsCollisionData#
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 ATLAS Silicon Tracker: 6x106 strips (60 m2)

Barrel 4 cylinders at R=300, 373, 447 & 520 mm (r-φ & z precision 
coordinates)
Endcap 9 disks on each side
~4000 modules                   Each strip has 80 µm pitch ⟹ σpos = 23 µm

                                         8 points per track
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 K0s Mass: check momentum scale at  2.10-4
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ATLAS-CONF-2012-141

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-141/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-141/
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 ATLAS TRT 400x103 channels (16.2 m2)

Tracking and particle identification: 32 2-d points/track ⟹ σ=100-130 µm

Barrel R=56 ⟹ 107 cm - z = 2x150 cm 

Endcap Disks with R between ~50 & 103 cm
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 ATLAS TRT performance
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Transition Radiation ∝ γ

TRT Mis-Id vs occupancy 

ATLAS-CONF-2011-128

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/IDTRACKING/PublicPlots/ATL-COM-PHYS-2012-1544/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-128/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-128/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/IDTRACKING/PublicPlots/ATL-COM-PHYS-2012-1544/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/IDTRACKING/PublicPlots/ATL-COM-PHYS-2012-1544/
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⊗ B

3 layers
pixel detector

2 sectors
TRT

4 layers
silicon detector

The premises
ATLAS combined testbeam 2004
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 ATLAS calorimeter
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(EMB)Liquid Argon
+ Pb EM |η|<3.2
+ Cu HEC 1.5< |η|<3.2
+ Cu/W FCal 3.1 |η|<4.9

Tiles |η|<1.7
Fe+Scintillator
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 ATLAS Calorimeter 192k channels 

LAr 182428 channels |η| < 4.9 (θ>0.6o)
EM ΔηxΔφ = 0.025x0.1 / 0.003x0.1 / 
                    0.025x0.025 / 0.05x0.025
HAD ΔηxΔφ = 0.1x0.1 / 0.2x0.2
FCal ΔxxΔy ≃ 2x2 cm2

Tiles 9836 channels |η| < 1.7
    ΔηxΔφ = 0.1x0.1
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ATLAS!Electromagnetic!calorimeters!!!

7!

Electron reco ε measured with Z"ee 
Stability of EM calorimeter  response 

vs time (and pile-up) <0.1% 

Conception! Construction! Installation!

Mass resolution is pile-up robust 
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/PublicPlots/
20110512/CalibratedZee/ATL-COM-PHYS-2011-1637/index.html

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/PublicPlots/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/PublicPlots/
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ETmiss

Ex/ymiss

Jets Exploit calorimeter segmentation

ETmiss reconstruction exploits tracker 
& calorimeter performance

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013EtMiss

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013JESUncertainty

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013EtMiss
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013EtMiss
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013JESUncertainty
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013JESUncertainty
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Muon detector: |η|<2.7
Muon Drift Tubes
Cathode Strip Chambers

and for triggering
Resistive Plate Chambers
Thin Gap Chamber

Toroidal Magnetic Field
2-6 Tm |η|<1.3    

4-8 Tm 1.6<|η|<2.7
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 ATLAS muon system: alignement & performance
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~12000 capteurs optiques pT<100 GeV    δpT/pT ~2%
pT~1 TeV         δpT/pT ~10%

Muon Spectrometer only

+ straight tracks

Flèche
→ ~40µm

B

~5 m
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 ATLAS muon spectrometer momentum scale
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M. R. Jäkel,  ASPEN 2013ATLAS detector review & upgrade

Muon Performance

The relative mass scale offset for data, obtained by comparing the reconstructed mass peaks for J/psi, Y and Z 
resonances to the PDG values.

 Scale offset is small among the full η range covered by the detector, the different resonances give compatible results.

~5fb-1 (July 2012)
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 ATLAS detector status
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 ATLAS Trigger
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M. R. Jäkel,  ASPEN 2013ATLAS detector review & upgrade

2012 : Trigger
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Starting Luminosity: 6.37 x 10
-1s-2 cm

33
Ending Luminosity: 2.91 x 10

L1_total
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EF_recording_physics

L1:$up$to$~$65$kHz$

L2:$up$to$~$5$kHz$

EF:$~$400Hz$

Complicated trigger menu with > 550 trigger items !
Optimization of selections to maintain low un-prescaled 
thresholds (e.g. for inclusive leptons) in spite of x2 higher 
luminosity and pile-up than in 2011

• Pile-up robust algorithms developed 
(~flat performance vs pile-up, minimize CPU usage, ...)

• Results from 2012 operation show trigger is coping very 
well (in terms of rates, efficiencies, robustness, ..) with 
harsh conditions while meeting physics requirements

Example : Inclusive single electron trigger
High efficiency for electrons with ET > 25 GEV and |n| <2.47

Event Filter stream recording rates per month, averaged over the 
periods for which the LHC declared stable beams. Special run periods 
such as VdM scans or ALFA runs have been left out.

M. R. Jäkel,  ASPEN 2013ATLAS detector review & upgrade
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Complicated trigger menu with > 550 trigger items !
Optimization of selections to maintain low un-prescaled 
thresholds (e.g. for inclusive leptons) in spite of x2 higher 
luminosity and pile-up than in 2011

• Pile-up robust algorithms developed 
(~flat performance vs pile-up, minimize CPU usage, ...)

• Results from 2012 operation show trigger is coping very 
well (in terms of rates, efficiencies, robustness, ..) with 
harsh conditions while meeting physics requirements

Example : Inclusive single electron trigger
High efficiency for electrons with ET > 25 GEV and |n| <2.47

Event Filter stream recording rates per month, averaged over the 
periods for which the LHC declared stable beams. Special run periods 
such as VdM scans or ALFA runs have been left out.

Low threshold un-prescaled 
single triggers
 
Robustness against pile-up 
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 ATLAS Luminosity measurement

24

L = µ . nb . fr / σinel = µvis . nb . fr / σvis 
L, the luminosity, is a number of events per second and per x.s.
∫L.dt, the integrated luminosity, is a number of events per x.s.

Nominal

σvis = µvisMAX 2π∑x∑y/n1n2
is obtained from VdM scans 
for each lumi. measurement 
technique (n1.n2 from beam 
currents):

LUCID (FWD detector)
Beam Condition Monitor 
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 ATLAS Luminosity & Data Taking 

93.5%
25

M. R. Jäkel,  ASPEN 2013ATLAS detector review & upgrade

2012 : Pile Up - Challenge

Running with 50ns (instead of 25ns) bunch spacing → double pile-up for same luminosity

Has to be addressed at all levels : Trigger, reconstruction of physics objects, isolation cuts, data 
processing (CPU time)....

Z → µµ event with 25 reconstructed vertices. 
Average'number'of'interac1ons'per'bunch'crossing'

Experiment’s,design,value,

2012 - 8TeV
 23 evts/fb

2011 - 7TeV
 5 evts/fb

2010 - 7TeV
 0.05 evts/fb

ΔL/L = ±2.8% (preliminary)

ΔL/L = ±1.8%

ΔL/L = ±3.4%
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 ATLAS Data Quality

95.8%
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Systematic study and developments of recovery methods

All good for physics
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 ATLAS detector simulation: a tool towards physics
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 The ATLAS Collaboration
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38 countries - 174 institutions
Paris - LPNHE
Saclay - IRFU
Orsay - LAL
Annecy - LAPP
Grenoble - LPSC
Clermont-Ferrand - LPC
Marseille - CPPM
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 From detector to (fast) publications

29

Data Quality: 95.8 %

>95% operational channels

Data Taking: 93.5%

Data good for Physics 89%

High trigger efficiency

Precise detector simulation
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 Detector maintenance & improvements

Long Shutdown 1 (2013-2014)
Installation of a fourth pixel layer (R=33.4 mm)
Repairs

Long Shutdown 2 (2018)
New Muon Wheel: improved trigger
Improved L1 Calorimeter Jet rejection

LAr calorimeter
L1 CALO processing

Fast Track Trigger
DAQ 

Long Shutdown 3 (2022)
New tracker (100% Silicium)
New calorimeter electronics readout (40 MHz) 
…..

30
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Outline
2012 pp data taking
2013 p+Pb data taking and first results
Standard Model measurements
The new boson
BSM searches
Shutdown activities

18 new papers and
36 preliminary results 
since the last LHCC
Can only cover a 
fraction of these
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7 TeV results

8 TeV results

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec 2012)

      DETECTOR                           PUBLICATIONS



02.04.2013

 Backup
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 ATLAS muon spectrometer performance
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Expected (TDR): 
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 ATLAS SCT: occupency in barrel
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ATLAS muon spectrometer: alignement, performance
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Install :~mm

Mesure :~40µm

Flèche → ~50µm

B

~5 m
~10000 capteurs optiques

ATLAS!muon!spectrometer!

8!

Toroidal magnet!
Muon!chamber!alignment!system!

Barrel:!1300!beams!
50!µ!over!3000m2!

!

Magne4c!field!!
Hall!probes!posi4oning!
&!Reconstruc4on!


