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Large Hadron Collider & ATLAS Timeline

02.04.2013

1980’s: First ideas about LHC

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

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

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 my ~125 GeV
ATLAS is 20 years old
2013 - p-Pb collisions and start of a two years Long Shutdown



ATLAS Tracking Detector (or Inner Detector)
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ATLAS pixel detector: 80x10° pixels (1.7 m?)

1744 pixel modules with 46080 pixels/mod.
Each chip: 50x400 um? = Opos=14/115 pm

Barrel R=50.5, 88.5 & 122.5 mm
EndCap R coverage 9-15 cm

Installation 27 June 2007
LHC beam circulated in September 2008

ATLAS Preliminary Cabl;s‘b;r:dle : —e— Data 2012, Random Trigger:

Data 2010 b5

e — Minimum Bias Simulation -

10
Cooling pipe

Z Vertex Resolution [mm]

Decoupling
capacitors

Number of Tracks
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B-jet efficiency: data vs MC
X%m
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/FlavourTaggingPublicResultsCollisionData#
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/FlavourTaggingPublicResultsCollisionData#

ATLAS Silicon Tracker: 6x10° strips (60 m?)

Barrel 4 cylinders at R=300, 373, 447 & 520 mm (r-¢ & z precision
coordinates)

Endcap 9 disks on each side
~4000 modules Each strip has 80 um pitch = Opos = 23 pm

8 points per track
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KO Mass: check momentum scale at 2.104

ATLAS-CONF-2012-141
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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/

ATLAS TRT 400x10° channels (16.2 m?)

Tracking and particle identification: 32 2-d points/track = 0=100-130 ym

Barrel R=56 — 107 cm - z = 2x150 cm
Endcap Disks with R between ~50 & 103 cm




ATLAS TRT performance

Transition Radiation « y ATLAS-CONF-2011-128

High-threshold probability
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> TRT Barrel Simulation 2011 (J/y — up)
< TRT Barrel Data 2011 - UPC
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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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ATLAS calorimeter

Tiles |n|<1.7

inti Til | Ti xt |
Fe+Scintillator ile barre ile extended barre

LAr hadronic

end-cap (HEC) —™——,
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LAr electromagnetic

end-cap (EMEC) o
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LAr electromagnetic

. barrel (EMB y
Liquid Argon ~ Pare! (EMB) LAr forward (FCal)

+ Pb EM |n|<3.2
+ Cu HEC 1.5<|n|<3.2
+ Cu/W FCal 3.1 |[n|<4.9
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ATLAS Calorimeter 192k chak

LAr 182428 channels [n| < 4.9 (6>0.6°)
EM AnxA@ = 0.025x0.1 / 0.003x0.1 /
0.025x0.025 / 0.05x0.025

HAD AnxA@ = 0.1x0.1 / 0.2x0.2
FCal AxxAy = 2x2 cm?

Tiles 9836 channels [n| < 1.7
AnxAp = 0.1x0.1

20110512/CalibratedZee/ATL-COM-PHYS-2011-1637/index.html
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/PublicPlots/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/PublicPlots/
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LB BB R L L L
Data 2012 default ATLAS Preliminary
Data 2012 Pile-up suppression

MC default

MC Pile-up suppression
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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

Muon detector: |n|<2.7
Muon Drift Tubes
Cathode Strip Chambers ‘

. and for triggering

- ~Resistive Plate Ch
: Thin Gap Chambe
Toroidal Magnetlc Fleld ;-"9

2-6 Tm |n|<1.3
4-8 Tm 1.6<|n[<2.7

02.04.2013
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AS muon system: alignement & performance

i —
Fléche
st MUUEN pT<100 GeV  dpr/pT ~2%
‘ pt~1 TeV Op1/p’ ~10%

ATLAS Preliminary
Toroid-off data 2011 (7 TeV)
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ATLAS muon spectrometer momentum scale
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ATLAS detector status

Number of Channels | Approximate Operational Fraction

Pixels 80 M 95.0%
SCT Silicon Strips 6.3 M 99.3%
TRT Transition Radiation Tracker 350 k 97.5%
LAr EM Calorimeter 170 k 99.9%
Tile calorimeter 9800 98.3%
Hadronic endcap LAr calorimeter 5600 99.6%
Forward LAr calorimeter 3500 99.8%
LVL1 Calo trigger 7160 100%
LVL1 Muon RPC trigger 370 k 100%
LVL1 Muon TGC trigger 320 k 100%
MDT Muon Drift Tubes 350 k 99.7%
CSC Cathode Strip Chambers 31k 96.0%
RPC Barrel Muon Chambers 370 k 97.1%
TGC Endcap Muon Chambers 320 k 98.2%
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ATLAS Trigger

5 a‘ 1_1 [T T T T | T T T T | T T T T ‘ T T T T T T T T T T T T l_

w 100FT 1 T 2 c -~ ATLAS Preliminary ]
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i ATLAS Trigger Operations i = J i =

21 u 0.8 = 1 = L1 -

107 LHC Fill 2686 May. 31 2012 - Ldt=4.1%", Vs=8TeV -

C Starting Luminosity]6.37 x 10> cm'ZS'1 ] 0.75 = 2012 p-p Collision Data ——EF E
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Example : Inclusive single electron trigger
High efficiency for electrons with Er > 25 GEV and |n| <2.47

CEST Time

ATLAS Trigger Operation 2012

600 . 77 Jets/missing E_ (delayed)

500 — - B-physics (delayed) Low threshold un-prescaled
N 400 | — Minimum Bias single triggers
T Electrons/photons 9 99
£ 300
£ 200 Jets/taus/missing E. Robustness against pile-up
x

100 ~Muons/B-physics
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ATLAS Luminosity measurement

=M. Np . fr / Oinel = Hvis-nb-fr/GViS

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.
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ATLAS Online Luminosit

0 Vs=8TéV. J"Ldt =20.8fb" <> =207
[ \Vs=7TéV, J’Ldt =52f" <u>= 9.1
Nominal
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Ovis = lJvisNIAX ZWZny/n1n2
is obtained from VdM scans

for each lumi. measurement

technique (n1.n2 from beam
currents):

LUCID (FWD detector)
Beam Condition Monitor

Big Wheel
Muon Chambers

EO Muon Chambers

Cylindrical Octagonal

r/ TX1S (Nose) Shielding
Monobloc Washers

LUCID /
S Ak

photomultipliers

services & fibers

connectors, electronics & MAPMT
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ATLAS Luminosity & Data Taking
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ATLAS Data Quality

ATLAS p-p run: April-December 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

999 994 998 99.1 99.6 99.6 99.8 100. 99.6 99.8 99.5 All good for

Systematic study and developments of recovery methods
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ATLAS detector simulation: a tool towards physics
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The ATLAS Collaboration
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From detector to (fast) publications

>95% operational channels

Data Taking: 93.5%
Data Quality: 95.8 %

High trigger efficiency
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Precise detector simulation

Data good for Physics 89%
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r=1/€

Detector maintenance & improvem &

10 4-Layers Pixel

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

Repairs - IP3D+SV1
ttbar and WH

3-Layers Pixel

Long Shutdown 2 (2018) V=vr—
New Muon Wheel: improved trigger Troger Tower (Ame=0.150:1) Super-Cals

Improved L1 Calorimeter Jet rejection s [ A 8l P S
LAr calorimeter
L1 CALO processing
Fast Track Trigger
DAQ

M Samy
Middle:

Presampler: 4x1

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

02.04.2013 30
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ATLAS Preliminary

LHC pp Vs = 7 TeV
Theory
o Data (L=0.035-4.6fb")

LHC pp Vs =8 TeV
Theory

e Data(L=5.8-20fb")

MSUGRA/CMSSM
MSUGRA/CMSSM
Pheno model
Pheno model
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ATLAS muon spectrometer
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ATLAS SCT: occupency in barrel
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ATLAS muon spectrometer: alignement, performance
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