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The ATLAS Detector

EM Calorimeters: σ/E ≈ 10%/√E ⊕ 0.7%
excellent e/γ identification
good energy resolution (e.g. for H → γγ)

Precision Muon Spectrometer:  σ/pt ≈ 10% @ 1 TeV ⊕
fast trigger response
good momentum resolution
(e.g. A/Z’ → μμ, H → 4μ)

Hadron Calorimeter:  
σ/E ≈ 50%/√E ⊕ 3%
good jet resolution
good missing ET resolution
(e.g. H → ττ)

Inner Detector:
Si Pixel & strips; TRT
σ/pt ≈ 5 ⋅ 10-4 pt ⊕ 0.001
good impact parameter res., i.e.
σ(d0) ≈ 15 μm @ 20 GeV
(e.g. H → bb)Magnets: 

Solenoid (inner detector): 2 T
Toroid (muon spectrometer): 0.5 T

The ATLAS detector
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[expected perfomance]



The CMS Detector

EM Calorimeters: 
σ/E ≈ 3%/√E ⊕ 0.5%
[vergl. ATLAS: σ/E ≈ 10%/√E ⊕ 0.7%]

Hadron Calorimeter:  
σ/E ≈ 100%/√E ⊕ 5%
[vergl. ATLAS: σ/E ≈ 50%/√E ⊕ 3%]

Inner Detector:
σ/pt ≈ 5 ⋅ 10-4 pt ⊕ 0.001
[vergl. ATLAS σ/pt ≈ 5 ⋅ 10-4 pt ⊕ 0.001]

Muon Spectormeter
σ/pt ≈ 10% @ 1 TeV 
[vergl. ATLAS: σ/pt ≈ 10% @ 1 TeV] 

Magnet: 
Solenoid: 4 T

The CMS detector
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The ATLAS detector
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The CMS DetectorThe CMS detector
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Main Design Parameters Comparison 
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This table (and others) from:
Daniel Froidevaux and Paris Sphicas,  “GENERAL-PURPOSE DETECTORS FOR THE LARGE HADRON COLLIDER”,
Annu. Rev. Nucl. Part. Sci. 2006. 56:375–440 



ATLAS vs. CMS
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ATLAS CMS

Magnetic field 2 T solenoid + toroid
(0.5 T barrel; 1 T end-cap)

4 T solenoid + return yoke

Tracker Si pixels and strips + TRT
σ/pT ≈ 5 × 10-4 pT + 0.01

Si pixels and strips
σ/pT ≈ 1.5 × 10-4 pT + 0.005

EM calorimeter LAr + Pb
σ/ E ≈ 10%/√E Å 0.007

PbWO4 crystals
σ/ E ≈ 2-6%/√E Å 0.005

Hadronic calorimeter Scint. + Fe / LAr + Cu (10 λ)
σ/ E ≈ 50%/√E Å 0.03 GeV

Scint. + Cu (5.8 λ + catcher)
σ/ E ≈ 100%/√E Å 0.05 GeV

Muon spectrometer σ/pT ≈ 2% @ 50 GeV –
10% @ 1 TeV (ID + MS)

σ/pT ≈ 1% @ 50 GeV –
5% @ 1 TeV (ID + MS)

Trigger L1 + RoI-based HLT (L2 + EF) L1 + HLT (L2 + L3)

σm / mH (H à gg) 1.2 GeV @ mH = 120 GeV 0.7 GeV @ mH = 120 GeV

• G. Aad et al (ATLAS Collaboration). J. Instrum. 3. s08003 (2008)
• S.Chatrchysn (CMS Collaboration), J. Instrum. 3. s08004 (2008)



Main design choices

• ATLAS 
ü Invested much in three 

superconducting toroid 
magnets and a set of precise 
muon chambers 

• “This system provides a stand-alone 
muon momentum measurement” 

üTransition detector in the 
tracking system (electron vs. 
pions)

ü Sampling calorimeter
• Mediocre energy resolution, 

longitudinal segmentation, fine 
lateral segmentation

üGood HAD calorimeter

• CMS 
ü Invested in highest possible 

magnetic field (4T) 
ü Inner tracker consisting of all 

silicon detectors 
üHomogeneous EM 

Calorimeter
• Excellent energy resolution, no 

longitudinal segmentation, coarse 
lateral segmentation

üMediocre HAD calorimeter
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Magnet 
systems
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Magnet systems

• ATLAS
üDriven by the goal to achieve 

a high-precision stand-alone 
momentum measurement of 
muons “achieved using an 
arrangement of a small-radius 
thin-walled solenoid integrated 
into the cryostat of the barrel 
ECAL, surrounded by a system 
of three large air-core toroids, 
situated outside the ATLAS 
calorimeter systems, and 
generating the magnetic field for 
the muon spectrometer.” 

• CMS
üA single magnet with “a high 

magnetic field in the tracker 
volume for all precision 
momentum measurements, and 
a high enough return flux in the 
iron outside the magnet to 
provide a muon trigger and a 
second muon momentum 
measurement.” 
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ATLAS magnets
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CMS magnet
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Magnet systems
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Inner tracker 
systems
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Inner tracking systems
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Pixel detectors
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Inner tracking systems
• ATLAS

ü Solenoidal field: 2 T

ü Silicon (strips and pixels) + TRT 
• high granularity and resolution close 

to interaction region
• “continuous” tracking at large radii 

• CMS
ü Solenoidal filed: 4 T

ü Full silicon strip and pixel detectors
• high resolution
• high granularity 
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Main performance of tracking systems

• Momentum resolution on average superior in CMS
• Similar vertexing and b-tagging performances are similar
• Impact of material and B-field already visible on efficiencies
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Amount of material in inner trackers 

• Active sensors and mechanics account each only for ~10% of material budget
• Need to bring ~70 kW power into tracker and to remove similar amount of heat

ü Very distributed set of heat sources and power-hungry electronics inside volume

ü Complex layout of services, most of which are difficult to properly implement in 
detector simulation (calorimeter calibration!)
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Electromagnetic 
calorimeters
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Electromagnetic calorimeter
• ATLAS

ü EM calorimeter is outside inner 
solenoidal field

• More material in front, energy 
losses, photon conversions

ü Sampling calorimeter
• Liquid argon + Pb
• Worse energy resolution
• High granularity and segmentation 

(eta, phi, longitudinally)
– better PID and rejection

– position measurement for photons

ü Electrical signals
• High stability in calibration and 

radiation resistant 

• CMS
ü EM calorimeter is bathed in 

magnetic field
• Shower shape distortion

üHomogenous calorimeter
• PbWO4 crystal calorimeter

• Higher intrinsic resolution 
• Poorer segmentation

ü Light signals
• Crystal light response vary 

with radiation, calibration vs. 
time complicated
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ATLAS electromagnetic calorimeter
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CMS electromagnetic calorimeter
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Electromagnetic calorimeters
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Electromagnetic calorimeters

• ATLAS • CMS
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Performance of electromagnetic calorimeters
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Hadronic
calorimeters



ATLAS hadronic calorimeters
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CMS hadronic calorimeter
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http://cms.web.cern.ch/news/using-russian-navy-shells



Hadronic calorimeters
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Hadronic absorption length 

• ATLASs • CMS
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11 λI

11 λI



Performance of calorimeters: jets
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Performance of calorimeters: MET
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Muon 
spectrometers



Muon spectrometers
• ATLAS

ü independent muon spectrometer 
with excellent stand-alone 
capabilities 

• CMS
ü superior combined momentum 

resolution in the central region;

ü limited stand-alone resolution and 
trigger capabilities

• multiple scattering in the iron 
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Muon spectrometers
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Muon spectrometers
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what 
would 
you
choose?


