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The International Linear Collider 

ωWill build on LHC discoveries 

ωComplementary to LHC 

Next step for the particle physics 

ωe+ e- linear collider 

ω500 GeV center of mass energy 

ωPolarized beams 

Main Features 

ωά/ƭŜŀƴέ ŜƴǾƛǊƻƴƳŜƴǘ 

ωWell controlled initial conditions 

Precise Measurement Machine 
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Lepton and Hadron Colliders 
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ωHigher total cross section but background 
dominated (signal ~ 10-6) 

ωOnly a fraction of the c.m. energy 
available for physics processes 

ωNot well defined initial kinematic 
conditions. Missing energy and similar 
variables only measurable in the 
transverse plane 

ωStrong piling-up 

ωHigh radiation environment 
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rs ω[ƻǿŜǊ ǘƻǘŀƭ ŎǊƻǎǎ ǎŜŎǘƛƻƴ ōǳǘ άǎƛƎƴŀƭέ ƻƴ ǘƘŜ 

order of few percent 

ωFull beam particle energy available for physics 
processes 

ωWell defined initial conditions. With beam 
polarization even the spin is well defined 

ωPile-up unlikely 

ωwŜƭŀǘƛǾŜƭȅ άƭƻǿ ǊŀŘƛŀǘƛƻƴέ ŜƴǾƛǊƻƴƳŜƴǘ 

SPS 
ωDiscovery of the W and Z bosons 

LEP 
ωMeasurement of their properties 

Example 
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Physics at the ILC 

Higgs physics 

ωDetermination of Higgs mass, spin and parity 

ωDetermination of the Higgs couplings 

ωDetermination of Higgs decay branching ratios 

SM measurements 

ωGauge boson couplings 

ωWeak mixing angle 

ωStrong interaction couplings 

Top quark physics 

ωMeasurement of mass and width of the t quark 

ωMeasurement of coupling and branching ratios 

Supersymmetry 

ωConfirmation the existence of the superpartners 

ωMeasurement of the superpartners properties 

The unexpected 

ωTests of extra-dimensional models 

ωSearch for new particles 
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High 
Luminosity 

ά/ƭŜŀƴέ 
Environment 

Well known 
c.m. energy 

Beam 
polarization 

Precision Physics 



Main features of ILC 

ω31,5 MV/m accelerating gradient 

ωSame technology used for FLASH and XFEL 

Superconducting RF cavities 

ωContinuous selection between 200 and 500 GeV 

ωEnergy stability and precision of 0,1 % 

ωUpgradeable to 1 TeV 

Center of mass energy 

ω2 * 1034 cm-2 s-1 

Luminosity 

ω80% electron polarization 

ω60% positron polarization 

Polarization 

ω1 IP for 2 detectors 

ω¢ƘŜȅΩƭƭ ōŜ ǎŜǘ ƛƴ ǘƘŜ Lt ƛƴ ǘǳǊƴǎ ǿƛǘƘ ŀ ǇǳǎƘ-pull system 

2 Detectors 
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Challenges of the ILC detectors 

Vertex Finding 

ωHigh impact 
parameter 
resolution 

ωOccupancy of 100 
hit/mm2 

ωHigh granularity 

ωVery fast readout 

Tracking 

ωHigh momentum 
resolution 

ωFull solid angle 
coverage 

ωMinimum 
material budget to 
improve 
calorimetry 

Calorimetry 

ωHigh jet energy 
resolution 

ωHermeticity 

ωExceptional 
granularity for 
Particle Flow 
algorithms 

Other challenges 

ωPrecise 
polarization  and 
luminosity 
measurement 

ωPush-pull system 
to switch 
detectors in the IP 
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ILD: A Detector for the ILC 
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Omnipurpose detector for the ILC 

ωMulti layer Si-Pixels 
Vertex 

ωMultilayer strips and pixels 
Si-Tracker 

ωLarge volume TPC with more than 
200 points per track TPC tracker 

ωSampling calorimeter 

ωHigh segmentation ECal 

ωSampling calorimeter 

ωHigh segmentation HCal 

ω3.5 T superconductive magnet 
Magnet 

ωInstrumented iron yoke 

ωScintillators or RPCs Muon Detectors 
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The TPC of ILD 

ωDiameter: 3.6 m 

ωLength: 4.3 m 

ωSolid angle coverage: Up to cos ȇ = 0.98 

Size 

ω0.04 X0 in the barrel 

ω0.15 X0 in the endcaps 

Material budget 

ωMicro Pattern Gas Detectors 

Anode Amplification 

Årȕ point resolution < 100 µm 

ωrz point resolution < 0.5 mm 

ωAbout 200 measurement point per track 

ωdE / dx resolution ~5% 

ωMomentum resolution: ~ 9 x 10-5 / GeV / c 

Performances 
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How does a TPC work 
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ωIonization volume 

ωWell known electric field 

ωWell known magnetic fields collinear with E 

ωAmplification & readout system on the 
anode 

Main components 

ω3-dimensional reconstruction of the particle 
trajectory 

Goal 

Charged particles, 
curved in the B 

field, ionize the TPC 
gas 

The ionization 
electrons drift 

along the E-field 
lines 

The B field reduces 
the transversal 

diffusion 

The electrons are 
amplified and 
readout at the 

anode side 

Data analysis to 
reconstruct the 

track of the 
incoming particle 

Physic processes in a TPC 
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TPC examples 
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A
le

p
h ωDiameter: 3.6 m 

ωLength: 4.7 m 

ω21 samples per track 

ωMultiwire amplification 

ωOperation started in 1989 on 
LEP 

A
lic

e ωDiameter: 5.6 m 

ωLength: 5m 

ω159 samples per track 

ωMultiwire amplification 

ωMaterial budget: 3.5 % X0 (in the 
barrel) 

ωOperation started in 2009 

ALICE-INT-2009-034 



Limits of the wire chambers 

ωMinimum wire distance ~ 1 mm 

ωExB effects near the wires 

ωReadout signal produced by the slow moving ions 

Resolution reduction 

ωIons produced at the wire flow back in the sensitive volume and distort the 
drift field 

ωA gating system can block the ions but blinds the detector for some time  

Ion backflow 

ωNeed robust framing to fix the stretched wires 

Materials 
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Array of charged 
wires. 

Strong E-field 
near the wire 

Electron 
avalanche 

multiplication 

Readout of the 
position of the 

avalanche 

Field shaping  


