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Development of a GEM based
TPC readout system for the ILD
detector of the ILC
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- The International Linear Collider i

Positron source Detectors Bectron source

Electrons

Next step for the particle physics
«Will build on LHC di ' . .”RH DIML'NEIDN
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order of few percent

wFull beam particle energy available for physics
processes

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

wPileup unlikely

wvSt I GA@Ste af2g NIRAL

dominated (signat 106)

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

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

wStrong pilingup

wHigh radiation environment
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Lepton Colliders

Example
SPS LEP

wDiscovery of the W and Z bosons wMeasurement of their properties
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Physics at the ILC

Higgs physics

wDetermination of Higgs mass, spin and parity H|gh
wDetermination of the Higgs couplings - -
wDetermination of Higgs decay branching ratios LumanSIty

SM measurements

wGauge boson couplings
wWeak mixing angle
wStrong interaction couplings

Precision Physics Environment

Top quark physics

wMeasurement of mass and width of the t quark
wMeasurement of coupling and branching ratios

Well known
C.m. energy

Supersymmetry

wConfirmation the existence of the superpartners
wMeasurement of the superpartners properties

Beam

The unexpected

polarization

wlests of extradimensional models
wSearch for new particles
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Main features of ILC

Superconducting RF cavities

w31,5 MV/m accelerating gradient
wSame technology used for FLASH and XFEL

Center of mass energy

wContinuous selection between 200 and 500 GeV
wEnergy stability and precision of 0,1 %
wUpgradeable to 1 TeV

Luminosity

w2 * 104 cm2st

Polarization

w30% electron polarization
w60% positron polarization

2 Detectors

wl IP for 2 detectors
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Challenges of the ILC detectors ‘i

|

wHigh impact wHigh momentum wHigh jet energy wPrecise
parameter resolution resolution polarization and
resolution wFull solid angle wHermeticity luminosity
wOccupancy of 100 coverage wExceptional measurement
hit/mm?2 wMinimum granularity for wPushpull system
wHigh granularity material budget to Particle Flow to switch
wVery fast readout improve algorithms detectors in the IP
calorimetry
Physics Process Measured Quantity Critical Critical Detector ]{IE-'{[LI.i.I!'E'E]
System Characterstic Performance
H{FH . ]r-i;:-lv Higgs Coupling Tracker Jet Enerpy
HZ — ggbb Higgs Mas=s 1 Resoluti oA
EH — ZWW» B(H — WW*) - o » 1‘}_‘_’_?}_?’“' R
W AW slete— — woW+W orimeter B
ZH - 8- X Higps Recoil Mass Charpged Particle
T () Luminosity Weighted Ecpg Tracker Momentum Res. 5w 105
EZH 4+ Hyr — ptrp—X| B(H — ptpu—) ._"-.p:_-"pf'
HZ H — b cr, g9 Higgs Branching Fractions Vertex Impact G &
b b quark charge asymmetry Detector Parameter, &g 10pem/p{ GeV fc) sin?/2 @
. Tracker, Momentum Hes.,
SUSY ., er. i decay T 2]
USY, eg. fi decay . o Calorimeter | hermeticity
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ILD: A Detector for the

ILC
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Muon Detectors
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Omnipurpose detector for the ILC

«Multi layer SiPixels

«Multilayer strips and pixels

wlLarge volume TPC with more than
200 points per track

wSampling calorimeter
wHigh segmentation

wSampling calorimeter
wHigh segmentation

3.5 T superconductive magnet

winstrumented iron yoke
wScintillators or RPCs



& ~~8 The TPC of ILD

Size

wDiameter: 3.6 m
wLength: 4.3 m
wSolid angle coverage: Up to dds 0.98

Material budget

w0.04 X in the barrel
w0.15 X in the endcaps

Anode Amplification

wMicro Pattern Gas Detectors

Performances

Arll point resolution < 10qum

wrz point resolution < 0.5 mm

wAbout 200 measurement point per track
«dE / dx resolution-5%

wMomentum resolution~ 9 x 16/ GeV/ ¢
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. How does a TPC work

Main components

wlonization volume

Cathode 1 Incident  Field Cage Anode: Amplification
| Particle + Readout

T 3 wWell known electric field
lonization Drift " . .

1 wWell known magnetic fields collinear with E
ol ¢

wAmplification & readout system on the
anode

w3-dimensional reconstruction of the particle
trajectory

- g’ng -

‘UUL
‘UUL

Physic processes in a TPC
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Data analysis to
reconstruct the
track of the

Charged patrticles, The ionization
curved in the B electrons drift
field, ionize the TP@ along the Hield

The B field reduces
the transversal
diffusion

readout at the

gas lines anode side incoming particle
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TPC examples

wDiameter: 3.6 m wDiameter: 5.6 m
wlLength: 4.7 m wLength: 5m

w21 samples per track w159 samples per track
wMultiwire amplification wMultiwire amplification

wOperation started in 1989 on wMaterial budget: 3.5 %Xin the
LEP barrel)

wOperation started in 2009

Nucl. Instr. and Meth. A294 (1990) 121 ALICH
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. Limits of the wire chambers

Array of charged} Strong Hield
wires. near the wire

avalanche
multiplication

Resolution reduction

wMinimum wire distance- 1 mm
wEXB effects near the wires

wReadout signal produced by the slow moving ions

lon backflow

wlons produced at the wire flow back in the sensitive volume and distort the
drift field
wA gating system can block the ions but blinds the detector for some time

wNeed robust framing to fix the stretched wires
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