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TPC trackingTPC trackinggg
Time Projection Chambers have performed 

ll h i k i id fwell as the main tracker in a wide range of 
physics experiments & environments
• eg. underground, LEP, heavy ion collisions
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TPC trackingTPC trackinggg
Is a TPC tracker suitable for the 

i d h i h ILC?environment and physics at the ILC?
• ie. will operate well and not compromise the 

h i t ti l f th ILC?physics potential of the ILC?

A growing worldwide community has been 
active for many years to answer this 
question
• we must have a definitive answer before the 

ILC lab is ready to approve detector 
construction
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Key physics issuesKey physics issuesy p yy p y
Momentum resolution
• recoil mass (HZ0)
• μμγ lumi spectrum

Pattern recognition

Low mass
• preserve good jet energy resolution
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Key environmental issuesKey environmental issuesyy
Beam structure

• TPC integration time: O(100) BX
• low duty factor – pulsed electronicslow duty factor pulsed electronics

Machine backgrounds
• will additional occupancy break pattern• will additional occupancy break pattern 

recognition?
• will TPC suffer HV incidents?• will TPC suffer HV incidents?

Magnetic field non-uniformities
can corrections recover momentum resolution?
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• can corrections recover momentum resolution?



TPC R&D programTPC R&D programp gp g
The ILC TPC R&D program began by 

kli h l itackling the momentum resolution 
question early this 
d d

GEM

decade
• It was quickly realized

th t t hi ththat to achieve the
resolution goals, the
gas amplification systemgas amplification system
must be miniaturized 

• Natural application forNatural application for
micro pattern gas detectors

Micromegas
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Momentum resolutionMomentum resolution
Spatial resolution
• several small prototypes

constructed by groups
around the worldaround the world

15-60 cm drift
5 15 mm2 pads5-15 mm2 pads
B=0-5 T

• spatial resolution• spatial resolution
targets achieved for
large B (100 μm org ( μ
better per pad row)

• reported at previous
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New developmentsNew developmentspp
Very fine segmentation is possible with 
ili d ( di i / i i )silicon sensors readout (medipix / timepix)
• 55 μm × 55 μm pixels detect signals from 

i di id l i i i ti l tindividual primary ionization electrons
• possible improvement in dE/dx resolution

Integrated amplification 
stage, with spark 
protection:
• with 20 μm

resistive layer,
silicon survives
breakdowns now
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breakdowns now
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Timepix eventsTimepix eventspp
Like a miniature bubble chamber

cosmics (time mode) alphas (amplitude mode)
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Pixilized readoutPixilized readout
For the GEM+pixel option, the diffusion 
f i d h hafter gain spreads the charge over many 

pixels. Larger pixels would allow lower 
i i h lifi igain in the amplification stage

• developments
d t

Post processing on a single chip

underway to
increase pixel
size – useful

before after
size useful
for GEM+pixel
optionp
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… beyond spatial resolution… beyond spatial resolutiony py p
Most of the other issues need larger scale 
h d & f ff ddhardware & software efforts to address
• LCTPC group developing into a formal 

ll b ticollaboration 
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LCTPC goalsLCTPC goalsgg
Build a large prototype TPC for test beams 

d i i iand cosmic ray operation in a magnet
• tiled endplate
• interchangeable modules using different 

amplification technologies
• high density electronics developments
• EUDET program provides much of the 

i f t tnecessary infrastructure

Build software suite suitable for simulation 
d iand reconstruction:

• for use with prototype data (test beam and 
i ) d f ll i TPC ith ILC t
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cosmics) and full size TPC with ILC events
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Field cage designField cage designg gg g
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R. Diener



Field cageField cagegg
Tight tolerances
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Populated endplatePopulated endplatep pp p
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Readout designsReadout designsgg

PixelPixel
readout
M. Killenberg

GEM module (no side frames)
A Ishikawa

Bulk micromegas
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GatingGating
μ

50 /
gg

Gating can reduce the
b i d d i

50mm/μsec

number ions produced in 
the amplification stage.

Wire gating GEM gating

~50cm

Gate Open
• gating can be

done with wires

Gate Closed

done with wires
or a GEM
operated at
unit gainGate Closed g
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Power pulsingPower pulsingp gp g
Power supplies designed for average power 

th th krather than peak power
Distributed charge storage capacitors close to 
th it h bl l d l th k tthe switchable loads supply the peak current.  
Allow ~ 1 volt drop during power on cycle
L l L d t lt l tLocal « Low dropout » voltage regulators 
keep voltage stable on the electronics

Properly controlled constant current sources 
recharge the capacitors between cycles

J.P. Martin (U. Montreal)
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Software developmentSoftware developmentpp

Oct 24, 2007 D. Karlen/Tracking in a TPC 23

M. Killenberg  U. Bonn



ScorecardScorecard
Spatial resolution – established
Pattern recognition – to start again
• full pad readout simulation / reconstruction

Low mass – underway
• field cage designs / electronics considerationsfield cage designs / electronics considerations

Beam structure – not demonstrated
• tests at FNAL foreseen• tests at FNAL foreseen

Beam backgrounds – not demonstrated
Magnetic field non-uniformities – starting
• software development, large prototype tests

Oct 24, 2007 D. Karlen/Tracking in a TPC 24



SummarySummaryyy
A worldwide team of people are working 

h d h l ftogether towards the common goal of 
developing a TPC design that will satisfy 
h d f h ILC h ithe needs of the ILC physics program

The more challenging issues requiring 
large hardware and software investments 
are just getting underway
Plenty of room for new collaborators and 
new ideas!
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