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LCTPC Collaboration
Performance goals and design parameters for a 

TPC with standard electronics at the ILC detector

with MPGD
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TPC with MPGD

MicroMegas GEM

Two gas amplifications:

Analog TPC
with standard pad readout
(need signal broadening)

Digital TPC
with CMOS pixel readout
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R&D strategy
Three phases:

• Demonstration phase: using small prototypes 
(SP) Φ~30 cm; basic evaluation of TPC with 
Micropattern Gas Detectors (MPGD) gas 
amplification

• Consolidation phase: design, build and 
operate Large Prototype (LP) at EUDET facility 
@ DESY Φ~1 m

• Design phase: start work on engineering 
design for final detector
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• What has been learned sofar during phase (1)
o 6 years of of MPGD experience
o Gas properties measured
o Point resolution understood
o Resistive anode charge dispersion demonstrated
o CMOS pixel technology demonstrated (small scale)
o Proof-of-principle of TDC-based electronics
o LP operations have started

• Current and next steps during phase(2)
o 2009-12: continue R&D on technologies at LP, SP,

simulations, verify performance goals
o 2009-11: R&D on advanced endcap; power pulsing,

electronics and mechanics critical issues
o 2011-12: test advanced endcap prototype at high 

energy and power-pulsing in high-B field
o 2012-18: design, build LCTPC           
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Special resolution and configuration/operation of MPGD TPC
has been studied using various small TPC prototypes 

since 2000 in the LC TPC collaboration

Point resolution of MPGD TPC 
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4T4T

GEMs

Some ‘SP’ resolution plots

4T

4T

In DESY 5T solenoid

50μm

Micromegas + 
resistive anode

DESY MediTPC

Victoria
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· Timepix chip + SiProt + Ingrid:

Timepix chip:

•256x256 pixels

•pixel: 55x55 μm2

•active surface: 
14x14 mm2

Pixel readout

• zero-drift resolution should be below 55 μm

• allows cluster counting

5 GeV e/π
testbeam
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Timepix readout + GEMs
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Consolidation Phase

• Design, build and operate a “Large Prototype” 
(LP)

• First iterations of LCTPC design details can be 
tested

• Larger area readout can be operated
• Tracks with a large number of measured points 

are available → analysis and correction 
procedures
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LP test facility @ DESY 
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TPC with MPGD
A. Sugiyama
Saga Univ.
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TPC with MPGD
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Si-
envelope

e--beam

DESY Setup

• e- test beam 
@DESY
• PCMAG
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LP-TPC Field Cage (FC) 

Diameter: Inner 720 mm, Outer 770 mm
Wall thickness 25 mm

Length 610 mm
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LP-TPC Field Cage (FC) 

Parallelism Cathode/Anode:
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GEM+Gate

LP-TPC Endplate

D. Peterson, Cornell

Endplate:

• Aluminum
• Accommodates seven detector/ 

dummy modules
• d = douter,FC = 770 mm
• Modules have same shape →

interchangeable MicroMeGas
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D. Peterson, Cornell

Endplate:

• Aluminum
• Accommodates seven detector/ 

dummy modules
• d = douter,FC = 770 mm
• Modules have same shape →

interchangeable
• Modules curvature according to ILC 

TPC (R = 1430/1600 mm)

LP-TPC Endplate
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D. Peterson, Cornell

LP-TPC Endplate
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MicroMegas

MicroMegas for LP:
24 rows x 72 pads

Av. Pad size: 3.2 x 7mm2

A first ‘bulk Micromegas’ panel (without 
resistive foil) and a second, with a 
resistive carbon-loaded kapton, have 
been produced at CERN

(Rui de Oliveira) 
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LP - MicroMeGaS
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MicroMegas:
electron event with

B = 1 T

LP - MicroMeGaS
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Drift velocity measurement

David.Attie@cea.fr TILC09 – Tsukuba – April 18th, 2009 24

• Measured drift velocity (Edrift = 230 V/cm, 1002 mbar): 7.56 ± 0.02 cm/μs

• Magboltz: 7.548 ± 0.003 for Ar/CF4/iso-C4H10/H2O (95:3:2:100ppm)

B = 0T
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rms displacement: ~9 microns

B = 0T



26

Drift Velocity vs. Peaking Time
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Edrift = 220 V/cm

Vd
Magboltz = 76 μm/ns

• B=1T data

• For several peaking time settings: 200 ns, 500 ns, 1 µs, 2µs

Edrift = 140 V/cm

Vd
Magboltz = 59 μm/ns
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Determination of the 
Pad Response Function
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• Fraction of the row charge 
on a pad vs xpad – xtrack
(normalized to central pad charge) 

Clearly shows charge spreading
over 2-3 pads
(use data with 500 ns shaping)

• Then fit x(cluster) using this
shape with a  χ² fit, 
and fit simultaneously all lines
to a circle in the xy plane

xpad – xtrack (mm)

Pad pitch
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• Lines 0-4 and 19-23 removed for the time being
(non gaussian residuals, magnetic field inhomogeneous for some z positions?)

row 5 row 6 row 7

row 8 row 9 row 10

Residuals (z=10 cm)
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• There is a residual bias of 
up to 50 micron, with a 
periodicity of about 3mm.

• Unknown origin:

• Effect of the analysis?

• Or detector effect:

pillars?

Inhomogeneity of RC?

row 6

row 7

row 8

Residuals (z=10 cm)



30

Spatial resolution at 1T
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• Resolution (z=0): σ0 = 46±6 microns with 2.7-3.2 mm pads

• Effective number of electrons: Neff = 23.3±3.0 consistent with expectations

eff

2
d2

0x N
zCσσ ⋅

+=
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Readout Electronics
Three-fold readout electronics:
• ALICE based:

new PCA16 amplifier chip + ALTRO chip (EUDET & 
LCTPC)

• T2K based:
AFTER electronics for T2K TPC (CEA Saclay)

• TDC based (University of Rostock) 

AFTER electronics for MicroMeGAS (resistive anode readout 
ALTRO and TDC based electronics will be hooked to the GEM detector modules 
(connector compatibility)
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Double GEM modules

→ later in 2009
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Double GEM
About 3200 channels readout 

electronics (Altro/Alice) 
CERN&Lund

(10000 channels later in 2009)
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Double GEM modules
2 data taking periods: Feb. 1st – Mar. 6th 2009

Mar. 23rd – Apr. 8th 2009
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Z=250mm, Row 18

Pad response function

x[mm]

Normalized Charge

B=1TB=0T
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B=0T B=1T

Resolution vs. drift length
Residual:

Consistent with SP measurements, taking into 
account different pad height and electron vs. ‘mip’
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These first results are quite encouraging; now 
the real LP1 study starts:
• Systematic study of resolution

o In (x,y) and z
o Dependence on position, pulse height, drift distance, angle

• Gain uniformity
• Cross talk
• Momentum resolution
• 2-track separation
• Tracking under non-uniform field

• Tracking and analysis over all modules
o Effects of module boundaries
o Momentum resolution
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LP Mechanics

Support structures:
• TPC
• PCMAG

F. Hegner, V. Prahl, R. Volkenborn, DESY
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Sensors
• first setup: only 768 channels can be read out

the readout sensitive area is reduced to 38.4 x 38.4 mm²
(only the intersecting readout area of the two modules on top of each other is
interesting) 

Si Envelope
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Further Tests: CERN GEM

GEM gate
3 GEMs

TimePix
3 GEMsDummy

3 GEMs + pads
Current idea:

3 standard GEMs
140/70/60
100 cm2

2 mm spacing between 
GEMs 

pads: 1 x 4 mm2

J. Kaminski, Univ. of Bonn
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Further Tests: TimePix
With MicroMEGAS (Saclay-NIKHEF) 

P. Colas, CEA Saclay
J. Kaminski, Univ. of Bonn
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Further tests for Micromegas
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In 2008 with one detector module In 2009/10 with 7 detector modules.
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Front End-Mezzanine
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Laser Calibration Setup

DESY UV Laser
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A Large Prototype of a TPC has been built and is being 
assembled/tested/commissioned by the LCTPC collaboration

Two MPGD technologies are being tested:
Micromegas
GEM

First (preliminary) results presented

Infrastructure for Large Prototype has been constructed

e- test beam (DESY) in conjunction with PCMAG (1T magnet)

Continuation with different configurations

Advanced endplate discussions (both on mechanics, 
electronics, cooling) have started

Summary & Outlook
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backup slides
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Carlton
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Readout Electronics: ALTRO
PCA16:

1.5 V supply; power consumption <8 mW/channel
16 channel charge amplifier + anti-aliasing filter
Fully differential output amplifier
Programmable features
signal polarity
Power down mode (wake-up time = 1 ms) 
Peaking time (30 – 120 ns) 
Gain in 4 steps (12 – 27 mV/fC) 
Preamp out mode (bypass shaper or not) 
Tunable time constant of the preamplifier
Basically pin-compatible with PASA
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Readout Electronics: AFTER
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Readout Electronics: TDC

A. Kaukher, Univ. Rostock
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LP-TPC Field Cage (FC)
Summary:

• Parallelism

• Skew angle of field cage

• Flatness of anode / cathode surface   ~ 35 μm
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Cluster counting distribution in He/iC4H10

•Using 1 cm tracklength

Electrons:

Avg=27.1/cm    rms=6.3

Pions: 21.0/cm         4.8

Electrons:

Avg=28.4/cm  rms=1.2

Pions: 21.0/cm        1.2

•Using 25 cm tracklength

4.4 σ difference
0            60   0             60   0            60  

0            60   0             60   0            60  all          electrons     pions
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