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TPC Readout Using the
Gas Electron Multiplie  r

M.S.Dixit
Carleton University

Ottawa, Canada

The TPC readout endcap usually consists of proportional wires
with cathode pads.  Track angle effects, the ExB field near the
anodes and space-charge effects limit the r-φ resolution. The Z-
resolution limit ultimately comes from positive ion tail effects.
With a GEM readout, these systematic effects will be largely
absent. With the right electronics, the spatial resolution and the
two track resolving power, both in r-φ and in Z, can be
significantly better than the wire/pad TPC. Preliminary results
from a GEM test cell at Carleton appear to confirm the viability
of a GEM readout for the TPC.

Collaborators: I.Batkin, R.Carnegie, J.Dubeau, D.Karlen,
M.Losty, H.Mes, R.Melko, E.Neuheimer, M.O’Neill,
M.Schumaker, M.K.Sundaresan and L.Thompson
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Talk  Outline

•  Introduction – proportional wire/pad TPC readout

•  Why use GEM for the TPC readout?

•  How to process the GEM signal for best resolution?

•  Preliminary results from double GEM test cell with
anode strips

•  R & D plans
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Introduction - Proportional Wire/Pad Readout for
the TPC

•  r - φ  resolution dominated by ExB and track
crossing angle effects

•  Positive ion space-charge effects require gating

•  The Z resolution ultimately limited by positive ion
tails (slow rise time for the anode pulse)

•  Large endcap mass limits forward calorimetry
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4 cm drift
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2 m drift

Average = 150 µm 

electronics 80 µm

ExB and wire crossing angle effects dominate TPC resolution

80  - 110 µm when
ExB cancels angle effect
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 Why Use GEM for the TPC Readout?

•  Signicantly better r - φ resolution & 2 track
resolving power in absence of ExB  and track angle
effects

•  Ion feedback suppression to 1% or lower level
(S. Bachmann et al, CERN-EP/ 99-48, 1999)
 Simple ungated operation may be feasible

•  Fast charge pulse – better Z resolution and 2 track
resolving power

•  Mechanically simpler and lower mass endcap for
better downstream calorimetry
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How to Process the GEM Pad Signal
for Best Resolution?  

•  For ~ 1 mm wide pads, all charge may go to a single
pad due to the suppression of transverse diffusion in
high 3-4 T field. Resolution ~ 1/√12 with charge
integration

•  Track crossing angle with respect to the pad further
degrades resolution (R. Hawkings – DESY report)

•  Measure transient induction charge pulses in
adjacent pads for centroid determination?

•  Promising simulation results for space point
resolution with circular pads for TESLA TPC in a 3
T magnetic field.
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How to Process the GEM Pad Signal
for Best Resolution?

•  For ~ 1 mm wide pads, all charge may go to a single
pad due to the suppression of transverse diffusion in
high 3-4 T field. Resolution ~ 1/√√√√12 with charge
integration

•  Track crossing angle with respect to rectangular
pads further degrades resolution (R. Hawkings –
DESY report)

•  Measure transient induction charge pulses in
hexagonal (circular) pads for position
determination?

•  Promising simulation results for space point
resolution with circular pads for TESLA TPC in a
3 T magnetic field.



wires

Pads

GEM
foil ��

��
��

��
��
��

�
�
�

�
�
�

�
�
�

�
�
�

��
��
��

��
��
��

��
��
��

��
��
��

�
�
�

�
�
�

��
��
��
��

��
��
��

��
��
��

x x

QQ

GEM wire chamber

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

��
��
��
��
��
��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��
��
��
��
��
��



Berkeley 2000 29/3/2000                                        M.S.Dixit, Carleton University

Simulation

•  Weighting field potentials for the readout geometry
(Ramo’s theorem)

•  3 D => 2 D reduction:
Hex (≈Circular) pads, V = V(r, z) [V ≠ V(θ)]
Rectangular pads (length »width), V= V(x, z)

•  Laplace solution (r -> x for rect. pads):

∑ +
=

p Hp
zrb

zrV
απ

ααα
sinh)12(

sinhcossin4
),(

Here, α = (2p+1)π/a,
a = GEM width, b = pad radius (half-width)
and H = GEM induction gap height.

•  Tracks parallel to GEM plane & (rectangular) pad
length

•  Diffusion, primary and secondary ionization

•  Gas gain = 16 (for computing efficiency)

•  Compute induction signal sums for pads

•  Space point resolution with added noise
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Preliminary Results from Double GEM Test Cell
with Anode Strip Readout

•   8 channel LeCroy HQV 810 & Aleph TPC anode
charge sensitive preamps

•  6 keV x ray from 55Fe, 4.5 - 6 kVp x rays from a Cu
anode x-ray tube and 90Sr betas

•  Ar/CO2 70/30 and P10 gas mixtures

•  500 MHz Tektronix digitizing scope for data
acquisition
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�V(GEM1) = 400 V

E(TRANSFER)

~ 5 mm

~ 3.4 mm

~ 2.2 mm

GND

�V(GEM2) =400 V

V(DRIFT) = 3000 V

0.85  mm wide anode strips (1 mm pitch), LeCroy HQV810 &  
Aleph TPC ChargePreamps, P10 and Ar/CO2 gas mixtures 

Tests with Fe-55 (6 keV)  source, 4.5 kVp
collimated x rays & Sr-90 betas (~ MIP)

DOUBLE GEM SETUP FOR TESTING
WITH X RAYS   
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Conclusions & Future Plans

•  Induction charge pulse height centroids can be
determined with adequate accuracy with ~ mm
dimension anodes

•  Measure anode strip and hexagonal pad response
functions with collimated x-rays

•  Simulation and comparison with measurement

•  Development of needed high density low cost front-
end charge sensitive preamplifiers and FADC system

•  Cosmic ray tests of a mini TPC with pad readout

•  1 m drift TPC tests in a 2-3 T field with the DESY
group (longer term)


	dg: With double GEM
	evb: E not parallel to B near anodes
	tpc: Configuration for the TPC proportional wire chamber and pad readout system
	32: 200 µm readout, normal tracks
	saw: For the GEM readout, the charge may be collected by a single (~mm size) pad due to suppression of transverse diffusion in high magnetic field
	weda: However, if the signal on the adjacent electrodes induced by electron drift in the GEM gap can be measured, charge centroid determination is still possible
	3d: Collimated x rays (50 µm x 2 mm)  for resolution tests
	sdc23: Induction in 2nd neighbor (right)
	sdc: Induction in 1st neighbor (right)
	sde: Induction pulse in 1st neighbor (left)
	sdc21: Pulse in charge collecting anode
	aleo: 6 kVp X-ray - Aleph wire preamp (rise time ~ 30 ns), Ar/CO2 70/30 gas mixture
	as: Multiple hit events observed with Aleph charge preamp
	fe55sharing: Fe55 photon in P10 gas - 0.85 mm strips - Charge sharing
	hsw: (Ar/CO2 70/30, LeCroy HQV810  charge preamps with 10 ns risetime)
	asde: Overall average r-phi resolution = 173 µm, average Z resolution = 740 µm [Atwood et al, NIM A308, 1144 (1991)]
	sr50: Sr-90 beta track in P10 gas (0.85 mm anodes on 1 mm pitch)
	nhf: LeCroy HQV810  (preamp rise time ~ 10 ns)
	trx: To receiver/amplifier
	sdew: Don't use 250 ns shaping  & 11 MHz FADCs
	rcvramp: 2 channel receiver amplifier circuit for GEM induction signal read out with Aleph preamps


