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Gas Electron Multiplier
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The TPC readout endcap usually consists of proportional wires
with cathode pads. Track angle effects, the ExB field near the
anodes and space-char ge effects limit the r-¢ resolution. The Z-
resolution limit ultimately comes from positive ion tail effects.
With a GEM readout, these systematic effects will be largely
absent. With theright electronics, the spatial resolution and the
two track resolving power, both in r-¢ 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: |.Batkin, R.Carnegie, J.Dubeau, D.Karlen,
M.Losty, H.Mes, R.Melko, E.Neuheimer, M.O’Naelll,
M .Schumaker, M .K.Sundaresan and L. Thompson
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Talk Outline

I ntroduction — proportional wire/pad TPC readout

Why use GEM for the TPC readout?

How to processthe GEM signal for best resolution?

Preliminary results from double GEM test cell with
anode strips

R & D plans
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|ntroduction - Proportional Wire/Pad Readout for
the TPC

r - @ resolution dominated by ExB and track
crossing angle effects

Positive ion space-char ge effectsrequire gating

The Z resolution ultimately limited by positive ion
tails (dow risetimefor the anode pulse)

L arge endcap mass limitsforward calorimetry
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Configuration for the TPC proportional wire
chamber and pad readout system
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S.R. Amendolia et al. / The spatial resolution of the ALEPH TPC

Nuclear Instruments and Methods in Phvsics Research A283 (1989) S73-577
North-Holland. Amsterdam

ExB and wire crossing angle effects dominate TPC resolution
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Overall average r-phi resolution = 173 um, average Z resolution = 740 pm
[Atwood et al, NIM A308, 1144 (1991)]
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Why Use GEM for the TPC Readout?

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

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

» Fast charge pulse—Dbetter Z resolution and 2 track
resolving power

* Mechanically smpler and lower mass endcap for
better downstream calorimetry
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Gas Electron MUItlleer - GEM . saui, nm asesiio0rs3n

i

conversions release glectrons

Eurin cohversion distance=3mm

electrons drift into holes

"

— ; ] IL"'- -
' \ composite mesh acts as an amplifier -

~B500 ¥  50pm polymer foil with 5pm metallisation on both

f sides holes (B0um -50um -80um) every 140um
electrons multiply in the high field :
i * multiplication & read-out separated
Evmenr= 2.0 - 10.0 K¥/cm transfer gag distance= 1 mm”~ Position resolution of 40um

* time resolution of 5n
* gains up to 10 000

200 um readout,
ormal tracks

glegtrons get transferred towards the read-out electrode

———————————

Ar-C0.: T0% -30%
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How to Processthe GEM Pad Signal
for Best Resolution?

* For ~1 mm wide pads, all charge may gotoasingle
pad dueto 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
degradesresolution (R. Hawkings— DESY report)

 Measuretransient induction charge pulsesin
adjacent padsfor centroid deter mination?

* Promising ssimulation resultsfor space point
resolution with circular padsfor TESLA TPCina3
T magnetic field.
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How to Processthe GEM Pad Signal
for Best Resolution?

 For ~1 mm wide pads, all charge may gotoasingle
pad dueto the suppression of transver se diffusion in

high 3-4 T field. Resolution ~ 1/¥12 with charge
Integration

« Track crossing angle with respect to rectangular
pads further degradesresolution (R. Hawkings —

DESY report)

)
/

/

 Measuretransient induction charge pulsesin
hexagonal (circular) padsfor position
deter mination?

 Promising ssimulation resultsfor space point
resolution with circular padsfor TESLA TPC in a
3 T magnetic field.



For the GEM readout, the charge may be
collected by a single (~mm size) pad due to
suppression of transverse diffusion in high

maanetic field

wrechambI
y

|
X
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

GEM
foil |

X
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Simulation

- Welghting field potentialsfor the readout geometry
(Ramo’ s theorem)

W GENE

W GENE

— IV readout

OV readont [V padistrip
3B perpective Simplifeed -B

« 3 D=>2D reduction:
Hex (=Circular) pads, V = V(r, z) [V # V(9)]
Rectangular pads (length »width), V=V(x, 2)

» Laplace solution (r -> x for rect. pads):
Vir ) = Z 4sinab cosqr sinh gz
@p+Drsinhall Here o = (2p+1)17a,

a = GEM width, b = pad radius (half-width)
and H = GEM induction gap height.

 Tracksparallel to GEM plane & (rectangular) pad
length

Diffusion, primary and secondary ionization

Gasgain = 16 (for computing efficiency)

Compute induction signal sumsfor pads

Space point resolution with added noise
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Preliminary Resultsfrom Double GEM Test Cdll

with Anode Strip Readout

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

6 keV x ray from >Fe, 4.5-6 kVp x raysfrom a Cu
anode x-ray tube and *Sr betas

Ar/CQO, 70/30 and P10 gas mixtures

500 MHz Tektronix digitizing scope for data
acquisition



DOUBLE GEM SETUP FOR TESTING
WITH X RAYS

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

Collimated x rays
(50 pm x 2 mm)
for resolution tests

A4
V(DRIFT) = 3000 V

E(DRIFT) ~5mm

NGCGEMD =400V em g oo oo e EEE e
E(TRANSFER) ? ~2.2mm

AVGEM2) =400V o g oo oooooeoenE S S
E(INDUCTION) ~3.4mm

Testswith Fe-55 (6 keV) source 4.5 k\l\q)
collimated x rays & Sr-90 betas (~ MIP)



UseAleph TPC Readout Front End

To receiver/amplifier

Don't use 250 ns shaping

test & 11 MHz FADCs
input test input
signal
input
. i rati
. receiver Pole/zero & Integ ?ft.'o”.
op-amp driver compensation +ampliication
e P ™
preamplifier shaper FADC
Fig. V.22 Functional diagram of the analog electronics chain.
I
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11— Output
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PAD - PREAMPLIFIER

Fig. V.23 Circuit diagram of the pad amplifier.
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2 channel receiver amplifier circuit for GEM induction signal read out with Aleph preamps
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gas mixture

: : : ; g Pulse in charge collecting anode

Inductin pulsein 1st nighbor Ieft) """""

I ncluction in 1st neighbor (right) IR

j Induction in 2nd neighbor (right)

Chi 20.0mve Ch ' "M T00ns '.a. N3 0mV

24 Mar 2000
B+~ 54.0000ns 11:47:31
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Multiple hit evnts oserve with Aleph charoe
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Fe55 photon in P10 gas - 0.85 mm strips - Charge sharing
L 1 J

| LeCroy HQV810 (preamp rise time ~ 10 ns)

Chi 1[] l'.]m"h-"ﬂ' F'u'l 1I'JI'JI‘IS A '\.—3[] Em‘#’

20 Jan 2000
W 26.80 % 12:31:54




Tel( Pre‘u’u l-Sr-90 beta tr;aclgln P10 gas (0.85 mm anodes on|1 mm pitch)
LeCroy HQV81O (preamp rise time ~ 10 ns) ° AL
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Anode Strip Response to Collimated 4.5 kVp X Rays (500 MHz Tektronix - 500 pulse averages)

X-ray beam position =- 100 pm
{beam left of centre)

A-ray beam position = 0 ym
{beam centered on centre strip)

X-ray beam position = + 70 um

{beam right of centre)

[Weighted centroid (data)=-88 ym ) =0 pm B = +56 pm
o 031 05.031
(L0 —{unsnbmitte e Eefi Neighlyor {303 Lagft Neighbor
| e
0] jehpor t Nepghpor eighbor
3 = >
"B 41012 <, 0 £, 00z
= E &
E i i 3" a :.}? {1113
= E 2
TRV O sk ) S L oa || Cemire| Stri g |CHntre [Striy
1] .08 2 cant | P il
Trme (20 ns/division) Time (20 ns/division) Time {20 ns/division)
Relative pulse heights (after correcting for unequal amplifier pains)
Left/ 15.4% 14.7% 12.1%
Centre
Right/ 10.9% 14.7% 15.0%
Centre

GEM induction gap ~ 3.4 mm, 0.85 mm wide anode strips at 1 mm pitch.
~ 100 pm collimated x ray beam incident normally on centre anode strip
(Ar/CO2 70/30, LeCroy HQV810 charge preamps with 10 ns risetime)
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Conclusions & Future Plans

* Induction charge pulse height centroids can be
deter mined with adequate accuracy with ~mm
dimension anodes

 Measure anode strip and hexagonal pad response
functionswith collimated x-rays

o Simulation and comparison with measur ement

» Development of needed high density low cost front-
end char ge sensitive preamplifiersand FADC system

 Cosmicray testsof amini TPC with pad readout

e Imdrift TPCtestsin a2-3T field with the DESY
group (longer term)
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