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Resolution of a gaseous charged particle counter
with pad/strip readout

1) Primary ionizing interactions (Poisson Distribution) ;

P(n) = <N> " e=<N>/nl (<N> = average) ,

2
E
5

2) Number of electrons per cluster

fluctuates (cluster size distribution) |
Fischle et al (A301, 202 (1991) oE

3) Electrons drift with Gaussian diffusion

foward the readout amplification stage

N Gain stage.-t e,
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MPGD resolution with conventional readout
Micromegas example

Electron drift distance from ~ mm to meters

4) Gas avalanche (Gain fluctuations)

5) Readout (pad size depends on application)

Resolution from centre of gravity

0'x2 RO, +N—%[D22+W2/12]

N ¢ is less than <N> (average number
of electrons)

= 1/<1/N>
pad -2 pad-1 pad0 pad 1 N ¢ ~20 to 30% of <N>
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Pad width limiting factor for a MPGD-TPC in a high B field
Wire/pad TPC not limited by pad width but by ExB effects
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Micro Pattern. }i/ Proportional
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Anode pads — ~Cathode pads
2 mm wide

2 mm w(ST“ o

Direct signal on the

MPGD anode pad
For small diffusion, less
precise centroid for wide pads

Bl

Induced cathode signal
determined by geometry

Accurate centroid determination
possible with wide pads

2
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MPGDs in charged particle tracking applications

*For standard tracking applications, to achieve good
resolution, MPGDs require high density sub-mm pad
readout structure: o, * W/~(12 N_¢)
GEMs & Micromegas (e.g.COMPASS)

'W=400 pm & o, = 70 um = Nz~ 3

Number of readout channels manageable
*Several large volume MPGD-TPCs proposed for HEP
and for rare event detection; e.g.

ILC TPC: 1,500,000 channels (2 mm x 6 mm pads)
*At B = 4 Tesla; D~ 25 um/\em; o(z=2m) ~ 350 um
& signal confined to 1 or 2 pads

*T2K TPC: 100,000 channels (7 mm x 9 mm pads)
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The large TPC challenge:
How to reduce complexity and achieve good
resolution at an affordable costs

*Unprecendented resolution challenge for the ILC TPC.
To measure 200 track points; o(r, ¢) ~ 100 um at 2 m
drift including stiff 90 degree tracks.

‘For the GEM, large transverse diffusion in the transfer
& induction gaps provides a natural mechanism to
disperse the charge and facilitate centroid
determination.

‘GEMs with standard readout will need ~ 1 mm wide
pads to achieve ~ 100 um resolution goal with
~3,000,000 readout channels

*With standard readout, even narrower pads would be
needed for the Micromegas
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How to get good MPGD resolution with wide pads?

*Find a mechanism similar to proportional wire
iInduced cathode pad signals

*Charge dispersion - a new geometrical pad signal
iInduction mechanism for the MPGD readout that
makes position determination insensitive to pad
width.

*Development of a new concept of charge
dispersion in a MPGD with a resistive anode The
technique works for both the GEM and the
Micromegas

Madhu Dixit MPGD Workshop - IEEE Hawaii 2007 7



Position sensing from charge dispersion in a
MPGD with a resistive anode

Position sensing on a anode proportional wire from charge division

Telegraph equation (1-D): L aZQ _I_@ _ 1 aZQ
R ot* ot RC ox?

Deposit point charge at t=0

RC —x°RC
Solution for charge density (L ~ 0) Q(X, t) = 4—7” e 4¢

Generalize 1 D wire charge division to a 2 D RC network
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Charge dispersion readout concept test for GEM

GEM Setup for Resistive Anode Tests

Drift plane
5.4 mm drift gap
sssssrosasssrossszsozesaszznazeizizz: GEM 1
2 mm transfer gap
.............................................................................. GEM 2

VB o s  ROQdOUL pads
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Equivalent circuit for currents in a MPGD with
an intermediate resistive anode

Current generators

)
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Signal pickup pads

R > R R
é é Pad amplifier é

-
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Observation of a 6 keV °°Fe x-ray photon event in a
double GEM test cell with a resistive anode

Collimator size ~ 1 mm ; signal detected by ~7 anodes (2 mm width)

Tek Stop - — . _ _
{ : U i 1 : _ i _ |
2 mm strip signals for a single photon conversion
‘ T T R P T T R R IR
. | Ch1 Low
|2 """ """ 1 -16.0mV
Ch2 Low
-28.4mV
: Ch4 Low
1 —38.9mv
‘_
Chi[ 10.0mv< [Ch2[ 10.0mv< M 100ns| A Ch4 \—33.2mV
Ch3 10.0mvQ 10.0mvQ 13 Mar 2002
123.60 % 18:29:44
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GEM proof of concept tests with charge dispersion

M.S.Dixit et.al., Nucl. Instrum. Methods A518 (2004) 721.

GEM cell

-

2D micrometer
stage
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Point resolution for GEM

Charge dispersion readout (Ar+10%CQO2)
Collimated ~ 4.5 keV x rays, Spot size ~ 50 um

=
E o1 | i
g L 2x6 mm? pads
% L ]
ks I l'-.w mmd *ﬂé
0.05 |-

Pad 22
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0 1 1 I 1 11 1 I 1 1 1 1 I 1 1 | | I 1 L1 1 I L1 1 1 I 1 1 L1 I 1 | | 1 I 11 1 1
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true (mm)

*GEM resolution ~ 70 um.
*Similar resolution measured for a Micromegas with a
resistive anode readout using 2 mm x 6 mm pads
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Charge dispersion in a MPGD with a resistive anode

*Modified MPGD anode with a
high resistivity film bonded to a
readout plane with an insulating
spacer.

«2-dimensional continuous
RC network defined by material
properties & geometry.

*Pointchargeatr=0&t=20
disperses with time.

*Time dependent anode charge
density sampled by readout pads.

Equation for surface charge
density function on the 2-dim.
continuous RC network:

op_ 1 r82/7+1c9_/?1 pr) |

ot RCL&rz r&rJ
—r2RC

= P ) =S o A
P 2t €

10

8

2

padl pad2

t=

. pad3 |

t:§10ns

~ t:éSOns
t = 100 ns

250ns |

t=1000ns |

= drifting
: electrons

M.S.Dixit et al, Nucl. Inst. Meth A518, 721 (2004)
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Micromegas with a resistive readout

SURFACE RESISTIVITY
DRIFT PLANE
- 25 um Mylar film
- EDrift (Cermat coated) '
v 25 um thick| 7
Micromesh (adhesive)

ISO pm amplification gap

READOUT
board

SEE DETAIL A
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A resistive anode MPGD readout
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Simulating the charge dispersion phenomenona

M.S.Dixit and A. Rankin, Nucl. Instrum. Methods A566 (2006) 281.

*The charge dispersion equation describe the time
evolution of a point like charge deposited on the
MPGD resistive anode at t = 0.

*To compare to experiment, one needs to include the
effects of:
Longitudinal & transverse diffusion in the gas.
*Intrinsic rise time T, of the detector charge pulse.
*The effect of preamplifier rise and fall times ¢, & t-.

*And for particle tracks, the effects of primary ionization
clustering.
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Charge dispersion signal for GEM - Collimated x-ray spot

Simulation versus measurement (Ar+10%CQ02)

(2 x 6 mm? pads) Collimated ~ 50 um 4.5 keV x-ray spot on pad centre.
Difference = induced signal (not included in

simulation) studied previously:
MP{D '99 (Orsay), LCWS 2004 Paris

primary pad secondary pad

2 0 T ! §0.055|\...
E‘—o.z ] E— 0 L"
? <005 |
s E 01 |
e simulated signal ] B E simulated signal
-8 observed signal R 02 observed signal 1
1 . -0.25 X difference observed — simulated -
o I T RS T R S R - N = induced signal ]
0 500 1000 1500 2000 -0.3 _"] — '5"]0' — '10'00' — '15'00' 000
time / ns time / ns
Simulated primary pulse is Primary pulse normalization used for
normalized to the data. the simulated secondary pulse
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Learning to track with charge dispersion
Cosmic ray tests — no magnetlc field

*15 cm drift length with GEM or g a -7 [

Micromegas readout
*B=0
*Ar+10% CO2 chosen to

simulate low transverse
diffusion in a magnetic field.

*Aleph charge preamps.
T Rise 40 NS, T pan — =2 HS.

60 tracking pads (2 x 6 mm?)
+ 2 trigger pads (24 x 6 mm?).

The resolution was next

The GEM-TPC resolution was measured with a charge
first measured with conventional  dispersion resistive anode
direct charge TPC readout. readout with a double-GEM &

with a Micromegas endcap.
Madhu Dixit MPGD Workshop - IEEE Hawaii 2007 19



GEM TPC charge dispersion simulation (B=0)

Cosmic ray track, Z =67 mm Ar+10%CO2

40 1T

Run 103, Event 2874
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Centre pulse used for simulation normalization - no other free parameters.
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Charge dispersion pulses & pad response function (PRF)

*Non-standard variable pulse shape; both the rise time
& pulse amplitude depend on track position.

*The PRF is a measure of signal size as a function of
track position relative to the pad.

*\We use pulse shape information to optimize the PRF.
*The PRF can, in principle, be determined from
simulation.

However, existing fabrication techniques introduce a
bias in the measured position.

*The position bias is geometrical and reproducible. The
bias is corrected by calibration.

*PRF and bias determined empirically using a subset
of data.
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Rel. PRF Amplitude

GEM & Micromegas track Pad Response Functions

Ar+10%CO, 2x6 mm? pads

The pad response function (PRF) amplitude for longer
drift distances is lower due to Z dependent normalization.

S T i I L R (LS B Y T i T | T T :
: E b E
: O :
- GEM £ | Micromegas =
~ ArCO,.Z=1cm E 3 ArCoO,. Z=1cm 3
- ArCO,,Z-14 em = | Arco,z-14em :
g = ]
4 2 0 2 4 6 & 2 0 2 4 6
X/ mm x/mm

GEM PRFs Micromegas PRFs

Micromegas PRF is narrower due to the use of higher resistivity
anode & smaller diffusion than GEM after avalanche gain
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Track PRFs with GEM & Micromegas readout

*The PRFs are not Gaussian.

The PRF depends on track position relative to the pad.

. PRF = PRF(x,z)

*PRF can be characterized by FWHM I'(z) & base width
A(z).

*PRFs determined from the data parameterized by a ratio of
two symmetric 4th order polynomials.

1 2 4
PRF[x,1(2),A(2),a,b] = S P + a4x4)
(1+b,x" +b,x")

a, a, b, & b, can be written down in terms of I'
and A & two scale parameters a & b.
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24

2 mm

Madhu Dixit

Track fit using the the PRF

Track at: X;.,.,.= Xp+ tan( D) Vrow

. ZZEA PRF)

rows i=pads

Determine x, & ¢ by minimizing y? for

_ the entire event
- Definitions:

- residual: X, Xiack
- bias: mean of X, ~X;..cx = [(Xiraci)

- resolution: standard deviation of
residuals

MPGD Workshop - IEEE Hawaii 2007
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B=0 Cosmic Ray Transverse Resolution
Ar+10%CO,

R.K.Carnegie et.al., K. Boudjemline etal.,
NIM A538 (2005) 372 NIMA 574, 22 (2007)

A. Bellerive et al,
LCWS 2005, Stanford

| [

~ 02 |- GEM with direct 1 | A = 02 | GEM with charge 1 = 02 - Micromegas with charge
= | charge readoul et | dispersion resdout .2 | dispersion resdout
F _ B B
Toas ik . 1 el i Teash
e
N N gt N
I il 1 | il 1 I il
=07, Oy =00 =T, Oy =02 =, O, =0
e =il i C,=ilin i T, = 111
Slapghalta pred Slapghalta pred Slapghalta pred
i | ii E | 0 |
i e 15 ] £ e 15 ] £ e 15
T Cm T Cm T Cm

Compared to conventional readout, charge dispersion gives better
resolution for the GEM and the Micromegas.
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First tests in a magnetic field (Oct, 2005)

Micromegqgas TPC - charge dispersion readout

4 GeV/c KEK PS 2
hadron test beam

*Super conducting
1.2 T magnet

Ilnner diameter : 850
mm

Effective length: 1 m

Canada, France, Germany, Japan (Carleton, Montreal, Saclay, Orsay, MPI
(Munich), KEK, Kinnki, Kogakuin, Saga, Tsukuba and TUAT)
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Pad Response Function / Ar+5%iC4H10
MicromegasTPC 2 x 6 mm?pads,B=1T

30 z regions /
0.5 cm step

0<z<0.5cm 0.5<z<1cm 1<z<1.5cm 1.5<z<2cm 2<z<25cm 25<z<3cm

£E3<z<3.5cm 3.5<z<4cm 4<z<45cm 45<z<5cm 5<z<55cm 55<z<6cm

~
pe

TOrT TS \O o

T

ermalized

n

6<z<6.5cm 6.5<z<7cm 7<z<7.5cm 7.5<z<8cm 8<z<8.5cm 8.5<z<9cm

xtrack — xpad / mm 4‘—’pa de 1 24 e



Transverse spatial resolution Ar+5%iC4H10
E=70V/cm D, = 125 pum/Ncm (Magboltz) @ B= 1T
Micromegas TPC 2 x 6 mm? pads

=
-
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— 4 GeV/c " beam : : :
o o | <Strong suppression of transverse
186~0°%0~0 | diffusion at 4 T.
__ .............. .............. .............. .............. .............. Examples:
- @2 ... .| Dy~25umiNcm (Ar/CH4 91/9)
o =\/00 + ]C, "}* Aleph TPC gas

o
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<
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-
B
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o
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0.1— e ........ T— FEEE. ______________ ~ 20 um/\/cm (ArICF4 97/3)

0.08

— > Extrapolate to B = 4T
O T oetlypm - ) || Use Dy, =25 ym/Vcm
vt LNen= 227010 | 1 Resolution (2x6 mm? pads)
- o, ~100 um (2.5 m drift)

o_llllllI|III|III|III|III|III|I |

0.06 :_ .............. ......

0 2 4 6 8 10 12 14 16
z/cm
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Tests in the 5 T magnet at DESY 2 mm x 6 mm pads
The track charge width is negligible compared to the pad width.
(Carleton-Orsay-Saclay-Montreal) COSMo TPC track display

‘III L 18 || 18 [[ w7 |[ 16 | 46 || 14 [[ 48 || 12 |[ W || 0 || 8 |[ & || 7 || & || & || 4 | & || 2 |
bl hase 4 jiaie %MVTVMH_._..__—_ AESSSIA | | I
JII 1l 38 £ 28 28 24
o] o ) S B (S| ) N B ) ) ) 55 5 43 a7 48 42
— ] e ____Jll_ R e PR R P 120 128 128 64 83 59 56
= S T TR e L 102 104 108 110 11 || m2 |[ n3 1 us || 16 || 17 |[ 18 || 119
U” B e e B e e B e e
e i L T R A 84 85 26 a7 28 a8 91 92 93 96
N S S S A
_ GY GB “ m " H n ?5 m “

A cosmic track with charge dispersion.
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5 T cosmic tests with charge dispersion

COSMo (Carleton, Orsay, Saclay, Montreal) Micromegas TPC
D= 19 um/Vem, 2 x 6 mm? pads

g 0.2
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|
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———
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-
-9

!

e
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)

|

0.08 R ................. .................
006 L ................. .................

0.04 e .................

0.02 e ................. .................

M. Dixit et. al, NIM A 581, 254 (2007)

~ 50 um av. resolution over 15 cm (diffusion negligible)
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Application to T2K TPC

Expected performance *7x9 mm? pads
om Resolution better
] ow/Prvs et cy than 10% at *10% Ap/p (1 GeVic)
bt pt~1GeV for any

m+ : 4 : : configuration, *Good enough!

similar to effect oRequirement
of Fermi motion . m .
limited by Fermi

pt
8x8 mm? staggered I * m Otl 0 n
8x8 mm? R | 8 ¥ '
Triangles 12mm side ook ' : ' : *

(from a talk by F.Sanchez (Universitat Autonoma de Barcelona)

But better momentum resolution would be useful:
Better background rejection = More channels => $$?
Can one do it with the presently chosen pad dimensions?
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T2K simulation for 8 x 8 mm? pads

Track crosses no pad row or column boundaries

Ar+10% COZ_, Vorift = 28 um/ns (E = 300 VV/cm)

Anode surface resistivity 150 K/, dielectric gap = 75 um, K =2

Track at z= 175 mm, x = 0, ¢ = 0 (uniform ionization)
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Micromegas TPC with resistive readout - Simulated PRF
8 x 8 mm? pads Ar+10% COz@ 300 V/cm 175 mm drift distance

Madhu Dixit

Relative amplitude

Slmulated pad re rrponse funct1on

(mm)

MPGD Workshop - IEEE Hawaii 2007

33



Summary

Traditional MPGD-TPC has difficulty achieving good resolution
with wide pads

With charge dispersion, the charge can be dispersed in a
controlled way such that wide pads can be used without
sacrificing resolution. One can achieve excellent resolution
with wide pads both for the GEM and the Micromegas.

It will enable large TPCs like the ILC TPC to achieve good
resolution with a smaller number of readout channels, keep the
endplate mass low and also the electronics heat loads
manageable.

For low rate large TPCs like T2K, it appears feasible to
achieve better resolution with existing number of channels with
the charge dispersion readout.

Good understanding of charge dispersion. The simulation can
be used to optimize charge dispersion TPC readout.
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