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Micro-Pattern Gas Detector development for the ILC TPC

-ILC tracker challenge: 6. ~ 100 um (all tracks 2 m drift)
*Classical anode wire/cathode pad TPC limited by ExB effects
*Micro Pattern Gas Detectors (MPGD) not limited by ExB effect

*TESLA TPC proposal : 2 mm x 6 mm pads (1,500,000 channels)
GEMs or Micromegas development for TPC readout

‘R&D: 2 mm pads too wide if standard TPC readout is used
‘Need ~ 1 mm wide pads with GEM (~3,000,000 channels)
‘Narrower pads would be needed for the Micromegas

‘New MPGD readout concept of charge dispersion developed to
achieve good resolution with wide pads.

‘R&D summary - mainly on the Micromegas readout option
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Micromegas
Single stage parralel gap gas proportional detector
Micromesh supported by ~ 50 um pillars above anode
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Berkeley Orsay Saclay cosmic ray TPC tests

2 T superconducting magnet
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ion back-flow studies in Micromegas

S1/S2 ~E,

-

electrons diffuse, but ions do not !

only ions created in the very small
funnel (1-2 prm in radius) flow back into
the drift volume

it can be shown that:
ion backflow = field ratio if 20> |

for a gain of 300-500
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ion back-flow studies in Micromegas

backflow vs field ratio
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® good understanding of the ion backflow in Micromegas
® need for manufacturing large grids with a 25 micron pitch.

Vincent Lepeltier LAL-Orsay-France TPC R&D meeting LBNL March 23-24th 2005
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4 Gev/c beam tests at KEK with standard readout
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MP TPC with Micromegas - standard readout
KEK PS 4 Gev/c hadron test beam (2.3 mm x 6.3 mm pads)

~ 0.8 ~ 0.8 |
g i i ) =) i
E . — Analytical Theory N =18.5 a) | £ — Analytical Theory N =185 C) ]
£ 0.7 [ 4 Global Likelihood | 4 E07 | & Global Likelihood .
= 3 o = = o
= L = SR
= - e =
S 06 1 2 0.6 ]
= _ ; ] &
' I\ MP-TPC Micromegas
0.5 0.5 | Arlso(95:5), B=1T 1
04 | 0.4 |
0.3 | 0.3 |
1N MP-TPC Micromegas i
02 FF Arls0(95:5), B=0T ] 02 |
0.1 - 01 L §
0 100 200 "9 100 200
drift distance (mm) drift distance (mm)

Micromegas TPC resolution clearly limited by pad width

especially at higher magnetic fields
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Improving MPGD TPC resolution
without resorting to narrower pads

Disperse track charge after gas gain to improve

centroid determination with wide pads.

For the GEM, large transverse diffusion in the high
E-field in transfer & induction gaps provides a natural
mechanism to disperse the charge which improves
the resolution.

*No such mechanism for Micromegas

*The GEM readout will still need ~ 1 mm wide pads to
achieve ~ 100 um ILC resolution goal

Charge dispersion - a geometrical pad signal induction
mechanism. It makes position sensing insensitive to pad width.
The technique works for both the GEM and the Micromegas
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Charge dispersion in a MPGD with a resistive anode
= drifting
: electrons

*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=0
disperses with time.

*Time dependent anode charge

density sampled by readout pads.

10

Equation for surface charge
density function on the 2-dim.
continuous RC network:
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Micromegas resistive anode readout structure

DRIFT PLANE
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Cosmic ray tests of charge dispersion readout

!.ll.l.l'll .I.....EI.' L

*15 cm drift length with GEM or - ...._ -1

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

low transverse diffusion in a
magnetic field.

*Aleph charge preamps.

T Rise— 40 1S, Ty = 2 Us.

«200 MHz FADC:s rebinned to
digitization effectively at 25 MHz.

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

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

Micromegas endcap.
29 January, 2007 Draft 12



Charge dispersion pulses & pad response function

Unusual highly variable charge dispersion 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, system RC nonuniformities & geometrical effects
Introduce bias in absolute position determination.

The position bias can be corrected by calibration.

PRF and bias determined empirically using a subset of
data which was used for calibration. The remaining data
used for resolution studies.

29 January, 2007 Draft 13



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.
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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 its FWHM I'(z) & base

width A(z).

PRFs determined from the data have been fitted to a

functional form consisting of a ratio of two symmetric

4th order polynomials.

2 4
PRF[x.T(2).A.ab] = O %X +d:X )

(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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Track fit using the the PRF

Track at: Xtrack= Xo™T tan(¢) Yrow

. ZZ(A PRF]

rows i=pads

| \K Determine x, & ¢ by minimizing
6 mm

v’ for the entire event

f\ * Definitions:

- residual: xrow-xtrack

2 mm

- bias: mean of X, ~X;.acr = [(Xirack)

- resolution: ¢ of the residuals

29 January, 2007 Draft
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Bias corrections for the GEM & for Micromegas
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Transverse resolution (B=0) for cosmic rays
Ar+10%CO0O2

K. Boudjemline et.al., To be published
NIM A - in press

R.K.Carnegie et.al.,
NIM A538 (2005) 372
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Compared to conventional readout, charge dispersion

gives better resolution for the GEM and the Micromegas.
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Track display - Ar+5%iC4H10 KEK 4 GeV/c hadrons
Micromegas 2 x 6 mm2pads B=1T

% Event Panel

CARLETON-TPC TRACK DISPLAY
4 5 6 | 1

b

File Edit “iew OQptions Inspect Classes

Event 9 Time = 1527 Z=15.30 cm
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Pad Response Function / Ar+5%iC4H10
Micromegas+Carleton TPC2x 6 mm? pads, B=1T

30 z regions /
0.5 cm step

0<z<0.5cm

plltUde: s .

3<z<3.5cm

3.5<z<4cm

_ naormalized am

6<z<6.5cm

6.5<z<7cm

0.5<z<1cm

1<z<1.5cm

1.5<z<2cm

4<z<45cm
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7.5<z<8cm

xtrack — xpad / mm

2<z<25cm

5<z<55cm

8<z<8.5cm

25<z<3cm
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Pad Response Function / Ar+5%iC4H10

®9<z<9.50m 9.5<z<10cm 10<z<10.5cm 10.5<z<11cm 11 <z<11.5cm 11.5<z<12cm
—U!_ 1 | 1| 1 1P
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£
QS_
c
xtrack — xpad / mm 4 pads / x4 mm

" PRF parameters

ca=b=0

*A = base width =7.3mm/’

T = FWHM = f$z)
The parameters depend on TPC

gas & operational details
29 January, 2007 Draft
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Transverse spatial resolution Ar+5%iC4H10
E=70V/cm D, = 125 pm/\cm (Magboltz) @ B=1T

Micromegas TPC 2 x 6 mm? pads

: 0'135 4 GeVic " beam | +Strong suppression of transverse
-é 0.16— e ~ 00, ¢ ~ 00 .............. difoSion at 4 T

E 014 .. ______________ Examples:
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| Aleph TPC gas
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0.06F e’ .——————— I Extrapolate to B = 4T
004:_ .............. ...... GO: (5211) um- Use DTI’ - 25 pm/'\lcm

vodt. LNer= 2280 (stat) | | |Resolution (2x6 mm? pads)
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5 T cosmic tests with charge dispersion at DESY
COSMo (Carleton, Orsay, Saclay Mon’rreal) Mlcromegas TPC

Dy,= 19 um/Ncm, 2 x 6 mm? pads

g 0.2¢
: 0-18__ ............ ................. .................
o - : : : ; - : : _

20460 [ ArCF4ls0 (95:3:2) |
o r _
@ 0.14 [ ................. ....... : B = 5T :

e S

0.1:_ ............ ................. ................. ......... - o@,
L SN
008;_ ............ ................. .............. @(\i

0,06 E
004__ ............ ................. .................

~ 50 um av. resolution over
15 cm (diffusion negligible)
Nov-Dec, 2006 " 100 um over 2 meters
appears feasible
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What about resolution at lower gains needed for low ion backflow?

Gain ~ 4700
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resolution / mm
L |
n 29
ca m

0.1
0.08
0.06
0.04

0.02

Gam ~ 4700 B 05 T

__ ................. ....... Ar CF4 Iso (95 3. 2}

B =0.5T

Ga|n~ 2300 B 05 T

Ar CF4 Iso {95 3: 21
B=05T

The resolution and o, still good at low gain
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Gain relative to B=1T

Micromegas gain measurement in the DESY magnet

Micromegas gain vs. magnetic field measured with a Fe55 source

1,05
1,03
1,01 |

WE

0,99

0,97

0,95
0 0.5 1 1.5 2 2,5 3 3,5 4 4.5 5

Magnetic field (T)

Gain constant to ~0.5% up to 5 T
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Simulating the charge dispersion phenomenon

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.

*No standard pulse shape. For a better understanding
& to compare to experiment, one must 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.
29 January, 2007 Draft 28



Charge dispersion spot x-ray signal for GEM

Simulation versus measurement (Ar+10%C02)
(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
£ o L B 3005
%-0.2 - E- 0
20,05
-0.4 -
-0.1
e simulated signal ] 1 simulated signal
08 observed signal R 02 observed signal E
-1+ . -0.25 j . tlil.’]f:!&‘:;l:z :!]:gs:;\lred - simulated €
'll o Is‘lml - Ilol'ml - I15|““I 2 03 _||] - Isclml - |10|00| - |15|00| 200
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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GEM TPC charge dispersion simulation (B=0)
Cosmic ray track Z= 67 mm Ar+10%CO2

Run 103, Event 2874

WW W B ey et S
»f 17 1 <F ] E I 140
T il 1 Wl | =f 1.t ] S 2 120
Lo b . - - S 30 ‘ 2X6 mm padS 100
. T ™ s ™ e T . T T o y ™3 s %
1=t - 80
| " " 70
e i = e
' j ' 50
“f 1.0 1*f 40
] il 35
i — LY 30
/ 25
,V 20
ol . “l 14
-
. 5
4k . 2
wh 1.tV 1°FYy 1T Fw*Y 1 Wy U b e e e L L
i " & " 0 10 0 10 20 30 0
(mm)
o = 4 0 e -
w . ) ) n \H—/_ﬁ/—/f
A Simulation |
.. — Data
Pad 1 ad Pad 5
T T T T TR T T T T T TR T T T R T T TR T
Time (ns) Time (ns) Time (ns)

Centre pulse used for simulation normalization - no other free parameters.
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(David Attie, EUDET Meeting, Munich 18 October, 2006)

Mesh : 50 um gap of 10x10 size

Mixtures of gases containing argon

100000
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(€S D)
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1 4%
: 5% r

:3%, 1s0: 1%
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Gain
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Large panel Micromegas development for T2K TPCs

Micromégas HV supply
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-T2K will have 3 TPCs | _' I

24m

neutrinos .

W
*72 Micromegas modules i | gy

'TOTGI area ~ 9 m2 Water pipes | Oical Fibers /BT supply
124416 readout channels
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New development
Bulk Micromegas
L. Giomataris, R. De Oliveira et al., DAPNIA-04-
80
3% Large area and robustness 4% Bulk Micromegas obtained by
Good uniformity lamination of a woven grid on an
Easy implementation anode with a photo-imageable film
Low cost
Industrial process B 80 pm
<:@l>
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Bulk Micromegas development for T2K

lﬂ?}f The TPC Module 0 / MMO2 prototype
J

MMO02 2006 pre-production
B Prototype for TPC Mod. 0

Coverlay insulating pilar
&=0,4 mm

12mm total dead region |

Bulk Micromegas is cut

with a 2 mm border
Fully engineered project

Bulk Micromegas are self supporting

Minimum dead space between panels ~ 8 mm
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Electronics
to be provided by Luciano
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Summary

MPGD-TPC has difficulty achieving good resolution with
wide pads

With charge dispersion, the charge can be dispersed in a
controlled way. Wide pads can be used without sacrificing
resolution. Charge dispersion works both for the GEM
and the Micromegas.

At 5 T, an average ~ 50 um resolution has been
demonstrated with 2 x 6 mm? readout pads for drift
distances up to 15 cm.

The ILC-TPC resolution goal, ~100 um for all tracks,

appears feasible.
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