Measurement of MPGD-TPC resolution with
cljwarge dispersion in a beam test in a magnet
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Motivation & overview
 |ILC tracker goal A(1/p7) £5.10° (GeV/c)

TDR TPC: 200 pads; o, ~ 100 um (= 2 m drift), pad size 2 x 6 mm?

=> Total TPC pad count ~1.5 x 10°

« R&D shows 2 mm too wide for 100 um resolution with normal readout.
Ways to improve the MPGD-TPC resolution:
Under consideration - narrower 1 mm x 6 mm pads (3 x 108 total). R&D
issues: High density electronics, larger heat load, TPC endcap mass etc.
Alternative: Disperse avalanche charge to improve resolution for 2 mm
wide pads. Development of a TPC readout with charge dispersion in

MPGDs with a resistive anode.

» Charge dispersion demonstrated in cosmic ray TPC tests with no magnet.
> B=1T4 GeV/c beam test at KEK PS in October 2005. Two TPCs: MP TPC

(MPI Munich, Saclay, SAGA, KEK) with GEMs & Micromegas & Canadian TPC

with Saclay Micromegas.

» Update of results reported at LCWS 2006 Bangalore.

» Progress in simulation.
> Summary & outlook.
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Charge dispersion in a MPGD with a resistive anode

Modified MPGD anode with a : drifting
high resistivity film bonded to a : electrons
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
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Micromegas with a resistive anode for
the charge dispersion readout
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The two beam test TPCs

Charge dispersion
readout endplate

- Micromegas 10 x10 cm? -Micromegas & GEMs 10 x10 cm?
- Drift distance: 16 cm -Drift distance 25.9 cm

- 126 pads, 2 x 6 mm? each in 7 - 384 pads 2.3 x 6.3 mm? each in
rows 16 rows

-ALEPH preamps + 200 MHz -ALEPH preamps + 11 MHz Aleph
FADCs rebinned to 25 MHz Time Projection Digitizers
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KEK PS 72 test beam set up with Carleton & MP TPCs
Beam data taken both in & outside the magnet for the two TPCs

4 GeV/c beam

B=1T

TPC2 in
maghet

VLCWO06

*4 GeV/c hadrons (mostly ms)
*0.5 & 1 GeV/c electrons

*Super conducting 1.2 T
magnet without return yoke

eInner diameter : 850 mm
Effective length: 1 m

Carleton TPC in the beam

outside the magnet
M. Dixit



Track display - Ar+5%IC4H10

. 5 B Ly = 15.3Cm
Micromegas 2 x6 mm<padsB=1T

v  Event Panel = X
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The pad response function (PRF) - a measure of pad signal

as a function of track position
14<z<15cm E———7 TPC

12<z<13cm | |
10<z<1llcm H
I-:,:. _ 8<z<9cm
:'2_‘. 6<z<7cm H
_ 4 <z<5cm
A 2 <z<3cm
e TRl g<z<1em d

pad'Xtrack / mm

—
"

relative amplitude

0.2

X

PRF determined empirically from self consistency of track data.
*PRF parameterized in terms of FWHM I'" & base width A

2 4
1+a,X" +a,X
1+b,x* +b,x*

PRF[x,1'(2),A,a,b] =
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Track fit using the PRF

Track at: X,..= Xot tan(e) v,qow

= ZZ[A PRF]

rowsi=pads

| Determine x, & ¢ by minimizing
6 - y?*for the entire event

\ * Definitions:
- -residual: X, Xirack

2 mm

- bias: mean of X, X¢rack = fXrack)

- resolution: o of the residuals
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Bias for central rows / Ar+5%IC4H10B=1T
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Transverse spatial resolution Ar+5%iIC4H10
E=70V/cm Dy, = 125 um/vcm (Magboltz) @ B= 1T
Micromegas+Carleton TPC 2 x 6 mm? pads

£ *Pp|4Gevicn” beam ~ | *Strong suppression of
5L 0=00=0" R transverse diffusion at 4 T.
L e T B Examples:
Foazt \/0'02 S t0 | Dy~ 25 pmAlcm (P10)
~ 20 pm/Ncm (Ar/CF4 97/3)
Extrapolate to B = 4T
o - Use D-, = 25 pmAlcm
004:_ .............. ...... Neff= 2141 (stat) |~ Resolution (2X6 mm?2 pads)
0_02;_ ___________ .............. _____________ ! e — — _____________ ______________ 1 oy, = 100 um (2.5 m drift)
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Is extrapolating high-gain 0 °Ar/C,H,, data to
ILC-TPC operating conditions credible?
Effect of track angles & gain on resolution

Ar+5%iC4H10 4 GeV/icttbeamB=1T Ar+10% CQO2, Cosmics,B=0T
2 x 6 mm2 pads Gain ~ 8000 2 x 6 mm2 pads, Gain ~ 3500
£ 0.3 : £ 0.18 .
(|):O -S *E 0.16
. h=10° % 0.25 % 01
t;'a( K g L E ° g |
= 02 * = 0.12
0.1
0.15
5 0.08
DA T 90 0.06 S e
e | ;s <6>~16°-5<¢<5°
pad plane - g (?0: 53 lvlm Neiff - 21 | 0_022_ ........... ....... G O: 70 um, Neff :: 28 |
L L T I e

Gain for Ar/C4H10 was ~ 2 times larger than for ArCO2
Significantly worse o, for 10° tracks for Ar/C4H10 than 0°
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Track angle effect is mostly due to clustering

track ¢ = 0° track ¢ = 10° —
clusters X= Zxc' Ne./ ZNec
A clusters clusters
ssaE- Ar/iC4H 10 95/ Clustering
0 B=1T + gain
fluctuation

250

Clustering
only

6 mm y 200

150

100

50

0

¢
01 02 03 04 05 06 07 08 09 1
2 X/ mm
I
0 X X centroid
« >

2 mm
-For angled tracks, y centroid wanders due to ionization clustering.

-y centroid movement affects x centroid position.

To the track angle effect, one must add 6, = 50 um for noise & systematics
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Re-analyze Ar/CO, 90/10 cosmic ray data for track angles

2 X 6 mm?2 pads, Dy, =223 umNemB =0T

For |¢| < 1.5° 6,= 50 um! Gain ~ 2 times lower than Ar/C,H,,

Track angle effect similar to that observed for Ar/C,H,,
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Track angle effect will be smaller for shorter pads
track ¢ = 10° For longer pads, this can be accomplished

4 clusters effectively by segmenting the cathode into ~ 2 mm

| width strips in y.

x= Yx-Ne/ Y Ne

2 mm 100
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First principles TPC simulation (stand alone)

Cosmic track with charge dispersion - GEM TPC

Detailed model

simulation including
clustering, longitudinal &  {\, -
transverse diffusion, gas
gain, GEM pulse L
formation, charge

dispersion & preamp rise
& fall time effects.

(track Z drift distance ~ 67 mm, Ar/CO, 90/10 gas)
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Centre pad amplitude used for normalization - no other free parameters.
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Micromegas -TPC track PRF (histogram) versus
PRF determined experimentally ( ==:=:: [ines)

Ar/CO,, 90/10 V. = 22.8 um/ns D;,=223 um/vcm D, =263 um/vcm

1 PRF for5 mm drift 1 1 PRF for 145”mm drift

Resistivity = 1000 k€2/0, Dielectric spacer thickness = 50 um, K=4
Intrinsic Micromegas pulse risetime = 50 ns
Aleph preamp rise time = 37 ns, Fall time = 1980 ns
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Summary & outlook

Successful demonstration of charge dispersion readout concept for the
MPGD-TPC in a magnetic field in a beam test.

G,~ 50 um in Ar/C,H,, 95/5 with 2x6 mm? pads at B=1 T for 4 GeV/c
pions.

No loss of performance for Ar/CO, 90/10 for cosmic rays at

B =0T at lower gain.

Track angle effect ~ 20 um for 100 mR tracks possible with cathode
segmentation in y as 2 mm wide strips.

Extrapolation of Ar/C,H,, results to ILC-TPC should be valid.

Charge dispersion works with GEMs and Micromegas both. The ILC-
TPC resolution goal of ~100 um with 2 mm x 6 mm pads for all tracks
appears feasible.

Charge dispersion phenomena well understood. Stand alone
simulation will be incorporated into GEANT4 framework.

4 T cosmic tests at DESY this year. Two track resolution tests at
Fermilab planned for next year.
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resolution (um)

When there is no ExB effect, the wire/pad TPC resolution
approaches the diffusion limit for the Aleph TPC

S.R. Amendolia et al. / The spatial resolution of the ALEPH TPC

Nuclear Instruments and Methods in Phvsics Research A283 (1989) 573-577 TPC Wi rdpad readout

North-Holland. Amsterdam

ExB and wire crossing angle effects dominate TPC resolution Track
240 . ; N . . .
220 4 cm drift

] / |
180 1 m drift E)(B i ~ '

2 m drift C&n IS Gating-Plane

191 lr, Co/ ~ Friseh-Grid S
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wire crossing angle o

Average Aleph resolution ~ 150 ym.
Resolution ~ 100 um even for 2 m drift.
Limit from diffusion ¢ (10 cm drift) ~ 15 um; ¢ (2 m drift) ~ 60 pm.
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Cosmic ray resolution of a MPGD-TPC

15 cm drift length with GEM or
Micromegas readout

*B=0

*Ar:C0O,/90:10 chosen to simulate
low transverse diffusion in a
magnetic field.

*Aleph charge preamps.
Trie=40NS, T ;=2 US.

«200 MHz FADCs rebinned to
digitization effectively at 25 MHz.

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

¥ir) -
LTS N
o

- — a
revemerR i EBODOD 0® - b -
£
4 L

The resolution was next measured

with a charge dispersion resistive

anode readout with a double-GEM
& with a Micromegas endcap.

The GEM-TPC resolution was first
measured with conventional direct
charge TPC readout.
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Measured TPC transverse resolution for Ar:CO,

R.K.Carnegie et.al.,
NIM A538 (2005) 372

GEM with direct L =
 charge readout =
£
=
- [}
fil
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]
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R.K.Carnegie et.al.,
to be published

| < 02 |- GEM with charge
] | dispersion readout

o, =TF pm .\,I"I =33

0, =010

Mlagholiz pred.

In
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015 |
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Unpublished

Micrormegas with charge

"
J--."
o
i
1, = &0 um .\,I"I =i,34
C, =0X1
Mlagholis pred
]
15
rfem

Compared to conventional readout, resistive readout gives better resolution for the
GEM and the Micromegas readout. The z dependence follows the expectations from
transverse diffusion & electron statistics.
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