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Explore the parameter space for TPC design:

— dimensions, gas, B field, gas amplification
technology, pad designs

Simulation must be anchored on reality:

— compare with several prototype TPCs

— understand signals

— test out tracking ideas

Not intended for use inside a L C detector
simulation package for physics studies



S Requirements/Design

* Requirements
— Easy to use (graphical interface)
— Flexible enough to allow any TPC design
— Easy to maintain / add additional features
— Portable

* Design choices

— ODbject oriented (Java)

— Use JAStools:

o JAS Histogrammer
* JAIDA
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S Building a TPC

* The TPC s built from a set of TPC parts
— gas volumes
— GEM folil amplification stages
— readout pad structures

* TPC parts have methods to transport electron
clouds through them

* The parameters for each TPC part are
accessible through a single design window
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S TPC design window ___
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S Designing readout pads

28 June

Pad groups selection: 168 through 191

new pads

group | 0

pad groug

group | 23

| ey o

Duplicate

pad group selection

dx | ofde| 12

Duplicate Selection

pad mesh

clear

OK

Cancel |




¥ Addi lonization track
K Nng an ioniZation trac
E‘%’ﬁhent Display for Readout Mesh N = ]EI _Ej
Pad # 7127 {14154 electrons) in group # 133 (80966 electrons)

Options

Draw Event

[v] show mesh data

[_] use log scale

Color scale
1154

2077
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S Sgnalson pads
— e

E‘%’ﬁhent Display for Readout Mesh N = ]EI _Ej
Pad # 6520 (743 electrons) in group # 133 (80966 electrons)

Options

Draw Event

[_| show mesh data

[_] use log scale

Color scale
80966

40483
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> Jgnalson pads
-  ——
-l

Prefmp

rise time 30| ps gain | A myFC

fall time anol ns

Set parameters

include induction signals

Scope

Trigger 1IIIE| 108 1m| 1ne|

7,979 23,271 16,646 FaT

W Fad 108
FPad 109
W Fad 110

10T

'1 5 I I I I I I I I
400 600 200 1,000 1,200 1,400 1,600 1,800

Data can be written to disk for “offline’” analysis...

28 June 2002 Dean Karlen/ TPC Simulation






&




S Track fitting

E%%Fitter Control for Readout Mesh i -0 x|
—X Fitter
. Set up XY fitter | # of rows:
Parameter Value fixed
%0 {mm) 0.02734 I
phi {rad) -0.31483 ]
sigma {mm} |0.39565 ]
}I gain 3.0E3

noise prob  |0.0E0

Calculate Likelinood | -Log(Likelinood) 146 40452

Bowvirack | (2 v | status: [success

Parameter Estimated Error correlations

W =0 {mm} D.04742 0.22166 0.023649
phi (rad) 8.68B06E-3  |0.097949

Tib, b5, h, w) ].' 'i",,-L L G S (il T
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nib b, b, wh = nilbodos =i wi -+ nlb e = h-w) —ndh, oL - w)
bbb — b+ Xcosp+ Lsingo | uses the Nonlinear Optimization Java Package

COSEEImg & i . I, . . .

SE o (uncmin) trandated to java by Steve Verrill
S, I:I.'I‘I! _-I: :I _-:r_ l."'2|'+ 1:' |
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http://www1.fpl.fs.fed.us/optimization.html

S Comparison of pad geometries for GEM

[0

6

0

From TESLA TDR: advocates chevrons
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S Comparison of pad geometries for GEM
-

* Current favourite gas mix: Ar CF,

— fast at low fields
 |low transverse diffusion in magnetic fields

— larger diffusion at higher fields
— Example: Ar CF, (98:2) Drift field

\

GEM transfer field

Magboltz

rse diffusion (cm/sqrt(cm))

velocity (cm/us)

E (V/cm) E (V/icm)
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S Comparison of pad geometries for GEM
e — — ————— e —

*Single tracks with-0.1 < ¢,y < 0.1
* Seven pad geometries sample same ionization
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S Comparison of pad geometries for GEM
-

*Single tracks with-0.1 < ¢,y < 0.1
* Seven pad geometries sample same ionization

rrrrrr
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S Comparison of pad geometries for GEM
-

X, resolution (microns)

Ar CF4 (98:2): 5 rows of 2.5 mm x 5 mm pads

—@— standard rectangle pattern

@) narrow rectangles

v mixed narrow and wide rectangles
140 1 —y— chevron pattern 1

—@— chevron pattern 2
120 - —@— chevron pattern 3
—@— chevron pattern 4
———ultimate (naive calculation)
100 -
- L/\
60 —d
V ——
—a
40 A
0 I : : I
0 50 100 150 200

Drift length (cm)
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Defocussing
In1cm
GEM gap

Chevrons
unnecessary
In Ar CF,
GEM TPC
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S Comparison of pads for Micromegas

X, resolution (microns)

Ar CF4 (98:2): 5 rows of 2.5 mm x 5 mm pads

standard rectangle pattern
narrow rectangles

——
o)
v mixed narrow and wide rectangles
+

Defocussing
required for
micromegas

1 chevron pattern 1
—@— chevron pattern 2
120 - —@— chevron pattern 3
—@— chevron pattern 4
———ultimate (naive calculation)
100 | \
80 A
—y— —@
—v
60 - 4
== °
40 A
204 T
0 I : : I
0 50 100 150 200
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g Future possible devel opment

* Include cluster size distributions calculated by
HEED

* Add noise: électronic & random SR conversions
* Include “offline analysis’

* Question: If other groups interested in the program,
how best to allow for group development?

* To download program, go to:
http://www.physics.carleton.ca/~karlen/gem/simulation
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