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o TPC Pad Geometry Study

¢ A study using a java based simulation and
analysis package: jTPC

¢ QOutline:
= How to use jTPC for simulations
@ Track fitting in jJTPC
@2 Comparisons of pad geometries
e rectangles vs. chevrons (GEM and MM)
e rectangular pad width optimization
 benefit of staggering rectangular pads
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o Using jTPC: Building a TPC

¢ The TPC is built from a set of TPC parts
@ gas volumes
22 GEM foil amplification stages
=2 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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[E3 TPC Design

o TPC design window ... —

=10l

Thickness 150 mm Trans. diff. 190] umisgrt(cm)
Drift velocity o| umins  Long. diff. 200| umisgrt{cim)
-GEM Foil: Foil 2
Gain a0 Collection eff. 1 Extraction eff. 0.7 Thickness 01| mim
Foil hole layout:
s % number 215] = origin -16.07| mm
HexPack pitch: | o-talmm 0 75| yorigin [ 1507 mm
Drlft ~ Olume Foil hole shape: |Circle b radius: 0.05/ ' mm
~Gas Gap: Transfer Gap
Thickness 2| mm Trans. diff, 400] wmisgrifcm)
Drift velocity 50| umins  Long. diff. 250| umisgrt(crm)
GEM Foil: Foil 1
Gain an Collection eff. 1 Extraction eff. 0.7 Thickness 0.7| mim
Foil hole layout:
— ,— % humber 215] x origin -15| mm
LEEEE e o R v number 215|  worigin ~15| mm
GEM f 1 2 Foil hole shape: | Circle - radius: 0.05| mm
01
~Gas Gap: Induction Gap
transfer gap
Thickness 57 mm Trans. diff. 400] wmisgrt(cim)
. Dirift velocity 50| umins  Long. diff. 250| umisgri{cim)
GEM foil 1
Pad Mesh: Readout Mesh
ll’lle.Ct. gap | Pad Designer || Reset Mesh
Pad Mesh layout:
; : l— % number: 100] x origin: -10[ mm
readout Mes P | y number: 100 v origin: 10| mm
Pad shape: | Square w size: setto pitch size
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Designing readout pads

E‘%,%Pad Design _i l'(j

Pad groups selection: 168 through 191

! new pads

maEasEEaE ! + 1 group Iiﬂ

f T pad groug

! ! O group 23

: : dx | 4| dy | |

; : : Duplicate

R

! dEsicices . pad group selection

I

11
e

1

1

T

d | ojee| 12

I ] Duplicate Selection

i T ! sEnEE I pad mesh

um o um " clear

OK Cancel

27 August 2002 Dean Karlen / TPC PAD geometry study



ion track
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Draw Event

[v] show mesh data

[ use log scale

Color scale
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Signals on pads

E‘%’ﬁhent Display for Readout Mesh = IEI!_E}
Pad # 6520 (743 electrons) in group # 133 (B0966 electrons)

Options

Draw Event

[_| show mesh data

[ use log scale

Color scale
B0966

40483
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Track fitting

& x-y track fit uses a
linear Gaussian model
for the ionization cloud

= ie. no fluctuations

& three parameter fit:
B X, (x at y=0)
¢ (azimuthal angle)
o (transverse size of
wo cloud)

o= Jarfor gl S ¢ maximize the likelihood

0,00 (.. w1 ) ) of the observed charge
nib,d,o,h,w)= — q,lsm ; Eﬂr (b+ %} cosd+ g sin g, G] fra Cti O n S fro m ea C h rOW
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Comparison of GEM pad geometries

From TESLA TDR: advocates chevrons

o ; 5':“:1 ) T T T T T T T T T T
=1 —— strips: Ar-CH, = (90-10)% 1
2 450 strips: Ar-CH, -Cll | = (93-5-2)%
] = 4
0+ =N 400 chevrons: Ar-CH,-C0 ; = (93-5-2)% |
= chevrons: Ar-CH, = (90-10)%%
8 L
[
4 L

L 0 S0 100 150 200 250
0 2 4 i S 1 () |12 drift length (cm)
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° Comparison of Pad Geometries

% Compare rectangular pads with low and high
frequency chevrons: including the design
proposed in the TESLA TDR

= 2 X 6 mm? pads, 10 spikes per pad, no stagger
% Single track analysis:

Z-2mm<Xx<2mm, -0.1 < ¢,y < 0.1

= pads sample the same ionization

@ define chevrons on 100 um mesh

= use analytic form for rectangles

Standard Layout: 5 rows, 2 x 6 mm?
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0 Comparison of Pad Geometries (2)

@ Three chevron designs (5 rows 12 mm? area)
= Only lower parts of the 5 row structures shown...

Chevron 2

Chevron 4

Chevron 10

Geometries defined on a mesh of 100 um squares

27 August 2002
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o Resolution determination

Data - arcfamm2p104.aida - tuple - d=1

Data - arcfAmm2p104.aida - tuple - dx2

100 amplitude : 85.29845 814 45— amplitude : 3T T3 276
mean : 2. 227T5E-342 Q632E-2 mean :-3.3491E-242 T872E-2
a4 sigma: 0.04797140.002270 sigma : 01137 140.009920
/"\ W 0.55260 0T ' 15724
801 |
s+ T
701
0T
el
S0 25T
401 204
30
15+
201
10+
. 4
residuals: —t L .
° T T T T T T 1 5 T T T T T T 1
.20 -0.1% -0.10 -0.0% 0,00 0.05 0,10 0.1s 0.20 -0.20 -0.1% -0,10 -0.05 0.00 0.0s 0.10 015 0,20
Xfit Xtrue Data - arcfAmm2p104.2ida - tuple - dx3 Data - arcfAmm2p104.2ida - tuple - dx4
75T amplitude : 4241343 837 100+ amplitude : 0237145 928
704 mean : 5.9477E-345.1683E-3 mean : 3 9556 E-942 5145E-3
sigma: 0.0223204£0.005572 an-++ sigma: 0.04215240.001222
85T 3 1.8757 e 017986
601 80
55T
o
50
45+ T g0
401
S50
3BT
a0 401
25T
30
201
15+ 20
10 ~.
1+
5
0 T T T T T T | 1}
-0.z20 -0.15 -0.10 -0.05 0.00 0.03 0.10 015 0.20 -0.20 -0.15 -0.10 -0.05 0.00 0.03 010 015 0.20
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° Comparison of GEM pad geometries

@ Gas mix considered: Ar CF,

= fast at low fields
e low transverse diffusion in magnetic fields

= larger diffusion at higher fields
¢ Example: 98% Ar, 2% CF,

Drift field

Electron
attachment?

GEM transfer field
|

. T T T T
0 1000 2000 3000 4000 5000

|
. Magboltz
B =4T

(cm/sqgrt(cm))

diffusion

velocity (cm/us)

transverse

E (V/cm) E (V/cm)
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o, =27 um/+/cm o =500 4m/+/cm

defocusing
region

200 cm Icm

¢ Naive calculation for optimum resolution:

ol /¢ [cm] 27 1m /200
VN rimary V30 mmx9e/mm
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X, resolution (microns)

27 August 2002

Ar CF4 (98:2): 5 rows of 2 mm x 6 mm pads

—e— standard row layout
v chevron 2

140

120

100 -

()
o
|

(©))
o
|

LN
o
1

O chevron 4
—&®— chevron 10
——— optimum (naive)

Comparison of GEM pad geometries

Drift length (cm)
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Chevrons
unnecessary
in Ar CF,
GEM TPC
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o Micromegas TPC without defocusing

o =27 um/+/cm

200 cm 0.1 mm

¢ Naive calculation for optimum resolution:

ol /¢ [cm] 27 1m /200
OX = = =23 um
DV rimary V30 mmx9e/mm
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Comparison of pads for Micromegas

Ar CF4 (98:2): 5 rows of 2 mm x 6 mm pads

—e— standard row layout
v chevron 2
O

1401 o chevron 4
\% —<&— chevron 10
® ——— optimum (naive)
120 1, v o
- v
) O o
S 100 -
g
S
= 80 - o
9
5 "——_\\ 0
g 60 - &0\._\ o
o —_— <
g .
X 40 Defocusing
______ required for
204 o mmm—m=m )
————————— micromegas
0 : | | |
0 50 100 150 200

Drift length (cm)
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Comparison of pads for Micromegas

Ar CF4 (98:2): 5 rows of 2 mm x 6 mm pads

—e— standard row layout
v chevron 2

140 1 o chevron 4
X —&— chevron 10
v [R— H .
120 v o optimum (naive)
) v o
S 100 - 0
5 . .
S 0 2 parameter fit:
(@]
3 s | (o fixed)
o 60 -
GLJO &*‘ j
X' 40
______ Same
3 |
”””””” conclusions

Drift length (cm)
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¢ 30 cm drift in ArCF,

an event with no defocusing

Chevrons and defocusing

an event in GEM TPC

27 August 2002 Dean Karlen / TPC PAD geometry study
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o Summary of geometry comparison

% Rectangular pads give as good resolution as
the chevrons considered.
= true for two extremes: with/without defocusing

¢ Defocusing (after gain stage) is essential to
achieve the optimum resolution.

@ Defocusing provided by the transfer gaps in the
GEM appears to be sufficient

= A micromegas design without defocusing has
poorer resolution — various solutions to provide
defocusing are under consideration

@2 Chevrons do not appear to be a solution for the
micromegas design
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° Optimum pad width

¢ To reduce channel count, need pads as wide
as possible, without degrading resolution
@ degrades when pad width >> cloud width

¢ Compare resolution for ArCF, (98:2) GEM TPC
with different pad widths
@ 50 cm drift: std. dev. of cloud on pads is 0.58 mm
@ consider various pad widths: 1 mm —4 mm
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X, resolution (microns)

Comparison of pad widths

34 1.2
32 —&—— 2 parameter fit
v 3 parameter fit v - 1.0

30 Cost

- 0.8
28

- 0.6
26

- 0.4
24
0y - - 0.2
20 T T T T T T 0.0

2 3 4
Pad width (mm)

27 August 2002

3 4 5 6 7
Number of ¢ (cloud std. dev.s)
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Cost (arb. currency)

The optimal pad
width will also
depend on the
signal to noise
ratio: need to
include noise in
the simulation.
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. Staggering possibilities

¢ Compare staggered and non-staggered
layouts, for different local ¢:
@2 50 cm drift: std. dev. of cloud on pads is 0.58 mm
@ consider pad widths: 1, 2, and 4 mm
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Staggering comparison (3 par. track fit)

35
O
T N
30+
(V)] 4 /
S ] o ol
Q - 194
£ | / Track angle
S 254 O 7 29
'% Y 7 / effect
[e)
@
= | —@—— 1 mm staggered
0 v 2 mm staggered
1 (] 4 mm staggered
. — -® — 1 mm not staggered
ClOle Wldth v 2mm not staggered
pOOI’ly o 4 mm not staggered
determined | 0~ ' ' ' ' '
0.00 0.02 0.04 0.06 0.08 0.10

local ¢ (rad)
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Staggering comparison (2 par. track fit)

cloud width fixed to 0.58 mm

35
_ O v
30~
0 |
c
o
Q
é ] O O
_5 25 - O
:
o] a
@ _
= | —@—— 1 mm staggered
504 v 2 mm staggered
1 (] 4 mm staggered
— -® — 1 mm not staggered
v 2 mm not staggered
O 4 mm not staggered
15 I T T T T T
0.00 0.02 0.04 0.06 0.08 0.10

local ¢ (rad)
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o Conclusions

¢ The results of this study differ significantly
from those presented in the TESLA TDR
= at least one is probably wrong!

@ need a careful comparison with the TDR analysis
to understand where the difference comes from...

¢ This analysis suggests that rectangular pads
provide good resolution and that pads should
be no wider than ~3-4 times the cloud o

& Staggering helps for wide pads

To download the jTPC program, visit:
http://www.physics.carleton.ca/~karlen/gem
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