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i Outline

= Goals
= Ongoing activities:
= Space point resolution studies
= for details: attend May 10 meeting

= Simulation studies

s Plans for future studies:
= GEM readout of mini-TPC
= available resources

s Issues to be addressed
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Goals

= To demonstrate that the potential advantages
for GEM readout can be realized:

Improved space point resolution
focus: « ExB and track angle systematics suppressed
= Improved two particle separation power

« I -@: signals distributed over smaller area
= z: faster induction pulses (v, > v,,,)

= Natural ion feedback suppression

= N0 gating required (non-triggered expt.)
= Less mass in the TPC endcap

= N0 wires held under tension
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Point resolution studies at Carleton

GEM cell

X-ray tube
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pin hole

stage
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GEM foils and pads

fabricated at the CERN PCB workshop

2.54 m pitch
hexagons and

. strips
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Position estimate from charge sharing
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i Scan over entire pad — charge sharing

100 um circles | & /Q 0 Q0 000
centred at pin | 1~ O O O Q%
hole locations E |
during scan =r @ 0 0 0 0 00
o O O O O O O
v O O O O O O O
With P10 gas: :
= cloud size 550 ym s QW\@\
= X,y standard deviations: I |
~70 pm - O O O70 O O O
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Position estimate from induced signals
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i Scan over entire pad — induced signals

sl 00 0lo o oo
it 0870 0 B0 o
st 0000 O0QqgcC
f D0 000 Qgo
L Q0000 Qo
"y st deitions: | @Wﬁ
. ;Ift(c)e::gstematics inx o O OO O O O

_27\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\\\\\

9 May 2001 Dean Karlen / Carleton University



Strip geometry — charge sharing

strip 1

strip 2

With P10 gas:

= X Standard deviation:

~70 pum
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Strip geometry — induced signals

6 =

distance from strip centre

Strip geometry has
larger induced signals
by factor of 2 — 3

. X Standard deViation: L L L L i L L L i L L L i L L L i L L L i L L L i L L L i L L L i L L L
~70 pm 002 004 006 008 0l 012 014 016 018 02

rel. signal amplitude
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Simulation studies

Normalized pulse height

= Simulation using 15t principles confirms
understanding of signals
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Simulation studies (cont.)

Java simulation
of GEM under
development

= arbitrary GEM
structure can be
defined
interactively

= empirical
simulation of
pad signals

9 May 2001

=10l x|

Egaﬁem Simulation Packag
File Gem Action Window

Egiﬁem Design

o |

=101 x|

;a Electronics for Readout Pads

rPreAmp

rise time 30| ns

falltime | __s0| ns gain | 10/ mviic

rGas Gap: Drift Gapr

Thickness 4.3| mm Trans. diff. coeff. 649 um2ins
Drift velocity 48| um/ns  Long. diff. coeff. 192 um2ins

-Scope

I [ [

Trigger | 113| 114| 115| 115| 17

115

182,171

319‘334|

U| U| 335|

]

rFoil: Foil 2

Gain 100 Transparency 1

Foil hole layout:
® humber |

Hex Pack | bitch: Lidfmm L er |
Foil hole shape: | Circle - radius: 0.05| mm

Thickness 0.1| mm

215| xnriginl -15-U?|mm
215] yorigin [ -1507] mm

W rad113
W Pad114
WFad 115
W Fad 116

Pad 117
WFadi1s

rGas Gap: Transfer Gap

Thickness 2| mm Trans. diff. coeff. 288 um2ins
Drift velocity 23| umis  Long. diff. coeff. 45| um2ins

Foil hole shape: |Circle - radius: 0.05| mm

rGas Gap: ion Gap

Thickness 5.7 mm Trans. diff. coeff. 288| um2ins
Drift velocity 24| umins  Long. diff. coeff. 43| um2ins

rPad Array. Readout Pads

X,BSX,CEX
rFoil: Foil 1 V,esy,Csy
Gain 100 Transparency 1 Thickness 0.1] mim zesz,ciz
Foll hole layout: 2] T el
. % number X origin -15 mm ne,il
pitch; 0.14| mm - *
Hex Pack 014 y number | 215 yorigin | -15] mm Newent

Egistatistics for Readout Pads

rCurrent Data

Charge distribution for 501,886 electrons

o Lath

Mean X -U 303 ms -U 532 mm
Meany 0.08z2 ms 0Aa26 mm
Data

Pad Array layout:
R pitch: mm % humber: |

2
Grid *| ypitch: 4/ mm  ynumber: |

21| % origin: | -20‘ 1
1] yorigin: | -20[1

Pad shape: |Rectangle « X size: 2| mm y size: 4( mm

Cumutative summary for events

=
o

0.0007 0.7068

Charge fractions (and RMS) in pads

Meanx | 0712 rms 0.046| mm
Mean y 0.008 rms 0.055  mim

=
o

0.0003 0.0318

Mean x rms
Mean y rms




* Plans for future studies

= Mini-TPC constructed and being commissioned
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Plans for future studies (cont.)

= Mini-TPC readout with cosmic ray telescope

200 MHz FADC developed by J.P. Martin (Montreal)
new readout structures

estimate tracking
resolution with triplets ST

rectangular pads

two track resolution? ” il
test beam? |

(LR

4.0 mm pitch
hexagonal pads

| TLERRELRTE TR
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i Avallable resources

= Received Canadian funding (=150 k CHF/yr) for
three years to carry out GEM/TPC R&D

= Personnel:
« M. Dixit, D. Karlen : primary research time
= R. Carnegie, H. Mes : fraction of research time
= J. P. Martin : FADC readout system
= Post-doc : leaving soon — looking for replacement
= Summer and co-op students
= Carleton designers and machine shop (STC)
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i Issues

= Optimization of design

= gas choice  low gain ion gate
- GEM Stages ?(Ijlrceoxuapr:]ep()::e' | 1 high gain stage(s)
. " high field
m pad d@SIgn region - diffuser
Cmmmmmmmmmmaaaa fEW MM scale

pad structure
= optimize with simulation — check with data

= Long term stability

= A lot of work to be done!
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