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TPC R&D: recent results & plans

I

I'-?i = Cosmic ray tracking studies (TPC#1)
= data from Oct-Dec 2001
= new fitting algorithm

= Simulation program
= demonstration
= comparison of data and MC

= Plans for new layout for readout pads

= Plans for new TPC (TPC#2)
= concept / drawings

s Resistive Anode Studies
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Tracking studies

= Cosmic ray telescope = Readout pad layout
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Sample events (P10, z<10 mm, |¢|<0.05)
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Sample events (P10, z<10 mm, |¢|<0.05)
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= Charge per row
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charge in row
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Gain stability — P10

= Charge vs time
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= Charge per row
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Gain stability — Ar CO,

= Charge vs time
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Tracking studies

" Fit X-y and y-z = y-Z fit:
separately = for each row form
M weighted average of
h 4 4 pulse arrival time
: ' = perform unweighted
linear fit of the 5 row
N __ y-coordinates vs row
o X z times
. =)

= pulse arrival time
(50% rise) dependant
on pulse amplitude
= needs further study
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y-z fit results — P10

oy = Not diffusion limited
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y-z fit results — Ar CO,
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= Diffusion limited

F mlg?f e = less sensitive to pulse
3 arrival time problem
\. because of slow drift
| 1 = 130 micron resolution
| ] .y [ ] .
2 " 2 for drift length < 1cm

= V4~ 9 um/ns
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= Use model of uniform line
of charge, with Gaussian
transverse spread, o
= charge fractions given by
Integral over pad
= fit uses observed charge
fractions within each row
= min X2 with x,, @ and o free

CAE = Ionization fluctuations
nih -:-.-'- -".ﬁl-..:-. ni gy~ Wi+ nlbdom—b—wl -l doo b -w) u nOt |nCIUded |n m0d6|
= unimportant for =0

v | = leads to track angle effect
s on resolution

h
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[ Line charge width — P10
] =
i = Results from fit of data: diffusion apparent
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Line charge width

s Results from fit of data:

diffusion apparent
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Track x, resolution — P10

1 h_ L
i - o,=220+20pm ‘20 1 g, =320 + 10 pm _
9 S = X, resolution
ol - from single row:
15 il . .
; = do fit excluding
LU M
_q i the row: x,, @, O
il n i | free
-2 -1 L] | 2 . -1 i 1 2
xobs - xfit (mm) xobs - xfit (mm) u dO flt fOF Slngle
1o | Ox =420 £ 8 um o | Ox =560+ 8 m row: only Xg
i _'Ju:-.:rma: 70 25p |70 < zimm < 1 free
150 - = compare 1 row
i 150
100 | - Xo 10 4 row X,
a 50
L[] i
-2 -1 i 1 ! -2 -1 il 1 z
xohs - xfit (mm) wirhs - xfit {mami)

13 April 2002 Dean Karlen / Carleton University 14



il

: .‘L—_

Track X, resolution — Ar CO,
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Primary ionization effect — Ar CO,
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1 =

"« First fitting algorithm minimized X2 of

comparison between observed and

expected charge fractions in each row

= Observed fractions are correlated (ignored)

= covariance depends on number of primary
electrons observed (ignored)

x New scheme: use multinomial likelihood

New fitting algorithm

npad

logL = ) n log(p,) + constant
=1
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GEM simulation package

I
I

" = written In java

= Simulates any planar GEM system
= version 1.0 (alpha) released
= See: www.physics.carleton.ca/—karlen/gem

Eg’,ﬁ-ﬁem Simulation Package =10l x|
File |Gem | Action Window Help

Cefal New b

Add Part % *  Foil.
Delete Part... Gas Gap...

Design GEM Pad Array...
Pad Mesh...
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GEM simulation package

= Arbitrary pad x

designs can be
defined:
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GEM simulation package

I

Iu,ﬁ = Example of . -iBix]

line charge Do 75 B 188 Smon Mgtone VRIS oot
and electron
cloud (viewed
with 0.2 mm
elements).

H Options

Draw Event

= | show mesh data

Bt | use log scale

'H Color scale-
2249

1124
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I

= Time structure of event
shown using
histogrammer from the
Java Analysis Studio
(Tony Johnson)
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GEM simulation package
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= Example event:
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Gem simulation package
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Comparison of data and MC

I

= Total charge v [T oo
collected per row: [ o ||

charge in rows

e REEETEN
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charge in rows charge in rows
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I

' = Early stages

= X resolution fairly well
simulated "

= X resolution SRR

measurement .
= red = data A

= black = MC :

= time structure not yet =
well simulated
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Comparison of data and MC
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Comparison of data and MC

I

= Track angle effect:
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New layout for readout pads

= Plan to use 3x
multiplexing to o] o [10] 2] | 15 ss] ] o [so] s [ a2 o] e [ 25| o | 0| 2] s | 0| ] ]
readout 192 pads |, . .
with 64 channels of T I lbnlelalololllale ool ool
FADC
= easy for cosmics,
multiplicity is low! e
= should we consider
multiplexing for the
real TPC? 505 e
= use long pads for “ - -
triggering 5 a0 | s | sz | ss | ou | o5 | a6 | a0 | s | 5z | ss | oa | 35 | 36 | 30| 5u |52 | 35| oa | 35 | 56 | s
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Plans for a new TPC (TPC #2)

| ——————

= Cylindrical, fits TRIUMF (1T) and DESY (5T) magnets
= acrylic tubes, outer diameter 22.2 cm

= Use STAR-TPC electronics (space for 320 channels)
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Plans for a new TPC (TPC #2)
P —

= 3D view of drift cage

i

- ——
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Resistive Anode Studies

Test set-up:

Drift plane

Kesisgive Anode GEM Beadool with Lang, Parallel Sirigs

b

5.4 mm drift gap 4

¢ ---------------------- Tmims il oy T oms hing readionl sivige

= s = == me == = Readout pads

Collimatied X-Ray Spot betesen Strips 4 and b
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Resistive Anode Studies

Tekstop | - ]
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Resistive Anode Studies

i
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Resistive Anode Studies

| — ————

Charge Spread Signal in GEM with Resistive Anode
[2 mm x 7 em Pad Readout, Ar/C02 90:10]
5 keV X Rays, Spot size ~ 1 mm

Average signal 2
profile across
12 strips

Fi%HM = 3.5 slripe

’ _‘_I_I_|;
CudeHl al detector edge
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D  Resistive Anode Studies
] =

Theory o
-5 OE-GE
Consider a GEM with a resistive anode. Anode collects ! o P o 0 w0
' . . U +00
avalanche charge. Anv localized charge signal will \
spread radially with time. The 2-D Telegraph equation: L
_ S 602 | —
a0 1 1870 180 0 < r < alanode sheet radius) \ ——t—T
E:R i +T; (" = capacitance per unit arca —_ --._.__,__._._--—-~—"_"'_.'d_
R = surface resistivity (Ohms/O)
2190 180 L~0 |
e e K2=1/RC ,
*  Boundary conditions: Q= f(r) at =0 i 50 kOhm/sg, 28 pFimm*2 | (o7}
2 E-CN = T
0=0 jor r=a Ost=sx : Amp risptime 40 ns S 3
- | B o i Decaytime 4 s
*  Solution for initial point charge: Take limit a = = 25061
for Q =8(r) at =0 with fﬁf_rka’r =1 1s given by:
l |24k AIE-
Q(r.i)=—7r-e
2kt
35001
Incorporate finite size of initial charge cluster & amplifier 400801
rise & fall time effects to comare to measurement.
4 50801
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Resistive Anode Studies

I

!

s Plans:

= measure space point resolution with
collimated x-ray source

= optimize resistivity and pad geometry for
best space point resolution and 2 track
resolving power

= Improve modelling of signals
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Summary

I

I'-?i = Continuing to make progress on many fronts:

= cosmic tracking
= new fitting algorithm
= new plan for layout of readout pads with multiplexing

= new TPC being designed to be used in TRIUMF and DESY
magnets with STAR TPC electronics

= Simulation of GEM signals
= transverse simulation is reasonably good
= time structure simulation is poor (so far)

= Interesting results from resistive anodes for inductive
signals

http://www.physics.carleton.ca/~karlen/gem
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