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LC-TPC R&D Meeting
Berkeley
18.-19. October 2003

Kirsten Sachs
Carleton University

» Track resolution, up to 15 cm drift, GEM

» Point resolution, testcell, GEM & microMegas
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TPC Setup

15 cm drift distance ALEPH preamplifier
cosmic ray particles custom FADC, 200 MHz
gas: Ar:CO, (90:10); P10 University of Montreal

track resolution
as function of

» position within pad
» pad width

» drift distance

> track angle

» amplitude
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Pad Layout

Run 1010, Event 22
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The Code

3307

3007

2507

2007

1507

100

It's not JAVA

E:Flttm Control for Readout Mesh =10l x|

XY Fitter

SethYmE-rl # of rows: B

Parameter  Value fixed
*x0 (mm) 002734 L
phi {rad) -0.3

gain
noisa prob

Calculale L.llzihmdl AL og(Likelihood) 14640452

1t | 2 'l status: |success

Parameter  Estimated Error correlations
x0 (mmy) 004752 022186 o 02369
phi {rad) B BABOBE-3 0087499

sigma {mm) 00403

Entries : 261G
OutOfRange @ 1
Mean . B7.736
Rms: 27215

20 40 &0 80 100 120

It's FORTRAN

£ TRCinputi ==
File  Edit Search Preferences Shell Macra  Windows Help
# steering cards
> Lealib , calibration run?
-FALEE.
= Lbatch , batch mode?
-TRUE.
> LDData write Dense Data?
-FALSE.
= Lplot enable event plots?
TRUE

# Thresholds
> m1ns ignal

for a signal

> smallSlgnal lev@l to determine TO from this

Gl
> minfignalVeto , min lewvel in Veto couter to reject
(B}
> minSignalRow , min level of signal in a row
8.5
> minDistPad , min distance betwsen pads to be cal
lBsiE
> minHitTrack , min number of rows with signal > mi
6
2 #
e
E 7I T T T L ‘ \[[I) T ‘ 1T | L ‘ L 1‘0‘:\' ]
=]
> Enti 60327
22500 — -
an 0.2407E-01
B MS 0.2453 7|
2000 — -
1500 — P W _
1000 — -
500 -
0 1| ‘ L1 | ‘ L1 1 ‘ L 11 | 111 ‘ L1 | ‘

-06 04 -02 0 02 04 0.6
phi

But it's NOT f77 |

F is a subset of f95
compiler is free

includes objects
but is not OO

flexible:
array allocation
overloading

code optimized
not for speed
but for flexibility

= talk tomorrow
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Pulse Reconstruction

How to get amplitude and TO from the ADC spectrum

1) Determine TMaX % 0 L e TR I L I I B B T 1 s
time of max ADC value £ - j] 3

=y -25 ' ]

2) 'fit' exponential in range £ o L 7 E
[TMax+50, TMax+350] E TO .
using fallTime(Group) 75 J =

3) Determine TO as 00 & | -
from line to rising edge 15 ¢ exponential fall - -

4) Amplitude = A(T0) 150 &) AA(T) o (eTmax )
\Z_ MAX eXp( fallTime )_3

fast to calculate and 17 N E
close to full fit 200 & | | | E

pedestal and fallTime are determined 2000 2200 2400 2600 y 281?_0
in calibration runs wme b
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Z Resolution

Intrinsic time resolution
~13ns for P10

~9ns for ArCO,

7 vasolution (manl
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ArCO, very slow
longitudinal diffusion visible
effect is linear with drift distance ?!1?

drift distance z (cm)
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Track Fit

Dean Karlens method

3 track parameter:
X, (offset), ¢ (angle)

c (spread)

h

w

assume uniform line of charge
with Gaussian spread o

integral over pad = expected charge

normalized expectation across row
gives probability

Likelihood = IT probability * Amplitude

Resolution s:

fit only x, to one row, compare to track
row included in track fit & s;, too small
row excluded in track fit & s_, too large

Proper estimate of resolution:
SZ = sin * sex
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Naive Theory

Charge width o !

2 2 2 2 2 2 2
Otrack = Og T CD Z 00 = Ohex T Ointern T Oother
hex: 37 um intern: ~ 300 um
Charge width o, across a row:
or =04 +0p+ 0, op = Cp~z/cos
o, = L/\12 tang
X resolution s, : . o2

2 2 2 2 S, = + intern | g2
Sy =Sy +Sp+S, ° N, G,G,TN, T

transverse diffusion: = /JR -
Sp = Op L N, number of electrons

N, number of clusters
track angle effect: S, = g¢/‘/ g R Ratio

e exponent [Blum]
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Track Width

track width (mm)

with**2 (man**2)

=]
tn =

(=]

L L L L == O = P I L BLIPO AFL Y B
: 13175 2 transverse diffusion C,
5 HEy from track width

IRTIINIRA TR INARINTIRIATINI|

o T s Es 2 — 2 2
- - ArCO2 4 os gen P10 Otrack = Oo + CD 4
C - ] 025
[I.I - Iiﬂlﬂii: - I2[:1]1:'! - IStlltltll | [I:IEI[II | Iliigll]I | IEtllltlI | I1[l|[l1:lI
time hin time hin GO CD

E R TS T TEMe T T B
=g B = (mm) | ()
AR ~ 31|P10 0.56 | 0.43
3 o #FE e i | (expected) | 0.33 0.39
2l 1 1p 1 [ArcO, 054 | 021
T ER = 1 | (expected) | 0.23 0.16
D_IllléllllllﬂlllliE ﬂﬂ_llll5lllllllﬂlllli5

drift distance {cm) drift distance (cm)
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Pad Width

3mm wide pads E“"L"'i
3 ranges of drift distance 505 5 e E
(= different charge width) g 03¢ E
_ %025 [ ]
bad resolution at center of pad ’ 0s b )
for small drift / small diffusion .-
:E - TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT B 0 " 1 :' 3 8 4 ﬂi
£ 0.6 - = - <Z<dhm - 3
§ o ArCoO2 . 0.05 0 <z < 3mm 8<z<15mm
“ 0.5 :_ | _: 0 $|| ol v v b v v b v b b |$
C . -1.5 -1 -0.5 0 0.5 1 1.5
0.4 ;_ | _; distance to centre (mm)
0.3 - = 3 Fraction of rows with one hit? Can be OK!
02 = information: no charge at neighbor pads
0.1 - 4@*{%—' 1 Hits not uniform distributed! Not OK!
0 “# ¥ i more hits in center of pad
_01 :IIII|IIII|IIII|IIII|IIII|IIII#|[DIII|: quantify as fraction

01 015 02 025 03 035 04 045 _
track width / padwidth  NOt very accurate, depends on amplitude, ...
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Drift Distance

X resolution for small |¢|<5°

S

X resolution (mm)
=]

=] H =]

» S &

=
b
n

=
bo

0.15

0.1

0.05

2 2 2
2-s>+C:/(R-N,) z
L L L L I L L
;_Pll] ﬁj}k@;ﬁp—sﬁt
- ArCo2 gt -
- -
3 S :
g...|...|...|...|...|...|...|.3
0 2 4 6 8 0 12 U4

drift distance (cm)

average number of electrons
N.= 57 (ArCO,), 55 (P10)
C, from our data

Fit full sample:
RN,=19 + 7 (ArCO2)
20.6 + 0.7 (P10)

1 Wide range of amplitudes:

(A) = 1.3/(<1/\/Z>)2

mean N, in fit is smaller
by 30% from naive guess

= split sample
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Statistics

iransparancy

N R B I I I : :
: - g - 1 3 regions of amplitude
5 Ul T . 5
- ArCo?2! 18 [ P10 1 2 gasses
08 — E 08 |- —
: i N 1 N, too small by 10%
0.6 = 06 — . .
i + + ] I | from fits we obtain
: I -, 1 ratio R =50%
04 |- - 04+ ‘] in naive model
02 I 1" r 7 we make use of only
- - - 1 half the statistical power
HEEEEEEEE NN EE NN AN EEEEENEEEEEEEE
o 10 200 300 o0 50 10 150 200 for one reason
amplitude amplitode or another
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¥ vesolution {yan) % resolhation {man)

¥ resolation {man)

0.4

0.2

0.4
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0.4

track angle (rad)
-0.5-025 0 025 0.5
_l TTTT | TTTT | TTTT | TTTT L
- P10 1
B —5
:F_ A <6l —
[T Ea
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- ++++++J.-r .
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I i
[ TN
L by 4_—!— _
: +—I-++*i- :
. T

-20 ] 20
track angle (deg)

0.4

0.2

0.4

0.2

0.4

0.2

track angle (rad)
-0.5-025 0 025 0.5
_1 TTTT | TTTT I TTTT I TTTT L
i ArCc02 ]
B A < 100 _;
F L e
A ]
L -r'i'_l__;‘l'-r_l:l-_'_'l' -
i 1 | 1 1 1 I 1 1 1 I 1 ]
_I_ TTTT | TTTT | TTTT | TTT IL
i 100 < A <170 |
B 1
R ]
__|__|_

R .
| + A _
| L -+ -
B o i
[ [ N N A j
_1 TTTT | TTTT I TTTT I TTTT L
:_’_ 170 < A ]
5 A
B ‘|"_!_ L
__ _i-'J- _l_-!.- __
= _r'\""'_i_i' . -
i 1 | 1 L 1 I 1 1 L I 1 ]

=20 0 20
track angle (deg)

Track Angle

small drift: z < 3 cm

2
2 2
S

=8° + tan’(¢ —
¢: systematic offset in ¢
consistent with O

¢: reduction of number of clusters
~ 0.5 no significant dependence

s: decreases with amplitude
dominated by transverse diffusion

simple model describes
the data well
NO surprises
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Point Resolution

» X-ray source, collimated
photon conversion creates electron cloud, size ~60um

» TPC test cell, 5mm drift distance, gas: Ar:CO, (90:10)

» double GEM
microMegas

> resistive anode

» 2 X 6 mm pads
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Setup

resistive anode spreads signal after amplification
better charge sharing between pads

especially for microMegas - almost no transverse diffusion

C-loaded kapton, 0.5MQ/0O RESISTIVE ANODE
~0.5MQ/0
DRIFT PLANE i o S
DRIET GAP = 5.4 mm Eoe C-loaded kapton
/)
T
50 um THICK |
microMegas ADHESIVE |
. e e LAYER %
READOUT| e 7
SEE DETAIL A &

o _ _ READOUT <H
amplification with PADS
GEM or READOUT " DETAILA
microMegas
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Readout

secondary neighbor (scaled up)

f=

Tek_S.tm.) P_ |

T

g o
u

1 2 x 4 channel digital scope

X ray @ center of pad 2

"52 ne|ghbors secondary pulses peak

peak less pronounced

f_.......?...[.\?...f.?..__?_?.._.5___5.....-.-;;ClearSIgnalsonur)to
v N ¢ oo 1 5pads-2mm wide

prlmary SIgnal ----- 1 with microMegas
SR SRS OGS SRS SO JUUUE JUUUS PO BSOS,
Ch3] 100mv & @El 50.0mveo 100ct 2003
020,200 % 13:18:22

18 October 2003 Kirsten Sachs / Carleton University 18



Amplitude Profile

Resistive foil increases charge width
Gaussian is wider and additional long tails

PRF wider for GEM (intrinsic transverse diffusion)

Amplitude as observed on 5 consecutive pads (average):

& FTTTTTTTTTITTTTTTTTTTI T T TTTTITTTTITTITITITITITTITITT TS &
03[ | . o
= . GEM =
. I
5025 - . 50.35 |
02 |- - :
- 0.25 F
015 [ .
0.1 7 0.15
- 0.1
0.05 [ =
= 0.05
_IIII| | |IIII|IIII|IIII|IIII|IIII|IIII|IIII_
"5 4 3 210 1 2 3 4 5 0

pad position (mm)

0.3

02 F

;_ MicroMegas

-4 -3

-1 0 1 2 3 4 5
pad position (mm)
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GEM resolution

=
i
N

resolution (inm)
=
[
[ o]

=
-

0.08

0.06

(.04

0.02

e e o |
- GEM R
4 o Yo -
. @‘*ﬁ @@@@@@@@m@@:
: | | | | | | | | | | | | | | | | | | | | | :
-1 -0.5 0 0.5 1

X-ray position (mm)

previous measurements with
GEM & resistive foil done
with long strips 1.5 mm wide
foil: 2.5MQ/0O

new results with

2 X 6 mm rectangular pads
foil: 0.5MQ/0O

are consistent

resolution ~70 um

obtained with
center-of-gravity method
+ bias correction
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microMegas
Pad Response Function

L 0.8 TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT -
T L e ] center-of-gravity method
=] - Pad Response Function 14 't K Il with : M
= 07 = MicroMegas 1 doesn't work well with microMegas
0 |- cansian 4 determine pad response function
C sigma=1mm 1
05 [ tlongll 4 3gverage amplitude as function of
04 [ ] distance pad-center to x-ray
03 E 1 normalize signals with mesh signal
02 - 3 scan over 10 mm = 5 pads
01 - 4 central Gaussian: sigma = 1mm
5 III|IIII|IIII|IIII|IIII|III + IOng tail

0
11 12 13 14 15 16 17 18 19 20 21
position (mm)
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é : ﬂus F T T T T | T T T T | I: T | T | I_
£ 05 e 1 -0.05 =
g* C -0.1 3 L ]
r B 4 -01 .

0.4 F -012 F = i
- 014 [ ER N B
0.3 — -0.16 F 4 -02 | ]
C -0.18 9 _oa2s5 - _
02 — E = - s
- 02 1 -03 —
L -0.22 F = i ]
01 [ - 1 -0.35 —
C -0.24 | = - 1
0 026 Bl oo o 1 ] 5 [ . Ll
125 150 175 125 150 175
i T T T | T T t T T T T T T T N I_
-0.045 [ - - 1-0.022 .
C 1 -0.08 - . ]
~0.05 [} 4 -0.085 -0.04 | 7
- ~0.09 _0.026 |- -

-0.055
E _ -0.095 _0.028 :_ _:
-0.06 — 7 -0l C ]
r ] - +4 -0.03 n I
_0.065 1 1 -0105 |- 4 g - -
C 1 -0.032 |- —
C 1 -o11 — - 1
" | ] ] ] | ] ] 4 ] | ] ] ] | ] ] ] 1 | 1]
160 180 160 180 200 220
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MM Residuals

example: one position
distribution of residuals

width: 68 um
standard deviation

point resolution with microMegas
no internal transverse diffusion

edge @ 15cm
center @ 16 cm

70

30

40

30

20

10

L L L }'gz/nd'f T 3353 7 31

- g B Constant 53.90 _

- true position Mean g

- 15.35 mm Sigma 0.6835E-01 |

B | R A e 1o
15 15.2 15.4 15.6 15.8

pad position (mm)
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MM Resolution

scan across 1 pad:
good resolution not uniform, systematics not fully understood

some points: bias of 100 um some points: resolution of 120 um

— 17.5 T T T T T T T T T T T T _ T T T T T T T 1T T 17T T 1T
= L | | | | | /] = B | | | | | i
= - i £0.14 - 7]
5 17 b - g 3 :
g - f : £0.12 |- @ .
4 B W i = B i
2  r i 2 B j
T 165 - ] 201 — ]
et
= - ] - ]
2 y 0.08 i b N
o .
g 16 - N 0 §
B i B LT i i
B @ i 0.06 — —
15.5 ® 7 - ]
B i 0.04 —
15 [ y . - :
B i 0.02 —
14 5 L 1 | [ | | L1 1 | L1 11 | L1 1 | 1 ] 0 B 1 | [ | | L1 1 | L1 11 | L1 1 | 1 ]
~14.5 15 15.5 16 16.5 17 17.5 14.5 15 15.5 16 16.5 17 17.5
X-ray position (mm) X-ray position (mm)
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What's Wrong?

Possible reasons for bad resolution / bias , systematics

> foil not uniform
very unlikely

» quality of the microMegas
> pillars of the microMegas
» stage movement not reproducible within ¢(10um)

> aor

We have to take more measurements under different conditions
to exclude one reason after the other
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Conclusion

> First results microMegas & resistive foil
very encouraging
resolution better than 80 um possible
systematics not fully understood yet

» Comprehensive study of track resolution with GEM

no magnetic field, gasses: P10, Ar:CO, (90:10)
for good resolution: charge width > pad width / 3
charge width @ small drift much wider than expected
resolution(drift distance) for different amplitudes

= make use of only half the statistical power
track angle effect for different amplitudes

as expected

» FORTRAN analysis program available
= talk tomorrow
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