Studies with a TPC
and development of a procedure
to measure ion feedback

James Inman — Radford University
Dan Peterson - Cornell University
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Equipment, Amplifiers and Electronics

Wires
(Multi-Wire-Proportional-Chamber)

GEM

Micromegas

High voltage system:
-20 kV module, 2 channels
-2 kV module, 4 channels

Readout:
VME crate
Struck FADC
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Sample data taken with Cornell TPC
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data/tpe20080403—1
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event
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Micromegas event — raw (no smoothing)

I

Range- a4 rav
408.9 counts

ArCO, (10%) , 300V/cm

Gas gain: ~ 300
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Implementing Program in Visual C++

o L)
L
¥ & Ll =
E--'f g |

Design Goals:

e Maintain functionality
of old program

e Allow for analysis of
ion feedback

¢ Interactive control

e Optimize run speed

5 Time
ile

Projection Chamber (TPC)
InputFile :  [Hone EventNumber: 1
Filename : iE \Documents and S sttingsinmani\D esktoptpe20060629-0 Ewent Date (yndl) 2006-6-29
EventSave: [None Ewent Time (hms) 11:30:33

B
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TPC Data Analysis Program — Block Diagram

A 4

Load channel pad configuration data file

Load analysis configuration data file

A 4

v
Open data-file-list file,
load list of TPC data file names

- Open TPC data file
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TPC Data Analysis Program - Data Files

Channel Pad Configuration

Contains information about the layout of the
TPC (# rows, #pads, ...)

Maps the channels of data in the TPC data
files to the pad board layout
(channel# -> (row, pad))

Contains the geometry of the padboard, used
for track fitting and plotting

Analyze Configuration

Has 3 sets of 35 input parameters that are
used to analyze data

Data smoothing (smoothwidth)
Pulse identity (thresh, recoverwidth)
Track fitting (pad pulse sharing)

UNIVERSITY

CORNELL ,ﬂc
LEPP J. Inman, “Studies with a TPC ... measure ion feedback” , REU presentation, 08-Aug-2006
NTARY-

ORATORY FOR ELEME ~PARTICLE PHYSICS

RU

6 of 20



TPC Data Analysis Program - ROOT

Create an ntuple tree
¢ A tree stores data

e TTree object consists of branches
that can hold any type of data from
integers to classes

e Branches are filled for each event

Create ROOT file

| delayTime {delayTime>20} | hnew
Entries 337
- Mean 192.6
- RMS 8.282
30—
25—
20—
15—
10
s
_|.m | [ Fﬂm.m‘lnl'lﬂ.\I'I.HIH.I'II.I'I‘H

70 180 190 200

210

220 230 240 250 260

|_inductionMaxHeight:feedbackMaxHeight |

e Contains ROOT objects g T
(in particular my TTree) s
e ROOT is run in “interactive” — iF
mode (root.exe) and file is N>
opened to make cuts on the 17 50
data and then plot histograms i
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Ion Feedback Measurement

Positive ions are created in the amplification
and
drift back into the field cage.

Ion feedback is expected to be
suppressed with the
GEM or Micromegas devices
relative to MWPC.

We measured ion feedback
on the field cage termination plane,
for individual tracks.

This is a different method than used by other groups
and will allow
a more direct comparative measurement
of ion feedback in the various devices.
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Ion Feedback Measurement

B N S S L S S L S e L . L e

slot 1:cathode @ -25.6 inch x=0; Vsupply=20KkV:

V=33.1/673.1*20kV= 983V
18017/(25.6 inch)= 292V/em

x=0.283, V=+550

total length: 26.295 inch
304.2V/(.4 inch)
299V /cm

x=0.485, V=-2000

x=.125; Vsupply=20kV,
AR=3.1 MQ
V=30.0/673.1*20kV= 891V
AV=02V

Wire Amplifier

Wire amplifier produces large feedback signal
this is why it is unsuitable for use in the ILC

It is used as a starting point for measuring ion
feedback

Field cage termination plane

Located between field cage
and amplifier (next slide)
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Field Cage Termination

Single Field Cage Termination Double Field Cage Termination
The field cage termination provides a close Allows for an area to be defined with a
to uniform potential plane while still being reverse electric field
LIRS This reduces transmission of elections from
It would not collect ion signal; ions drift track and allows for ions drifting back into
past the plane into the field cage the field cage to be collected on wires
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Partial Transmission Mode

Transmission Coefficient Transmission
60 coefficient of electrons
Sinale Grid . through double field
I | J1 1L 5 . =
140 _ s s cage termination wires
~ 120 | (Maximum * using Micromegas
£ transmission)
g 100 o
= . ~40% transmission at
c 80 -
3 bias voltage of -450 V
9 60 E Q_O—UE
= O -~ .
g = c > ~60% of the ion
y = = S feedback should be
8! o + detected by the field
0 ‘ | | | | cage termination wires
0 100 200 300 400 500
Bias Voltage (-V)
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40% Transmission Mode, 5mm Drift

readout anod e
- ane Fdd,ca%} Filename: tpc20060629-0 Event Number: 65
dds wIires &
p4nnv _ |5L00V “r""r;‘*l;‘g‘ Date: 2006-6-29 Time: 11:8:17
- -+ a\,-'c -
Smm 6.5 mm ]
| leoov | 2215V -
1703V/5mm 40% Transmission Mode i, o=
\/
(G r:@ rrg) 2 ¥ e
) - % I -
©® @
- - Field cage Termination —i
@ @) @ — Drift side: -691V e N
— Gas-amplification side: -740V 5‘5 \/ - - . B
i Tl
] \LA
7 e — - -
@) 10: o T e e e T s et e e N e S e A ]
=/ ] \/‘
n | x
== T T T T T T T
0 256 512 768 1024 1280 1538 1792 2048
Time (buckets)

_ X-axis is in units of data buckets
Pulse observed on field

cage termination, is this
ion feedback?

Top 6 traces are from pad board, data collected at 20ns/bucket (82 ps)
Bottom traces are from FCT, data collected at 320ns/bucket (655 ps)
Logic pulses identify pulse threshold crossings
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40% Transmission Mode, 5mm Drift

_peakDelayTime | htemp [ feedbackMaxHeight / inductionMaxHeight | htemp
Entries 579 Entries 579
45 Mean 201.9 40— Mean 0.06029
- RMS 8.65 i RMS __ 0.02416
40:— 35:_
a5l E
2 30—
30 E
C 25—
25— C
= 20—
20— =
B 15[
15— B2
105— 10?
5 5E
0:,‘|n.‘mm|._|‘.‘|”..l....\.‘.‘ﬂﬂﬂﬁﬂnﬂmm...mn.m 0: [ il PN N « RS N s I |
170 180 190 200 210 220 230 240 250 260 0 0.05 0.1 0.15 0.2 0.256 ’ 0_-3
time (us) Pulse Height Ratio
14
Average: 5.5%
12 | —
H 10 - —
Average pulse delay time
. . Y _
is 202 ps with 0 = 8.7 ps _
* 6 4
Average relative pulse 4 L
i i 0) s
height is 6.0% Initial Results 1 H
calculated by NI NN N —
1 2 3 4 5 6 7 8 9 10 11 12 13 14
hand, not fun Relative Pulse Height (%)
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“Full” Transmission Mode, 5mm Drift

readout anode field cage
pads wires termination
-400V 1500V ave -685V
smm 6.5 mm
| 1900V | 2185V
1680V/5mm "Full" Transmission Mode
(@ (@&
@
s e oy Field cage Termination
& @) @) Drift side: -730V

Gas-amplification side: -640V

\@b\ @
@ ®) " Naively, 300V/em
— e s

accelerating +ions

(B = ()
@ > @

(®)

(@ P
@ (@)

{ field cage termination
actually rotated 90 deg)

Filename: tpc20060630-0

Event Number: 76

Time (buckets)

Date: 2006-6-30 Time: 13:47:37
| 1
28mv, ]
E| ¥ el ' 2
2 7 %{* - 3
e - )
3 5
5 e
E %
6 i e — 6
7 E e 7
s
g
E [——
103 w it Ry PR ———
E { 10 I[
] \U .
i 295 51 708 1024 1260 1955 1702 2048

Pulse still observed on field cage termination

By observation pulse looks smaller
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“Full” Transmission Mode, 5mm Drift

peakDelayTime

htemp

Entries 82

7

6

5

1l

Mean 206.8
RMS 9.282

L

180 190 200

210 220 230 240 250
time (us)

| feedbackMaxHeight/inductionMaxHeight |

htemp

=]

~J

(2

L5

-

-:

Entries 82
Mean 0.04205

RMS

0.02043

o

o

L+ ] w e
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o
o
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o
o
[=2]
o
=]
0
o
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0.12 0.14
Pulse Height Ratio

0.16

Average pulse delay time
is 207 ps with o0 = 9.3 s

Average relative pulse
height is 4.2%
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“>Full” Transmission Mode, 5mm Drift

readout anode field cage
pads wires termination
=300V +1600V ave -635V
i 6.5 mm
2235V
1900V 1719V/5
fomm- s Eyll" Transmission Mode
= " - Field cage Termination
@) @) &) Drift side: -730V
Gas-amplification side: -540V
(@) @
E @) (. Naively, 600V/cm
= “\_ accelerating +ions
{ fichd cage termination
actually rotated 90 deg)

Filename: tpc20060701-0

Event Number: 16

Date: 2006-7-1 Time: 11:29:26
| | 1
28mv, ]
13 T 2
2 ; T 3
3] Yzm——
E 4
3 5
5 3 —r—— —
5 A 6
J =
71 - 7
E Y
s
e ’
10; 9 I Tl
E 10 I
E 1
i 295 51 708 1024 1260 1955 1702 2048

Time (buckets)

Pulse still observed on field cage
termination; decreased signal to noise
ratio makes pattern-recognition difficult
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“>Full” Transmission Mode, 5mm Drift

| peakDelayTime | htemp | feedbackMaxHeight/inductionMaxHeight | htemp
Entries 115 Entries 115
Mean 216.2 = Mean 0.02622
10j RMS 20.46 L RMS _ 0.01986
- 10_
8— L
i ol
6 L
L 6
41— =
— 4_
1 N N H’” I N
0_ \Hﬂlﬂll_‘llll"l"ﬂ' HHHHI—II—II L Olmnlllll]ﬂﬂlllllllIllllllﬂlIllﬂlll
180 200 220 240 260 0 002 004 006 008 01 012 0.14 016 0.18
time (us) Pulse Height Ratio

Average delay time is 216 ps with 0 = 21 s
Average relative pulse height is 2.6% (reduced by 43%)

Pulse Height is effectively controlled by bias voltage
applied to field cage termination
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40% Transmission Mode, 7mm Dirift

zadout E: il 3

I't,‘l L"II.] 'm.ode hcld‘cag.u Filename: tpc20060707-0 Event Number: 82

pads wires termination Date: 2006-7-7 Time: 18:27:28

+100V  +1900V ave -963V ' - ' -
S 8.5 mm 40% Transmission Mode

1800V 2863V = R E
| | 1634V..a5n1m| longer ion drift  [a. p——————— )

— E M 74
\@) 2 E 3 —7

Time (buckets)

3
v
33 L —
@) @) E i .
= ~  Field cage Termination E f
= _ - Drift side: <939V E
@ @._® 51 >
N 3 Gas-amplification side: E 6
® @ -988V 63 e e = e ——
2 &) E U
— E 8
— @ E
E 9
/ E Iy o
@ ) 103 | e - — B
field cq E| :
ually E I
E |
T T T T T T T
i 258 512 768 1024 1280 1536 1792 2048

Change the ion drift distance to see if the pulse
changes accordingly

Pulse observed on field cage termination with a
noticeably later time
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40% Transmission Mode, 7mm Drift

| peakDelayTime | htemp | feedbackMaxHeight/inductionMaxHeight | htemp
Entries 91 Entries 91
= Mean 2453 = Mean 0.07378
6— M RMS 7.911 4— M 1 RMS 0.02778
£ 3.5
5— :
- 3 | 1o 0
4 E
E 2.5 ﬂ ]‘
3 2
: ] b ﬁ ‘|;Jl ﬂ
2— —
C 1= o
11— =
0_ L | e Ty I R ) L | 0:||‘|\\|||r||\|\\||||||\||\|
230 240 250 260 270 280 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
time (us) Pulse Height Ratio

Average pulse delay time is 245 ps with 0 = 7.9 ps (5mm — 202 pus)
Pulse delay time increase of 21% (40% drift distance increase)

Average relative pulse height is 7.4% (5mm — 6.0%)
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Results / Next

Created a new display and analysis program in Microsoft C++ that can be used
to analyze ion feedback

Ion feedback was measured from a wire amplifier which has a large gain (x300)

An attempt to measure ion feedback from the double layer GEM amplifier was
made; however, the GEM has an expected gain that is 10% of the wire amplifier
and only 5% of the ion feedback

Plan to make a pulsing voltage bias on the field cage termination to allow full
transmission of electrons and then pulse field to collect ions, need pulsing circuit
and electronic amplifiers that can withstand pulsing bias

Smaller diameter wires on the field cage termination would increase field near
wire increasing feedback signal (20 pm -> 8 um)

A triple layer GEM would provide much more signal amplification

Make more measurements of ion feedback ;
measure ion feedback for various amplifier devices.
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