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Topics

Modifications to the TPC since the Vienna meeting

Purdue-3M Micromegas

Description of the Micromegas

Resolution measurements with Ar CO, and Ariso-C,H,,

Preparations for the ion feedback measurements
Double layer field cage termination transparency

Ion feedback demonstration with wire gas-amplification
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TPC

14.6 cm 1D field cage - accommodates a 10 cm GEM Read-out end:

64 cm drift field length . field cage termination

272 G0 (OID) QU RTINS ({89 1) readout pad and amplification module
o , pad biasing boards

“field cage termination” and “final” return lines for the CLEO II cathode preamps

field cage HV distribution allow trimming the
termination bias voltage.
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Electronics upgrade

FUNCTION

i WG&E) 3 e
i Sl
, AU S £ @ [£ime
High voltage system: k: E 0:@ o = |18
-20 kV module, 2 channels available §F - il rensio

-2 kV module, 4 channels available
+2 kV module, 4 channels (new)

previously used
a NIM modules for +2kV

Readout:
VME crate
PC interface card
LabView

Struck FADC
56 channels
105 M Hz
14 bit
+/- 200 mV input range

(least count is 0.025mV )

NIM external trigger input
circular memory buffer
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TPC Improvements: +2 KV HV module
( part of CAEN system )

FADC channels increase from
32 to 56 channels

Pad board with 2 mm pads.
~ 4 layers of 2mm pads
5 layer of 5Smm pads

for track definition

80 pads on the board

These tests are the first use
of the new components.

We instrument the
lower 6 layers (56 pads);
the Micromegas is 6 cm square.
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Purdue-3M Micromegas

Micromegas is commercially made
by the 3M corporation

in a proprietary subtractive process
starting with copper clad Kapton.

Holes are etched in the copper
70 um spacing (smallest distance)
35 um diameter

Copper thickness: 9 um ?

Pillars are the remains of etched Kapton.
50 um height
300 um diameter at base 7
1 mm spacing, square array '

Title: Copper Electrodes Date: 03-22-2004 Time: 14:57
Comment: Kirk Arndt Filename: PHYSICS2.TIF

The shiny surface of the pillars is due
to charge build-up from the
electron microscope.
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Purdue-3M Micromegas

Devices are delivered on a roll.

There are 2 designs,
with and without the extra stand-off ribs.

( The designs alternate on the roll.)

Active areais 6 cm square.

We are testing a
device without ribs.
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Purdue-3M Micromegas

High magnification photo shows the flat contact
section of the pillar.

50 micron

1gh!
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T

300 micron wide (njesh side)

I I1l:|l:|I - Ia’."'llI - I3|:f.‘. . I4-|:1'." s00
X-direction (micron)
X250 30KV 14mm Spot: 9

Title: Stub on Cu grid Date: 03232004 Time: 14:12

Comment: coated;tilted Filename: PHYSICSB.TIF
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Plastic frame holds the Micromegas until
electrostatic force pulls it in at about 250V.

The wrinkle flattens at about 400V.

56 pad readout

Pillars are located in a 1mm square array.
All pads are located at integer x 1mm spacing.

The single 2mm pad layer (at top)
is used to define the track angle.

We measure the residual difference from the pair of layers. L
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Micromegas event - raw
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[ o[l
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|
ArCO, (10%) , 300V/cm
data /tpe20080403—1 event 18 ymd=2008- 4— 3 2 ’
|||||||||||||||||||||||||||||n.|!§|13b475|ﬁ||||| Mlcromegas:430V/50um
Range- a4 rav I
409.8 counts |
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25 MHz , 40 ns
2048 time buckets (81.92 us)
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Microme gas event — smoothed (but no common mode subtraction)

| TPLC Fars ||

| . ArCO, (10%) , 300V/cm

data/tpe20060403-1 event 32 ymd=2008_ 4 8

||||||||||||||||||||||||||||I|m|m|=l|7'| | Micromegas:43OV/50um

Range= 5.0 mv I

= 409.8 countis

L AL i
SHEH
- A — e
. e
25 MHz , 40 ns

cloa | |
R T O

L] 2048 time buckets (81.92 us)
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D. Peterson
05-April-2006

Charge Width
Purdue-3M Micromegas

drift distance: 42 ¢m

42% of hits

have >95% of charge in 1 pad ;
95% of charge cloud is contained
in 58% of pad width, 2.9mm

L
Sl G N *®
o o o o
fraction of hit PH on pad with max
H D. Pef
Charge Width B feesr

Purdue-3M Micromegas

drift distance: 11 €cm

70% of hits

have >95% of charge in 1 pad ;
95% of charge cloud is contained
in 30% of pad width, 1.5mm

1
© M
o o o

fraction of hit PH on pad

h 1dth ] distributi
5.0 5.0
T Purdue-3M Micromegas 430 V / 50um T Purdue-3M Micromegas 410 V / 50um
4.5 + Ar-CO5(10%) 300V/cm drift field 4.5 + Ar-CqHqp (10%) 200Wicm drift field
B=0 B=0
E40+ £E40+
= —+ = 4
=351 =351
o] .
38T —|— s30T
T T T T
€25+ €54 + I |
§%°1 AT ok
T20+ _:|= T20+
! B L .
w154+ - o BrE L 1
R x  f
& 1.0+ 0404
2 == Preliminary 20-July-2006 (20 Preliminary 20-July-2006
* = calculated from Smm cells T = calculated from Smm cells
05 == calculated from 2mm cell 0.5 + == calculated from 2mm cell
o——+————+——+——+—— 0 —
0 10 20 30 40 50 60 0 10 20 30 40 50 60

drift distance, cm drift distance, cm

The Ar iso-C,H,, charge width is not increasing above 20 cm drift.
This may be because the trigger only covers 26¢cm; tracks with
drift > 26¢cm are due to other tracks in the event.

These may be due to tracks at longer drift distance or

may be due to delayed tracks correlated with the trigger track.

The event selection includes requirements that may reject hits
with width > ~ 3mm , thus leaving only the delayed tracks.
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LABORATORY FOR ELEMENTARY-PARTICLE PHYSICS

hit resolution (2mm pad)

find tracks
require time coincident signals in 5 layers

find PH center using maximum PH pad
plus nearest neighbors (total 2 or 3 pads)

fit, deweighting the Smm pad measurements

track selection
require
all (3) 2mm pad layers
“non-edge” hits in the adjacent 2mm layers
charge sharing in the adjacent 2mm layers
(< 95% of charge on one pad)

measure

RMS of difference in residual
for the adjacent 2mm layers

correct with : 6= RMS /2

e T
|.:'II f )
|1

=
]
wL R )
L=

As the charge width is less than the pad width,
particularly for drift < 15 cm in ArCO,,
when charge 1s observed on adjacent pads,

that charge is not centered on each on the pads.

The charge center of the pads for 2-pad hits
is not the geometric center of the pads.

1

We use the center of an “effective pad width”
which gives the best resolution.

cornerL W& p—
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Hit Resolution

Ar CO, (10%) at 430 V Ar iso-C,H,, (10%) at 410 V
Gain is uncertain Gain is uncertain
~ 10x gain of 1-GEM ArCO, at 410 V ~ 6x gain of Micromegas with CO, at 430 V
Gy~ 170 um , with C;=.023//em, N = 18 Gy~ 180 um , with C;=.048/\cm, N =23
( 1ignoring the low drift bin for 14% CO,) ( ignoring the low drift bin)
1000 1000
.. Pumien Mi:roMegasuowsopm i T  Purdue-3M MicroMegas, 410V /50um
9001 ?;ﬁ.%—;é;wm il 900+  Ar-C4Hqg ( 10%) 200V/em drift field, B=0
T  from difference of residuals in 2 adjacent layers -~ 2mm pads . y -
800  hit selection requires charge sharing 4 frpm dlffgrence Of. fesictiaiad 2 aq;acenl ieyers
800 hit selection requires charge sharing

700+ Preliminary 14-July-2006

—  10% COy 7004 Preliminary 14-July-2006
T 1 = 10%C4Hqp
6001 s ~14% CO, 6004
5001+ . 5004

5N
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100+ 100+
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drift distance, cm drift distance, cm
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Sparking / Discharging

data/tpc20080403-0 evenl 3 ymd-2006- 4- 3

There was an 1nitial training period to get A AT A
from 400 V to 430 V, ~ 2 hours. rergnn |

The trip circuit was set at 40 pA, |
for the minimum duration, less than 20 ps. o | — —

Sparks that tripped the HV occurred 1 [ |
about 1 per 2 days after the first couple days. T e

The trip setting was changed to10 pA, |
for 0.2 sec.

Ran for 10 days at 430 V, no trips. e b

A new occurrence are the events as shown. (Note 200mv scale) /

These could be due to the Micromegas.
These could be an external problem.
They fake a scintillator trigger or are in-time with a scintillator trigger.
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Ion Feedback Measurement

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

We will attempt to measure the ion feedback on the field cage termination plane, for individual tracks.

The method differs from that used by Saclay/Orsay on MicroMegas and by Aachen on GEM.
For those measurements, a source was used to create ionization. Current was measured on the cathode.
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Ion Feedback Measurement

—2mm-|—2mm-|—— S5mm
> 2
s gz =
g g2 8
T OFe 78
= +_\_+
= 0+
s | 5
= =
= <
8 =]
bt =
3
] — (e
a,
S - -
2 =3 %3)
2 ) Q
e

300V/em
pulses to
900V/cm

-150V

pulses to
-550V

@) 300viem
~ / pulses to
. -100V/em

field cage termination
(actually rotated 90 deg)

ion signal expected

at 540 ps after electron signal
|

|

2000 us

=550V

-150 V.

«+— electron signal

>

milli-seconds

200 ps

0, event trigger ——
80 s, end of
electron readout
end grid readout ——
ready ——

t

start grid readout ——

t

Require small ion drift time to reduce diffusion.
(Expect ~7 us diffusion at 540 us drift.)

Require large 1on drift time because

the amplifiers saturate during the voltage ramp.
New amplifiers will have a recovery time
within this drift time.
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Ion Feedback Measurement, field cage termination

double wire-layer
3.2 mm separation

single wire-layer
The single wire-layer field cage termination (shown on slide 16 and above)
would not have captured the ions.

When the bias is changed on the wires, it would only distort the neighboring field;
it would not create a reverse direction field.

A new double wire-layer field cage termination ensures that there is a reverse direction field.
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Field cage termination
electron transmission

Tests were performed
with the Purdue-3M
Micromegas installed.

Installed double layer
Transmission Coefficient field cage termination.
160 Varied the
140 | Single Grid —_— voltage difference
. 120 | (maximum o between the layers.
2 transmission) .
2 100 Measure pulse height at the
O
= S
£ a0 anode pads.
1 60 & ¢ e £
& ° S ~40% transmission at
~
O 40 ; LE) = 450V
20 = S S ( 150V more negative )
+ o *?
0 T T T T T .
100 200 300 400 500 ~60% of the 1on feedback
Bias potential on the field cage termination should be captqred.by th?
layer on the readout side (- volts) , ——— field cage termination wires
with the layer on the drift side at -401 V.
UNIVERSITY L E P P D. Peterson, “Studies with the Cornell/Purdue Prototype TPC”, Vancouver LC Workshop, 20-07-2006
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readout anode field cage

o o e pads wires termination
[on feedback, 1nitial tests v soov e sy
. . . . Smm 6.5 mm
Wlth ere ampllﬁcatlon 1200V ﬁég/st 40% Transmission Mode
@ Pl Tominsio

_——— Gas-amplification side: -740V

©

®
®

Naively, 163V/cm
retarding +ions

A

( field cage termination
actually rotated 90 deg)

Use the wire amplification for initial tests because it has a predictable, and large, ion feedback fraction.

Use the partial transmission mode of the field cage termination
because the bias pulsing circuit, and gated electronic amplifiers that can tolerate the pulsing,
are not ready.

The ion feedback signal will be measured on the instrumented field cage termination layer.

Naively, the ion drift time is T=(.5c¢cm) / [1.535cm?/(V sec) x 3406 V/cm | = 124 us , but this does not
account for the potential difference in the radial field regions, which is necessary to see the signal.
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Ion feedback, 40% transmission

E™® Time Projection Chamber (TPC)

InputFile :  [None EventNumber: g5 Mext Event Plot Smacth
Filename : \E “Documents and §ettingsinmansMy Documert ts\TPCdatattpe Ewvent Date fymd) 2008-629 Sawe Event Plat Unsmoath
EventSave : [fions Event Time (hms): ~ [11617 ™ Plot Discriminater
Amplitude : 10 pixals = 4 my
28 mY,
19
2 5
3 —
5 3 -
6 I e T e s
7 E rczmvers et
) /"\\_ _— . . R 77' _", ~ - B
10 s e et b i S
= T T T T T T T L
o 256 512 7E8 1024 1280 1538 1792 [an4s
[Nene [Hore Time (bucksts)

readout anode field cage
pads wires termination
-400V 1500V ave -715V
Smm 6.5 mm
| tooov | 2215v
1703V/5mm 40% Transmission Mode
: © @
©) @®
i P = Field cage Termination
o) ) & Drift side: -691V
Gas-amplification side: -740V
@) (@
N S
@ . Maively, 163V/cm
= retarding +ions
(@)
14
Average: 5.5
12
10
8 [ -
6 [ -
4 Iy
2 [y
il 0 [ [
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Upper traces are the cathode pad rows. (25 MHz, 82 usec full width)
Bottom traces are the instrumented field cage termination cathode wires. (3.125 MHz, 650 psec)
The fast, in-time, wire signal is on all wires; it is inductive.
There 1s a second pulse, 203 usec later, with average relative pulse height of 5.5%.

The delayed pulse is in one channel, typically the peak channel of the inductive pulse.
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Ion Feedback, “full” transmission

File

InputFile :  [Hone

Filename:  [Ci\Documents and Settings\inmanitby Documents\TPCdakahpe

EventSave: [None

EventNumber :
Ewent Date fymd)

Ewvent Time (hms) :

—
2006-6-30 Save Event Plot Unsmaooth

134737 I Plot Discriminator
Amplitude : 10 pixels = 4 mv

readout anode field cage

pads wires termination
-400V +1500V ave -685V
Smim 6.5 mm

| 1900V | 2185V
1680V/5mm "Full" Transmission Mode

®@ ®
® @®
. _ Field cage Termination
® & C Drift side: =730V
Gas-amplification side: -640V
(@) @)
@ (rg;, ® _ Naively. 300V/em

accelerating +ions

® ®
{ held termimation
actually rotated 90 deg)

-l

103 V-V,FA{_‘-,_‘_, e I —
|
E | f
|
|
|
1
= T T T T T T
[o 255 512 768 1280 1536 1732 [2008
[Wore [Hore Time (buckets)

With +300V/cm between the layers of the field cage termination,

25

Average: 2.7

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14

expect more transmission. (Measured full transmission for electrons.)
The pulse delay is 208 usec (vs 203).

The relative pulse height is 2.7% (reduced from 5.5%).

The channel with the delayed pulse is consistent with the track seen on the pads.
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readout anode field cage

I F db k ¢ ‘>f ll, 9 t (] . pads wires termination
=300V +1600V ave -635V
on Feedback, “>full” transmission g
1900v | 2233V
B e I719V/5mm”  w>pyll" Transmission Mode
Input File :  [one EventMumber: [i5 ok Evor .
Filename :  [CDocuments and SetingshinmanisHy Documentsh] PLdatabpe EventDate fymd):  [200671 Geta et | ey &) @) @)
EventSave: [None EventTime (hms): [112328 I™ Plot Dissiiminator = =
Amplitude: [ 10 pixels= [ 4 mY e = . . L
3 e 2o Field cage Termination
[ ] ® @ @ Drifl side: -730V
E Gas-amplification side: -5340V
28mv, ] ) @
2_; _— < @) @ (Egi;: = Naively, 600V /ecm
E g y accelerating +ions
3 W' =
5 ] = ®
'
i * Average: 1.3
mE :_______:__’_?..i_r_*“_—\ . 1
E 10 I 4
[ o+ 5 75 o4 1o i L. [2048° ’
’l;nne [None Time (buckets) 0 |:| |:|
With +600V/cm between the layers of the field cage termination,
expect to further increase transmission, and reduce collection.
The pulse delay is 210 usec (vs 203).
The relative pulse height is 1.3% (reduced from 5.5%, 2.7%).
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Ion Feedback, variation with 1on drift distance

[™ Time Projection Chamber (TPC)
File

InputFile :  [Hone

Filename:  [Ci\Documents and Settings\inmanitby Documents\TPCdakahpe

EventSave: [None

EventNumber : a2
Ewent Date (ymd) 2006-7-7
EventTime (hme): |18:27.28

Amplitude : 10 pixels = 4 my

I™ Plot Discriminator

EEX

Mext Event PFlot Smonth
Save Event Plot Unsmaooth

d B

T
768

T T T
1280 1536 1792 [2048
Time (buckets)

readout anode
pads wires
+100V +1900V
Smm
| 1800V |

field cage
termination
ave -963V
8.5 mm 40% Transmission Mode
2863V . .
l684v/smm - longer ion drift
Field cage Termination
1\ - Drift side: -939V
T Gas-amplification side:
-988V
. . Naively, 166V/ecm
< retarding +ions

( field cage termination
actually rotated 90 deg)

Test that the delay time increases with ion drift distance; any electronic source will have a constant time.
Again, with ~40% transmission, -166V/cm, in the field cage termination,
but with the field cage termination-to-anode spacing is increased to 7mm (from 5 mm), x 1.4 .

Pulse delay increases to 246 usec , =6 usec , (from 203 usec), x 1.2 .
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Summary / Outlook

We have operated the Purdue-3M Micromegas in a TPC.

Observed charge width (95% containment/ 6c) at drift=0  0.6mm in Ar CO, (10%)
1.3mm in Ar 1so-C,H,, (10%)

Resolution extrapolates to about 170 um with B=0, in both Ar CO,, Ariso-CH,,

Sparking/discharging is not a serious problem.

We have completed initial studies for ion feedback measurements.

We see a signal with wire amplification ( with about 50% feedback ) .
A pulsing bias supply for the field cage termination is being developed.
Gated preamps for the field cage termination are being developed.

The signals will be very small.
Comparative measurements of GEMs and Micromegas will require high gain,
and may require averaging the signal of the predicted channels for many events.

A “bulk Micromaegas” is being prepared on one of our pad boards by Paul Colas.

We have a new display package and analysis program in Microsoft C++.
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