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Background:

» Garfield and Garfield++ support simulations of
electron/ion drift in finite-element fields and
corresponding calculation of induced signals

e Purpose of these comments:
- describe components of a charge readout signal
- demonstrate in detail the time development of
an induced signal

* Will make use of Garfield++, Gmsh [1] and Elmer [2]

[1] Gmsh: http://geuz.org/gmsh
[2] Elmer: http://www.csc.fi/english/pages/elmer
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Signal readout: weighting fields

From RD51 Mini-Week WG4, 01/30/13

 Induced signals

- A charge moving toward an electrode induces a
current; product of [1]:

- 1
- 1
- 1

ne charge g
ne velocity of the moving charge v(t)

ne weighting field F = -[1V,

for V = 1 on electrode, V = 0 all other conductors

electrode j
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[1] H. Spieler, “Radiation Detectors and Signal Processing,” VII. Heidelberger Graduate Lectures
in Physics, 2001. http://www-physics.lbl.gov/ spieler/Heidelberg Notes 2001/index.html



Example: LEM readout + attachment

Modified from RD51 Mini-Week WG4, 01/30/13

* L EM-based readout process

— single-electron avalanche
BECEBE BN Bm | ©- drft towards readout electrode
A ...

o® % — some e- attach along the way and
> O o : ..
E %00 drift as negative ions
00y -~ meanwhile positive ions (not
"0, G shown) drift back through the LEM

 Simulate in Garfield++:
- Ar (30%) CO2 (26%) 02 (4%)

- single e- incident on LEM produces an avalanche
- drift a positive ion from each point of ionization
- drift a negative ion from each point of e- attachment
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Example: LEM readout with attachment

From RD51 Mini-Week WG4, 01/30/13

* lon component (+ and -) of induced signal

Induced Current (e/ns)
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Positive ions continue to
drift away from the LEM



Comments on induced signals

 Induced signals: signal components

- lonization commonly read out as an induced signal
- Depending on proximity of ionization to the electrode,
the drifting ion may contribute = the electron itself

(Greater ion component) (Greater electron component)

-V -V

o

.

-4

.

GND (readout) GND (readout)
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Comments on induced signals

 Induced signals: charge neutralization

- No “spike” of current is produced on contact with
the electrodes

- A net charge of -1 has already been observed through
the induction process
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Comments on induced signals

 Induced signals: charge neutralization

- No “spike” of current is produced on contact with
the electrodes

- A net charge of -1 has already been observed through
the induction process

Assuming ionization occurred
far away from the electrode:

Net additional charge = 0

Charge -e has been
read out from the /
electrode
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Detailed example: electron and ion signals

z (cm)

0-2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

« LEM geometry (THGEM #9 0.15 |-
of [1]) -
« 190 torr Ar/CO2 (70/30) 0.1 -

 Single electron dropped -
above LEM and drifted 0.05 |-
through LEM hole to produce
an avalanche 0f
« Example shown: 25 - — e
electrons from the avalanche  -o.05}-
reached the readout plane n

(note: only considering 0.1 f- -
electron and positive ion - .
signals — 4 attached 015 - i
electrons are not drifted as - -
negative ionS) _02 —I L.l i L. E L. 1 i PRSI D, AL ) : | I | E | St | E | | I_

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

x(cm)
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[1] C. Shalem et. al. NIMA 558, 475 (2006).



Z (cm)

Detailed example: electron and

lon signals
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Z (cm)

Detailed example: electron and

lon signals
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Z (cm)

Detailed example: electron and

lon signals
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Z (cm)

Detailed example: electron and ion signals
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Detailed example: electron and

lon signals
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Detailed example: electron and

lon signals

0.20
0.15
0.10
0.05
0.00
—-0.05
—0.10
-0.15
—0.20
-0.25

Z (cm)

I I
© o o o o
0o S kR oo O

Induced electron current (e/ns)

I I |
v
= o O

v
T T T T m T T T T
| 20 ns | o
g -sf 1
- - =
L | g —10} |
- ’ il +
e NN N e £ sl |
‘ - 1 =20 1
| ] . - ..- L -..... P L] i o]
9 =25 -
i 1 C
| | | | ! E —30E | | | ! B
—-0.10 -0.05 0.00 0.05 0.10 E 0 100 200 300 400 500
x (cm) Time (ns)
T T T T DGOG T T T
B
£
9 —0.001| ]
i B =t
c
: | @
5 —0.002 | .
w
i 1 €
=
L 1 5 —0.003 .
a
|-
- 13
c —=0.004 .
0 20 40 (+10] 80 100 0 500 1000 1500 2000
Time {ns) Time (ns)

Josh Renner, RD51 Mini-Week WG4, 04/25/13

15



Detailed example: electron and

lon signals
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Detailed example: electron and

lon signals
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Detailed example: electron and

lon signals
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Detailed example: electron and

lon signals
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Detailed example: electron and

lon signals
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Detailed example: electron and

lon signals
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Conclusions:

e lonization Is read out by signals induced on
electrodes, not as pulses produced suddenly upon
neutralization of electrons

* Depending on the location of the ionization, the
signal induced by the drifting ion may be larger than
that induced by the electron being collected

* This process can be simulated in detalil using finite
element weighting field maps
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