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Garfield++ and the Charge-Up Effect
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Simulation Workflow

ANSYS
Calculate electrostatic

potential with
finite element methods
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Simulation Workflow

ANSYS
Calculate electrostatic
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of the movement
of electrons and ions

Analysis
Find location of charged
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Framework implemented
by Steffen Urban

Idea from
P.M.M Correia et al.

[doi: 10.1088/1748-0221/9/07/P07025]

Repeat this a few hundred times
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ANSYS

I ANalysis SYStem

I Solves problems with finite
element method (FEM)

I Linear and non-linear problems
I Fluid mechanics, acoustic,

thermodynamic,
electromagnetism....

I Divides the system into small cells

I Adaptive meshing
I Complicated problem (!)

I Solves Poisson equation on nodes

I Result: Electrostatic Potential
I ~E(x, y, z) = −~∇V (x, y, z)
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d e

f

V (x, y) = p0x
2+p1y

2+p2xy+p3x+p4y+p5
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Garfield++

I Simulating particle detectors

I Not only gaseous detectors (!)

I Interface to finite element
programs

I ANSYS

I Interface to Magboltz

I MC of electron drift and
diffusion in gases
[doi: 10.1016/S0168-9002(98)01233-9]

I Interface to Heed

I Models ionization produced by
fast charged particles in gases
[doi: 10.1016/j.nima.2005.08.064]

I Creating gas files

I Drift velocity and diffusion

I Avalanche creation

I Microscopic tracking of electrons

I Each collision is simulated (!)

I Simulate movement of ions

I Spatial and temporal information

I Charge creation
I Charge movement

I Signal induction
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Analysis of Simulations

I Where do the charges end up?

I End of the simulated volume
I Copper
I Polyimide

I Charges on polyimide interesting

I Divide polyimide into slices

I Count net charge on each slice

I Multiply by constant and dynamic
extrapolation factor

I Apply these charges as surface
charges in ANSYS
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Analysis of Simulations

Settings:

I EDrift = 400 V/cm

I UGEM = 350 V

I EInduct = 2000 V/cm

Observations:

I Neighboring slices
accumulate oppositely
charged net charges

I E.g. Slices 19 & 20

I “Multipole-like structure” 0 0.5 1.0 1.5
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⇒ Unrealistic behavior!
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Analysis of Simulations – Electric Field

Initial state After simulating charge-up
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Analysis of Simulations – Electron Creation

0 20 40
r / µm

−60

−40

−20

0

20

40

60

z
/

µm
Polyimide Copper

0

50

100

150

200

250

300

N
um

be
r

of
cr

ea
te

d
El

ec
tr

on
s

0 20 40
r / µm

−60

−40

−20

0

20

40

60

z
/

µm

Polyimide Copper

0.0

0.2

0.4

0.6

0.8

1.0

Ex
tr

ac
ti

on
C

oe
ffi

ci
en

t

0 20 40
r / µm

−60

−40

−20

0

20

40

60

z
/

µm

Polyimide Copper

0

20

40

60

80

100

120

N
um

be
r

of
ex

tr
ac

te
d

El
ec

tr
on

s

⇒ Effective gain should not be influenced by multipoles!
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Analysis of Simulations – Effective Gain

I Where do the charges end up?

I End of simulated volume
I Copper
I Polyimide

I Electrons at the lower end of
simulated volume interesting

I Count them

I Effective gain

I Only valid if one single initial
electron
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Effective Gain – Simulations with HTCondor
I Most of the time: 350 steps

I Effective gain changes with each
step

I A precise simulation of the
effective gain needs
≈ 10 000 initial electrons

I Computationally very expensive!

I But: Easy to parallelize

I Only simulate every fifth step

I A reasonable trade-off:

I 50 jobs for every fifth step (= 3500
jobs in total)

I Each job 400 single initial electrons
I Equals 20 000 initial electrons
I 1 400 000 initial electrons in total

for one setting (!)

step0 step1 step2 step3 step4 step5 step6

1 2 3 48 49 50 1 2 3 48 49 50

HTCondor HTCondor
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Development of the Effective Gain

I Effective gain increases exponentially

I “Time constant” can be compared
to measurements

I
(
8.3± 0.4 +4.0

−2.8

)
× 106 e/hole

I
(
5.2± 0.4 +1.8

−1.3

)
× 106 e/hole

I Percentual increase ≈ 20%

I Reasonable extrapolation factor?

I What about different voltage
settings?
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Different Constant Extrapolation Factor
I Higher

extrapolation
desirable

I Should not
influence
characteristics

I χconst varied
between 10 and
100

I Results look similar

I Choose a
conservative value
of χconst = 30
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Different Drift Fields

I Changed UGEM to
400 V

I Higher drift fields
lead to smaller
increase

I Why? → εcoll

I Depends on
EDrift/UGEM

I Could be
interesting for
ALICE settings
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Different GEM Voltages

I Changed UGEM

from 350 V to
400 V

I Total gain different

I Normalized to first
value

I No dependency

I Contradicts
measurements
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Different Induction Fields

I Changed EInduct

from 800 V/cm to
3500 V/cm

I Extraction
efficiency different

I Normalized to first
value

I No (strong)
dependency

I Slope of extraction
efficiency?!
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Single Conical GEMs

I Up to now: DC
GEMs

I Charge collection
should depend on
geometry

I Tapered side down:
Electrons

I Same behavior

I Tapered sipe up:
Ions

I Behavior different
but agrees with
first measurements
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Don’t forget the Problem....

I Every simulation: Multipoles (!)

I Continuous charge distribution best solution

I In FEM not feasible
I No alternative to FEM (up to now..)

I Test a few options

I Charge distribution with a function
I Re-bin charge distribution
I Percentage charge exchange between neighboring slices

⇒ Charge transfer between slices
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Application of a Function
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Analysis of Simulations – Pol3

I 800 steps

I No more multipoles

I Example: step 500

I Charges are almost following
pol3 already

I Fit function has no big
impact

I However: Multipole-like-like
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Application of a Function – Effective Gain

I Development of Geff

I Two different functions

I Changes the development
significantly

I Question: Do we want to
introduce this additional
degree of freedom?
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Re-binning of Charge Distribution

I Simulate everything as normal

I But don’t divide into 20 slices

I Use 60 instead

I For ANSYS: 20 slices (!)

I Smear out charges on “subslices”

I Can also be done with 40 slices
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Results

:(
No results up to now due to a bug in my software
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Percentage Charge Exchange

I Charge transfer proportional to difference

I Factor: p
I In Example: Slice 18 & 19
I Difference 1040000 e
I Add p · 1040000 to slice 18
I Subtract p · 1040000 from slice 19

I Resembles diffusion and current flow

I Do many simulations with different p
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Example – 1%

I First example with p = 0.01

I No more multipoles

I Additional degree of freedom

I How does it change for
different p?

I And what about the effective
gain?
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Example – 0.01%

I Second example with
p = 0.0001 = 0.01%

I Again multipoles

I p = 0.01% is too small to
make a significant change

I And what about the effective
gain?
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Effective Gain Development

I Effective gain for different p

I p = 10% is too much

I From multipole
considerations:
p = 0.01% too small

I Probably 1% is a fair
trade-off
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Summary – Time Constants

UGEM / V τ / e/hole

350 2 120 000± 120 000
360 2 240 000± 120 000
370 2 376 000± 91 000
380 2 560 000± 110 000
390 2 400 000± 90 000
400 2 340 000± 100 000

EDrift / V/cm τ / e/hole

400 2 340 000± 100 000
800 1 881 000± 81 000

1600 1 995 000± 69 000
1800 1 160 000± 130 000
2000 1 940 000± 340 000
2400 2 150 000± 520 000

EInduct / V/cm τ / e/hole

800 2 390 000± 100 000
1200 2 430 000± 100 000
1600 2 580 000± 100 000
2000 2 430 000± 100 000
2400 2 104 000± 76 000
3500 2 254 000± 69 000

p / % τ / e/hole

10 1 720 000± 120 000
5 2 310 000± 110 000
1 1 952 000± 81 000
0.5 1 845 000± 71 000
0.1 2 433 000± 86 000
0.01 2 442 000± 71 000
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Summary – Simulating the Charge-Up Effect

I Iterative approach

I Based on ANSYS and Garfield++

I Can describe measured values

I Describes qualitative behavior nicely
I Even for unexpected things (e.g. SC GEM)
I But: Deviations to measurements
I And what about multipoles?!

I Approaches to get rid of multipoles

I Most promising: Percentage smooth
I But it introduces another degree of freedom
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Outlook – Simulating the Charge-Up Effect

I Write Paper (!!!)

I Try to simulate re-binning

I Simulate different voltage settings with percentage smooth (?)

I ? Any ideas ?
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Thanks!

Thank you for your attention!
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