Simple 3D signal calculation for the
perforated anode PCB

e Case study: 50 liter 2-layer PCB with orthogonal induction-collection
planes

* Strategy:

* solve 1st Maxwell equation on a 3D lattice both for the electric field and the
weighting potentials (collection/indiction)

* To minimize computing time: find minimal symmetry volume and possibly
switch to 2D calculation wherever the field is 2D symmetric

* No egde effects included (eg: field cage, PCB is considered as infinite)



E-field and induction signals in the
perforated PCB tested in the FLIC

Symmetry area on the induction strips (with
“mirror” boundary conditions) used as basic unit
for the 3D calculation of the drift field and the
weighting potential.

Area=25mmx 1.67 mm

Symmetry area on the collection strips (with
"mirror” boundary conditions) used as basic unit
for the 3D calculation of the drift field and the
weighting potential.

Area=5mmx 2.5 mm

Only the case of 2.5mm diameter holes is
considered by now
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First Maxwell equation: VE = P
In the TPC volume and neglecting space charge:

JE, O0E, OE,
0x T 0x T ox 0

62V+62V+62V 0
dx2  9y?  0z2

On a discrete 3D mesh with regular pattern (knots distance = D):

2 = (V- Vo) - (Vo- Vi) / D?
2= (V)= Vo) - (Vo- V) / D7
= (Vo Vo) - (Vo-V,)) / D?

Hence:
0%V ~ 9%v = 9%v

+ t o =Vt VetV +V, +V, +V, - 6V,)/D?=0

dx2  0dy2 0

Voltage values in the whole volume are derived by linear 3D

interpolation of the voltage on the mesh knots

y+

Z+

VX' . . Vx+

v-
This means that the Maxwell equation is
solved in the whole volume when

Vo= (VutV, +V +V _+V, +V,)/6

for all knots of the mesh.

In other words, the potential in each knot is
the average of the first closest points in the
mesh.

This is easily implemented with simple
convergence methods.

Boundary conditions are also easily
implemented.



3D calculation (with regular mesh spacing of 0.1
mm) of the drift field and electron trajectories in

the minimal symmetry volume

Hole diameter = 2.5 mm
E_drift = -500 V/cm
V_ ind=0V

V_col =+2kV  Calculated transparency = 100%
‘ ® .0 .0

Induction pattern

Induction strips run
along the Y axis

Collection plane
simulated as single
electrode
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3D calculation of the 4 weighting potential 4 250 |
o _ I aty=1.67 mm I aty=0mm . 2D calculation of
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Electron inducted charge for several trajectories

(from the 3D calculation of the drift field)
starting above the considered induction strip and
1. focusing inside the hole fully contained in

Fraction of the charge
induced on the strip

starting above the adjacent induction strip and
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the considered strip (RED plot)

2. focusing inside the hole shared with the

adjacent strip (BLUE plot)

3. focusing inside the hole shared with the

4. focusing inside the hole fully contained in

considered strip (GREEN plot)

the same adjacent strip (OTHERS)

strip considered for charge

induction calculation
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Current induced on the strip for several electron

trajectories (from the 3D calculation of the drift field)

starting above the considered induction strip and
1. focusing inside the hole fully contained in the

current induced on the

considered strip (RED plot)

2. focusing inside the hole shared with the

adjacent strip (BLUE plot)

starting above the adjacent induction strip and
3. focusing inside the hole shared with the
considered strip (GREEN plot)
4. focusing inside the hole fully contained in the
same adjacent strip (OTHERS)

strip considered for current

induction calculation
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Attempt to build signals from ionizing tracks strip considered for current adjacent Induction strip

* Average over many electron trajectories going induction calculatW / l \
through the considered induction strip l
1. Case of anisochronous charge layer drifting s ' |
to the anode plane and covering the whole
transverse x-section of the induction strips
2. The induction on the considered strip is
recorded as well as the one on the adjacent

5 induction strips
3. CE electronic response is then convoluted

Average signals from induction strips CE electronic response Average signals after convolution of CE
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Comparison between the simulation of the signals from the strips of the 50 liter TPC and the isolated
hits (Ar39 or similar) collected with the 50 litres during the 2020 spring run

Tue May 26 18:38:26 2020, Event: 1

Selection of single hits was attempted, with initial
goal of using them for Ar-39 calibration. % o
As a side product, field response was extracted , 0
using the single hits of 5 strips around the signal o
strip 0
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Comparison between the simulation of the signals from the INDUCTION strips of the 50 liter TPC and
the isolated hits (Ar39 or similar) collected with the 50 litres during the 2020 spring run

iInduction strips SAATION SoUwdsis  Drift Figld = 500 Viem
Main induction Strip ‘ ..... ‘ Voltage across PCB = 2 kV

— st Adjiacant induction Strp ) )
In simulation:

’ The SimU|ated Signals are the - convolution with CE response function (2us peak time)
“average" over the 48 trajectories - average charge diffusion = 0.8 mm
(as in previous slide). “*“ | | | | )

* The signals are convoluted with the
2us response function of the
Electronic chain.

« The 0.8 mm “diffusion” is introduced

to take into account the actual

average diffusion in the 50 litre TPC
and the few mm track length

(uniformly oriented in space).

The overall pulse height 100

normalisation and the alignment in

time is done “by eye”. - g |

25t Adjiacent induction Strip
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Comparison between the simulation of the signals from the COLLECTION strips of the 50 liter TPC
and the isolated hits (Ar39 or similar) collected with the 50 litres during the 2020 spring run

« Same signal treatment as for induction s

signals
. Only one adjacent strip gives a 7Y A NN N A S S S—
significant signal

« Mismatch of signal on adjacent strips 30 b

clearly due to a small amount of

charge actually ending on that strip:
« This is because the integral of that i

signal is positive instead of zero
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* Need to better refine the single hit 0
selection to perform signal N

matching 0 5 10 X 15 20

Drift time (us)



