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Introduction

® improve spatial resolution using transient signals
® Dpetter measure of the ion-y angle
® improve Doppler correction

OBJECTIVE

Simulate signals and extrapolate useful information for
particle identification




Framework
AGATA Detector Library - ADL3

Applying to plane silicon detectors the techniques used
for AGATA's Ge crystals




The model and its limits

Assumed equation for electron/hole currents:

->Drift only - diffusion to be included in future
developments?

J = qunE




Geometry
Planar detector with 4 electrodes + core

In the bulk the space charge distribution is calculated
starting from a constant density (doping concentration)



Weighting potentials obtained as solutions of the Laplace
equation with the overrelaxation method

Scaling the potentials with a given factor the fields are
calculated

0.32
0.28
0.24
0.20
0.16
0.12
0.08
0.04
0.00

0 51015




In the bulk the Poisson equation is solved through
overrelaxation and a small electric field is obtained from the
space charge distribution
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First simulations

Comparison with experimental signal (5485 keV a) to find
best voltage

‘ 1mm thick detector @ 80V with 1x10' atoms/cm’




A few warnings...

The simulated signal fits well enough the reference case
in the middle but important discrepancies are clear at the
head and tail of the signal

In the simulation no pre-amplification effetcs are




Charge sharing

Electrode
1200
1000 -
Bo0 |
600 |
400 |
20n
0

1 - interaction between el. 1 & 2 Electrode 2

Charge [a.u.]
Charge [a.u.]

_ Interaction in the
S d

0 15 20 25 30 2" electrode but
t [10¥ns] very close to the

Electrode 4 1St

1o 15 20 25

t [1#ns]

0 2 30 2

Electrode 3

0.0003
0.,00025
0,000z
0.,00015
0.0001 F
Se-05

0

Charge [a.u.]
Charge [a.u.]

0 5 10 15 20 25 30 0 5 10 15 20 25 30
t [10%ns] t [10%ns]

Charge sharing takes place when the interaction is deep inside the
bulk and between two electrodes



Position and transients
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Interaction in the 2™ electrode changing its position towards
the 3™, the transient signal varies with position and becomes
significant only close to the electrode



The same simulations have been made for a 0.1 mm thick
detector at 10V. As expected the transient signals show the

same pattern as before
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a-particle
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Charge [a.u.]
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3He in 1lmm detector @50V - electrode 1
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Triton in 1mm detector- electrode 1
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The net charge signal in 0.1mm detector does not reach the total energy
because the particle punches through and loses only a fraction of its energy
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Deuton in 1mm detector- electrode 1
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Nice pictures but...

We have to chose the right particle identifiers (Pl):

For every particle we take the derivative of the net charge
signal and plot its maximum against the corresponding

energy

— What happens for Tmm and 0.1 mm detectors?




1mm detector — the results can be compared to the study of particles

produced in the reaction ’Li+"*C @ 34 MeV*

Simulation

Experimental plots
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*J.A. Duenas et al. Nuclear Instruments and Methods in Physics Research A 676 (2012) 70-73



0.1mm detector — a characteristic pattern is found in the case of punch

through!

Projection @ 800 keW
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> At low energy the peaks (particles) might not be fully resolved



Very light particles have long ranges and can pass through the
detector without releasing their whole energy, this can

compromise their identification!
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— How the projections’ centroids vary with thickness, on the right the
picture is zoomed to see the points corresponding to 0.1Tmm



Conclusions and further
developments

Simulations successfully compared with experimental
results

ADL tools applicable to different geometries and materials

Studying transients signals can improve spatial resolution,



