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Ingredients of Gamma-Ray Tracking
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Pulse Shape Analysis Concept
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Pulse Shape Analysis Concept

R. Venturelli

(10, ,46)

= mMeasured
= Calculated

791 keV deposited in segment B4

Z =46 mm

Final position resolution depends crucially on the quality of the signal basis




ADL — AGATA Detector Library

Input

Positions

Detector Crystal Axis

(ﬁ;r;f;lr)y Orientation

Calculate Traces

Charge Carrier

Poisson Electrical Calculate Path of Charge Mobility
Solver Field Carries (Anisotropic)

Calculate induced Charge
in electrodes

Weighting
Potential
(Shockley-Ramo) Transfer

Function
(Preamplifier)

Convolute Signal

Computer Library written in C
- Input of different geometries and materials
- Easy to extend and control

- Simulation of:

- Interactions in detector Crosstalk

Signal Basis

- Depletion of detector

- Compiles on £ Windows X &



Calculate Path of Charge Carriers

+ Depends on:
- applied electrical field

- crystal axis orientation

+ Different Mobility for:
- electrons
- holes
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Calculate Path of Charge Carriers

Rise time in ns for different angles
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How to generate a signal basis?

Input
Positions

Detector Crystal Axis

(ﬁ;r;f;r)y Orientation

Calculate Traces

Charge Carrier
Poisson Electrical Calculate Path of Charge Mobility
Solver Field Carries (Anisotropic)
Calculate induced Charge
in electrodes

Weighting

Potential
(Shockley-Ramo) Transfer

Weighting potential F un Ctl on
for this segment o
(Preamplifier)

Convolute Signal

Crosstalk
Signal Basis

Solution to
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Depletion of an AGATA detector calculated with ADL

AA |

1000 V 2000V 3000V

—05 Space
== 07 Charge
...... 12 [1010/0m3]

Positions:
Near core
Middle position
Outer position

T T T T T T 1

0 100 200 300 400 500 600

Time [ns]

B. Bruyneel et al. accepted by NIMA (2011)
B. Birkenbach et al. accepted by NIMA (2011)



How to generate a signal basis?

Input

Positions

Detector Crystal Axis

((E/f;r;ﬁ;r)y Orientation

Calculate Traces

Charge Carrier

Poisson Electrical Calculate Path of Charge Mobility
Solver Field Carries (Anisotropic)

Calculate induced Charge
in electrodes

Weighting
Potential
(Shockley-Ramo) Transfer

Function

Convolute Signal

data core:0 hit core: 0

(Preamplifier)
Crosstalk

. - linear Model

- can be corrected Crosstalk

Signal Basis

B. Bruyneel et al. / NIM A 599 (2009) 196-
B. Bruyneel et al. / NIM A 608 (2009) 99-10




Normalised Amplitude
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Performance of AGATA

FWHM Method Reference
5.2mm Doppler correction meas. F. Recchia et al. NIM A (2009)
4.0mm Doppler correction meas  P.-A. Soderstrom et al. NIM A (2011)

3.5mm 511keV source meas. S. Klupp, M.Schlarb, R. Gernhauser
(HK 54.1)
Ey = 1332 keV net-charge in C3, E1, E3

NN .
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Convolution

data core:0 hit core: O

Ideal detector

Ecore 1 1 1 I

E1seg1 1 0 0 Esegl

Eseg2 — |10 1 0 Seg2

Esegn meas 0O 0 ... 1 Esegn true
% Realistic detector
bE!D Ecore 146001 1+dp2 ... 1+don B
(% Eseg1 1 012 . On Esegl
S Esegz = 021 1 e Oon, ) Sf?gz
3 : , .

Esegn meas dn1 On2 . 1 Esegn true

Hit Segment

B. Bruyneel et al. / Nuclear Instruments and Methods in Physics Research A 599 (2009) 196-208
B. Bruyneel et al. / Nuclear Instruments and Methods in Physics Research A 608 (2009) 99-106



Principle of Tracking

Ge
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Detection of Gamma rays with HPGe Detectors
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Performance of AGATA
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Figure 16: Interaction position resolution from the full data set with-
out cut on (6, ¢) as a function of y-ray energy for different interac-
tion mechanisms: photoelectric effect (circles), Compton scattering
(squares), pair production (triangles). The error bars due to statistical
errors only. The estimated systematic errors are shown as the filled
histogram (see text).



Calculate induced Charges in

electrodes

is segment

ighting potential
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Induced charge from

Electrons and Holes

i by:

is given

g P X)) P Xp(1))]

qu(t)




Fimetion Convolution

(Preamplifier)
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Different Tracking Algorithms
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