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Pulse Height Analysis

Analog  Digital 

Digitizers

Preprocessing (MWD,timing, filters)

Pulse Shape Analysis (xi,yi,zi,Ei)

Tracking

AGATA

Pulse Shape Analysis (Digital / Analog)

*G.F. Knoll, Radiation Detection and Measurement, second ed., Wiley, 

New York, 1989.

** “Developments in large gamma-ray detector arrays” , I Y Lee et al 2003 

Rep. Prog. Phys. 66 1095.

*** “Spatial localization of multiple simultaneous hits in segmented HPGe

detectors: a new algorithm”, E. Gatti et al NIMA 458 (2001) 738

*

**

***



Introduction to Pulse Shape Analysis

EGAN School, December 5-9, 2011- Liverpool, UK                                                                            Fabio Crespi

*G.F. Knoll, Radiation Detection and Measurement, second ed., Wiley, 

New York, 1989.

** J. Gerl, W. Korten (Eds.), AGATA Technical Proposal, September 

2001, available at http://www-win.gsi.de/agata/

* **
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Distribuzione dei minimi delle derivate seconde nei segnali 
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Distribuzione dei massimi delle derivate prime nei segnali 
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*”A pulse shape analysis algorithm for HPGe detectors” F.C.L. Crespi, Nucl. Instr. and Meth. A 570 (2007) 459.

Charge signals, represented in equivalent amount of energy released, are shown. In the

right panels the correspondent current pulses are displayed. The simulated event is

relative to a total energy deposit of 500 keV, with two IPs inside one detector segment.

The ideal case (upper panels) and a realistic one, where the frequency cut of the

preamplifier, the electric noise and a digital filtering have been applied.

Factors limiting the extraction of information from the signal shape



Examples of some useful information extracted using PSA techniques
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Improved quality of  gamma spectra

Background SuppressionNumber of interaction sites

Spatial localization of interactions

„Distribution of the number of energy 

deposits per event in the 2–2.1 MeV RoI for 

all the background contributions studied: 
60Co (a), 68Ge (b) and 2614.5 keV photons 

(c), for 4-kg detector and considering a spatial 

resolution of 3 (solid line) and 5 mm (dashed 

line). Monosite events are singled out in red 

(blue) for 3 (5) mm resolution.‟*

“Background reduction and sensitivity for germanium double beta 

decay experiments”, Gómez, H. 2007 Astroparticle Physics 28 (4-5), 

pp. 435-447 

**G.F. Knoll, Radiation Detection and Measurement, second ed., 

Wiley, New York, 1989.

*** *”A pulse shape analysis algorithm for HPGe detectors” F.C.L. 

Crespi, Nucl. Instr. and Meth. A 570 (2007) 459.

*

**

***



3D localization of interaction sites  segmented HPGe detectors

•Pulse Shape Analysis has been used to improve the time resolution of HighPurity Germanium(HPGe)detectors.

•Time aligned signals were acquired in a coincidence measurement using a coaxial HPGe and a cerium-doped 

lanthanum chloride(LaCl3:Ce) scintillation detector.

•The analysis using a Constant Fraction Discriminator(CFD) time output versus the HPGe signal shape shows that time 

resolution ranges from 2 to 12 ns depending on the slope in the initial part of the signal.
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*”HPGe detectors timing using pulse shape 

analysis techniques” F.C.L. Crespi, Nucl. Instr. 

and Meth. A 610 (2010) 299.

**M. Moszynski, B. Bengtson, Application of 

pulse shape selection method to a true coaxial 

Ge(Li) detector for measurements of nanosecond 

half-lives, Nucl. Instr. and Meth. 80 (1970) 233. 

***B. Bengtson, M. Moszynski, Subnanosecond

timng with a planar Ge(Li) detector, Nucl. Instr. 

and Meth. 100 (1972) 293.

*



Ingredients of Gamma Tracking

Pulse Shape Analysis

to decompose

recorded waves 

Highly segmented 

HPGe detectors

·

·

Identified 

interaction points

(x,y,z,E,t)i

Reconstruction of tracks 

evaluating permutations 

of interaction points

Digital electronics

to record and 

process segment signals

1

2

3

4

Reconstructed

gamma-rays
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Energy deposit

in a voxel
MGS

The “PSA problem” in AGATA 

*” A. Olariou, P. Desesquelles, et al., IEEE Trans. 

Nucl. Sci. NS53 (1) (2006) 1028.

** P. Desesquelles presentations at the AGATA 

weeks (e.g. GSI, Februarry 2005) available at at

http://www-win.gsi.de/agata/
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T X = S   :
1

0

0

X

S1T

S1

…

about 50

voxels/segment

Each column = MGS signal

10 ns bins

• Full “Least Squares” matrix is 

underdetermined (singular).

• can be decomposed into the product of 

three matrices, one of which contains the 

correlations (eigenvalues).  By neglecting the 

small eigenvalues, the product can be 

inverted.

•Then an approximate fit can be obtained 

with very little computational effort, using a 

precalculated SVD inverse.

•The more eigenvalues kept, the higher the 

quality of the fit.
* D. C. Radford presentations at the AGATA weeks 

(e.g. GSI, Februarry 2005) available at at

http://www-win.gsi.de/agata/

** A. Olariou, P. Desesquelles, et al., IEEE Trans. 

Nucl. Sci. NS53 (1) (2006) 1028.

*** P. Desesquelles presentations at the AGATA 

weeks (e.g. GSI, Februarry 2005) available at at

http://www-win.gsi.de/agata/
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Pulse Shape Analysis in AGATA

* R. Venturelli presentations at AGATA weeks (e.g. 

Liverpool June 2006) available at at http://www-

win.gsi.de/agata/

** R. Venturelli, et al., LNL Annual Report 2002, 

INFN-LNL(REP)198/2003, pp. 154–156 

*



GRID SEARCH: the principle
SEARCH THE BEST 2 FOR PULSE SHAPES IN THE REFERENCE BASE

SEARCH 1 POINT IN THE SEGMENT

Hypothesis: in case of multiple hits in segment the

energetic barycentre is considered
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GRID SEARCH: the principle
MULTIPLE HITS PER SEGMENT

SEARCH 2 POINTS IN THE SEGMENT

Hypothesis: in case of multiple hits in segment at most

two points are considered
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Pulse Shape Analysis in AGATA

* R. Venturelli presentations at AGATA weeks (e.g. 

Liverpool June 2006) available at at http://www-

win.gsi.de/agata/

** R. Venturelli, et al., LNL Annual Report 2002, 

INFN-LNL(REP)198/2003, pp. 154–156 



Doppler-corrected spectra for the full cluster, deducing the 

direction of the photon respectively from the centre of the 

detector, centre of the segment and from the PSA information. All 

of the segment multiplicities have been considered.

Width of the simulated 1382 keV peak as a 

function of the position smearing for the full 

triple cluster. Individual crystal energy 

resolution have been considered. All of the 

segment multiplicities are taken into account. 

The horizontal arrow indicates the 

experimental width.

Performed at IKP 

Cologne 

Aug-Sept 2005 

3 Symmetric Prototype 

AGATA detectors

Annular Si DSSSD

• 48Ti beam @100MeV

• 6.5% v/c 

• deuterium target

• Inverse kinematics

• 48Ti(d,p)49Ti
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Pulse Shape Analysis in AGATA

* F. Recchia, Ph.D Thesis, University of Padova, 

Italy, 2008. 

** F. Recchia, Acta Phys. Pol. B 38 (2007). 

***” Position resolution of the prototype 

AGATA triple-cluster detector from an in-

beam experiment” F. Recchia, D. Bazzacco, E. 

Farnea, R. Venturelli, S. Aydin, G. Suliman, C.A. 

Ur, Nucl. Instr. and Meth. A 604 (2009) 555. 



Recursive Subtraction 3D (RS_3D) Algorithm

The XYZ Position of the interactions is extracted comparing the detector signal shape

with  reference shapes included in a database (“Signal Basis”). 

The Signals in the “Basis” are ordered according to specific parameters (e.g. 

position of the derived net-charge signal maximum) in order to minimize CPU time.

 For each net charge collecting segment the following operations are performed:   

 the Signals (transients or net charge) which are likely to have a shape that depends

on only one interaction are selected.

 these signals are compared with the Basis elements.

 the  element that best matches is subtracted from the detector signal. 
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*―A pulse shape analysis algorithm for HPGe detectors” F.C.L. Crespi, Nucl. Instr. and Meth. A 570 (2007) 459.

**―Application of the Recursive Subtraction Pulse Shape Analysis algorithm to in-beam HPGe signals” F.C.L. Crespi, Nucl. Instr. and Meth. A 604 (2009) 459.
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34 4 10 16 22 28 34
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0 6 12 18 24 3072 keV

446 keV
144 keV

662 keV

Example: 662 keV* F.E.P. simulated event** , 

Segment multiplicity =3. 

*137Cs source,  used in tests with experimental 

data presented in the following.

** Geant 4 AGATA code used

*** ”Conceptual design and Monte Carlo simulations of the AGATA array”, E. Farnea et al. NIMA 621 (2010) 331-343 

(E. Farnea, D. Bazzacco, LNL-INFN(REP)—202 (2004) 158 website: http://agata.pd.infn.it.)
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Pulse Shape Analysis in AGATA

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_cdi=5314&_issn=01689002&_origin=article&_zone=art_page&_plusSign=+&_targetURL=http://agata.pd.infn.it
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Example: 662 keV F.E.P. simulated event, Segment multiplicity =3 
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Example: 662 keV F.E.P. simulated event, Segment multiplicity =3
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Pulse Shape Analysis in AGATA
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Example: 662 keV F.E.P. simulated event, Segment multiplicity =3 

662 keV
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Pulse Shape Analysis in AGATA

Example: 662 keV F.E.P. simulated event, Segment multiplicity =3 
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Pulse Shape Analysis in AGATA

*―A pulse shape analysis algorithm for HPGe detectors” F.C.L. Crespi, Nucl. Instr. and Meth. A 570 (2007) 459.

**―Application of the Recursive Subtraction Pulse Shape Analysis algorithm to in-beam HPGe signals” F.C.L. Crespi, Nucl. Instr. and Meth. A 604 (2009) 459.
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Basis Generation
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• Most of the PSA algorithms developed for highly segmented HPGe detectors make use of a signal database 

which contains the detector pulse shapes for all the possible interaction positions inside the detector volume 

(preamp response, cross talk and other effects have also to be taken into account as well). 

•This information is usually extracted calculating the induced current pulses by solving the appropriate 

electrostatic equations ( B. Bruyneel lecture). In principle, it is also possible to extract the 

detector position response experimentally, but the standard techniques based on coincidence 

measurements require long time ( topic addressed in the next lecture).

•Pulse Shape Comparison based Scan (PSCS), enormously decreases the time duration of the 

measurements, allowing a full scan of a large volume HPGe segmented detector in less than 1 week ( topic 

addressed in the next lecture) 

• differences Experimental basis  / Calulated basis (cross talk, preamp response, noise, energy 

release..)

Basis Generation
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Example: simplified calculation for the case of a 24-fold cylindrical segmented HPGe detector 

*G.F. Knoll, Radiation Detection and Measurement, second ed., Wiley, 

New York, 1989.

*



• We need to know the trajectory x(t) and velocity v(x) of the charge carriers (electrons and holes) starting from 

the point in which the γ ray released its energy to the collecting electrode. Since the velocity vector of the charge 

carriers is determined by the electric field inside the detector we calculate first this quantity. 

• We have to compute in each point of the trajectory the charge induced at the electrodes by electrons and holes, 

this is an electrostatic problem and the solution is obtained solving the equation to find the so called weighting 

field for the detector geometry of interest.

• Finally we have to put together the previously calculated quantities in order to build the induced current

Pulse. q represents the amount of charge generated following the gamma interaction, therefore it is a quantity 

proportional to the energy release and it determines the amplitude of the induced charge signal.

Basis Generation
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Approximation: the electric field vector and consequently the charge carriers motion are 

considered to be parallel to the radial direction. It is not a good approximation when interaction point 

is close to electrode edges

Example: simplified calculation for the case of a 24-fold cylindrical segmented HPGe detector 



Basis Generation

EGAN School, December 5-9, 2011- Liverpool, UK                                                                            Fabio Crespi

In the case of a 24-fold cylindrical segmented HPGe detector the weighting potential is obtained 

solving the Laplace equation with the boundary conditions represented in figure and expressed in 

cylindrical coordinates:

*P. Pulici; Graduation Thesis, Politecnico di Milano, 2004.



Basis Generation
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*P. Pulici; Graduation Thesis, Politecnico di Milano, 2004.

The analytical form for the radial component of 

weighting field vector Epeso(r,θ, z) is reported



• 25-fold segmented MARS HPGe detector segment section in the X,Y plane is shown 

• The similarity in shape between a net charge signal associated with a single interaction in a fixed position 

(indicated in each panel by a yellow dot) is evaluated, by means of a χ2 comparison, with the signals for all the other 

possible positions in the segment. 

•The more the region is “red”, the larger is the χ2 value; on the contrary black colored regions are 

associated with signals that have very similar shape as compared to the one in the position indicated by 

yellow dot.

Basis Generation
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•Th. Kröll, D. Bazzacco, “Simulation and analysis of pulse 

shapes from highly segmented HPGe detectors for the g-ray 

tracking array MARS”, NIMA 463 (2001) 227-249.

•Th. Kröll, D. Bazzacco, “ A genetic algorithm for the 

decomposition of multiple hit events in the γ-ray tracking 

detector MARS””, NIMA 565 (2006) 691-703 

•Th. Kröll et al., “In-beam experiment with the γ-ray tracking 

detector MARS”, NIMA 586 (2008) 421-431 



Tests with grids: regular and irregular 

34416 26391 4164 32056
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Basis Generation

* R. Venturelli

presentations at 

AGATA weeks 

(e.g. Liverpool 

June 2006) 

available at at

http://www-

win.gsi.de/agata

/

** R. Venturelli, 

et al., LNL 

Annual Report 

2002, INFN-

LNL(REP)198/2

003, pp. 154–

156 
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Basis Generation

Each panel displays an AGATA geometry crystal where the selected segment is labeled with a red dot; the grid 

points of (MGS*) basis for the same segment are plotted in different colors depending on the position of the 

current pulse maximum and finally a set of current pulses representative of each “colored zone” is plotted

*P.Medina,etal.,ASimpleMethodfortheCharacterizationofHPGeDetectors, IMTC 2004,Como,Italy,website: /http://mgs2005.in2p3.fr/Mgs.phpS. 


