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χ2 filter 

• The waveforms where fitting resulted in too high χ2 values are discarded.  
• χ2 filter is capable of rejecting pulses damaged by pile-up or by ballistic deficit. 
 
 
 
 
 
 
 
 
 

 
 

Shape filter 

• Ideal pulse shape is constructed  from histogram of  normalized pulse shapes. 
• Upper and lower bound around the ideal pulse shape are determined for each channel.  
• Only the waveforms which fall everywhere between the bounds are accepted. 
• Application of the filter is demonstrated on data measured with SA shaping time set to 6 μs. 
  Substantial reduction of pile-ups was achieved. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
• Shape filter also enables precise measurement of positron annihilation in flight [2]: 
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DCDB Software package 

The DCDB Software package includes following programs: 
DCDB Gen : Generates synthetic data for testing purposes. 
DCDB MPI: Analyzes raw pulses from detectors by fitting them with model function. Fitted 
parameters are stored in intermediate binary files readable by DCDB Hist program. 
DCDB Hist: Calibrates energy and generates 1D and 2D spectra from intermediate binary files 
created by DCDB MPI program. 
 
Waveform analysis: 
• Determine number of pulses and initial values of their amplitudes and positions. 
• Fit waveform by model function: 
 
 
 
 
 
 
 
 
 
• Energy is directly proportional to the amplitude of the main pulse β0. 
• Waveforms damaged by pile-up or by ballistic deficit are discarded by χ2 filter. 
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Source code and pre-compiled binaries available at http://physics.mff.cuni.cz/kfnt/us/groups/pas/software.html 
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Introduction 

High-resolution digital spectrometer for coincidence measurement of Doppler broadening of 
positron annihilation radiation was recently developed and tested. In this spectrometer 
pulses from high purity Ge (HPGe) detectors are sampled in the real time by fast digitizers 
and subsequently analyzed off-line by software[1]. We present description of the software 
routines used for pulse shape analysis in two spectrometer configurations: (i) semi-digital 
setup in which detector pulses shaped in spectroscopic amplifiers (SA's) are digitized; (ii) 
pure digital setup in which pulses from detector pre-amplifiers are digitized directly. Software 
developed in this work is freely available in the form of source code and pre-compiled 
binaries. 

Conclusion 

Software for off-line analysis of pulse signals from HPGe detectors has been developed. Two  
configurations were considered: 
(i) semi-digital setup where pulses shaped in SA are sampled; 
(ii) pure digital setup where pulses from detector pre-amplifiers are digitized directly. 
The algorithms employed in software analysis are described. Software developed in this work is 
freely available in the form of source code and pre-compiled binaries. 

Scheme of semi-digital spectrometer 

Ideal waveform shape and shape filter bounds 
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Scheme of pure-digital spectrometer  

Typical waveform fitted by model function 

Undamaged pulse fitted by model function Pulse damaged by ballistic deficit 

Advantages of digital spectrometers 

• All detector signals are recorded and accessible for later analysis. 
• Data analysis can be repeated several times to optimize its parameters and to filter out pulses 
  damaged by pile-up or by ballistic deficit. 
• Tedious adjustment of the analogue NIM devices is not necessary anymore. 
• Improved data quality: lower background, better energy resolution (pure-digital setup). 

Raw 2D CDB spectrum Filtered 2D CDB spectrum 

Raw 2D CDB spectrum Filtered 2D CDB spectrum 

CMFIT Software 
 
CMFIT is a software for analysis of waveforms sampled in semi-digital mode, i.e. pulses from 
HPGe detectors are firstly shaped by spectroscopy amplifiers and then sampled by digitizers. 
The sDCDB Gen program generates synthetic data for testing purposes. 
 
Waveform analysis: 
• Maximum of the waveform is determined by parabolic fitting. 
• Base-line level prior to the pulse is fitted by a constant line. 
• Pulse height is calculated as a difference between maximum obtained by parabolic fitting 
   and estimated base-line level prior to the pulse. 
• Energy is directly proportional to the calculated pulse height. 
• Shape filter is applied to reject waveforms damaged by pile-up or by ballistic deficit.

http://physics.mff.cuni.cz/kfnt/us/groups/pas/software.html

