
Pixie-500 Express Manual Extension

Pulse Shape Analysis Functions

Version 3.21, September 2014
XIA LLC

31057 Genstar Road
Hayward, CA 94544 USA

Phone: (510) 401-5760; Fax: (510) 401-5761
http://www.xia.com

Disclaimer

Information furnished by XIA is believed to be accurate and reliable. However, XIA assumes 
no responsibility for its use, or for any infringement of patents, or other rights of third parties, 
which may result from its use. No license is granted by implication or otherwise under the 
patent rights of XIA. XIA reserves the right to change the DGF product, its documentation, 
and the supporting software without prior notice.



Table of Contents
1 Overview..................................................................................................................................................2
2 Installation Files.......................................................................................................................................2
3 PSA Definitions........................................................................................................................................3

3.1 Input Parameters................................................................................................................................3
3.2 Return Values....................................................................................................................................5

4 Pixie Viewer Tools...................................................................................................................................6
5 Coding information...................................................................................................................................7

1 Overview
A variety of radiation detectors have the ability to discern between different types of radiation, 
such  as  neutrons  and  gamma  rays,  by creating  different  pulse  shapes  for  different  types  of 
interactions.  In  addition,  phoswich  detectors,  consisting  of  multiple  layers  of  different 
scintillators, produce different pulse shapes depending on which layer absorbs the radiation. A 
suitable  pulse shape analysis  (PSA) can detect  such differences,  which then can be used for 
particle identification.

While initially digital readout electronics has been used to simply capture detector waveforms 
for offline analysis, the on-board processing capabilities of the Pixie-500 Express allow PSA to 
be performed online in the digital signal processor (DSP) and Field Programmable Gate Array 
(FPGA). The main benefit is that this allows much higher throughput rates since full waveforms 
do not have to be transferred from the electronics to hard drive or other storage –  only a few 
result  values have to be transferred per pulse.  This  manual  describes a number  of functions 
available  on  the  Pixie-500  Express  with  the  “User  PSA”  extension.  The  functions  are 
implemented  in  the  FPGA  for  those  operations  that  require  simple,  but  time  consuming 
operations, and in the DSP for those with more advanced operations. The DSP functions are also 
available  as  a  source  code  for  compilation  into  the  main  code for  those  users  who need to 
customize the output values. 

The  standard  Pixie  Viewer  interface  is  extended  by  a  User  code  plug  in  to  specify  input 
parameters and view results. 

2 Installation Files
The PSA code variant is an addition to the Pixie Viewer. The release package includes several 
files which should be copied into the installation directories as follows:

– Pixie_PSA.pxp copy into the main Pixie Viewer directory, e.g. C:\XIA\Pixie500e

– User_PSA.ipf copy into the main Pixie Viewer directory, e.g. C:\XIA\Pixie500e

– *.set copy into the “Configuration” subdirectory

– *.pdf copy into the “Doc” subdirectory, then please read. 

Start  the  .pxp  program  in  the  same  way  as  the  standard  version,  then  execute  the  macro 
“Pixie_UseHomePaths” from the top menu bar before booting the Pixie module to ensure the 
correct files are in use. The .set files provide examples for a variety of applications. 
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3 PSA Definitions
The approach used here is a digital version of the Charge Comparison Method, where two sums 
over  characteristic  regions  of  the  pulse  are  accumulated  and  a  suitable  ratio  expresses  the 
difference in pulse shape. This is a well established method used in a variety of applications, well 
suited for online processing due to its simplicity. In this case, the functions compute baseline 
average sum B, amplitude A, and two sums QDC0 and QDC1 over characteristic areas of the 
pulse, as shown in Fig.1. The first 8 samples of the waveform are summed and normalized to 
obtain B. The maximum sample M in the waveform is located, then subtracted by B to obtain A. 
Four input parameters (L0, L1, S0, S1), specified prior to the data acquisition, define the length 
and position of the sums QDC0 and QDC1 relative to the trigger T, as shown in Fig, 1. The sums 
QDC0 and QDC1 are baseline subtracted by B (scaled according to L0 and L1, respectively). 
Another  return  value,  or  PSA  ratio  R  =  QDC1/QDC0  is  computed  as  the  final  result  to 
differentiate pulse types. (Other ratios or combinations can be implemented on request). These 
data,  plus  the  timestamp  and overall  pulse  height  E  computed  with  a  trapezoidal  filter,  are 
written into the list mode data stream, followed by optional storage of the full waveform for each 
event. 

Figure 1: The PSA quantities and input parameters 

3.1 Input Parameters
PSA input parameters are specified in the User_Control panel (top menu User PSA →  User 
Control Panel) In the upper left corner of the panel are control bits that activate the PSA code 
and control its  processing options.  The ModCRSB control  affects  a module  as a whole,  the 
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CCSRB bits control for each channel individually a number of processing options. Usually it it 
not  necessary  to  change  the  CSRB values  directly,  instead  toggle  the  checkboxes  until  the 
desired option is set. Current options are

– Compensate for 4-sample coarseness: enables finer triggering to find the rising edge. It is 
recommended to always enable this option

– Divide result  by 8:  Enable  for  long sums,  where  the result  of  QDC0 or  QDC1 may 
overflow its 16-bit variable

In the lower left, for each channel the length (L0, L1) and delay (S0, S1) of the sums is specified 
for each channel, as well as a threshold to detect the rising edge of a pulse. The threshold applies 
to both sums, the length and delay can be set individually, with the following limitations:

– QDC1 must finish last (i.e. S1+L1 > S0+L0)

– L0, L1 must be between 4 and 120, and a multiple of 4

– L0+S0, L1+S1 must be between 0 and 380

– The difference of S0 and S1  must be a multiple of 4 (e.g S0 = 1, S1 = 17)

 The values shown in Fig.2 are good general purpose starting points. S0 is usually close to zero. 

Figure 2: Pixie Viewer User_Control panel for PSA input parameters
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Notes: 

1. The checkboxes do not always reflect the state of the CCSRB variables shown. Toggle 
checkboxes at least twice to change the CCSRB bit, or enter the CCSRB value directly as 
a hexadecimal number.

2. Always “Read from DSP” before changing values, then “Apply to DSP”

3.2 Return Values
The DSP writes the PSA return values to the list mode data stream. The PSA values are placed 
into words 10-15 of the channel header as described in the Pixie-500 Express User Manual. 
Table 1 lists the mapping of the values to the channel header locations:

Table 1: Channel header data format.

Word 
#

Variable Description

0 EvtPattern Hit pattern. 
1 EvtInfo Event status flags. 
2 NumTraceBlks Number of blocks of Trace data to follow the header
3 NumTraceBlksPrev Number of blocks of Trace data in previous record (for 

parsing back)
4 TrigTimeLO Trigger time, low word
5 TrigTimeMI Trigger time, middle word
6 TrigTimeHI Trigger time, high word
7 TrigTimeX Trigger time, extra 8 bits
8 Energy Pulse Height
9 ChanNo Channel number
10 User PSA Value Amplitude A
11 XIA PSA Value reserved
12 Extended PSA 

Values
Base B

13 Extended PSA 
Values

QDC0

14 Extended PSA 
Values

QDC1

15 Extended PSA 
Values

Ratio R

16--
32

reserved
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4 Pixie Viewer Tools
To  assist  in  the  analysis  of  the  acquired  data,  a 
number  of  processing  and  display  functions  have 
been  added  to  the  Pixie  Viwer  software.  These 
functions can be accessed under top menu UserPSA 
→ PSA Analysis, see left. 

At the top of the panel, specify the Pixie channel for 
which the  data will be analyzed. Only one channel is 
active  at  a  time  (the  “all”  checkbox  processes  4 
channels  in  sequence).   The  control  underneath 
allows to define a ratio of any PSA parameters.

The  button  “Show  PSA  results  with  LM  traces” 
opens  the  standard  list  mode  trace  display  and  an 
additional panel where the PSA results are displayed. 
In  three  columns,  the  results  from Igor,  DSP,  and 
FPGA computations are shown for comparison. Igor 
computes  the  results  from  captured  waveforms  (if 
present) using the parameters specified at the bottom 
third  of  the  panel.  This  function  is  most  useful  to 
view one event at a time and debug or develop the 
PSA algorithms. 

The next section gives the options to either read all 
the PSA results computed by the DSP and/or FPGA 
from a binary data file, or process all waveforms in a 
file offline in Igor to compute the PSA results with 
the parameters  specified  at  the  bottom third  of  the 
panel. The latter  can be rather time consuming, but 
allows optimization of PSA parameters on the exact 
same data. 

The  next  section  has  buttons  to  present  the  PSA 
parameters for all events – as read from the file or as 
processed  from  waveforms,  depending  on  the  last 
previous action in the section above. The first button 
opens a simple table, the other creates a scatter plot in 
which the parameter selected in “y wave” is plotted 

against the parameter selected in “x wave” and the dots are colored by the parameter selected 
in “color wave”.  Standard Igor Pro functions can be used to change scale, size, color ranges 
of the plot. 
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In some cases, a scatter plot can become too dense to view clearly. Under top menu UserPSA → 
2D MCA, a new window is available that accumulates the data from the scatter plot into a  two-
dimensional histogram (256x256 bins). PSA results are subtracted by “x/y offset” and divided by 
“x/y scaling factor” to bring them in range of the histogram. (For example, if energies range from 
0 to 2048, set offset = 0 and scaling factor = 8 to show the full range, or set offset = 1024 and 
scaling factor = 2 to “zoom in” on the range 1024 to 1536.) Click “clear/rescale” after modifying 
scaling factor and offset, then “append” to add data from the last processed file. There are also 
buttons to show cursors and sum the region of interest (ROI) between them. Data from multiple 
files can be added into the same histogram by repeating the following sequence:

i) specify file in list mode trace display,

ii) click “read DSP PSA data from file” and 

iii)  click “append”. 

Notes: 

1. The  fields  to  define  “ratio”  and  the  scatter  plot  “x/y/color  waves”  by  default  show 
“energy”, but the fields have to be toggled at least once to properly define the waves.

2. Files with more than ~50,000 events may slow down Igor Pro's plotting performance, 
depending on the resources of the PC. 

5 Coding information
In the current firmware, the FPGA computes B, M, and the raw sums QDC0 and QDC1. The 
DSP subtracts B (properly scaled for length) from M, QDC0 and QDC1 to obtain the amplitude 
A, and the final values for QDC0 and QDC1. The QDCs are also scaled to fit into the 16 bit 
return value. The DSP also computes the ratio R. 

These computations are performed in a single subroutine in the DSP code (user.asm). Interested 
users can obtain a precompiled version of the DSP code from XIA and the source code for 
user.asm. They can modify the user subroutine to better match their application and rebuild the 
complete DSP code. (Analog Devices Visual DSP required) 

Alternatively, XIA is available to implement custom ratios or quantities upon request. 
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