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Data CAN principally be constituted with
energy deposited in detection, timing of detection, 

identity of detector corresponding to detection

Energy, Timing, Detector ID -> PARAMETERS

Analog Domain
Energy  of detection -> spectroscopy amplifier. 

Timing of detection -> TAC, TDC

Data can be acquired
free/unrestricted or in the presence of an event 

trigger
(fulfillment of a USER DEFINED CONDITION)

Data @ Gamma Spectroscopy



List Mode Data

EVENT-BY-EVENT information recorded in data files

Remember 
Event is the fulfillment of a user defined condition

For each event -> 
which detectors have fired, 

what are the respective energies (channel numbers), 
time (reference) of detection

Data files are STRUCTURED/ORGANIZED into EVENTS.
They are read event wise, for subsequent reduction and data 

analysis

Appropriate for multi-detector setups, multi-
parameter acquisition and generally used in actual 

experiments



4144 5350 05a4 0000 0a00 3f04 0734 0635 0fff 
045c 0fff 0fff 045b 0fff 0a00 3f04 018b 0542 06ec 
0fff 0fff 0490 0fff 0454 0fff 4001 3f08 072c 05b9 

…….till then end-of-block followed by DAPS….

List Mode File in zls Format

block header 
DAPS block size zero event pattern

No. of 2-byte words in the event pattern = NPat+15/16 
rounded off to preceding lower integer.

Npat = 30 gives two 2-byte event pattern words.

0a00 3f04 : 0000 1010 0000 0000 // 0011 1111 0000 0100
Parameters = 10, 12, 19, 25, 26, 27, 28, 29, 30 : 9

Para.#19 (TDC): 0fff = 0000 1111 1111 1111
= 4095

2-byte word/ 
ADC (13-bit)



Preamplifier pulse from the detector -> to be processed for 
energy & timing info

amplitude -> energy deposited in the detection

rise time -> time marker for detection 

Pulse from HPGe Detector

collection time

no. of charge carriers

preamplifier circuit 
characteristics



HPGe

ACS

Modular Electronics in Pulse 
Processing
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Digital Revolution in Gamma-ray Spectroscopy

Detector 
Signal

Digitization

Firmware

Recursive Algorithms 
(Filter)

& Validation

(Time 
Stamped) 

Data



A Naive Look …………… faster sampling 
using faster 

digitizer; 
faithful

representation 
of the pulse

slow sampling; 
poor

representation 
of the pulse

co
st

 !

digitization: discreteness 
(“numberification” !!) 

50, 125, 76, 
800, 1000, 

23…… 



Digitizers IN Gamma-ray Spectroscopy

pulse processing 
AND 

data acquisition

typical setup: 
detector pulse 

-> digitizer

energy, time for 
EACH DETECTION

(event ?) 



Digitizer Firmware
(It Ain’t Black !)

set of rules that define the premises of digitizer 
operation 

parameter settings, adjustments, features, limits 
of a digitizer system are

ALL subject to ITS FIRMWARE



Gamma-ray 
Spectroscopy

Setup of one or
different kind of
detectors, depending
on the physics being
addressed

Compact electronics, 
data acquisitions capable 
of handling more event 
rates.

Coincident measurements for
unambiguous identification and
assignments. (Typical in -ray
detector array)

Efficient background 
reduction. Eg. Compton 
suppression using ACS.

HPGe detectors with superior
energy resolution for spectroscopy.
Large arrays of detectors to
optimize the efficiency.

Advances in 
detector 

technology, pulse 
processing 
techniques. 
Advent of 

modern 
detectors.



Firmware Possibility # 1
The “Triggerless” Mode

Acquire (record) all parameters (signals from the detectors 
in the setup) UNRESTRICTED.

Validation / Checks offline during data reduction / sorting 
and analysis.

Superior flexibility to the user in choosing the events of 
interest under varied conditions, implemented in software.

Appropriate for setups with different types of detectors –
for gamma, charge particle, neutrons.

Huge data size (terabytes !). Large processing time.

For pure gamma-ray detection setup ?



Firmware Possibility # 2
Compton Unsuppressed Multiplicity Trigger

Event trigger based on multiplicity of Compton unsuppressed 
gamma-ray detectors (HPGe Clovers). 

ACS veto checked while recording the data. Only the 
Compton suppressed part of the firing detectors is recorded.

Simplified firmware.

Large data files from Compton unsuppressed trigger. BUT 
only the Compton suppressed part is recorded. MOST of this 

is unusable in coincidence analysis. 

Large processing time.



Firmware Possibility # 3
Compton Suppressed Multiplicity Trigger

Event trigger based on multiplicity of Compton suppressed 
Clover detectors.

(Extending the analog pulse processing methodology to 
digital domain.)

Data files principally consisting of GOOD EVENTS, 
USABLE EVENTS for gamma spectroscopy analysis

The ritual of “seeing” the 
signals and setting the delays, 

the overlaps in the analog
domain religiously transported 

to the digital generation
EVOLUTION !



The Stepping Stone



Pixie-16 (XIA LLC) modules 
with 12-bit 250 MHz ADC for 

digitization

16-channels to support 3 
Compton suppressed Clover 

detectors. 
(Clovers: channels#0-11 & 

ACS:channels#12-14)

Firmware conceptualized by
UGC-DAE CSR, Kolkata Centre 

& Implemented by XIA LLC 
(Dr. H. Tan et al.) 

Discerningly triggerless !

Digital DAQ of UGC-DAE 
CSR, Kolkata Centre

Das et al. NIMA 
(2018)

Pulse processing & DAQ for INGA@VECC, 2017-21.



PIXIE-16 Architecture

housed in 14-slot PXI crates & controlled through PXI-PCI
controller 

bridged to the host computer through fiber optic cable
http://www.xia.com



Time Processing for Trigger Generation

Data acquired in the presence of 
user chosen multiplicity of 

Compton suppressed detectors 
(represented by CS logic signals)

Implemented in analog pulse 
processing electronics 

(practiced in all campaigns of 
INGA till 2008).



Extraction of Energy & Time in Digital Systems

recursive algorithm: calls itself with smaller/simpler input 
values -> obtains results for the current input by operating 

on smaller/simpler inputs
(www.cs.odu.edu)



Trapezoidal Filter in Digital DAQ
(Example: PIXIE-16@XIA LLC, http://www.xia.com)

trapezoidal filter implemented through 

L is the filter length & G is the filter gap -> user defined 
settings on the digitizer

base width of the pulse = 2 L + G

two versions of the filter applied on the digitized pulse

fast filter
to detect arrival of pulse

(time stamp) 

slow filter
to extract pulse amplitude

(energy)

they differ in the choice of length & gap parameters



threshold

time of arrival of pulse: TIME STAMP 
(on the absolute clock)

digitized trace of real HPGe pulse

output of fast filter applied on the pulse

Trapezoidal Filter Output

amplitude

output of slow filter applied on the pulse

measure of energy

as per the 
sampling frequency

sharp 
termination



Settings thru PIXIE GUI

slow & fast filter 

delays, widths, multiplicity

32-bit words encoding width 
& delays of HPGe and ACS 

signals  

goodbye ! 



Data Format
Four 32-bit words per parameter (crystal) recorded

Parameter ID

Time 
Stamp

Energy



Data Format

Parameter ID

Time 
Stamp

EnergyTrace Points
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Time Stamping in the Digitizer Data

raw trace ff output

before ZCP after ZCP

total time stamp

fast filter

f = CFDOut1/(CFDOut1 + CFDOut2)

time stamp for each detection, CALCULATED by the sorting 
program & used to identify TIME CORRELATIONS between 

the detections ....

w, D: digitizer setting parameters 



Outline of Data Reduction Algorithms 
(Typical for Gamma Spectroscopy)

Data file read event-by-event by the data sorting program
with essential knowledge of the data format.

Generate raw spectra of different parameters. Carry
out calibration therefrom.

Identification of parameters fired, determination of
multiplicity & timing correlation

Possible to further select events based on
multiplicity, timing correlation & particular parameter

Gain scaling (matching) of energy (and timing) parameters.

Add (back) energy parameters belonging to same
(composite) detector (Clover), event-by-event.

Build the 2D (matrix) / 3D (cube) array with correlated 
parameters, event-by-event



Data Reduction with IUCPIX
(developed by the NP Group @ UGC-DAE CSR, KC)

SIMPLIFY: refined data format with lesser disk space 
requirement (25-40 % economy).

MONOSORT: time sorting for individual module.

TIME MERGE: time sorting for data collected from all 
modules.

TIME CHECK: to confirm the time sequencing of the time 
merged data file.

PIXSORT: gain matching, addback and sorting into -
matrix (symmetric, angle dependent, polarization, time 

gated). Energy and timing spectra generation. Input files 
for constructing the -- cube.



The 1 TB (!) Experiment with Digital INGA @ VECC
quest for tetrahedral symmetry, T. Bhattacharjee et al.

search in 152Sm .... experimental signature: E3 transitions 
(from TD -> GSB)

E3 transitions expected to appear predominantly in singles
with no coincident gamma

gamma-gamma trigger would exclude them from acquisition
entire data acquired in SINGLES mode

(setup of 12 CS HPGe clovers)

DATA VOLUME ~ 1 TB
(Analysis is currently in progress) 



Outlook
towards application of trace data in LEARNING tracking 

algorithms 

setup: 16-segmented HPGe clover 
(G. Mukherjee et al. @ VECC)

Digital DAQ (UGC-DAE CSR, KC): acquire data with trace
(of individual segments) acquisition enabled 

Plan: correlate detection of a (full) energy in a crystal with 
the segment(s) of detection -> distinguish between the 

PULSE SHAPES in different segment(s)
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