
1st Conference of Industrial Technology ( CIT2017) 

1 

 

Preparation, Setup and Calibration of Digital-   

Signal-Processing Spectroscopy Gamma-Ray 

DSPEC-jr-2.0 
M. Aburwes, A. Shormet, M. Gnan, A. Atohami 

Department of Neutron Activation Analysis, Tajura Nuclear Research Center 

Tripoli, Libya 

Ejlidi59@yahoo.com 

maburwes@gmail.com 

Abstract—This paper provides an overview of the 

procedures that have been followed by a team of Libyan 

experts on the Preparation, Setup and Calibration of three 

of digital-signal-processing-gamma-ray-spectroscopy ystems 

(DSPEC-jr-2.0) were recently arrived to the department of 

Neutron Activation Analysis laboratories in Tajura Nuclear 

Research Center. This work aims to inspect the equipments  

in terms of defects and assembled , installed , processing, 

testing and  radiation measurements needed , which relates 

to measure and identify the essential factors , namely: 

Resolution, Relative Efficiencies of the detectors and Peak 

Shape of the spectrums, using Gamma Vision Software 

analysis and then comparing the results obtained locally to 

those attached with systems (certificate) in addition to 

highlighting the ability of local expertise to carry out such 

acts. 

 

I. INTRODUTION 

The dramatically development of gamma rays 

measuring systems (Gamma spectroscopy) with the need 

to be use in the most effective and accuracy in data 

extraction for many applications, and techniques, until 

becomes to be in a digital system, in addition to reduce 

the space and time used. This prompting many countries 

to develop their systems and take advantage of these 

technologies in various purposes. Gamma spectroscopy is 

the most important tool to study properties of excited 

nuclei and to determine decay schemes and explore 

nuclei with respect to nuclear models. Gamma 

spectroscopy has also very important applications in 

environmental radioactivity monitoring, health physics 

personnel Monitoring, reactor corrosion monitoring, 

nuclear materials safeguards, forensics and nuclear 

forensics, materials testing geology and mineralogy, 

nuclear medicine and radiopharmaceuticals, and, 

industrial process monitoring. In general gamma 

spectroscopy is often  used for the study of nuclear 

reactions, high  spin states, gamma’s resulting from 

capture reactions (charged particle or neutron capture).   

[1,2,3]. 

The DSPEC jr 2.0 (Digital signal processing) is 

completely computer-controlled and can be operated with 

any suitable version of ORTEC Connections-compatible 

software, including high versions of Gamma Vision  or 

the MAESTRO®-32 Software’s. The DSPEC jr 2.0 

connects via a USB port and can be used on any 

Windows operating system that provides USB support; 

currently these are Windows 98 SE, 2000, and XP. Figure 

(1)  is the DSP module  

 
Figure 1. DSP module DSPEC jr 2.0  

 DSPEC jr 2.0 Subject of interesting is the fifth-generation 

integrated gamma spectrometer from ORTEC based on 

digital signal processing. This unique product combines 

the latest in digital filter technology (Low Frequency 

Rejector) and the fastest, most up-to-date data transfer 

available (USB 2.0) with the proven performance of the 

ORTEC DSPEC line, where the new Performance 

Enhancements are: 

 Innovative ZDT™ "loss-free counting" correction2 

including the uncertainty associated with the ZDT 

spectrum  

 Enhance the spectral quality with the new Low 

Frequency Rejector (LFR) technology  

 Automate improve the laboratory productivity with 

integrated Sample Changer connections and controls  

 Fastest data transfer capability available with USB 2.0 

Proven Performance Features  

 • Maintains DSPEC® qualities including rock-solid 

stability 

 Easy setup features including Automatic Pole Zero, 

Automatic Baseline Restorer, and "Optimize" features  
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 Front panel display of detector status and state-of-

health information  SMART-1™ intelligent HPGe 

support  

 Simple installation with true plug-and-play on USB  

 Excellent temperature and count rate stability  

 Full computer control of every function 

 Support for HPGe and NaI detectors [1,2, 6,7,8,14] . 

Gamma spectroscopy detectors are passive materials 

that wait for a gamma interaction to occur in the detector 

volume. The most important interaction mechanisms are 

the photoelectric effect, the Compton effect, and pair 

production. The photoelectric effect is preferred, as it 

absorbs all of the energy of the incident gamma ray. Full 

energy absorption is also possible when a series of these 

interaction mechanisms take place within the detector 

volume. When a gamma ray undergoes a Compton 

interaction or pair production, and a portion of the energy 
escapes from the detector volume without being 

absorbed, the background rate in the spectrum is 

increased. Larger detector volumes reduce this effect. The 

choice of the best germanium detector for measurement 

situation is based on a few simple factors. The  most 

important factors are Resolution, Efficiency, and Peak 

Shape [2,5,10] 

 The next in the present work is the review of the 

efforts made by a group of Libyan experts in the 

completely preparation, of (DSPEC jr 2.0) Fig (1) 

provided with Analysis Software (Gamma Vision) and 

determination of the above three essential factors of 

SMART high purity germanium detectors (HPGe) with a 

typical resolutions ranged between 1.9 keV to 2.01 keV 

at the 1.33 MeV of 60Co [3]. The largest of our three 

detectors has a relative efficiency of 90 %  while the two 

other detectors are around 30% , compared to a standard 

3 x 3” NaI detector figure(2) represents a real photos of 

the detectors ,followed in this program the successful and 

credible procedures to carryout a satisfying  results. 

 

 
Figure 2. Smart high purity germanium detectors 

 

 

 

II. MATERIAL And METHODS 

 

In general Systems consist of detectors ,cooling 

system, electronics, and analysis software. Figure (3)  

shows the plug diagram of the complete gamma 

spectroscopy system components 

 
Figure 3. A Complete Digital Gamma Spectroscopy System Connection 

Diagram 

 

The work team followed specific procedures, using 

all the necessary updated work materials , all connections 

,and settings as follows: 

Reception of all equipments from the stores  

1. Settings for each fund for the processing detectors and 

software accessory, control and operating Dspec -jr-

2.0.and Dim interface where figures (3,4) are showed all 

systems components  

2. All systems were connected, software installed and 

their own system settings defined 

3. Filling liquid nitrogen then cooled according to the 

recommendations 

4. Testing Preamplifier then raising the desired voltage 

for each detector successfully. Figures (4,5) shows the 

systems components preparation and connection steps 

 

 
Figure 4. system components Dspec -jr-2.0., Dim interface and nitrogen 

deuwar 

http://en.wikipedia.org/wiki/Photoelectric_effect
http://en.wikipedia.org/wiki/Compton_effect
http://en.wikipedia.org/wiki/Pair_creation
http://en.wikipedia.org/wiki/Pair_creation
http://en.wikipedia.org/wiki/Germanium
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Figure 5 . systems components preparation and setup 

 

Then, in a final step the measurements of three essential 

factors resolution absolute and relative efficiency 

calibration for three detectors  and peak shape by Gamma 

vision soft ware.  

Quantification of radioactive material using high 

resolution gamma spectroscopy is a process that requires 

an accurate system calibrations and analysis settings 

uncertainty and detection limits. For accuracy, efficiency, 

and standards compliance, Gamma Vision is the right 

choice. Gamma Vision is an all-inclusive gamma 

spectroscopy application for high resolution spectrometer 

systems Figure (6).shows the produced module of 

Gamma vision software spectrum. Gamma Vision is 

universally fit for large scale production labs [1,4,8]. 

 

 
Figure 6.Analysis Software (Gamma Vision) spectrum 

 

III. RESULTS  And DISCUSIONS 

 As mentioned above the work focuses on major 

processes which was connection and measurements of the  

most  important factors : Resolution, Efficiency, and Peak 

 

A. Detectors Resolutions The width of the peaks is 

determined by the resolution of the detector, a very 

important characteristic of gamma spectroscopic 

detectors, and high resolution enables the spectroscopist 

to separate two gamma lines that are close to each other. 

Gamma spectroscopy systems are designed and adjusted 

to produce symmetrical peaks of the best possible 

resolution. Table (1) summarized the results of all 

measurements: the Resolution, Peak to Compton ratio 

and Relative Efficiency registered in three labs: Where: 

Warranted: is the manufacture company data (Ortec 

data), Company  measurement :is the data correlated by 

the exported company, and the TNRC: (Tajura Nuclear 

Research Center) :is the local carried out data. Figure (9) 

represented the comparison between three detectors 

resolutions in three labs [ 2,3]. 

Table 1. The Resolution, Peak to Compton ratio and Relative 

efficiencies for the three detectors in the three labs 

Relative 

Efficiency 

Peak to 

Compton 

 ratio 

Resolution 
 

Detector / 

specificati

on 

30% 52.1 1.90 KeV Warranted 

30% 

-3300V 
34% 62.1 1.89 KeV 

Company 

measurement 

31% 56.9 1.84 KeV  TNRC 

30% 52.1 1.90 KeV  Warranted 

30% 

+4300V 
36% 62.1 1.87 KeV 

Company 

measurement 

34% 56.9 1.87 KeV TNRC 

90% 80.1 2.00 KeV Warranted 

90% 

+4000V 
102% 84.1 2.00 KeV 

Company 

measurement 

89.7% 77.0 2.01 KeV TNRC 

Shape figures(7,8)shows some photos of apart of 

preliminary procedures 

 

 

 
Figure 7. Resolution, peak to Compton ratio determination 
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Figure 8. Absolute and relative efficiencies calibration procedures 

 

 
Figure 9. Resolution for Three detectors at energy1332Kev 60Co  

compared to attached certificate 

 

  B.   Peak to Compton Ratio:  

This is another specification that has to do only with a 

coaxial detector and cobalt 60Co. The P/C ratio is the 

number of counts in the peak channel of a 1332 KeV vs. 

the integral of the counts in the spectrum ranging from 

1040 KeV to 1096 KeV. The P/C ratio is interesting 

because it is a detector characteristic that takes both 

efficiency and energy resolution into account. A higher 

efficiency detector will have more 1332 KeV counts in 

the photopeak. With better resolution, the photopeak will 

be narrower forcing the peak channel counts to increase. 

Figure(10) represented the comparison between three  

detectors peak to Compton Ratio data in three labs either, 

where the upper line is the three values of the large 

detector of 90%efficiency while two lower lines 

represents the data of other two detectors[1,8,9.12]. 

 
Figure 10. Peak to Compton ratio for Three detectors at energy1332Kev 

60Co compared to attached certificate 

C.  Efficiency Measurements 
Gamma rays detected in a spectroscopic system produce 

peaks in the spectrum. These peaks can also be called 

lines by analogy to optical spectroscopy The probability 

that an emitted gamma ray will interact with the detector 

and produce a count is the efficiency of the detector High-

efficiency detectors produce spectra in less time than 

low-efficiency detectors. An absolute efficiency curve 

can be obtained by plotting the efficiency at various 

energies using point standard sources. In particular work. 

High-purity germanium (HPGe) detectors typically have 

higher sensitivity, also from the curve could measure the 

relative efficiency for each detector at energy 1332.5 keV 

of 60Co standard source compared to that of a 3 in × 3 in 

NaI detector. efficiencies in three labs also[1.2.8,9,14]. 

Table (2) show the list of standard point sources  used in 

calibration, where the cobalt- 60Co  for comparison at 

energy 1332.5 keV  to that of a 3 in × 3 in NaI detector.  

 in addition to mainly cesium137Cs ,Europium152Eu 

enough to draw the appropriate efficiency curve  further 

to133Ba also and Figure (11) represented the three 

detectors relative efficiencies in three labs 
Table 2. Module of Gamma vision efficiency data 

 
Figures (12,13) gives Gamma vision 30%detectors 

efficiency curve while the figure (14) is the Gamma 

vision 90%(+4000V) large detector efficiency curve  

 
Figure 11. Relative efficiency  for Three detectors at energy1332Kev 

60Co   compared to attached certificate 
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Figure ( 12 ) is a model of the gamma vision efficiency 

curve resulting from the measurements made of the three 

detectors and through which the relative efficiency of 

each detector is calculated 

 

 
Figure 12. Gamma vision detector efficiency curve 

 

IV. CONCLUSION 

1. The results showed the success of the Plug and 

installation, equipment and all the initial tests processes . 

which leaded to a success calibration processes  

2. Results obtained showed a strong  convergence to 

certificated data attached with the systems compared to a 

three important factors Peak to Compton ratio, 

Resolution, and Relative efficiency at energy 1332kev for 

cobalt 60Co compared to a standard 3 x 3” NaI.  

3. The team work were used the accompanying 

software Gammavision-32 software in all calibrations, 

accounts and recovered all the results as they are, without 

any attempt to correction or improvement in manual 

means, also it is worth mentioning that the efficiency 

calibration have been carried out with different 

procedures in cases of low and high energies and the 

results were close to each other in all optimizations and in 

general the results were very satisfactory. 
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