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Generators and Fast Coincidence Module. We have gated the ADC in 
such a way that it counted mostly signals of interest. That means that 
we have been using an energy window around 1274 keV as a start 
signal for the TAC and an energy window around 511 keV as a stop 
signal for TAC. This experimental setup gives us a clean spectrum on 
top of a small background.  

The typical count rate obtained was from 0.2 Hz to 0.5 Hz. The 
resolution curve was taken with 60Co source, which emits two 
different energy gammas almost simultaneously. Timing resolution of 
the system was 280ps. 

Spectra taken from PALS were analyzed by the software called 
Kansy Lifetime9. This software is specifically written for PALS 
analysis and is accepted internationally. The program looks at the 
central part of the lifetime spectrum and fits it with the Gaussian 
function. Therefore it estimates the FWHM of the central part of the 
peak, which is the timing resolution of the experimental setup used. 
Then it fits the tail of the spectrum with the convoluted function of 
Gaussian and one or several exponential decays with different 
lifetimes. The software finds the best combination of parameters that 
suit the spectrum and gives the results for the lifetimes of the decay 
lines. The program also estimates the background to signal ratio in the 
spectrum [5].  
 

RESULTS 
 

PEAS and PALS on radiation-damaged specimens of stainless 
steel 316L and steel 9Cr1Mo showed the following results.  

In our energy spectroscopy measurements, we measured T = W/S, 
where W is the sum of counts in the “tails” and “wings” of the 
511keV peak, and S is the sum of counts in the center of the same 
peak.  T-parameter should decline as defects are introduced into a 
specimen. As experiments showed the T parameter decreased with 
dose in case of stainless steel 316L. At the same time the trapping 
intensity of positrons in defects generated increased. This means that 
when increasing dose, we generate more and bigger defects in the 
material as expected.  

However, in case of steel 9Cr1Mo positron trapping intensities 
increased, thus more defects were generated, but the T parameter 
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showed incensement.  The dependence of the T parameter on dose is 
shown in Figure 3. Such a behaviour of the T parameter means that 
the molybdenum decoration of defects is observed [6]. Steel 9Cr1Mo 
contains 1% Molybdenum which is high Z (Z=42) material positron 
annihilations with its valence electrons is the reason of the growth of 
T with dose. 
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Fig.3. The dependence of the T parameter of the annihilation  
           511 keV line on dose 

 
Positron lifetimes in stainless steel 316L didn’t change in the 

doses delivered, while in steel 9Cr1Mo the positron lifetime in defects 
decreased with dose from 1.02 dpa to 2.46 dpa. This implies that the 
electron density at the annihilation sites, defects in this case, 
increased. This is due to the helium or other gases inside the defects, 
the concentration of which increased when applying more dose [7,8]. 
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CONCLUSIONS 
 

Radiation-damaged specimens of stainless steel 316L and steel 
9Cr1Mo have been investigated in this research using the PAES and 
PALS. All specimens of interest contained several radioactive sources, 
which were introduced in them during irradiation. One of such sources 
was radioactive 22Na positron source which we used during PAES and 
PALS experiments. Doses delivered to samples of interest during the 
activation were from 1.02dpa to 10.3dpa. 

As the results show investigation of lower dose samples over a 
range of doses with PAES and PALS techniques would be significant. 
A detailed study of specimens of interest at lower doses would enable 
one to uncover the relationship between radiation damage and 
PAES/PALS signals.  
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l. WeliZe, d.p. velsi 

 

pozitronis anihilaciis sicocxlis xangrZlivobisa 

da anihilirebuli gama nawilakebis energiis 

Seswavla uJang folad 316L da folad 9Cr1Mo–is 
magaliTze 

 

daskvna 

 

naSromSi Seswavlilia radiaciulad dazianebuli 

uJang folad 316L da folad 9Cr1Mo-is Tvisebebi po-

zitronebis anihilaciis sicocxlis xangrZlivobasa 

da anihilirebuli gama nawilakebis energiaze da-

kvirvebiT. miRebulia Sedegebi anihilaciis 511 keV 
speqtroskopuli xazis maxasiaTebeli S, W  da T para-
metrebisaTvis, aseve pozitronebis anihilaciis inten-

sivobebisa da sicocxlis xangrZlivobisaTvis. maxasi-

aTebeli T parametris, pozitronebis anihilaciis 

intensivobisa da sicocxlis xangrZlivobis dasxi-

vebis dozaze damokidebuleba aRmoCnda iseTi fo-

rmis, rogoric mosalodneli iyo. 
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ABSTRACT. Studies of Positron Annihilation Energy and 

Lifetime Spectroscopies (PAES and PALS, respectively) on 
radiation-damaged specimens of stainless steel 316L and steel 
9Cr1Mo have been performed. Results for S, W, and T 
parameters of the Doppler broadened 511keV annihilation line as 
well as the positron lifetime and trapping intensities have been 
obtained. Dependence of the characteristic T parameter, positron 
lifetime and trapping intensity on the dose delivered to specimens 
was in agreement with what was expected.  
  

INTRODUCTION 
 

The interaction of positrons with matter is widely used to study 
material properties. It was developed in the early 50s and has matured 
quickly since then [1]. The reason is that positrons can provide 
exclusive information about the configuration and properties of 
materials at the atomic level.   

The properties of inhomogeneities (or defects) within material are 
different from that in the rest of material. Defects are central to any 
consideration of material characteristics. They determine various 
material properties. PAES and PALS, which are non-destructive 
material testing techniques, can be used to verify both the density and 
size of defects in the material. Therefore these techniques can be used 
for obtaining essential information about the materials of industrial 
interest and not only about them [2]. 

Conservative methods exploit different types of positron sources 
such as 22Na, or positrons from pair-production. External positron 
sources are used when studying thin specimens, however, pair-
production is the only way to study thick samples [3,4]. Another 
method is to create a positron source within the material of interest via 
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nuclear reactions. This was the case in our experiments. The 
specimens of investigation all contained 22Na positron source via the 
nuclear separation reaction during the irradiation.  
 

METHODS 
 

The specimens of investigation were irradiated at Los Alamos 
National Laboratory with 700MeV protons. Doses delivered to them 
were from 1.02dpa to 10.3dpa. Here dpa stands for displacements per 
atom and indicates how many times in average has an individual atom 
displaced from its original position. 

The samples of interest were stainless steel 316L and steel 
9Cr1Mo. Table 1 shows the chemical composition of the steels 
mentioned. 

 
Table 1. Chemical composition of stainless steel 316L and steel 

9Cr1Mo 
 

Stainless Steel 316L Steel 9Cr1Mo 
Chemical Element % comp. Chemical Element % comp. 
Iron (Fe) Balance Iron (Fe) Balance 
Chromium (Cr) 16 – 18 Chromium (Cr) 9 
Nickel (Ni) 12 – 14 Molybdenum (Mo) 1 
Molybdenum (Mo) ≤ 2.5 Manganese (Mn) ≤ 0.5 
Manganese (Mn) ≤ 1.5 Carbon (C) ≤ 0.12 
Carbon (C) ≤ 0.02   

 
We exploited a typical PAES and PALS experimental setups in 

the research conducted using high energy resolution germanium 
detector in the energy spectroscopy and fast scintillator detectors in 
the lifetime spectroscopy.  

Figure 1 represents a simplified scheme of the experimental setup 
used in PAES. The term source-sample indicates that the sample of 
interest had a positron source in it. The source-sample was set in front 
of the High Purity Germanium Detector, which has an excellent 
energy resolution. The detector measured the energy of the gammas 
emitted by the source. The signal from the detector was amplified 
using the Preamplifier and Spectroscopy Amplifier. Then it was sent 
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to an Analog to Digital Converter (ADC). We took two signals, 
unipolar and bipolar from the spectroscopy amplifier, since one of   
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Fig.1. Experimental Setup for PAES 

 
them gives better resolution. When analysing data, we used spectra 
from the bipolar signal, since it had slightly better resolution 
compared to the other one. The final spectra were taken and partially 
analyzed by the Multi-Parameter Data Acquisition System. The 511 
keV line seen in spectra was the line of interest for us. Not 
surprisingly it was always wider than the resolution of the detector. 

The typical resolution obtained in all PAES experiments was 1.1-
1.2keV at 356keV. The full width at half max of the 511 keV lines in 
the samples analyzed varied from 2.8 keV to 3.4 keV. The background 
to signal ratio in these experiments was ~1.5%. Typical counting rates 
were ≈ 2 kHz. 

Final analysis of data wos performed using the program 
STW_PPandACT_2005, which gives the values of S, W and T 
parameters of the Doppler broadened 511keV annihilation lines. 

Figure 2 shows an experimental setup we used for PALS. We had 
two BaF2 detectors coupled with photomultiplier tubes. The signals 
from PMT-s were sent to Constant Fraction Discriminators (CFD). 
Then, one of the signals was delayed, using the Delay electronic 
module. Then they entered in the Time to Analog Converter (TAC). 
TAC starts operation when it gets signal and stops when it gets the 
second signal. An output signal from TAC is proportional to operation 
time. In our experiments we have manually gated the Analog to 
Digital Converter (ADC) that receives the TAC signal using the 
Timing Single Channel Analyzers, Delay Amplifiers, Gate and Delay  
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