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Abstract 

The positron lifetime spectrum is the convolution of resolution 

function and decay function and superimpose with random 

coincidence. In this work we study theoretically the 

annihilation spectrum of the positron in matter. And use study 

the effects of high resolution and three lifetime components on 

the positron lifetime spectrum. The values of resolution wave 

taken are (800,100,1200,1400ps) convoluted with decay 

function of three lifetime components 

(τ1=80,120,160,200ps,τ2=200,240,280,300psandτ3=350,360,3

80, 400ps),we concluded that as the lifetime components 

increase,the right hand side of the spectrum approuch to linear 

shape,and as the resolution increase the distortion on the 

spectrum increase and lead to difficults in analysis.   

 

INTRODUCTION 

The positron annihilation lifetime spectroscopy method uses 

the positron,  as a probe to measure the size of subnanometric 

holes in  amorphous solids or liquids [1]. Positron is lived in 

matter and localized at local free volumes (denoted as holes). 

Our understanding of many important mechanical and 

electrical properties of the material is limited by our knowledge 

of the microstructure and defects.  

There are many techniques that can identify the species and size 

impurities[2]. There are few however that can detect open 

volume defects such as atomic vacancies or voids[3]. Using 

positron annihilation lifetime spectroscopy determines the size 

or charge of defects in metals, semiconductors and molecular 

or organic compounds. 

Positron annihilation lifetime spectroscopy measures the 

electron density at the annihilation site[4]. In metals and some 

compounds the correlations between lifetimes and defect size 

can be calculated from the first principles with sufficiently high 

accuracy to differentiate between major defect classes such as 

vacancies, vacancy clusters and voids[5].                

The correlation between low local electron density and larger 

size defect leads to longer positron lifetimes for larger 

defects[6], the generated spectra involve smaller and longer 

positron lifetimes. 

Experimentally positron annihilation lifetimes can be measured 

by the difference between the time of positron entry the sample 

and the later time of annihilation[7]. To obtain these spectra 

theoretically required to generate the resolution function and 

decay function by represent the mathematical models for both 

functions. 

The generated spectra contains three components of decay 

function convoluted with one component of Gaussian functions 

and superimposed with random coincidence (background) to 

generate the positron lifetime spectrum. 

The experimental spectra include a number of distinct positron 

lifetime, so that the analysis of such spectra requires their 

decomposition into a sum of exponential decay term [8]. So that 

the narrower the lifetime lie together, the more difficult in the 

analysis. 

A lot of sources of errors raised in the analysis of lifetime 

spectra such as[9]    

1. The wrong number of exponential decay function in 

the model. 

2. The use of insufficient model of the resolution 

function. 

3. An instability of the time zero point of the 

spectrometer. 

4. Statistical errors due to statistical fluctuations of the 

count number of the channels of the spectra. 

In this work we study the effect of high resolution and lifetime 

components. We generate the positron lifetime spectra 

theoritically and we take the values of resolution function 

(800,1000,1200,1400ps) as input parameters, these values 

convoluted with decay function with three lifetime components 

(τ1,τ2 and τ3) and superimposed with constant Background 

(random coincidence).  

 

THEORY 

The time-dependent positron decay spectrum N(t) is given by  
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 k different defect type contributing to the positron trapping are 

related to k+1 components in the spectra with the individual 

lifetime τi and intensities  Ii , as we take three components, i.e. 

two type of defect were studied, so k=2  
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The spectrum is shifted on the time scale to time zero tz, and 

consequently the time t in eq.(1) has to be replaced by t-tz. 

The theoretically obtained spectra are the convolution of decay 

function with one Gaussian of time resolution function Gi(t)  
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where σ is the standard deviation related to full width at half 

maximum (FWHM) of prompt are by (FWHM/2.356). Δti is the 

shift in the centroid position and tz is the time zero channel 

number. 

The convolution of the spectra eq.(2) with eq.(3) gives the 

convoluted decay spectrum 
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The positron decay spectrum is given as  
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RESULTS AND DISCUSSION:  

Resolution Effect 

The Effect of High resolution on one lifetime 

Component                   

In order to study the effect resolution function on one 

components lifetime spectrum, different values of resolution 

(R) are taken (800,1000,1200,1400ps) with constant lifetime 

component (τ1=100) as shown  in fig.(1), As we notice from 

figure 1 as the resolution increase the right hand side rised.  

 

Figure1: Illustrate the effect of high resolution on one 

lifetime component. 

The Effect of High resolution on two lifetime component. 

Figure 2 illustrate the effects of resolution (R) for two 

components lifetime spectrum (τ1 and τ2),different values of 

resolution (800,1000,1200,1400) are convoluted with two 

component (τ1=100 and τ2=250),as we notice from fig.2, the 

spectrum become linear shape in the right hand side. 

 

Figure 2: Illustrate the effect of high resolution on two 

lifetime component. 

 

The Effect of High resolution on three lifetime component: 

Different values of resolution (800,1000,1200,1400ps) are 

stydy with constants values of three lifetime components 

(τ1=100, τ2=250, τ3=350) as shown in fig.3. These three values 

of lifetime components (τ1, τ2, τ3) make the right hand side of 

spectrum becomes linear. 

 

 

Figure 3: Illustrate the effect of high resolution on three 

lifetime component 
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Lifetime Effect: 

First lifetime component: 

Fig.(4) illustrates the shape of lifetime spectrum a single-

component for three different lifetime values (80,120,160 and 

200ps) taken at 200ps resolution. As clear from fig.(4) the 

effect of first lifetime component make the right hand side of 

the spectrum approach to linear shape but doesnot omit the 

bachground effect. 

 

Figure 2.1: Single-component lifetime spectra at different 

lifetime values andFWHM=200ps 

 

Second lifetime component: 

In Fig.(5) two-component lifetime spectra are generated with 

equal intensities. To illustrate the effectof two components of 

lifetime on spectrum four different values of the second 

component τ2(200,240,280and 300ps) were chosen while 

holding the long τ1=100ps fixed.As we notice from fig.(5) as τ2 

increasethe spectrum become more divergents and the 

background completely disappear and this lead to easy to 

discomposition.  

 

Figure 5: Two-component lifetime spectra for different τ2 and 

fixed τ1 

Third lifetime Components: 

In order to study the effect of third lifetime component (τ3), 

effect different values of τ3 are taken (τ3=350,360,380,400) and 

convoluted with constants resolution function (R=200ps) as 

illustrate in fig.(6), we notice from figure the spectrum become 

completly linear in the right hand side of spectrum and the 

effect of background completly disappear. 

 

 

Figure 6: Three-component lifetime spectra for different τ3 

and fixed τ1 and τ2 

 

CONCLUSIONS 

From this study are concluded that as the resolution increase 

the distortion in positron lifetime spectrum increase, also as the 

lifetime components increase the spectrum approach to linear 

shape in right hand side of the spectrum and this lead to perfect 

analysis of the spectrum, also background effect disappear in 

the second and third lifetime component. 
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