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Discovery of the Positron 
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ÅPositron was predicted in 1928 by Paul A.M. Dirac  

ÅDiscovery in 1932 in cloud chamber pictures by C.D. Anderson  

- first Identification of a positron in a 

cloud chamber 

- 5 mm lead plate  

- photo taken by C.D. Anderson 

P.A.M. Dirac 

C.D. Anderson 

ÅPositronium as bound state of e - 
and e+ - lightest atom - was 
predicted (1934) and discovered 
(1951)  

ÅAnnihilation in matter was studied 
beginning in the 40 th  

ÅPositrons can be obtained by  

- pair production from gamma 
radiation ( Eg > 1022 keV) 

- Ǿ+ decay from isotopes 
(mostly 22Na) 
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Å1950é1960:  different experimental 
techniques were developed  

ÅPositron lifetime spectroscopy and 
Doppler broadening spectroscopy  

Åend of 60s: lifetime is sensitive to lattice 
imperfections  

- Brandt et al. (1968): vacancies in ionic 

crystals 

- Dekhtyar et al. (1969): plastically 

deformed semiconductors 

- MacKenzie et al. (1967): vacancies in 

thermal equilibrium in metals 

ÅPositrons are localized (trapped) by open -
volume defects  

Positrons are sensitive for Crystal Lattice Defects 



Determination of Vacancy Formation Enthalphy 
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ÅArrhenius -Plot delivers H 1V 

Åwas performed for many alloys  



Study of non-equilibrium Defects 
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Åpositron lifetime is very sensitive 
for vacancy -type defects  

Åhere: lifetime increases after 
irradiation  

Åand further increase after first 
annealing: vacancy clustering  

Positron lifetime spectra 



The positron lifetime spectroscopy 
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Åpositron wave -function can 
be localized in the 
attractive potential of a 
defect  

Åannihilation parameters 

change in the localized state  

Åe.g. positron lifetime 

increases in a vacancy 

Ålifetime is measured as time 

difference between 

appearance of 1.27 (start) 

and 0.51 MeV (stop) quanta  

Ådefect identification and 

quantification possible  

22Na 



Defect Sensitivity 
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atomic open-volume 

defects 

Åvacancies (ɟv > 10-7) 

Åvacancy clusters 
(n=1é50) 

Ådislocations (> 108 cm-2) 

Ågrain boundaries (only 
ultra -fine grained 
materials)  

Åsurface  

non-open volume 

defects 

large open volume 

1é50 nm 

(Positronium formation) 

Åcoherent precipitates 
(e.g. GPZ in Al-Zn) 

Ånegatively charged 
acceptors in 
semiconductors 
(òshallow trapsó) 

 

 

Åopen volume between 
molecular chains in 
polymers (> 100 Å3) 

Åmesoporous dielectrica 
(1 nm < dpore < 50 nm) 



Å very simple setup  

Å timing very accurate  

Å pulse-shape discrimination (suppress òbad pulsesó) 

Å each detector for start & stop (double statistics)  

Digital lifetime measurement 
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screenshot of two digitized anode pulses  

time difference = 2.65471 samples = 663.67 ps 
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Positron lifetime spectroscopy 
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Åpositron lifetime spectra consist of 
exponential decay components  

Åpositron trapping in open -volume defects 
leads to long -lived components  

Ålonger lifetime due to lower electron 
density  

Åanalysis by non-linear fitting: lifetimes ti 
and intensities I i 

trapping rate defect concentration 

trapping coefficient 

positron lifetime  

spectrum: 

(divacancies) 

(vacancy  

clusters) (bulk) 



Åthere are cluster configurations with 
a large energy gain  

ÅăMagic Numbersò with  6, 10 und 14 
vacancies 

Åpositron lifetime increases distinctly 
with cluster size  

Åfor n > 10 saturation effect, i.e. size 
cannot be determined  

Theoretical calculation of vacancy clusters in Si 
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T.E.M. Staab et al.,  

Physica B 273-274 (1999) 501-504 



Defects in electron-irradiated Ge 
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(Polity et al., 1997) 

Ge 

e- irr. at 4K 

ÅElectron irradiation (2 MeV @ 4K) induces Frenkel pairs (vacancy - interstitial pairs)  

Åsteep annealing stage at 200 K  

Åat high irradiation dose: divacancies are formed (thermally more stable)  



Defects in Iron after tensile Strength in Stress-Strain Experiment 

Åextensive study of defects in 
mechanically damaged iron and steel  

Åsensitive : detection of defects already 
in the elastic Hooke's range  

ÅVacancy cluster and dislocations are 
detectable in both cases 

Åsmall vacancy clusters are generated 
by jog dragging process  

Somieski et al., J. Physique IV 5, C1/127-134 (1995) 
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