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Discovery of the Positron

A Positron was predicted in 1928 by Paul A.M. Dirac
A Discovery in 1932 in cloud chamber pictures by C.D. Anderson

A Positronium as bound state of e -
and e* - lightest atom - was

predicted (1934) and discovered
(1951)

A Annihilation in matter was studied
beginning in the 40 1

& A Positrons can be obtained by

- pair production from gamma
radiation ( E;> 1022 keV)

C.D. Anderson

- ¢ decay from isotopes
(mostly %?Na)
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first Identification of a positron in a
cloud chamber

5 mm lead plate

photo taken by C.D. Anderson




Positrons are sensitive for Crystal Lattice Defect

A1950é1960: di fferent -~ --"%"—==~-*-"
techniques were developed 250

A Positron lifetime spectroscopy and
Doppler broadening spectroscopy

225+

A end of 60s: lifetime is sensitive to lattice
imperfections

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

- Dekhtyar et al. (1969): plastically
deformed semiconductors
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- MacKenzie et al. (1967): vacancies in
thermal equilibrium in metals
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A Positrons are localized (trapped) by open -

volume defects /5
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C (T) = exp Iv exXp lv FIG. 1. Positron mean lifetimes in several metals
lv kT as a function of temperature.
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Determination of VVacancy FormationEnthalphy

THERMAL VACANCIES IN THE NOBLE METALS Cu, Ag, Au, AND IN Pt
STUDIED BY POSITRON LIFETIME SPECTROSCOPY

H. E. Schaefer!, W. Stuck!, F. Banhart?, and W. Bauer

'Universitit Stuttgart, Institut fiir Theoretische und Angewandte
Physik, Pfaffenwaldring 57, D-7000 Stuttgart 80,
’Max-Planck-Institut fiir Metallforschung, Institut fiir Physik,
Heisenbergstr. 1, D-7000 Stuttgart 80, Fed. Rep. of Germany
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Study of nonrequilibrium Defects

PHYSICAL REVIEW B VOLUME 25, NUMBER 2 15 JANUARY 1982

Vacancies and carbon impurities in a-iron: Electron irradiation

A. Vehanen, P. Hautojérvi, J. Johansson, and J. Yli-Kauppila
Laboratory of Physics, Helsinki University of Technology, SF-02150 Espoo 15, Finland

P. Moser
Section de Physique du Solide, Département de Recherche Fondamentale,
Centre d’Etudes Nucléaires de Grenoble, 85 X, 38041 Grenoble Cédex, France

Positron lifetime spectra
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10— RN ' ' FIG. 1. Positron-lifetime spectra after source-
S % background subtraction in electron-irradiated (6> 10'®
. ’;"’;05‘3"‘"; ¢ e ~/cm?) high-purity iron at various stages of isochronal
104 | S o - annealing. The dramatic occurrence of a long-lifetime
. component after 230 K annealing is clearly visible.
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The positron lifetime spectroscop

22Na

Y4 27 MeV . A positron wave -function can
e* Quelle .» Thermalization be localized in the

e o O/O o o o attractive potential of a

defect
o O O O O o A annihilation parameters
V&t Me‘\‘/\\o\ o o o o \b\Dmusion . change in the localized state
e e.g. positron lifetime
o o \ - ,"‘*Q o o increases in a vacancy
o o d\o 0 O,\ Yo0.511 MeVA lifetime is measured as time

difference between
appearance of 1.27 (start)
]\ ] and 0.51 MeV (stop) quanta

Trapping and Annihilation

A defect identification and
oo quantification possible
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Defect Sensitivity

atomic open-volume non-open volume large open volume
defects defects 150 nm

(Positronium formation)

A vacancies (1,>107) A coherent precipitates A open volume between
\)
A | (e.g. GPZ in Al-Zn) molecular chains in
(n=1¢é¢50) negatively charged
A disl : 108 o2 acceptors in A mesoporous dielectrica
islocations (> cm<) semiconductors (1 nm < g, <50 nm)
A grain boundaries (only (o0shallow trapso)
ultra -fine grained
materials)
A surface
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Digital lifetime measurement

detector 1

BaF,

source

Channel 1_| Digitizer
in PC

very simple setup
timing very accurate

To Do Do o

S
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detector 2

Channel 2

pulse-s hape discrimination (suppress
each detector for start & stop (double statistics)
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Positron lifetime spectroscopy

6
10 ] q A positron lifetime spectra consist of
exponential decay components

PGS ml% deform
A positron trapping in open -volume defects
leads to long -lived components

A longer lifetime due to lower electron
density

A analysis by non-linear fitting: lifetimes  t;
and intensities |
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Energy Gain AE [eV] —@-

Theoretical calculation of vacancy clusters in Si
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Defects Iin electroAirradiated Ge

AEIectron irradiation (2 MeV @ 4K) induces Frenkel pairs (vacancy - interstitial pairs)
Asteep annealing stage at 200 K
Aat high irradiation dose: divacancies are formed (thermally more stable)
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Defects in Iron after tensileStrength in StressStrain Experiment

Aextensive study of defects in
mechanically damaged iron and steel

Asensitive . detection of defects already
in the elastic Hooke's range

AVacancy cluster and dislocations are
detectable in both cases

Asmall vacancy clusters are generated
by jog dragging process

Somieski et al., J. Physique IV 5, C1/1234 (1995)



