Positron lifetime spectroscopy using slow positrons

« use of secondary electrons for timing

« Wuhan University, China

o time resolution =~ 500 ps, energy 0.5 — 30 keV
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Positron lifetime spectroscopy using slow positrons
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Positron lifetime spectroscopy using slow positrons

* pulsed slow e* beam

» NEPOMUC, FRM Il Mnichov b
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam » electrostatic lens

e Liouville’s theorem
AXAp, =Q, =konst
Ay Ap, =Q = konst

AE At =Q_ = konst

Kdgel, EPOS meeting 2002



Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam
Buncher gap
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam

* buncher
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam

« NEPOMUC, FRM Il Munich

e PLEPS
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam
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Positron lifetime spectroscopy using slow positrons

* pulsed slow e* beam Us
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam
« NEPOMUC, FRM Il Munich
e PLEPS

* chopper + buncher
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Positron lifetime spectroscopy using slow positrons

* pulsed slow e* beam
« NEPOMUC, FRM Il Munich
e PLEPS

* chopper + buncher

Schodlbauer et al. Nucl. Intr Meth. B 34, 258 (1988)



Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam I L S R S
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam

 PLEPS, NEPOMUC, FRM Il Munich
* Pd films, 500 nm, 800°C

* Al,O, (11-20) substrate

» electrochemically doped with hydrogen
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Positron lifetime spectroscopy using slow positrons

o pulsed slow e* beam
» PLEPS, NEPOMUC, FRM Il Munich * 1, = 350-400 ps vacancy clusters and
e Pd films, 500 nm, 800°C surface state

e 1, =~ 170 ps dislocations

* Al,O; (11-20) substrate *1,~1-2ns0-Ps

» electrochemically doped with hydrogen
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam

* EPOS, LINAC Elbe, Rossendorf

 ELBE: e- T =16 MeV, frequency f = 26 MHz (distance between pulses 38.5 ns), pulse width 5 ps
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Positron lifetime spectroscopy using slow positrons

e pulsed slow e* beam

* EPOS, LINAC Elbe, Rossendorf
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Positron lifetime spectroscopy using slow positrons

* pulsed slow e* beam

* EPOS, LINAC Elbe, Rossendorf
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Positron lifetime spectroscopy using slow positrons

* pulsed slow e* beam

* EPOS, LINAC Elbe, Rossendorf
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Positron lifetime spectroscopy using slow positrons

* pulsed slow e* beam

* EPOS, LINAC Elbe, Rossendorf
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Positron lifetime spectroscopy using slow positrons
chopper

e pulsed slow e* beam

* EPOS, LINAC Elbe, Rossendorf
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Positron lifetime spectroscopy using slow positrons
chopper

* pulsed slow e* beam

* EPOS, LINAC Elbe, Rossendorf
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Positron lifetime spectroscopy using slow positrons

* pulsed slow e* beam

* EPOS, LINAC Elbe, Rossend
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Vacancy - hydrogen interaction in Nb

* Hydrogen absorption in Nb

e Interstitial sites in bcc Nb lattice

© Metal atoms
O Octahedral interstices

»

size (r\p):  0.155
N/cell 6
N/M 3

© Metal atoms
O Tetrahedral interstices

0.291 H~ 0.35



Vacancy - hydrogen interaction in Nb

* Nb with vacancy
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Vacancy - hydrogen interaction in Nb

* Nb with vacancy

o o
27BN N B = o

s , O

_ % @ octahedral position

g 108 ) | [0105]] _ H
/ O 2@

[0.64,1,0]
0.25\\\ m /f/ . .
o.ooiﬁ?y\%k\ ‘ /////%\\ ‘ /‘%%ée .
» displacement & = 0.46(7) A

[100] — =



Vacancy - hydrogen interaction in Nb

* Nb with vacancy

» calculated positron density in (001) plane

V 202 ps V-H 172 ps




Vacancy - hydrogen interaction in Nb

* Nb with vacancy

» calculated positron density in (001) plane

V -2H 167 ps V-4H 151 ps




Vacancy - hydrogen interaction in Nb

* Nb with vacancy

» calculated positron density in (001) plane

V - 4H 151 ps
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Vacancy - hydrogen interaction in Nb

e pulsed slow e* beam

* EPOS, LINAC Elbe,

Rossendorf
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