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Positron identity

e Is antiparticle of e:

- mass 511.003 ke\VAc

- Spin %2

- oppositeQ

- Oppositeu,

- stable in vacuum (>2x28&y)

Psis light H :

- EnergyE= 2 Ry

 One of Anderson’s (1933) original photographs illus-

P 125 U'h:t:x'the historic discovery of the positron. In the cloud

- = - — chamber, there is a lead plate 6 mm thick and a magnetic field

p S. T ps’ 2 Orlientedinthepage. The change of energy (63 MeV below the

. — Plate to 23 MeV above) with the knowa thickness of lead and

- 0-Ps: 1=142 ns, 3 magnitude of the field proves that the particle is positive end of
thesapzemasastheebctmn.

Rev. Mod. Phys., Vol. 60, No. 3, July 1968



Positron history

History of positrons

1930 — é postulated by Dirac
1932 — discovered in cosmic rays
by Anderson

“out of 1300 photographs of cosmic tracks,
15 were od positive particles which could not
have a mass greater as that of the proton”

1950 — Madanski-Rasetti try to moderate
1951 — evidence of Ps atom (Deutsch)
1958 — moderated-e e=3x108 (Cherry)
1979 — single crystal moderator (Mills)

1980 — brightness enhancement (Mills



Positron slowing down

POSITRONS AT SURFACES

(a) FIRST ENCOUNTER: O < T <10 sec

Energy loss:

Scottering
Diffroction \ - core excitation
e’ Beom = -
%homﬁm

7/
Secondary elecirons #

“(b) ATTAINING EQUILIBRIUM: 05 T=10"¢sec

A Energy loss:
- plasmons
< Vol = ;
) /) electron / hole pairs
e’ Beom — > — phonons
Fost{ Ps =
e Nonthermal positrons

(c) EQUILIBRIUM: 0T <10 sec

Energetic Ps
Slow ¢’

(d) LONGER TIMES: O<T< 107 sec

“Tropped” ¢
Annihilation

¢’ Beam

Slow ¢
(Stabie)

; The interaction of a positron beam (E <100 keV)
thh the near-surface region of a solid.



Positron sources

Radioactive nuclides Moderators
Nuclide HalFlife E[Mev] |/[%] | &, [MeV]| Elament W-(ev) Wiew) |We (h)
e 20 4tnin 0 06 100 - Cr0o1y 4.7 -3.03
BF  110min  0.633 |97 0001 1.4
PNa 26y 0546 |00 1.275 Sicl11)  4.74 70 221
fico 7084 0475 |15 0811 MR I00) 523 10 | 077
®Cu 1270 0653 |10 wenm 505 3.0
B3 e 271d 1.90 il FRh! 5.2 0.9 1.1

W (100):e= 4x104
Solid Ne:e=1% ?



Defect concentration ppm

Positrons in Solid State Physics
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Positron walking

Non-thermal

Diffraction .
Ps S
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Ps collision
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Positron in a crystal




Techniques: Doppler broadening (depth profile)
- lifetime (in bulk)
- coincidence (in bulk)

Samples:- semiconductors

- metal-doped glasses
- pure metals and alloys



1. Positron lifetime technigue

22Na SCA
Source 1.27 MeV
1.27 MeV y s PM Start MCA
o Sample TAC ;
e Sto - j\

y Y swe| [| PM -

511 keV 511 keV -L SCA
Scintillator 511 keV

= Plastically deformed Si 1

As—grown CzZ Si

Tdefect>

Thulk



1. Life-time technigue

z M ld) 5 (20]
5 Be 209 -
13 Al 160 161 163.3
14 =l 220 221 217 .1
22 Ti 145 144
23 W 123 1146 120 &
28 11 105 Ay 1121
20 1 115 1046 122 4
30 ze 227 225
40 A 150 159
T4 W 115 100
7o A1 2016 157 120.3

[20] A. Rubaszek, Z. Szotek, W. M. Temmerman, PRes:. B 58 (1998) 11285



High-purity metals

1. Life-time technique

7 | Elem-| Purity | Temp | oul[ps] 7" T LY | Theory
ent * °C® [ps] [ps] [*] | [20]
28| M| 99.98 1000 105 - - - 9%
29 Cu | 998 850 115 - - - 106
40| Zr 99.8 1100 159 - - - 159
42| Mo | 999 | =1500 119 - - - 111
123 1174 | 660460 | 1.0
47| Ag | 999 850 135 - - - 120
188 1227 | 2402 | 57.0
4 W 998 >2000 115 103 | 24515 | 86 100
78| Bt 995 1000 167 142 28248 | 180 G4
79| Auw | 9999 850 123 119 | 230456 | 37 107
180 181 sadkan | 79
22| b 995 250 206 - - - 187
210 2013 | 96075 | 1.2




Trento-Munchen Positron Microscope

E=500 eV — 25 keV
Spot = Z2um

595

Fig. 1. Overview of the scanning
F{bo= 3 positron microscope — vacuum
vessel with attachments:
! - radioactive source and
moderator; 2 — drift tube for pulse
(@] forming (sawtooth buncher);
3 - resonance buncher;
4 — accelerator: 5 — beam switch;
6 — remoderator unit;
7 — postbuncher; & — main
accelerator: 9 - deflector cotls; /4
- specimen chamber with
manipulator; /7 probe forming
lens with detector in the central
bore; 12 — load lock; /3 — electron
gun; P — pumping port. Some
components have been rotated
into the plane of the drawing
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2. Doppler broadening technigue
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2. Doppler-broadening: normalization

mean positron implantation depth [nm]
100200 500 1000 2000 2500
L] I L] I L] I L] I L] I L] I L] I L] I L] ll L] I

S-parameter

= reference sample

0.92 - s asimpl. fluence 5x10" sample
o 450°C annealing

positron implantation energy [keV]



Trento Positron Annihilation Set-up

- Deflector

E=100 eV — 25 keV (down tou2n)
spot <1 mm




He bubbles in Si

He — implantation

Fig- 3. (a) XTEM image of a double polished sample implanted with 1% 10'7 /cm® He at 40 keV and thermal processed at TOU°C for 1 b
Then it was implanted in the opposite side with 5 x 10" /cm® Ptat | MeV and diffused at 1000°C for 2 h. In this case the He implanted
sidde is shown. (b) RBS spectra of the same sample as in (a) of the He implanted side,

n=0.5x1CG%n? NO! n=2x10%cm?¢ YES!



He bubbles in Si
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He bubbles in Si
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Metal-doped glasses (Pb, Bi)

AFM picture of Si-Pb glass; a) freshly broken;
b) Annealed at 580°C for 21h



Metal-doped glasses (SJ€BI,0,)
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Doped glasses (Si®Bi,0,)

Mean positron implantation depth [nm]
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Conducting glasses (Geg€Bi,0,)
Metal precipitates — depth profiling

Mean positron implantation depth (nm)
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Conducting glasses (S}®Bi,0,)
Metal precipitates — depth profiling

Mean implantation depth (nm)
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3. Doppler-coincidence technigue
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p,_ [10™ m ]
20 30 40 50 60 70

% (conduction and valence bands)

| ! | ! | ! | ! | ! |
low-momentum electrons __

x  Sj coincidence

. . i 1
10"~ Si non-coincidence 3
¥ high-momentum electrons
-E ~/ (core electrons)
3 10°- background in a __
Q single-detector system 3
2
10" 3 E
background in i
a coincidence system -
1 KSR K o O 20K W%
10" = L
T I T T T T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T 1
505 510 515 520 525 530 535 540

Energy [keV]



Doppler-coincidence spectra
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Energy (eV)
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Ratio to Si (annealed samples)
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2.5

(b)

Doppler coincidence — defects
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Ratio to Si
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7 | Elem-| Purity | Temp | oul[ps] 7" T LY | Theory
ent * °C® [ps] [ps] [*] | [20]
28| M| 99.98 1000 105 - - - 9%
29 Cu | 998 850 115 - - - 106
40| Zr 99.8 1100 159 - - - 159
42| Mo | 999 | =1500 119 - - - 111
123 1174 | 660460 | 1.0
47| Ag | 999 850 135 - - - 120
188 1227 | 2402 | 57.0
4 W 998 >2000 115 103 | 24515 | 86 100
78| Bt 995 1000 167 142 28248 | 180 G4
79| Auw | 9999 850 123 119 | 230456 | 37 107
180 181 sadkan | 79
22| b 995 250 206 - - - 187
210 2013 | 96075 | 1.2
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1+2+3=Combine methods — case study

Czochralski-grown Silicon
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Single Silicon Crystal
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1.Positron lifetime
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2. Doppler broadening — positron beam

Oxygen in Cz-grown silicon

Mean depth (nm)
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Oxygen in Cz-grown silicon
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FIG. 5. Elementary unil of: () $i0;, of {b) C doped silica glass and schematic banding structure {c) without and (d) with cross linking,




Sn (annihilation with low moment electrons)

low € materials - annealing
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low € materials - annealing
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6H- SIC
P* implanted 10¥cm? dose @280 keV
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Modelling ( VEPFI T)

Mean implantation depth (nm)
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Poslitren Spectroscopy in Seliel State Physics
Future 7

Auger Spectroscopy
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Recently, genetic algorithms have been applied for ultrafast optical spec-
trometry in systems with several comvoluted lifetimes. We apply these algo-
rithms and compare the results with POSFIT (by Kirkegaard and Eldrup)
and LT programme (by Kansy). The analyvsis was applied to three types of
samples: molybdenum monoervetals, Caochralski-grown silicon with oxygen
procipitates, Si with under-surface cavities obtained by He 4+ H ion co- im-
plantation. In all threo tests, the genetic algorithm performs very well, in
particular for short lifetimes. Further developments to model the resolition
function in genetic algorithms are needed.
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More precipitates (in Trento)




