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New source of secondary particles:
lons

Positrons
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Laser driven particle sources for materials
science

Advantages may be:
- Higher intensities
- Higher brilliances

- Easier or cheaper

= New physics?
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Laser generated secondary particle source for
materials science
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Materials science with laser driven ion beams

- Standard ion beam analysis: no need of Laser driven source

- Materials modification on nanomater scale with secondary
particles,

- l.e. energetic heavy ions (I, Au, U)
(100 MeV — 1 GeV) : replace big accelerators!
- Nanofocus of high intensity x-rays, electrons, ions?
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Latent ion tracks in solids by
thermal spike/Coulomb explosion effects

o

ZrO, BaFe,; ;0
Track diameter about 5 nm, dE/dx < 20 keVV/nm => nanostructures in
insulators

Electron heating within < fs, lattice heating < 100 fs, cooling within ps

F. Studer, M. Hervieu, J.-M. Constantini, M. Toulemonde, Nucl. Instr. and Meth. B 122 (1997) 449



Swift heavy ions from laser pulses

Heavy ion beam (> 100 MeV)
Several ions focused on < 10 nm diameter within ps

=> |atent tracks in metals, simple semiconductors??
=> |.e. hanowires in diamond?

Pump-probe experiments to investigate
Coulomb explosion / thermal spike phenomena
Direct generation of nm-tracks with focused x-ray pulses?

X-ray focus > Light transmission,
> scattering versus time
dt~fs >
correlated to beam
penetration

< 10 nm channel of
changed material



Scheme of SNAKE

| Supraleitendes Nanoskop flr Angewandte Kernphysikalische Experimente
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Positron Annihilation Lifetime Spectroscopy

(PALS)
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Trapping and Annihilation
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Coincident Spectroscopy of Doppler Broadened

Annthilation
" B => Monentum distribution of conduction electrons
Ga & Gea . . .
poriide ,m_\,.._,,%ﬂ,, g => Chemical information
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Monoenergetic Positron-Beams:
=> Depth profile of vacancy type defects

« Conventional method: defect-structure averaged over mms3
» Problem: grain-boundaries, surfaces, precipitates etc. burried in volume signal
« Solution: monoenergetic positron-beams of variable energy

Conventional Method Implantation Profile
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. Design of the Positron Source NEPOMUC at the FRM-II:

Most intense slow positron beam

C. Hugenschmidt, K. Schreckenbach, G. Kdgel, P. Sperr, W. Triftshauser Mat. Sci.
For. 445-446 (2004)

- beam tube SR-11 He

Cd

Neutron flux;
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Intense positron source (NEPOMUC) at new
Munich research reactor FRM Il

C. Hugenschmidt, K. Schreckenbach, G. Kdgel, P. Sperr, W. Triftshauser Mat. Sci.
For. 445-446 (2004) 480
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NEPOMUC

3D positron microscopy
G. K6gel, Mat. Sci. For. 363-365 (2001) 409

existing SPM

3. remoderation
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SPM: lateral resolution

Indentation in GaAs:
* beam energy 16 keV; mean implantation depth 550 nm; resolution 2 um; step-size 2.5 um;
« two lifetimes in the centre: 70% with 365 ps = vacancy clusters

Mean Lifetime t_ [ps]
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I
De-bunching

et-beam +
deceleration
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New physics with positron bunches in matter

Do everything as with other sources
plus
Interaction of positrons with matter

1) Quantitative determination of defect
densities:

Structural materials => defect density e+Source Thermalization
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Bose Einstein condensate of positronium in
small cavities

are bosons et
Interaction of those bosons in the cavity

Above critical density given by
Cavity, 10 nm

. L
N 2 -\ Positronium,
s/e — 1‘306(2“/'; ETJ =8.2-10%/ nme source
7hC dimensio

More than 100 positroniums (same

. : . insulator
spin alignement) in cavity (1000 nm?3)
— Bose-Einstein condensate at room
temperature
= 10%%in cavity, 1 um diameter 1cm Molecule generation, signature:
length => 511 keV x-ray laser 4.941 eV excitation energy
possible J. Usukura et. al. Phys. Rev. A 58 (1998)

(Mills et al. Mat. Sci. For. 445-446 (2004)424 1918



Conclusion

Questions to solve in future:

Is laser driven particle source competitable to standard sources

Replace accelerators, reactors . . .

Intensities? Brilliances?
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Muons

Ut as a light version of the proton => diffusion studies

Polarised p*: decay assymetry tells about spin direction at decay
time
=> spin rotation in magnetic field
=> |local magnetic probé

Generation of u* from n * -beams or stopped = *:

Slow
muons
e.g. at PSI: 2 mA protons (800 MeV) => ~100-10° p*/s
~ 10%/s
T >
Re ,ourface muons”
Stopped 4.12 MeV moderator

pions



SPM: Lebensdauerbild eines Ermudungsrisses in Cu
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» Selbstimplantation von Si (3.5 MeV; 5 x 10% cm) 0.8
Ausheilung (900° C, 30 s) o 06
» Getterzonen bei Rp und Rp/2 4
* keine Defekte mit TEM bei Rp/2 sichtbar 450
* bei Rp/2: Defekte leerstellenartig oder interstitiell? g o
+ Keilschliff zieht Getterzonen auf 1 mm auseinander = *°
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Monoenergetische Positronenstrahlen

* Konventionelle Methode: Defektstruktur Gber mms3 gemittelt.

* Problem: Grenzflachen, Oberflachen, Ausscheidungen etc. durch
Volumensignal Uberdeckt

« L6sung: Monoenergetische Positronenstrahlen mit variabler Energie
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Tiefenprofil

Energie [keV]
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Quelle: < 30 mCi
Energie:  0.5-20 keV
Pulsung: 50 MHz
Zeitfenster: 20 ns

Zahlrate: 500 /s
Pulsbreite: 240 ps
Peak/BG: 104
Beamspot: 2-3 mm

Dauer einer Mel3reihe
(0.5-20 keV): 1d
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Ziele

Etablierung der Positronenannihilation zur Untersuchung ultradtnner
Schichten und Grenzflachen:

Sind Monolagen-Schichten im Defekt-Tiefenprofil sichtbar?
Charakterisierung der Defekte, Defektdichte

Elektrische / Optische Beeinflussung der Positronen im Festkorper
Neuer Zugang zur Untersuchung elektronischer Eigenschaften:

z. B. Untersuchung der Defektdichte an Oxid-Halbleitergrenzflache
eines Feldeffekt- oder Tunneltransistors

Anwendung auf Materialien im Verbund



Depth resolution
Depth code, E. Szilagy
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lon

40 MeV
197Au

40 MeV
197Au

Gunther Dollinger

Target

Experiment
[keV/at/cm? ]

7,63E-16

8,14E-16

Tables
(Ziegler)
[keV/at/cm? ]

7,40E-16

8,51E-16

Relativer
Abstand

3,08%

-4,50%




3D Hydrogen Microscopy
by Proton-Proton Scattering

_detector

hydrogeneous

microprobe sample

17 MeV protons

2D image of =
hydrogen content vt R
E,
depth profile <— aenna?;%%’s _______

coincident detection

I L

sensitivity < 1 at-ppm

spatial resolution

microprobe strip detector

1 L d L

lateral <1 uym || depth <5 um

sample preparation

17 MeV protons

I L

sample thickness 50 um

Only method for "3D hydrogen microscopy" with ppm-sensitivity
guantitative & matrix independent




Hydrogen in CVD-diamond

P. Reichart et al. Science, 306 (2004) 1637
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Scanning Positron Microscope (SPM)

source; <30 mCi
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