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NEPOMUC

NEutron induced POsitron Source MUniCh

Cd Pt

n
therm Y fast e™

A 4

" > ....'A
Neutron Source . - Positron Beam
FRM II > ot NEPOMUC
n capture vy = e* e  conversion
v emission e* moderation

et emission
113Cd (n’ .Y) 114Cd

Christoph Hugenschmidt



NEPOMUC

NEutron induced POsitron Source MUniCh
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Brightness Enhancement by Remoderation

Acceleration electrodes

Deflection coils ( Electric lens

E’Z Magnetic field

termination

Magnetic single-pole lens

Adjustment coils

j J/

[T

;: - Primary et beam
Iﬁ .1-2 keV

Magnetic field

. entrance
V Remoderation
crystal W(100) \ Rernzcz)dezr(%ed\;a+
~20- e

Electric lens system
Iris aperture

C. H. et al. New J. Phys. 14 (2012) 055027

Christoph Hugenschmidt



Ni-Remoderator in CDB Spectrometer

First electrostatic
lens system

Remoderation foil
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Second electrostatic
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Sample

T. Gigl, L. Beddrich, M. Dickmann, B. Rienacker, M.Thalmayr,
S. Vohburger, and C. Hugenschmidt, New J. Phys. 19 (2017) 123007
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Three-Fold Moderation for e* Microbeam
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Positrons in Matter
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REVIEW: Positrons in surface physics, C.H., Surf. Sci. Rep. 6 (2016) 547

Positrons fate:

B thermalization
~1012s

M diffusion
~1010s
- ~100 nm

W defect trapping

B annihilation
—> 2 collinear y-quanta

Experiment:
M positron lifetime t
> ple-)
B Angular correlation A®

Doppler-broadening AE
= ple-)

M Auger-electrons

- E,(e-)



Positron Trapping

Monovacancy
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Doppler-Broadening Spectroscopy — DBS

Coincident DBS — CDBS
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CDB Spectrometer at NEPOMUC

Doppler broadening spectroscopy

W S-parameter: S(E), S(x, y), S(T)

1000 4 positron implantation profile in Al
3 keV
AY — 6 keV
f i — 10 keV
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M Energy: 0.1..30 keV
M Scan area: 19 x 19 mm?

B Beam spot: 33 um ... 250 um
B Temperature: 60...1200 K

B 4 Ge Detectors, single + coincident mode

Christoph Hugenschmidt 14



Defect Imaging with Positrons
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Laser Beam Welded Al Alloy

AlCu6Mn
MW Age hardenable Al alloy
M High strength & low weight

Laser beam welding (LBW)
M Beam spot & heat impact small

m Weld accuracy & reproducibility high

Focused laser beam |—__

/
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| Alialloy plaies”
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Welding direction

Weight reduction

M Replace steel and riveted joints
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LBW Al Alloy
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Sample preparation

M Single-mode laser (IPG YLR-3000): 1070 nm
W Laser power: 2.6 kW

M Spot size: 50 um

m Welding speed: 100 mm/s.

To be studied
B Mechanical stability of joint?
B What about (point) defects?

M Spatial distribution of precipitates?
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Defect Imaging on a LBW

DBS with scanning positron microbeam
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Defect Imaging on a LBW

DBS results

Gradient of S(y) outside LBW
- defect gradient generated
during cold-rolling
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(c) (d)
Sharp transition at LBW edges Drastic increase of S in LBW

- well localized small heat —> creation and quenching of
affected zone (HAZ) vacancy-like defects

T. Gigl, L. Beddrich, M. Dickmann, B. Rienacker, M.Thalmayr,
S. Vohburger, and C. Hugenschmidt, New J. Phys. 19 (2017) 123007
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CDBS at LBW of AICu6Mn
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M Significant contribution of Cu signature

—> positron trapping at Cu rich precipitates;

in agreement with artificially age-hardened precipitates (0 phase, Al,Cu phase)
P3

M Disappearance of Cu signature

- melting of Cu rich phases + rapid cooling
— formation of supersaturated solid solution
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CDBS at LBW of AICu6Mn
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Experiment

M Fraction of Cu seen by e+:
Base material > P1:30% -2 Curich precipitates
HAZ = P2:23% -> Curich precipitates + V,-Cu, (?)
Weld nugget - P3:12% -> V,-Cu,dominant C Hugenschmidtet al.

AIP Conf. Proc. 2182 (2019) 040001
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Summary

Positron Beam Facility at NEPOMUC
M Highest beam intensity =2 10° mod. e+/s !

M Forefront positron instrumentation available for users

2D Imaging of Defects
M Positron microbeam <50um by threefold moderation

M CDBS for elemental information

LBW of Al Alloys

M High concentration of vacancy-like defects

M Dissolution of Cu rich precipitates
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