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Positron Annihilation: basics
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Positrons and Positronium formation
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Ortho-Ps diffuses throughout porous materials until it
either annihilates (142 ns) or one lepton undergoes a
spin-flip during scattering which leads to para-Ps (125

ps) or direct annihilation. So, we test collision rates

and thus pore sizes.
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Positron Science Cases

Pulsed beams: annihilation lifetime spectroscopy
for thin films, bulk materials, fluids, gases and
(coincidence) Doppler broadening spectroscopy
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Challenges ..‘
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ELBE Center for High-Power radiation Sources

(Electron Linear accelerator w/ high Brilliance and low Emittance)
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www.hzdr.de/ELBE

ELBE Center for High-Power radiation Sources

1.6 mA, 40 MeV (64 kW) coherent IR-radiation coh. THz radiation neutron ToF
CW electron accelerator 3-230um 100 pm -3 mm 100 keV — 10 MeV

d
neutron
time-of-flight
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I laser electron acceleration
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Ti:Sa laser Draco {344 3
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laser ion
acceleration

2 X 9 cell SC Nb cavities @ 2 K LHe - = z—-«»-i'
1.3 GHz, 1.6 mA max., 60 kw, CW |

PW exp. area

PW-class laser systems
Laser plasma acceleration
mono-energetic positrons High-density plasma
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https://www.hzdr.de/ELBE

ELBE Center for High-Power radiation Sources

ELBE works in 24/7 mode with 2 weeks maintenance shutdowns / 3 months
4500 hrs / year, > 95% efficiency
3%
20 % /0 % Nuclear Physics
Radiation Biology
Neutron Physics
15 %

Free Electron Laser
Positron Physics
25 % = Terahertz

® Instrument Physics
m Accelerator Physics

Maschine Development




Positron User Facilities

SPONSOR
22Na-based (2 GBq)
e* beam
30 eV — 30 keV for
CDBS coupled to

AIDA
35K -1300 K
MBE, ion irradiation
sheet resistance

W. Anwand, et al., Def & Diff. Forum 331 (2012) 25

Mono-energetic Positron Source Gamma-ray induced Positron
35 MeV, 200 YA, 1.625 MHz electron Source
beam drives 16 MeV, 700 pA electron g
0.5 - 16 keV e* beam for PALS beam generates -

300 K — 550 K sample temperature bremsstrahlung "

typically 250 kcps event rate e* formed inside sample

(120 keps at 511 keV) Suitable for radioactive

10 Mevts PALS spectrum in 80 s, fully samples, gases, fluids

digital data taking and online processing M. Butterling, et al., Nucl. Instr. Meth. B 269, 2623 (2011)

A.Wagner, et al., AIP Conf. Proc. 1970, 040003 (2018)
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MePS — The Mono-energetic Positron Source @ ELBE

SC-LINAC ELBE

35 MeV, 200 pA :

0.8 ... 3.2 MHz In-situ

repetition rate chamber
AIDA I

20cm Pb +
3.2 m concrete
shielding

Load-lock, sample changer,
sample temperature (40 - 800 K),

€ LED, laser, UV light source
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MePS — The Mono-energetic Positron Source @ ELBE

converter
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moderator

50 x 100 pm
W-foils,

100 pm
separation,
water-cooled,
Designed to
take 40 kW
beam power

accelerator

In-situ
chamber
AIDA Il

Load-lock, sample changer,
sample temperature (< 700 K),

LED, laser, UV light source




Accelerator-driven positron sources

uII ~2.8GHz /1 ps /100 Hz / 10 pA NC-LINAC in macro-bunched
““ mode
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Accelerator-driven positron sources

»
78 ns (13 MHz) ... 615ns (1.625 MHz) SC-LINAC in CW mode
EPOS / MePsS facility ming

converter magnetic transport buncher

e — moderator chopper




Adjustable repetition rates for long positron lifetimes
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Yttria-stabilized Zirkonia as reference sample ks
w/ 181 ps lifetime, 3 ps binning, e V‘I\'V
Timing resolution 230 ps (FWHM) CeBr; scint. Noise reduction

S/N > 10°, 10 M spect. acquiredin <80 s Timing resolution




User beamlines: pELBE - Sample chamber update (2023/2024)
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« 280 mm diameter and 800 mm length
suppresses background from reflected
positrons

~— + Positron kinetic energies up to 30 keV

-« Load-lock and repository for 12 samples

* Automated transfer from repository to
measurement station

* Cooling and heating from 50 ... 900 K

— + Ample access for illuminations, irradiation, ...

» Higher efficiency and more fault tolerant
operations

L | BB Courtesy of Maik Butterling
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Load-lock and repository for 12 samples
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« Sub-mm precision for long travel distances
« Fail-safe operation mode (laser-sensors, UHV sensors)
* Flag-style sample holders
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Thank you very much for your attention!




