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Positron Annihilation: basics 

511 keV photons 

detected easily and 

highly penetrating 

Even high-energy 

positrons quickly 

thermalize

Electron momentum 

shifts annihilation 

lines

locates (negative) 

defects by itself

The e+ probes…
 local electron density and 

electron momentum

 defect sizes and types 
by annihilation lifetime

 defect concentrations 
by component's intensity

 large volumes due to 
large diffusion lengths
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Positrons and Positronium formation

https://ifj.edu.pl/private/jdryzek/pictures/

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

Hydrogen-induced vacancies in Ni

magneto-ionics

porous glasses,

membranes,

metal-organic 

frameworks

low-k dielectrics

for CMOS devices

Semiconductors 

/perovskites

for optoelectronics, 

PV

Niobium-hydrides & 

superconductivity
Fe

Rh

magnetic phase transitions

through ion irradiation micro-solid oxide fuel cells

extreme conditions
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Challenges

icons created by Iconic Panda - Flaticon

Data acquisition 

and data analysis

Thermal loads and 

radiation hazards

Sample handling 

and throughput

Timing resolution Noise reduction
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ELBE Center for High-Power radiation Sources

(Electron Linear accelerator w/ high Brilliance and low Emittance)
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PW-class laser systems
Laser plasma acceleration

High-density plasma 
physics

1.6 mA, 40 MeV (64 kW) 
CW electron accelerator

coherent IR-radiation
3 – 230 µm

coh. THz radiation
100 µm – 3 mm

electrons 34MeV
radiation biology

detector tests, SRF gun lab

Bremsstrahlung 6 - 16 MeV
Nuclear Raman Spectroscopy

Gamma-induced Positron Source 
GiPS

pulsed, mono-energetic
positrons 0.2 – 20 keV

MePS, AIDA

mono-energetic positrons
0.2 – 30 keV from 22Na

SPONSOR

ELBE Center for High-Power radiation Sources

neutron ToF
100 keV – 10 MeV

2 x 9 cell SC Nb cavities @ 2 K LHe

1.3 GHz, 1.6 mA max., 60 kW, CW

www.hzdr.de/ELBE

https://www.hzdr.de/ELBE
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ELBE Center for High-Power radiation Sources

110 m
Dresden Semper 

Opera House

20 %

3 %

0 %

15 %

17 %

15 %
5 %

0 %

25 %

Nuclear Physics

Radiation Biology

Neutron Physics

Free Electron Laser

Positron Physics

Terahertz

Instrument Physics

Accelerator Physics

Maschine Development

ELBE works in 24/7 mode with 2 weeks maintenance shutdowns / 3 months
4500 hrs / year, > 95% efficiency
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Positron User Facilities

Gamma-ray induced Positron 

Source
 16 MeV, 700 µA electron 

beam generates 

bremsstrahlung

 e+ formed inside sample

 Suitable for radioactive 

samples, gases, fluids
M. Butterling, et al., Nucl. Instr. Meth. B 269, 2623 (2011)

SPONSOR


22Na-based (2 GBq) 

e+ beam

30 eV – 30 keV for 

CDBS coupled to

AIDA
 35K -1300 K

 MBE, ion irradiation

 sheet resistance

Mono-energetic Positron Source
 35 MeV, 200 µA, 1.625 MHz electron 

beam drives

 0.5 – 16 keV e+ beam for PALS

300 K – 550 K sample temperature

typically 250 kcps event rate 

(120 kcps at 511 keV)

 10 Mevts PALS spectrum in 80 s, fully 

digital data taking and online processing
A.Wagner, et al., AIP Conf. Proc. 1970, 040003 (2018)

W. Anwand, et al., Def & Diff. Forum 331 (2012) 25
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MePS – The Mono-energetic Positron Source @ ELBE

In-situ 

chamber 

AIDA II

SC-LINAC ELBE

▪ 35 MeV, 200 µA

▪ 0.8 … 3.2 MHz 

repetition rate

20 cm Pb +

3.2 m concrete 

shielding e
-

e+

2 keV

Chopper

Buncher

Load-lock, sample changer, 

sample temperature (40 - 800 K), 

LED, laser, UV light source

Post-

accelerator
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MePS – The Mono-energetic Positron Source @ ELBE

In-situ 

chamber 

AIDA II

SC-LINAC ELBE

▪ 35 MeV, 200 µA

▪ 0.8 … 3.2 MHz 

repetition rate

20 cm Pb +

3.2 m concrete 

shielding e
-

e+

2 keV

Chopper

Buncher

Load-lock, sample changer, 

sample temperature (< 700 K), 

LED, laser, UV light source

Post-

acceleratore+

converter
e-

moderator

e+

50 x 100 µm 

W-foils,

100 µm 

separation,

water-cooled,

Designed to 

take 40 kW 

beam power
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SC-LINAC in CW mode

EPOS / MePS facility

38 ns / 26 MHz     …    615 ns / 1.625 MHz

~ 2.8 GHz / 1 µs / 100 Hz / 10 µA
NC-LINAC in macro-bunched 

mode

e+

converter
moderator

linear storage
chopper

buncher A buncher B

s
a

m
p

le

1 µs 10 eV 3 ms 5 ns 2 ns 250 ps

e-
converter

moderator
magnetic transport

chopper
buncher

s
a

m
p

le

10 ps 2 keV 2 ns 250 ps

e-

e+

Accelerator-driven positron sources
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SC-LINAC in CW mode

EPOS / MePS facility

78 ns (13 MHz)     …    615 ns (1.625 MHz)

~ 2.8 GHz / 1 µs / 100 Hz / 10 µA
NC-LINAC in macro-bunched 

mode

e+

converter
moderator

linear storage
chopper

buncher A buncher B

s
a

m
p

le

1 µs 10 eV 3 ms 5 ns 2 ns 250 ps

e-
converter

moderator
magnetic transport

chopper
buncher

s
a

m
p

le

10 ps 2 keV 2 ns 200 ps

e-

e+

Accelerator-driven positron sources
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Adjustable repetition rates for long positron lifetimes 

Yttria-stabilized Zirkonia as reference sample 

w/ 181 ps lifetime, 3 ps binning,

Timing resolution 230 ps (FWHM)  CeBr3 scint.

S/N > 105 , 10 M spect. acquired in < 80 s  

𝑑𝑁

𝑑𝑡
=෍

𝑖=1

𝑚

𝐼𝑖 ∙ exp(−
𝑡

𝜏𝑖
)⨂𝑓𝑟𝑒𝑠

~ 6 nm pores

Timing resolution

Noise reduction
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User beamlines: pELBE - Sample chamber update (2023/2024)

e+ beam

Courtesy of Maik Butterling

• 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 
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Load-lock and repository for 12 samples

• Sub-mm precision for long travel distances

• Fail-safe operation mode (laser-sensors, UHV sensors) 

• Flag-style sample holders

A C E

B D F

C

E

A

B

D

F
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MePS publications in 2024
1. Z. Ni, et al., Identification and suppression of point defects in bromide perovskite single crystals enabling gamma-ray spectroscopy

Advanced Materials 36(2024)35, 2406193, Impact factor: 27,40

2. N. López-Pintó, et al., Room-temperature solid-state nitrogen-based magneto-ionics in CoxMn1-xN films

Advanced Functional Materials (2024), 2404487, Impact factor: 18,50

3. Z. Ma, et al. Controlling magneto-ionics by defect engineering through light ion implantation

Advanced Functional Materials 34(2024)34, 2312827, Impact factor: 18,50

4. Z. Ma, et al. Optimizing Magneto-ionic Performance in Structure/Composition-Engineered Ternary Nitrides

Journal of Materiomics 10(2024)4, 211-227, Impact factor: 8,40

5. J. Carlos Gonzalez-Rosillo, et al. Insights into the LiMn2O4 Cathode Stability in Aqueous Electrolyte

Chemistry of Materials 36(2024)12, 6144-6153, Impact factor: 7,20

6. R. Magrin Maffei, et al. Defectivity of Al:ZnO Thin Films with Different Crystalline Order Probed by Positron Annihilation Spectroscopy

Applied Surface Science 665(2024), 160240, Impact factor: 6,30

7. R. B. Nelliyil, et al., Inherent Porosity of Zeolitic Imidazolate Framework-62 Melt Leading to Porous Melt-Quenched Glass

Microporous and Mesoporous Materials 382(2025), 113387 Impact factor: 4,80

8. M. Grodzicki, et al. Defect characterization of N-rich GaNAs tertiary alloys

Vacuum 229(2024), 113554, Impact factor: 3,80

9. R. Nelliyil, et al. Pore-Structure Investigation of Bimetallic Zeolitic Imidazolate Framework-8 Films with Varying Co/Zn Nodes…

Journal of Physical Chemistry C 128(2024)5, 1901 Impact factor: 3,30

10. Z. Wu, et al. Memory effect in photochromic rare-earth oxyhydride thin films …

Physical Review Materials 8(2024), 045201, Impact factor: 3,10

11. J. Franke, et al., Consideration of the Effect of Nanoscale Porosity on Mass Transport Phenomena in PECVD Coatings

Journal of Physics D: Applied Physics 57(2024), 405303, Impact factor: 3,10

12. K. Siemek, et al. Defect dynamics studies during heat treatments in plastically deformed metals predicted for nuclear applications

Journal of Materials Research 39(2024), 2023-2035, Impact factor: 2,70

13. A. Lopez-Bezanilla, et al., The Role of Defect Charge, Crystal Chem. , and Crystal Structure on Positron Lifetimes of Vacancies in Oxides

Journal of Physics: Condensed Matter 36(2024), 445701, Impact factor: 2,30

14. K. V. Nimitha, et al. Effect of annealing temperature on the structure and optical properties of ZnO thin films

Journal of Physics: Condensed Matter 36(2024), 135002, Impact factor: 2,30

15. O. Steuer, et al. Evolution of point defects in pulsed-laser-melted Ge1-xSnx probed by positron annihilation lifetime spectroscopy

Journal of Physics: Condensed Matter 36(2024), 085701, Impact factor: 2,30
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