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‣ How and Why 
‣ Challenges 
‣ Our lab’s  

contribution



Lars Gerchow D-PHYS IPP24/11/2016

Positron and Positronium



Lars Gerchow D-PHYS IPP24/11/2016

Positronium (Ps)

Positron and Positronium



Lars Gerchow D-PHYS IPP24/11/2016

Positronium (Ps)
1022 keV

Positron and Positronium



Lars Gerchow D-PHYS IPP24/11/2016

Positronium (Ps)
1022 keV

Positron and Positronium



Lars Gerchow D-PHYS IPP24/11/2016

Positronium (Ps)
1022 keV

Positron and Positronium



Lars Gerchow D-PHYS IPP24/11/2016

1022 keV

Applications



Lars Gerchow D-PHYS IPP24/11/2016

Fundamental  
Studies

1022 keV

Applications



Lars Gerchow D-PHYS IPP24/11/2016

Fundamental  
Studies

Medicine 
(PET)

1022 keV

Applications



Lars Gerchow D-PHYS IPP24/11/2016

Fundamental  
Studies

Medicine 
(PET)

Material 
Studies

1022 keV

Applications



Lars Gerchow D-PHYS IPP24/11/2016

Fundamental  
Studies

Medicine 
(PET)

Material 
Studies Antimatter 

Propulsion

1022 keV

Applications



Lars Gerchow D-PHYS IPP24/11/2016

1022 keV

Fundamental  
Studies

Medicine 
(PET)

Material 
Studies Antimatter 

Propulsion

Gamma Ray 
Laser

Applications



Lars Gerchow D-PHYS IPP24/11/2016

1022 keV

Fundamental  
Studies

Medicine 
(PET)

Material 
Studies Antimatter 

Propulsion

Gamma Ray 
Laser

Applications



Lars Gerchow D-PHYS IPP24/11/2016

Ps

Unique Sensitivity



Lars Gerchow D-PHYS IPP24/11/2016

P

Unique Sensitivity



Lars Gerchow D-PHYS IPP24/11/2016

‣ oPs lifetime 
‣ QM energy states 
‣ annihilation energy of “511” 
‣ “back to back” angle ✓���

E
oPs

⌧
oPs

P

Unique Sensitivity
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PALS on hierarchical zeolites

M. Milina, S. Mitchell, P. Crivelli, D. Cooke, J. Perez-Ramirez, Nature Communications 4922 (2014)

treatment treatment

PALSN2   absorption 
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TOF in Metal Organic Frameworks (MOF)

MOF5 TOF spectraTOF components
P. Crivelli et al, Physical Review B 89, 2014
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TOF in Metal Organic Frameworks (MOF)

smaller than E 
QM-well ground state

Confirmation of 
delocalized Ps  

Bloch states

P. Crivelli et al, Physical Review B 89, 2014
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Doppler Broadening Spectroscopy (DBS)

defect

511 E (keV)

I

512513

High Purity 
Germanium 

Detector (HPGe) 
necessary

S-Parameter
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DBS on Thin Film Solar Cells

“new world record for CIGS solar cell technology”

P. Reinhard et al, M. Döbeli, C. Vigo, P. Crivelli et al, Chem. Mater. 2015, 27, 5755−5764  
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Two-dimensional angular correlation of annihilation 
radiation (2D-ACAR)

✓���

I
S-Parameter

✓���
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PAS comparison

depth
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Source

�+-decay

pair production

Na22 MBq

converter GBq

mono energetic 
necessary
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Moderation
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Moderation

negative workfunction �e+ < 0long diffusion length

metal moderators 
W, Ni, …

noble gas moderators 
Ne, Ar, …

radiation 
shield

radiation 
shield

source sourcefrozen noble 
gas

W meshes  
or mono cristalline 

thin W foil

✏ ⇡ 10�3 ✏ ⇡ 5 · 10�5
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Development

▪ Work towards more accessible positron-devices 
‣ Improve moderation efficiency 
‣ New sources 
‣ Adapted detectors & DAQ 
‣ Incorporated analysis 
‣ Modeling Ps behavior 
‣ Downscaling 
‣ Explore new applications  
 
 

Funded by interdisciplinary grant ETH-31 13-1 in collaboration with the group of advanced catalysis 
engineering Perez-Ramirez, ICB, DCHAB
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