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The Laboratory for Positron and Positronium Physics was set up at ETHZ in 2012 in the context of the SNSF Ambizione fellowship (PZ00P2_132059) and supported by the ETH research grant ETH-47 12-1.
Its sustainability is now guaranteed by its integration within the IPP/Group Rubbia.
Two positron beams have been setup to perform diversified research: fundamental and applied studies (test of bound state QED, determination of fundamental constants, novel materials characterization)
Goal: experiment in a vacuum cavity

Search for Hidden Sectors with Positronium (EPIC)
EPIC is a search for invisible decay channels of positronium (bound state
of positron and electron) that are foreseen in models beyond the SM.
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Mirror matter is a possible candidate for Dark Matter
Hidden sector with identical particles but opposite chirality.
Interaction through kinetic mixing: portal to our sector
through photon mixing leading to a photonless decay of oPs.
Collisions with matter destroy coherence
R. Foot, Phys. Rev. D80, 091701 (2009
S. L. Glashow, Phys. Lett. B167, 35 (1986 ))
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Mirror matter search through oPs oscillations

Experimental signature: the SM o-Ps → 3γ
decay results in the energy deposition of
1022 keV (the Ps mass, E = mc2 ) decay.

Current limit set by an experiment in aerogel.
High collision rate destroys coherence and
reduces sensitivity

The o-Ps → o-Ps' → 3γ' (invisible) decay
would appear as an event compatible with
zero-energy deposition (missing energy).

Improvement of a factor 100 in sensitivity to
hidden/mirror sector compared to our previous results.

Geant4 simulation for total
energy deposition in ECAL

A. Badertscher et al., PRD 75, 032004 (2007)

oPs + = √12 (oPs+oPs' )
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oPs− = √12 (oPs−oPs ' )

Rabi Oscillations
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Experimental Setup
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Bunched beam based on a buffer gas trap (since 2015)

Continuous positron beam (since 2012) → 150000 e+/s

Helmholtz coils for positron transportation (70 G)

Buffer gas trap working principle:
- Transversal confinement: B-Field
- Axial confinement: electric potential
- Dissipation mechanism for trapping positron: collisions with N2 gas
- Cooling with CF4 and compression in stage 2b via rotating wall technique

Solenoid 1kG

Typical spectrum from
beta emitter

Moderators are used to
form a mono-energetic
positron source in order
to form a beam

B-field up to 1 kG
10-3 mBar

Gamma
Detectors

10-6 mBar

Positron Source
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UHV positron source

150000 e+/s

Separation of
Slow and fast e+

Positron produced via
beta decay:
p -> n + e+ + ν
22
Na source (70MBq)
and Ne moderator

Extraction of
positrons bunches
(=1 mm, 1 ns)
At 1 -1000 Hz rep rate
in a field free
electromagnetic
region

Neon film ~ 500 nm grown @ 7K
below band gap ( ~ 20 eV) energy loss
very inefficient (only phonon scattering)
-> large fraction of positrons reach the
surface and are emitted as epithermal e+

D A Cooke, G Barandun, S Vergani, B Brown, A Rubbia and P Crivelli
2016 J. Phys. B: At. Mol. Opt. Phys. 49 014001

Positronium formation in nanoporous thin silica film
P. Crivelli et al., Phys. Rev. A. 81, 052703 (2010)
A. Antognini, P. Crivelli et al., PRL 108, 143401 (2012)

oPs fraction calculated via Positronium Annihilation Life-time Spectroscopy

Triggering Scheme

oPs energy from Time Of Flight measurement
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Porous silica thin film ~1000nm 3-4 nm pore size

e+

Positron implanted with keV energies
Rapidly thermalizes in the bulk (~ps)
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Positronium formation (1/4 pPs, 3/4 oPs)
in SiO2 by capturing 1 ionized electron
Diffusion to the pore surface and emission
in the pores:
WPs=Ps + EB - 6.8 eV=-1 eV
Thermalization via collisions and
diffusion in interconnected pore network
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Example of
coincidence
signal acquired
with a digitizer.

PALS spectra fitted with background and simple exponential
decay to calculate fraction of oPs in vacuum (lifetime 142ns)

30% of the incident positrons
are converted in positronium

Energy distribution of coincidence pulses after time cut. Background (right) is localized
in the bottom part of the plot (low energy second pulse). Work in progress.

Vacuum

ECAL & DAQ

Signal tuning via oscillation versus oPs energy

4π hermetic calorimeter with ~100 BGO
crystals to detect annihilation photons
Refurbishment of inner layers of ECAL to
minimize energy absorption in dead material.

Signal is suppressed by collisions with matter.
Collision rate depends on cavity size and oPs velocity.
Implantation energy effectively modulates signal
keeping background constant
Provides natural cross-checking feature in case of
signal observation
Branching ratio can be significally reduced by increasing
the number of collisions oPs undergoes per lifetime.

Applications of positrons for material characterization
Doppler broadening spectroscopy (DBS)

Positronium Annihilation Lifetime Spectroscopy (PALS)
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Width of the peak is measured by shape (S)
parameter, ratio between blue and total
areas above. Narrower peaks produce
larger S values which indicate a higher ratio
of positrons trapped in vacancies
annihilating with valence (slower) electrons.

Study of solar cells in collaboration with EMPA. Measurement of
defect concentration with DBS vs. mean implantation depth. Results
showed how potassium doping (which improved the solar cell
efficiency) increased defect concentration in near-surface areas

Implantation energy (3 – 5keV) can effectively modulate collision rate by changing
oPs energy (right plot) while keeping oPs fraction, and thus background, constant.
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Photons carry information about electron energy at
the annihilation site. Positrons thermalize after
implantation, so Doppler broadening of the 511keV
peak is only due to electron energy, allowing us to
distinguish between valence and core electrons.

Chem. Mater 27, 5755–5764 (2015).
DOI: 10.1021/acs.chemmater.5b02335

e+ beam

SE target
SE Window

Positron diffusion and annihilation
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sprectroscopy of oPs decaying at a certain distance from target
axial velocity distribution calculated from comparison to simulation
assuming isotropic distribution, total energy is obtained

Tag positron arrival to start BGO acquisition gate with
an upstream MCP detecting secondary electrons
emitted by the incoming positron.
Fake trigger: gate uncorrelated with a positron in the
cavity.
Suppression via coincidence of SE from both target
and a thin Si3N4 membrane

High purity
Ge detector

PALS is an outstanding tool to characterize voids size and
concentration on a surface level.
Lifetime of oPs in voids can be related to its size (rectangular
pore in Tao-Eldrup model, mean free path for other geometries).
Successfully used to:
●
demonstrate a direct link between the pore connectivity and
the catalytic performance of a novel class of zeolites with
hierarchical pore structures.
●
Study of Ps in metallic-organic-frameworks (MOFs).

Sketch of possible outcomes of positron implantation in a porous structure with pore connectivity

DAQ:
●
4 x 32 ch. QDC for energy measurement
●
1 x 16 ch. TDC for PALS analysis (and
maybe oPs precise lifetime measurement)
●
Auxiliary electronics for amplification, gate
forming, etc.

Positron
beam line

DAQ and HV
power supplies

BGO gamma
detectors

Preliminary results combining both techniques to
measure atomic vacancies concentration in different
metallic nanocrystals (Cu-In-Zn-Se structures).
These synthesized stable colloids can have independent
size and composition control. Comparison with other
techniques (i.e. EDF) shows fair agreement.

oPs lifetime in voids is correlated with the voids size by the
RTE model. For different geometries (e.g. sphere or
tetrahedron), the characteristic dimension can be calculated.

Collaboration with M. Yarema,
Laboratory for Nanonelectronics, D-ITET, ETHZ

DBS S-Parameter and PALS short lifetime intensity for different
colloids with known attomic vacancies. Preliminary results.
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