XXIX International Conference on Photonic, Electronic, and Atomic Collisions (ICPEAC2015)

IOP Publishing

Journal of Physics: Conference Series 635 (2015) 052070

doi:10.1088/1742-6596/635/5/052070

An electrostatic positron beam for
atomic and molecular collision experiments

S. E. Fayer*, A. Loreti*!, A. Ko6vér™, S. L. Andersen’, and G. Laricchia*

* Department of Physics and Astronomy, University College London, Gower Street, London, WC1E 6BT
**Institute for Nuclear Research of Hungarian Academy of Science, Debrecen, P.O. Box 51, H-4001, Hungary

T Department of Physics and Astronomy, Aarhus University, DK-8000 Aarhus C, Denmark

Synopsis A new electrostatic positron beam at UCL is described. The beam incorporates a re-moderator to
achieve brightness enhancement, time of flight facility for beam energy determination and improved signal to
background ratio and a position sensitive detector for 2-D imaging of the beam spot. The apparatus is being
employed for measuring the total cross section of positron scattering from krypton and helium in the energy range
of (10 — 200) eV. Results will be presented at the conference.

Positrons are valuable tools in the under-
standing of the fundamental physics interactions
between matter and antimatter, an endeavour
which is of relevance also in material science,
astrophysics and biological chemistry. Collision
dynamics, in particular, may be revealed by per-
forming energy- and angular-resolved measure-
ments of the final-state particles following a scat-
tering event. Such investigations are best per-
formed in absence of external fields. The new
electrostatic positron beam is being used to carry
out total cross section, op, measurements for
positron scattering from He and Kr in a field-
free region. This work has been stimulated by
recent results [1, 2] of positron op from helium
and neon, also determined using an electrostatic
beam. In these works, discrepancies in the range
between (3—20) eV have been found with respect
to previous measurements on systems employing

magnetic fields.
Table 1. Present angular discrimination, 6, in

comparison with previous experiments

Experiment 0
Present work ~ 2°
Nagumo et al., [1, 2] ~ 3°
Makochekanwa et al., [5] =~ 18° — 3°
Zecca et al., [6] ~ 17° —5.4°
Dababneh et al., [7] ~ 15% — 20°
Beale et al., [8] ~ 12° — 6°

In these transmission experiments, the largest
source of systematic errors comes from the ac-
cidental inclusion of forward scattered particles
in the transmitted beam. This error leads to an
artificially lower o7. In the current experiment,
a Position Sensitive Detector (PSD) detects the
transmitted positrons at the end of the beam line
allowing for a significantly better angular dis-
crimination against forward scattered particles
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when compared to others e.g., [5, 6, 7, 8] and
comparable to that of [1, 2], as shown in table 1.
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Figure 1. Schematic of the positron beam at UCL
[3]. Refer to the text.

Secondary electrons at the re-moderator initiate
a timing sequence terminated at the PSD, allow-
ing for Time Of Flight (TOF) analysis. In figure
1, an overview of the positron beam is shown, to-
gether with a PSD image of the beam spot, be-
fore and after TOF selection. In the TOF plot,
the y-peak from positron annihilation against the
gas cell walls (t=0), is easily separated from the
incident positron peak.

References
1] K. Nagumo et al 2011 JPSJ 80 064301

K. Nagumo et al 2012 Euro Phys J.D 66 80

A. Kovér et al 2014 Meas. Sci. Technol. 25 075013
A. P. Mills 1980 Appl. Phys. Lett. 23 189

C. Makochekanwa et al 2011 PRA 83 032721

A. Zecca et al 2011 Euro Phys J. D 64 317

M. S. Dababneh et al 1980 PRA 22 1872

J. Beale et al 2006 JPB: At. Mol. Opt. Phys. 39
1337-1339

B A R e

wT TS T e W N =

We are grateful EPRSC for financial support (EP/E053521/1) and providing a studentship to SEF.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd



