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ENHANCING EXPERIMENTAL PROSPECTS WITH
LOW ENERGY ANTIPROTONS*
C. P. Welsch', University of Liverpool/Cockeroft Institute, UK
I4bstract
The Extra Low Energy Antiproton ring (ELENA) is a RESEARCH
leritical upgrade to the Antiproton Decelerator (AD) at To fully exploit the potential of ELENA and FLAIR. the|
(CERN and saw first beam in 2018. ELENA will signifi- AVA partners carry out a closely connected R&D program
lcantly enhance the achievable quality of low energy anti-  in the following three work packages:
[proton beams and enable new experiments. To fully exploit ~ * Facility Design and Optimization. addressing beam
fthe potential of this new facility. advances are required in lifetime and stability in storage rings. as well as beam)
mumerical tools that can adequately model beam transport. cooling, deceleration and extraction:
llife time and interaction. beam diagnostics tools and detec- * Design, development and testing of novel Beam Di-|
ftors to fully characterize the beam's properties, as well as agnostics to fully determine the characteristics of low]
lin novel experiments that take advantage of the enhanced energy antiproton and ion beams;
lbeam quality that ELENA can provide. These research ar- ¢ Design of novel low energy Antimatter Experi-|
leas are in the heart of the pan-European research and train- ments to explore fundamental symmetries and inter-
ling network AVA (Accelerators Validating Antimatter actions.
physics) which started in 2017. This paper presents re-  The research within AVA has already led to a number of|
lsearch results within AVA on the performance of ultra-thin  high impact physics results: This includes the measurement
\diamond membranes, beam tracking and optimization of  of ultralow heating rates of a single antiproton in a cryo-
the ELENA beam lines. as well as efficient integrationand  genic Penning trap [3]. the production of long-lived 2 33
4

fperformance optimization of cryogenic detectors.

INTRODUCTION

The AVA (Accelerators Validating Antimatter physics)
fproject is an Innovative Training Network (ITN) that has
Ireceived 4 Million Euro of funding within the H2020 Ma-
Irie Skiodowska Curie Actions [1]. The project enables an
linterdisciplinary and cross-sector program on antimatter
R&D . The network includes most of the European exper-
tise in antimatter research and joins 4 universities, § na-
ftional and international research centers and 13 partners
[from industry and government. Within AVA, partners carry
lout research across three scientific work packages.

Fifteen carly stage rescarchers have been recruited to es-
ftablished scientific teams. They are based at institutions
lacross Europe. A structured combination of local and net-

ork-wide training is offered to them. This includes hands-
lon training at state of-the-art accelerator facilities, as well
las an international training program consisting of schools.
ltopical workshops and conferences that is open to all AVA
[Fellows. as well as the wider scientific community. In the
lcenter of several project has been ELENA, a small storage
ring designed to decelerate the 5.3 MeV antiprotons from
fthe AD even further. The ring was commissioned in 2018
lto improve the conditions for antimatter experiments dra-
lmatically. Amongst others. it will reduce antiproton ener-
lgies to below 0.1 MeV which will help enhance antiproton
frapping efficiency by 10 and 100 times. On the long term,

positronium via 3 P laser excitation in magnetic and elec-
tric fields [4]. and the measurement of sympathetic cooling|
of protons and antiprotons with a common endcap Penning|
trap [5]. The following sections summarize the directly ac-|

celerator-related research results from selected projects.

Diamond Membranes for Low Energy Beams

There are several ways of detecting particles, including|
gaseous and solid-state detectors. For solid state detectors|
one uses semiconducting materials, usually either silicon,|
germanium or diamond. Silicon and germanium detectors|
have traditionally been widely used, but lately diamond de-
tectors have gained some popularity [6]. Their advantages|
are radiation hardness. lower leakage current, low thermic|
noise, fast response and they also require no cooling. Thel
aim of this project at CIVIDEC is to produce and charac-|
terize ultra-thin diamond detectors and use them for parti-|
cle detection, in particular for antiproton measurements.
During his project. AVA Fellow Miha Cerv has so far:
 Developed different VHDL implementations for real
time signal analysis, particle identification. spectros-
copy. rate monitoring and phase measurements:
 Tested and calibrated diamond detectors in laboratory|
experiments;
 Carried out measurements with antiprotons in thel
‘GRACE beam line at CERN.
Initial measurements gave interesting results: Wave-
forms showed a first flash of particles - a result of antipro-
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ing within the H2020 Ma-|
1]. The project enables an
interdisciplinary and cross-sector program on antimatter,
R&D . The network includes most of the European exper-
tise in antimatter research and joins 4 universities, 8 na-|
tional and international research centers and 13 partners|
from industry and government. Within AVA. partners carry
out research across three scientific work packages

Fifteen early stage researchers have been recruited to es-|
tablished scientific teams. They are based at institutions|
across Europe. A structured combination of local and net-
‘work-wide training is offered to them. This includes hands-|
on training at state of-the-art accelerator facilities, as welll
as an international training program consisting of schools/|
topical workshops and conferences that is open to all AVZ
Fellows. as well as the wider scientific community. In the|
center of several project has been ELENA, a small storage|
ring designed to decelerate the 5.3 MeV antiprotons from|
the AD even further. The ring was commissioned in 2018
to improve the conditions for antimatter experiments dra-
‘matically. Amongst others. it will reduce antiproton ener-
gies to below 0.1 MeV which will help enhance antiproton|
trapping efficiency by 10 and 100 times. On the long term|
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To fully exploit the potential of ELENA and FLAIR, the
|AVA partners carry out a closely connected R&D program
fin the following three work packages:

o Facility Design and Optimization, addressing beam
lifetime and stability in storage rings. as well as beam
cooling. deceleration and extraction:

o Design, development and testing of novel Beam Di-
agnostics to fully determine the characteristics of low
energy antiproton and ion beams:

o Design of novel low energy Antimatter Experi-
ments to explore fundamental symmetries and inter-
actions.

The research within AVA has already led to a number of
high impact physics results: This includes the measurement
fof ultralow heating rates of a single antiproton in a cry
lgenic Penning trap [3]. the production of long-lived 2 S
positronium via 3 3P laser excitation in magnetic and elec-
fric fields [4]. and the measurement of sympathetic cooling
lof protons and antiprotons with a common endcap Penning
frap [5]. The following sections summarize the directly ac-
kcelerator-related research results from selected projects,

Diamond Membranes for Low Energy Beams

There are several ways of detecting particles. including
lzaseous and solid-state detectors. For solid state detectors
fone uses semiconducting materials, usually either silicon.
lgermanium or diamond. Silicon and germanium detectors
have traditionally been widely used. but lately diamond de-
fectors have gained some popularity [6]. Their advantages
fre radiation hardness, lower leakage current. low thermic
hoise. fast response and they also require no cooling. The
laim of this project at CIVIDEC is to produce and charac-
ferize ultra-thin diamond detectors and use them for parti-
kle detection. in particular for antiproton measurements.

During his project, AVA Fellow Miha Cerv has so far:

o Developed different VHDL implementations for real
time signal analysis. particle identification. spectros-
copy. rate monitoring and phase measurements:

e Tested and calibrated diamond detectors in laboratory
experiments:

e Carried out measurements with antiprotons in the
‘GRACE beam line at CERN.

Initial measurements gave interesting results: Wave-

fforms showed a first flash of particles - a result of antipro-
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