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Abstract 
Collision experiments with low energy antiprotons and 

gas jet targets such as He, Ar, or H , aimed at measuring 
differential cross sections, would be a very interesting 
way to elucidate the details of this interesting collision 
process. At present, such experiments are, however, not 
feasible, since the only source of antiprotons in the world, 
the AD at CERN, cannot provide beams of the required 
energy and quality. The design of a small electrostatic 
ring, which would enable such experiments, has been 
developed. This ring is also a prototype for the future 
ultra-low energy storage ring (USR), which will be 
integrated at the facility for low-energy antiproton and ion 
research (FLAIR). This small ring is unique due to its 
combination of size, electrostatic nature, and energy of 
the circulating particles. In this contribution, the design of 
the ring is described and possible scenarios for its use at 
the ASACUSA beam line and behind the ELENA ring are 
compared with each other. 

INTRODUCTION  
Total cross section collision measurements with low 

energy antiprotons and gas jet targets such as He, Ar and 
H  have been measured [1,2] on the ASACUSA beamline 
[3] at the AD at CERN [4]; the results are interesting and 
not unambiguously interpretable. In order to further 
elucidate and understand the collision mechanism, it is 
desirable to make differential cross section measurements, 
which are presently not feasible due to the limitation of 
the available flux of low energy antiprotons.  

At the present time, the antiproton decelerator (AD) at 
CERN is the only facility providing low energy 
antiprotons for physics experiments. Work is underway 
on two new low energy antiproton facilities. At the GSI in 
Germany, the Facility for Antiproton and Ion Research 
(FAIR) [5] will include the Facility for Low Energy 
Antiproton and Ion Research (FLAIR) [6]; FLAIR will 
include the Ultra-Low-energy Storage Ring (USR) [7], 
which has been designed to provide low energy 
antiprotons for a variety of physics experiments, 
including in-ring partial differential cross section 
measurements. It is, however, unlikely that the USR will 
be operational this decade. Meanwhile, at CERN, 

construction has begun on the ELENA ring [8], which is 
due to be completed in 2016. ELENA will be placed after 
the AD and will provide low energy antiprotons with 
greater efficiency than the present AD set-up. The 
ELENA ring includes two beamlines; the first one to be 
built will provide antiprotons mainly to the existing 
groups who currently use the AD. Whilst the ELENA ring 
will provide an enhancement in the flux of antiprotons 
available for experiments, it has not been designed for in-
ring experiments of the type that would enable partial 
cross section experiments. It does, however, provide an 
opportunity for a small low-energy electrostatic ring 
[9,10], that could be placed on the ASACUSA beamline 
[3] or on an ELENA beamline.  

THE RECYCLER RING 
A 3-D model of the recycler ring [9,10] is shown in Fig. 

1 and includes the vacuum system and ion pumps, 
supports and ring alignment mechanisms. A cross 
sectional scale drawing of the injection beam line and 
recycling ring is also shown in Fig. 1. The ring optics are 
all electrostatic and comprise 90° cylindrical deflectors 
and quadrupole triplets and singlets. The ring has been 
designed to be a prototype for the USR and to meet the 
needs of the crossed beam studies. The latter includes a 
small antiproton beam spot size at the collision location, 
which is the reason for the relatively large number of 
quadrupole elements. In addition, the size of the whole 
setup was made as small as possible. The ring has a 
periodicity of two. An advantage of using electrostatic 
elements is that the voltages required on the elements are 
dependent only on the charge and energy of the ion; they 
are independent of the mass (whereas magnetic focussing 
and deflecting devices also have a mass dependence). The 
main parameters of the facility are presented in Table 1. 

The ring and injector have been designed as relatively 
compact mobile facilities to enable them to be moved 
worldwide and used on a variety of different types of 
sources, including different charged projectiles; they can 
be used for a wide variety of applications and 
experiments. In this publication we will concentrate on 
two main scenarios, both of which provide antiproton 
projectiles to the ring for differential cross section studies.  
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Figure 1: Scale drawing of the injection beamline and the recycling ring. TB1 denotes the location of a test beamline for 
setting up the ring when it is attached to the Musashi beamline. TB2 denotes the location of a test beamline for testing 
the injection beamline. 

Table 1: Ring, Beam and Injection Parameters 

Parameter Value(s) 

Energy range 3 to 30 keV 

Circumference 8.165 m 

Length of free straight for experiment 324 mm 

Ring acceptance 15  mm mrad 

Ion rotation frequency 294 to93 kHz 

Vacuum 10-10 mbar 

Operation time for 3000 turns 10 to 32 ms 

 ( /c) 2.5  10-3     to    7.8  10-3 

-functions, min x = 0.02 m y = 0.11 m 
 

RECYCLER ON THE MUSASHI TRAP 
The first scenario is to use antiprotons from the 

MUSASHI trap [11] for the recycler ring. The trap is 
presently located on the ASACUSA beamline on the 
CERN-AD but it will eventually move onto the first 
ELENA beamline, once it is operational. The recycler 
ring accelerating injector [12] has been designed to 
transport antiprotons from the MUSASHI trap to the 
recycler ring.  

Whilst the trap is in its present position, the antiproton 
beam that will be injected into the recycling ring will 
comprise 5 shots of antiprotons from the AD; these will 
be collected and cooled in the MUSASHI trap, then 
extracted with an energy between 150 and 500 eV kinetic 
energy and with a bunch length of 1-2 μs. 

Accelerating Injector (for Use on the MUSASHI 
Trap) 

The accelerating injector [12] will transport antiprotons 
from the MUSASHI trap to the recycler ring. It will 
provide focusing and beam shaping and it will use 
electrostatic fields to adjust the energy of the particles to 
match the recycling energy of the ring whilst the trap and 
ring remain at ground potential; this is achieved without 
the expense of an RF accelerator.  

The injector has three main parts. The first part is the 
acceleration section, where the energy of the antiprotons 
is increased from the extraction energy of the trap to the 
re-circulating energy of the ring (3-30 keV). The second 
part of the injection line is the diagnostics block. The 
third part is the matching section, which comprises four 
electrostatic quadrupoles that match the shape and 
divergence of the beam to the ring parameters. 

The acceleration section comprises two sets of 
accelerating electrodes, which are separated by a long 
drift tube. When the beam pulse is inside of the drift tube 
the voltage applied to the central section of the pipe is 
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switched to the required negative value, between -3 and 
-30kV. The acceleration is then realized using a series of 
apertures to which increasing positive voltages are 
applied (see Fig. 2). The choice of a pulsed electrostatic
acceleration section avoids the necessity of floating the 
entire ring to high voltages. 

Figure 2: Electrode voltages for the acceleration section. 
The blue points and line corresponds to the voltages 
required for an initial energy of 150 eV and a final energy 
of 3 keV. The green points and line shows the voltages 
required for final acceleration to 30 keV. 

Advantages of Using the MUSASHI Trap
The main advantage of using the MUSASHI trip as a 

source for the recycling ring is that is exists at the present 
time and would enable measurement of partial cross 
sections to begin almost immediately. Extensive 
modelling and theoretical studies have provided an 
appropriate coupling injector design and evidence of the 
feasibility of such studies using this source. Typical real-
time count rates for the total cross section data given in 
ref [1] were on the order of 100’s of counts per hour.
Using the MUSASHI trap in its current location with the 
above described injector and ring would yield an increase 
in the count-rate of about an order of magnitude (~a few 
thousand counts/hour) [9]. If, however, the antiprotons for 
the MUSASHI trap were to come from the ELENA ring, 
then an increase of another order of magnitude (to ~a few 
tens of thousands counts/hour) would be realised. 

RECYCLER ON THE ELENA RING
Another possibility of realising an improvement in the 

flux of antiprotons for the partial cross section 
experiments is to place the recycler ring directly onto an 
ELENA beamline. ELENA will provide cooled 
antiprotons at energies as low as 100 keV both in the form 
of a coasting beam and of bunches of several 100 ns 
duration. These beams can then be extracted by a fast 
extraction system and be delivered to up to four external 
experiments in parallel via a fast electrostatic beam 
switch.  

An interesting option is to setup a purpose-built 
decelerating injection beamline to transport the 
antiprotons between ELENA and the small recycling ring 
at a very early phase of the ELENA project, i.e. when the 

ELENA ring is still being commissioned. This way, 
measurements of cross sections of antiproton-atom 
collisions could be done in parasitic mode and at a time 
when the other experiments would not yet be ready to 
take measurements. The ring could then be moved into 
one of the experiment zones at a later stage for 
measurements with different types of target gases. 

CONCLUSION
The design of a small recycling ring for low energy 

antiproton beams and an injection line to transport and 
accelerate antiprotons from the MUSASHI trap at the AD 
at CERN to the ring has been described. The option to 
install the ring in the ELENA extraction beam line has 
also been presented. The ring has been designed to enable 
differential ionization cross section measurements of 
antiproton-atom collisions by incorporating a very 
compact reaction microscope into the ring.  
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