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Fig. 1. Arrangement of scatterers of the dual-ring double
scattering method (DDSM).
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Fig. 2. Relations between the 1/e radii of the produced
Gaussian distributions at the DUT position and the energy
losses for the 100 MeV protons with the Pb, Ta, Cu and Al

foils as the first scatters.
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Fig. 3. Comparison between the full widths at half
maximum of the scattering angles of the 158.6 MeV protons

in Al (a), Pb (b) from experiments and those from the

Geant4 simulations.
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Fig. 5. Flux distributions (a), average energy and energy
straggling (b) of the protons in the produced beam fields at
the DUT position with the 0, 5, 50, 100 and 150 cm
accelerator tubes behind the second scatter for 1 nA

incident proton beams.
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nA proton beams at 70, 80, 90 and 100 MeV in this DDSM

schematic design.
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Design of 100-MeV proton beam spreading scheme with
double-ring double scattering method”
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Abstract

To obtain a large uniform beam field for proton single event effect (SEE) experiments, the double-ring
double scattering method (DDSM) is employed for spreading the 100 MeV proton beam provided by the 100
MeV proton cyclotron at China Institute of Atomic Energy. With the Geant 4 simulations, the fundamentals of
the DDSM are further explored, the achieved effect of our DDSM scheme design is presented, and the influences
of some possible factors in practice on the produced beam field are discussed. We find that the the outer part of
the second scatter plays an important role in enlarging the area of the uniform field and improving its
uniformity. We also find that the first scatter and the inner part of the second scatter play a decisive role in
determining the proton flux of the uniform area. The scattering between the spread proton beam and the
accelerator tube behind the second scatter damages the uniformity and leads the energy of the produced beam
field to straggle. Therefore, the tube should be made as short as possible. The size of the initial beam spot on
the first scatter affects the produced beam field to some extent. The spot should be focused as much as possible
in a circle with a radius of 0.5 cm. At a larger distance, a larger uniform field can be produced due to the
spreading of the proton beam along the space. The decrease in the incident proton energy causes the flux and
uniformity to decrease, and also leads the energy loss to increase and the energy of the produced proton beam
field to straggle. Using our DDSM schematic design, the simulations show that an 8-cm-diameter beam field
with a uniformity of +1.89% can be produced at a distance of 2.4 m, thereby meeting the need for an SEE
experiment of a device-level sample, and that a 20-cm-radius beam field with a uniformity of +5.32% can be
created at a distance of 5.0 m, thereby meeting the need for an SEE experiment of a system-level sample of
comparable size. By taking into consideration the uniformity and energy straggling, our design is basically

applicable to the protons in the 70—100 MeV energy region that the accelerator can provide directly.

Keywords: dual-ring double scattering, single event effects, beam spreading, uniformity
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