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A Spallation neutron source for materials science studies was designed at
Argonne and required a fixed field alternating gradient (FFAG) synchrotron
magnet. 3D electrostatic calculations were made to obtain the unsaturated
magnet pole shape. This pole shape was refined using 3D roagnetostatlc
calculations that included the steel permeability and coil geometry. Details
of the calculations are given concerning such things as: size of the problem
and how to spite It up, the number and shape of the finite elements, choosing
the electrostatic potential correctly and selecting the potential of the
desired pole.

INTRODUCTION

The Intense Pulsed Neutron Source (IPNS) at Argonne National Laboratory
has been in operation for over 3 years and has been pulsed over 1 billion
times to produce neutrons for materials science studies. A replacement
spallation neutron source has been designed using a fixed field alterraCing
gradient (FFAG) synchrotron. This will increase the energy of the protons
from 500 to 1500 MeV and increase the average current from 9 ua to 4 ma. The
existing main ring building of the extinct ZGS accelerator will be used to
house the synchrotron. A plan view of the FFAG magnets in the ring Is shown
below. Section A-A shows a beam's eye view of the magnet.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Governmem nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

• ' . f • ; * • • : '



Specifications

The guide field in the FFAG accelerator is given by:
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where r is the radial distance front the center of the machine.

k • 14 • (•§•) (-y) is the mean field index.B dr

6 is the azimuthal angle.

f is the harmonic component of the azimuthal field.

N - 20 is the number of identical magnets.

C • 61° is the spiral angle.

The injection field is 0.413 T and the injection radius is 25.8 m. Also, the
field shape in the azimuthal direction must scale with radius even though the
magnet gap decreases with radius. This requires careful shaping of the
upstream and downstream pole edges. The extraction field of 1.327 .* is at a
radius of 28.2 m.

The pole shape in the radial direction is as shown below. A constant gap
is used from the inner radius to a radius that is determined by the beam
size. For larger radii the gap decreases. Pole face windings produce the
desired field magnitude in the constant gap region.
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The yoke design is straightforward and will not be described here. The
more challenging problem is to determine the shape of the pole in the
azimuthal direction.



Electrostatic Design of the 3D Pole Shape

A 2D electrostatic problem Is shown below. The Infinitely long electrode
has a potential of 1 on It. At the corner where it bends up, the potential
falls off linearly to zero to represent the coll position. The mid-plane has
a potential of zero. Solving this electrostatic problem and determining the
curve of the desired potential, yields the shape of the desired pole.

For the FFAG, the electrode would be a hollow "box" as indicated in the
next figure. The potential Increases with radius on the surfaces and
decreases with z in a step-wise linear fashion. It remains constant on the
surface in the azimuthal direction.
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The results of a 3D electrostatic calculation fot a smaller FFAG machine
are shown below. This gives the pole shape in both the upstream and
downstream azimuthal direction for various radii. Due to the inner radial
edge, the pole must be elongated in the upstream direction and due to the
outer radial edge it must be elongated in the downstream direction.
Saturation effects will increase this elongation*
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Magnetostatic Refinement of the Design

After the pole shape is determined, it is refined by solving the actual
steel-coil geometry, comparing the results to the desired field and modifying
the pole shape to suit. Details of these calculations are given concerning:
size of the problem and how to split it up and the number and shape of the
finite elements to reduce errors.


