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The PAMELA Project

“Proton Accelerator for MEdicalL Applications”

Aim: “to design a prototype proton/ion non-scaling fixed field
alternating gradient accelerator for medical applications”
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A collaboration was assembled...
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Many of the collaborators also
worked on EMMA
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The simplest approach was to use normal
conducting, linear magnets
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E. Keil, A. Sessler, D. Trbojevic, Phys.
Rev. ST-AB, 10, 154701, 2007.
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But we found we wanted to avoid
Integer resonance crossing
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B, [T]

We wanted something smaller, and
simpler than a scaling FFAG

B=Bo(1) —> §=1+kAx+k(k_1)(Ax)+... (truncated)
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We also needed space to inject & extract

EMMA PAMELA
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The design required strong magnetic fields
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Superconducting helical coils
were ‘the only option’

banfysik.com www.vecc.gov.in/ http://www.bnl.gov/ .

x(0) = R.cos(0)

y(0) = R.sin(0)

ho R
z(0) = + sin(n6 + qoo)
27T tano

Science & Technology
@ Facilities Council



Helical coils are very flexible, high
performance and give excellent field quality
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The choice of magnet and layout
made big changes in the dynamics
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We already knew fringe fields would
play an important role
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How to determine multipole coefficients?
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Total tune variation:

(for decupole case)
AQh=0.049,
AQv=0.054

Total tune variation:

(for octupole case)
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We wanted to have more confirmation, so
needed 3D field maps QUICKLY?!
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When we moved to using 3D field maps, we
found a problem...
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New challenge brought forth new ideas
(from the magnet designer, of course!)
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Patent GB 0920299.5
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This solved the problem
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The fringe-field effects of these magnets are
not Enge-like. But we can correct for that.
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Implementation looks achievable
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This was a real learning experience
© )

Starting out, | thought of magnet design as a 3 step process:
1. Put my requirements in
2. Get a design + messy stuff out

3. Ignore messy stuff until the last possible moment

| imagined that if a ‘magnet design’ person worked hard enough, they
would give me (within a small tolerance) the field | wanted.

How wrong | was!

This experience taught me to talk to a magnet designer at every point
in the process of doing ‘something new’.
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Communication is crucial

(We all know this already!)
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Beam dynamics challenges can lead to the
motivation for new magnet design

and...

Magnet design can lead to the motivation for
further beam dynamics study

=

Science & Technology
@ Facilities Council



PAMELA project overview:

K. J. Peach et al., Conceptual design of a nonscaling fixed field alternating gradient
accelerator for protons and carbon ions for charged particle therapy, Phys. Rev. ST Accel.
Beams, 16, 030101, (2013).

Helical coil magnet design:

H. Witte, T. Yokoi, S. L. Sheehy, K. J. Peach, S. Pattalwar, T. Jones, J. Strachan, N. Bliss, The
Advantages and Challenges of Helical Coils for Small Accelerators — A Case Study, |EEE
Trans. Appl. Superconductivity, 22 (2), April 2012.

Lattice Design:

S. L. Sheehy, K. J. Peach, H. Witte, D. J. Kelliher, S. Machida, Fixed field alternating gradient
accelerator with small orbit shift and tune excursion, Phys. Rev. ST Accel. Beams, 13,
040101, (2010).

Science & Technology
@ Facilities Council



