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Recap: what (and why) is HFOFOQ?

The Helical FOFO Snake (HFOFQ) is a design for 6D cooling of p+ and p- in a single channel, enabling
improved transmission rate during charge separation and reduced construction costs for a muon collider.
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Recap: status of HFOFO & my goals for the summer

We observe an order of magnitude in emittance reduction with a beam transmission rate of
67% in the current design.
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Recap: status of HFOFO & my goals for the summer

But we can do better!

My goal for the summer was to construct a periodic version of
the lattice which will assist in our optimization of the design.
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Toward a periodic design — motivation

T he baseline design: What | had at the start of the summer:
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Toward a periodic design — motivation

T he baseline design: What | had at the start of the summer:

But this/is with solenoids only!

(No rf or absorbers)
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Toward a periodic design — methodology

Solenoids only
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Toward a periodic design — methodology

Add in small amount of _ Tune RF timing until S Iterate to find initial conditions
absorber energy vs. z 1s periodic that generate periodic orbit
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Toward a periodic design — methodology
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Toward a periodic design — results

| made a lot of versions of the lattice...
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...which we can use for various comparison studies!
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Toward a periodic design — conclusions

We now have a periodic design which operates at (or rather oscillates about) a constant
momentum of 200 MeV/c
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Toward a periodic design — conclusions

We now have a periodic design which operates at (or rather oscillates about) a constant
momentum of 200 MeV /c

..But!

he tuning was done using a reference particle that does not include stochastics
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Toward a periodic design — next steps

Pencil beam with stochastics enabled

—nabling stochastics induces significant

275 - relerence deviations from the reference trajectory
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Toward a periodic design — next steps

Future studies focus on the ascertaining whether the reference particle
IS representative of the actual dynamics when stochastics are enabled
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Some other things I learned

How to calculate tune in a lattice w/
transverse and longitudinal coupling

Betatron tune 1s important to acceptance and transverse dynamics
==> Need to study in order to find appropriate lattice design when
longitudinal dimension 1s introduced

HFOFO has coupling in 6D
==> (1) Procedure for calculating tune is more involved;
(2) Also need to find synchro-betatron tune!

O pen gu estion: Table 1. Normal mode tunes and normalized equilibrium emittances.
Cdn we reE pl iIcate Parameter Mode I Mode II Mode III
Yuri's values?’ Tune 1.2271 +0.0100; 1.2375+ 0.0036i 0.1886 + 0.0049;
> Emittance (mm) 2.28 6.13 1.93
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The relationship between transverse beam
dynamics and absorber orientations
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Presented a poster

Some other things I did © DPF Annual Meeting

SOLENOID-BASED LATTICES FOR
MUON IONIZATION COOLING

Caroline Riggall, Lawrence Lee, Tova Holmes, Rithika Ganesan, Daisy Kalra @ UTK /
Katsuya Yonehara, David Neuffer, Diktys Stratakis @ FNAL

MUON IONIZATION COOLING. /o

® ®
U p d a t e S o n t h e I n 1 t l a 1 A muon collider presents a compelling path forward for high-energy physics, offering both

precision and discovery potential. Beam cooling presents a principal R&D challenge, as existing

- methods are not fast enough for muons. Ionization cooling—whereby a beam is passed through an
1 h l a Ve ta S absorbing material and the emittance is reduced via ionization energy loss—is the only proposed
o 0 1 n g a n n e method to meet this requirement.
SOLENOID LATTICES.
L] B
/\_/sol\ Solenoid-based (FOFO) lattices are ideal for ionization cooling channels, with large acceptances and
I W FIG. - minima of the beta function conveniently located between solenoids, enabling absorber placement

flip’ggga where multiple scattering heating effects can be minimized. Flipped-polarity cell configurations
cot cell allow for restoration of angular momentum, generating closed reference orbits. By rotating

r t I V structure RF solenoids, fringe fields can be leveraged to produce effective multipoles.
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T ; ar = THE HELICAL FOFO SNAKE.
N The Helical FOFO Snake (HFOFO) is a unique lattice that exploits periodic solenoid rotations to
q Xp: P
%ﬁ cool both signs of muon in a single channel. Traditional 6D cooling lattices use dipoles to
generate dispersion, enforcing charge-selectivity in the design. Via two sets of rotations applied
¢ ﬁ about the x- and z-axes, the effective rotating dipole field generated in the HFOFO lattice facilitates
4 d dispersion in-phase with absorbers placed alternatingly to cool pt+ and p— beams. Several
V —_— 2 versions of the lattice have been developed to operate at different momenta, enabling
resilience to up- and down-stream changes to the muon collider accelerator design and supporting
7 ongoing optimization studies.
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