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" Spill ripple compensation by applying a time-dependent tune modulation

®  The tune modulation is achieved using the ACQ and a “handmade” static signal

"  Investigation was performed in order to answer the questions:

"  How many compensation signals are required to improve the spill over the whole

energy range?

= How long can a fixed compensation signal be used /

does the effect of the compensation signal change over time?
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Extraction System at MIT
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Concept of the ACQ

Basic Idea — Tune Shift o1 LI
History of the Project
2016 Proposal of ripple compensation using an ACQ at MIT
(inspired by efforts at CNAO, see [Caracciolo et al. Proc. of IPAC 2011]))
2017 The ACQ is developed in cooperation between HIT and MIT
2018 First demonstration of ACQ ripple compensation at HIT and MIT
[Krantz et al,, Proc. of IPAC 2018]
2020 Continuation of the project at MIT
Basic Idea:

Counteract the wobbling separatrix by introducing an additional magnetic field which affects
the machine tune

48+/3 72
2

A= (6Q)*
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Concept of the ACQ
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Power grid signal

Operator I
Realtime FFT for visualization
Phase Lock Loop (PLL)

Signal generator

Amplifier
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Concept of the ACQ
Creating a Compensation Signal
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Concept of the ACQ
Effect on the Spill
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Results of the Experiment

FFT of the Energy Range (Uncompensated) 1L
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Results of the Experiment
FFT of the Energy Range (Uncompensated)
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Frequencies > 500 Hz are less dominant
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Results of the Experiment J

Effect on Neighboring Energies MIT ...
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Compensation function optimized for the energy state E146

The function was applied on neighboring energies (step size 5E)
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= The compensation function suppresses dominant frequencies in a energy range
(121,221)
= Outside this energy range frequencies can be enhanced (250Hz for example)
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Amplitude [a. u.] (normalized)

Results of the Experiment /\

Compensation for the whole Energy range AL
A set of compensation functions was created in order to suppress 50hz harmonics
for the whole energy range.

The compensation functions are optimized for the energy states:
[6,11,16,21,26,31,46,96,146,196,246,276]
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= It is more challenging to optimize functions at low energies < E 51
= More compensation functions are required
—> At high energies ( >E 246) 50Hz harmonics are less dominant
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Results of the Experiment

Compensation for the whole Energy range 'T\
i — ACQON
0.97 1 —— ACQOFF
:.Ej) 0.95
30.94
g} 0.93
0.92
- I5I0I - Il(IJOI - '15')0' - I2(I)0I - '21_'_)0' -

Particle Energy [E]

— The compensation function set improves the spill quality for all energies
— How does the compensated spill quality change over time?
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Results of the Experiment

Compensation for the whole Energy range

MIT

Interactive 3D plot in Jupyter Notebook
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Summary
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" Spill ripple compensation was performed for the whole 12C®* energy range

"  An examination over 21 days has shown that the spill quality (duty factor)
decreases slightly over time

"  The duty factor was always greater for activated ripple compensation
(using the introduced compensation function set)

"  More compensation functions are required for low energies

" High energies are difficult to optimize due to the already good spill quality

"  Further Investigation
"  same examination for protons
"  optimizing the number and energy range of compensation functions

"  Automatic (re-)optmisation of compensation signals
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Thanks for your attention.

Kick-off Meeting for I.FAST-REX , Andre Rojan, MIT, 08 February 2021




