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MOTIVATION

= reduce the undesirable activation of accelerator components
= prevent electrostatic septum (ES) damage
» automated minimization of uncontrolled particle loss during slow extraction

Figure: Damaged wires at SIS18 ES (47% of the length) during beam operation, May 2022, high intensity U, about 4-10'° ions/cycle.
Successfully repaired, 2023 at beam shut-down [1].

03.10.2024 Accelerator Physics | TEMF| O. Kazinova 3



TECHNISCHE

BEAM LOSS MINIMIZATION FOR SIS18 SLOW EXTRACTION / 0. KAZINOVA
E 5 ][ UNIVERSITAT
DARMSTADT

Circumference 216 m
Maximum Bending Power 18 T* m

24 Dipoles, 1.8 Tesla
12 Tripletlienses
12 Sexupolelenses

Dipoles 3.8 kA at 12 kV
Field Ramp 10 T/s

Magnels

* Resonance tune Qx = 2
» Chromaticity Q’x = —6 3
« Excitation by six sextupoles

+ 2 orbit bumps at ES and magnetic septum (MS)
« Standard technique: quadrupole driven extraction ¥

Magnet Power

2 Cavities at 16 kV

RF Acceleration
Frequency Span 0.8 - 5.6 MHz

operational 10°'° Torr

Vacuum
bakable to 300° C

12 Position Monitors

2 Phase Probes

1 DC Transformer

1 fast, 1 slow
Pulse Transformer

1 Faraday Cup

1 Beam Scraper

Beam Diagnosis

+ tune ramp by 2 quadrupoles
+ chromaticity is uncorrected
- all separatrix sizes go to spill

« different momentum are extracted Figure: SIS18 lattice with sections.
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MADX [3] + XSUITE [4]
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EXPERIMENT

DESCRIPTION

= initial settings are not optimal

* minimization of particle loss by maximizing
extraction efficiency Next/Niot

Nex: - number of extracted particles from the
ionization chamber in the transfer channel
Niot - number of particles from the current
transformer in the SIS18 ring : L Anode  Cathode |\

Figure: ES extraction septum with anode wires and cathode.
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RESULTS
= each step takes less than 1 min
* 10-15 min for optimization 100
= 40% increase in particle transmission i A
\/
5 60
'g 40
B 20 ©— BOBYQA 5 parameters
—e— Bayesian optimization 5 parameters
Nelder-Mead 5 parameters
---- Efficiency before optimization

0
0 5 10 15 20 25 30 35 40

Steps
Figure: Beam loss optimization using different algorithms.
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RESULTS
= each step takes less than 1 min
* 10-15 min for optimization 100
= 40% increase in particle transmission i A
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Figure: ParamModi screenshot of the extracted beam after o L Eficlency before optimization
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Figure: Beam loss optimization using different algorithms.
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CONCLUSIONS AND OUTLOOK e

1. Numerical model to predict the losses
2. Automated optimization for slow extraction at SIS18 for the first time
3. Changing 5 parameters gives 90% efficiency
4. Validation of simulation by comparing with experiment
\
5. Sensitivity analysis for each parameter
6. Losses after ES
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Thank you for your attention!
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