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Why is this project relevant?

• Setting of multiple parameters

• The quality of the beam must be 

guaranteed

• Time-varying system 

• Monitoring of multiple variables

• Multiple stages

• Online optimization of ISOL@MYRRHA performance 

through an automated control system
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Application into the ISOL system

• There is a beam available from 

the extraction electrode 

• The beam is aligned along the 

transport line

• Idealized quadrupole

• Transport the beam from the extraction electrode to 

the focal point of the pre-separator, and separate 

masses with a specific resolution

Beam transport line
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Why this technique?
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Gaussian Process Bayesian Optimization

• Systems with multiple parameters

• Suitable for expensive-to-evaluate objective functions

• Suitable for noise-corrupted data

• There is no available dataset to train models

• Applicable for online optimization
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Gaussian Process Bayesian Optimization

Computationally 

efficient model 

formulation

Bayesian optimization



SCK CEN/52101278

ISC: Public

𝜇
𝜎

1. Model to predict the objective function
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Gaussian Process Bayesian Optimization working principle

2. Acquisition function that suggests the new observation to incorporate

into the model

𝛽 ≪ 1

Exploitation

𝒙∗ = argmin
𝒙

𝜶 𝒙 = 𝝁 𝒙 − 𝛽𝝈 𝒙

𝛽 ≫ 1

Exploration

• Predictions are not expensive to evaluate

• The model contains insights into the 

uncertainty
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Bending magnet [1]

𝐷 = ρ 1 − cos θ + 𝑆 tan η 1 − cos θ + sin θ

𝑆𝑖 = 𝑆𝑓 = 𝑆 η𝑖 = η𝑓 = η

𝑆 = 𝜌
cos θ + sin θ tan η

sin θ 1 − (tan η)2 − 2 tan η cos θ

𝑚

Δ𝑚
= Mass Resolving Power (MRP) 

2
Δ𝑝

𝑝
=
Δ𝑚

𝑚

𝑚

Δ𝑚
=

𝐷

𝑤0

Relativistic approach

𝐷 ≈const, 𝑤0 ↓ ⇒ 𝑀𝑅𝑃 ↑

[1] Nature.Livingood, J. J. (1969). OPTICS OF DIPOLE MAGNETS.



SCK CEN/52101278

ISC: Public

8

Objective function formulation

Uprigth beam ⇒α𝑥𝐵 =0° β𝑥𝐵 ≤ 0,196 𝑚φ𝑥𝐵 = 90°

κ𝑦𝐵 −κ𝑦𝐵

γ𝑢2 + 2α𝑢𝑢′ + β𝑢′
2
= ε

β𝑦𝐻 α𝑦𝐻 γ𝑦𝐻 𝑇 = β𝑦𝐵 −α𝑦𝐵 γ𝑦𝐵 𝑇

β𝑦𝐵 = 1.16𝑚α𝑦𝐵 = 1.43 𝑟𝑎𝑑

MRP=
𝐷

𝑤0

𝑓 𝑉1, 𝑉2, ⋯ , 𝑉8 = ω1 α𝑥𝐵
2 +ω2 0.15 − β𝑥𝐵

2 +ω3 1.43 − α𝑦𝐵
2
+ω4 1.16 − β𝑦𝐵

2

B E F HG

• Beam envelope representation
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Results

• 5 Gaussian Process for modelling 𝑓, 𝑔1, 𝑔2, 𝑔3, 𝑔4

• Initial samples consist of 10 random voltage 

combinations

11 ± 4

15 ± 6

Optimum
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Future work
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Thank you for your attention

santiago.ramos.garces@sckcen.be

• What parameters often change during the 

operation of an ISOL system?

• What are those parameters that require 

constant retuning during operation?



SCK CEN/52101278

ISC: Public

12

Copyright © SCK CEN

All property rights and copyright are reserved.

This presentation contains data, information and formats for dedicated use only and may not be communicated, copied, reproduced, distributed or 

cited without the explicit written permission of SCK CEN.

If this explicit written permission has been obtained, please reference the author, followed by ‘by courtesy of SCK CEN’.

Any infringement to this rule is illegal and entitles to claim damages from the infringer, without prejudice to any other right in case of granting a 

patent or registration in the field of intellectual property.

SCK CEN

Belgian Nuclear Research Centre
Studiecentrum voor Kernenergie

Centre d'Etude de l'Energie Nucléaire

Foundation of Public Utility

Stichting van Openbaar Nut 

Fondation d'Utilité Publique

Registered Office:

Avenue Herrmann-Debrouxlaan 40 - 1160 BRUSSELS - Belgium

Research Centres:

Boeretang 200 - 2400 MOL - Belgium

Chemin du Cyclotron 6 - 1348 Ottignies-Louvain-la-Neuve - Belgium


