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Abstract: Bayesian Optimization for Ion Steering (BOIS) was used
at OLIS, to find optimum solutions that maximize transmission up to
the OLIS source cup, IOS:FC6. Debugging allowed for issues with
BOIS to be addressed. Lack of available beam imaging diagnos-
tics renders the quality of the optimized beams uncertain, which is
discussed.
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1 Introduction

Recent investigations have found that ISAC’s low energy sections suffer from steerer
lensing [1, 2], which arise due to circular skimmer apertures together with identi-
cally biased opposing steering plates [3]. These exhibit quadrupole effects that
have been found to be proportional to the sum of the parallel plate voltages [4].
Due to this steerer lensing problem, it is not advisable to run steerers and com-
mons at high voltages relative to the beam bias VB. A rule of thumb that has been
in use is to bias commons at VB/120[5].

OLIS beam testing during winter shutdown 2025 required a tune of the microwave
source, in which operators found that very high initial steerer values were required
(IOS:XCB1 and IOS:YCB1). The goal behind these tests was to try to minimize the
steerer usage while maintaining a high transmission tune. BOIS has been tested
extensively in the low-energy section of ISAC [6], and methods to mitigate steerer
lensing have been developed [7]. The most successful method was scaling down
the commons according to the beam energy while bounding the steerer values to
allow for a maximum of roughly 2mrad steering.

2 Results

2.1 Initial Tests

An initial test was done using the typical procedure: optimizing steerers with UCB
at β = 3 on the downstream Faraday cup (IOS:FC6). UCB is the Upper Confidence
Bound acquisition function with a hyperparameter β determining the exploration vs
exploitation trade off, it is defined as UCB(x) = µ(x) +

√
βσ(x) [8]. BOIS found

higher transmission than the operators, shown in figure 1. However, found solu-
tions used larger voltage differences: 3 steerers were now maxed out (IOS:XCB1,
IOS:YCB1, IOS:YCB4), 1 was held at 848 V (IOS:YCB6), and one was not used at
all (IOS:YCB3). See figure 2 for the explored input space.
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Figure 1: Initial BOIS run starting from IOS:XCB1 to IOS:FC6.

Figure 2: Explored input space with UCB at β = 3.
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Following this, another test was carried out where the inputs were bounded:

Figure 3: Bounded BOIS run starting from IOS:XCB1 to IOS:FC6.

Figure 4: Explored input space with UCB at β = 3 for the bounded case.

Figure 3 shows that the bounded case fails to produce any measurable trans-
mission through OLIS. There is little to no difference between the sampling and
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optimization stages (compare figure 2 and 4). Following this, a test using both
quadrupoles and steerers was carried out, shown in figures 5 and 6.

Figure 5: Steerers + Quadrupoles BOIS run starting from IOS:FC3 to IOS:FC6.

Figure 6: Explored input space with UCB at β = 3.
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Utilizing quads showed no noticeable improvement in the transmission, however
several steerers are no longer maxed out and IOS:YCB3 is no longer set to 0.
While this does somewhat address our problem, it comes at the cost of new prob-
lems which would be experienced downstream, particularly when matching to the
RFQ injection. It also suggests that the OLIS quadrupoles are being used for steer-
ing corrections. The considerable steering necessary in OLIS hints at a system
alignment issue [9, 10].

2.2 Debugging Bayesopt

There were a few issues with bayesopt that were either discovered or fixed during
these tests:

• The objective value is determined as the average over 20 measurements on
the Faraday cup. The wait time between each measurement is 0.01s, which
is far quicker than the response time for the server (0.2s). This causes the
issue seen in figure 3 where the first point is sampled before the server
updates the Faraday cup with the new settings. This issue has been fixed,
and better averaging for current measurements will be addressed later in the
future.

• During these tests, the implementation of acquisition functions and their op-
timization function in BoTorch [11] was investigated. By re-initializing all the
model properties (kernel, priors, etc.) and feeding in the collected data, one
can obtain the model state of any previous run at any given point. Ear-
lier tests showed significant over-exploration while using the expected im-
provement (EI) acquisition function [12, 13], the model state was obtained
for these tests and it was discovered that switching from BoTorch version
0.11.3 to 0.13 fixed the over-exploration by expected improvement.

Most of the tests carried out in this note are affected by the first issue we discussed,
where the model receives incorrect input-output pairs. This ends up misleading the
model and slows down training.
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2.3 Secondary Tests

The slit positions had been moved following the tests listed in Section 2.1, so a
secondary set of tests was carried out with the new slit positions. Firstly, with just
steerers in figures 7 and 8:

Figure 7: BOIS run starting from IOS:XCB1 to IOS:FC6.

Figure 8: Explored input space with UCB at β = 3.
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Followed by a test with the quadrupoles included as well, in figures 9 and 10:

Figure 9: BOIS run starting from IOS:XCB1 to IOS:FC6.

Figure 10: Explored input space with UCB at β = 3.

The second run with quadrupoles and steerers achieved a transmission of roughly
80%, while using only steerers yielded a transmission just below 50%. No charac-
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terization of the beam distribution was possible during these tests due to the ab-
sence of beam imaging diagnostics prior to IOS:FC6. As previously noted, these
transmissions are for the IOS:FC3 to IOS:FC6 segment of the system proper and
past operational experience suggests aggressive tuning of the OLIS quadrupoles
causes transport mismatches downstream.

3 Conclusion

Several investigations of the OLIS beam tune up to IOS:FC6 using BOIS were car-
ried out. BOIS was unable to find solutions with lower steerer voltages when only
using steerers. Using quadrupoles led to less significant steerer voltage ranges,
however it should be stressed that BOIS is complementary to MCAT, and should
ideally only provide beam orbit corrections. These tests led to the discovery of
an issue with the sampling rate by BOIS in the low energy section. After further
probing of EI’s excessive exploration across multiple sections, a fix was found by
updating the BoTorch version.

Regarding OLIS, dearth of imaging diagnostics upstream of IOS:FC6 renders pre-
cision matching of extracted OLIS beams extremely difficult and frequently causes
situations where maximized transmission up to IOS:FC6 do not transport down-
stream. Use of the transmission metric as the sole indicator of beam quality at
OLIS causes persistent matching issues into the low energy transport system at
ISAC. Diagnostic improvements at the source as outlined in [14, 5] would greatly
improve MCAT and BOIS ability to reliably extract OLIS beams and match them
into the ISAC system.
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