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DEVELOPMENT OF AUTO TUNING SYSTEM OF ION OPTICS FOR HIGH INTENSITY
PRIMARY BEAM USING MACHINE LEARNING
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Abstract

At RI Beam Factory, RIKEN, we are developing an auto tuning system of ion optics of primary beam line using Gaus-
sian process regression. We have conducted test experiments using low-intensity (~ 0.001 enA) beams, and succeeded
in improving the transmission efficiency by a few percent keeping a small beam spot using a fluorescent target. We also
tested a new tuning method using uranium ions with different charge states for a high-intensity beam.
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Figure 1: Schematic of auto tuning system for primary
beamline using EPICS and Gaussian process regression.
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Figure 2: Top view of a beamline from SRC to a target.
The beam line contains 3 dipoles, 17 quadrupoles and 5
steerers. FC, PF and GV denote Faraday Cup, ProFile
monitor or wire scanner, Gate Valve, respectively. QQ, QT
and QD represent quadrupole quintet, triplet and doublet.
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Figure 3: Example picture of the beam on the viewer by
a CCD camera. The picture is projected to horizontal and
vertical axes. The projected histograms are fit by Gaus-
sian using ImagelJ. These fit results are utilized to calculate
evaluation function as shown in Eq. (1).
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Table 1: Transmission efficiency and beam size. The val-
ues are evaluated for manually optimized parameters and
for parameters optimized by the automatic tuning program
with Gaussian process regression. Due to imperfect cali-
bration, the downstream current is larger than the upstream
current, and only the relative values are reliable.

Manual Optimization ~ GP Optimization

Lupstream [eptA] 7.20 7.8
ldownstream [eptA] 7.25 8.0
Liown / Tup 1.01 1.03
on [mm] 0.77 0.67
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Figure 4: Position distribution of uranium ions with differ-
ent charge states at slit position. The dispersion at the place
is about 20 mm/%. (a) With 1 mm-thick Be target. The
peaks correspond to U922+, U9+, U+ U89+ and U3+
from right side, respectively. (b) With 1 mm-thick Be and
fluorescent target. The peaks correspond to U+, U0+,
UB9F and Ut from right side, respectively. U?2% parti-
cles are cut by slit.
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Table 2: Expected rate and rigidity of uranium ions with
different charge states. The primary beam is U%6+ and the
target is 1 mm-thick Be. The particle rates are estimated as
values at a downstream scintillator.

Uso+ st st
Primary beam current [enA] 0.001  0.03 10
Bp [T-m] 7.55 7.63 7.72
Particle rate [count par seconds] 4k 4k 3k
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