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Abstract

We have developed a new system based on Gaussian process regression [1], a machine learning method, to optimize
the electron beam. This new system was evaluated with beam. Starting from a degraded state by intentionally adding
known offsets for some accelerator parameters, the system recovered to more than its original performance within a few
minutes. We have also evaluated the optimizer with the following cases; recovery of degraded performance by unknown
external disturbances such as phase drifts, starting from a state where the operator has fully-tuned by hand, tuning for
restarting the accelerator after a long shutdown period, etc. We also introduced a new performance indicator, central
intensity of Inline Spectrometer.By using the new indicator, we can maximizing spectral density by maximizing pulse
energy while narrowing (keeping) spectral width. The system has been developed so that even inexperienced operators
can use it from the GUI, and today it is used for actual accelerator tuning. The system enables efficient beam tuning
and contributes to keep providing variety of beams close to their peak performance. The mechanism of this system, its

application at SACLA and other facilities, and future plans for its development are described.
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Figure 1: Schematic view of SACLA accelerator. SACLA distributes electron beams of different energies and peak-
currents to two XFEL beamlines and the SPring-8 storage ring for simultaneous operation. It consists of injection,

bunching, main linac and undulator sections.

— y=Xx"*sin(x)

Predicted mean
7.5{ mmm 1o CL interval
¢+ Observed values

10.0

5.0
2.5
0.0
-2.5

-5.0

—6:8

0.5 / \

<

@

E 0.4

7}

; [

e

_E' 0.3 - Expected Improvement

3 \

$ 0.2

@

=

>

#oa / \ |
o - J

) 2 a 6 8 10
Figure 2: Example of applying GPR for 1D data. Top:
Data with error (red dots) for certain function (black
dashed line), and median (blue line) and uncertainty (blue
band) obtained with GPR. Bottom: Expected Improvement
(EI) calculated calculated with the obtained GPR model.
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Figure 3: Test of our developed GPR-Optimizer. Gaus-
sian function fitting is performed using GPR-Optimizer
(top) and compared with TNC, one of the classical descent
methods. Middle: The horizontal axis shows the num-
ber of trials (in this case, the number of Gaussian func-
tion calls), and the vertical axis shows log;,(x?/NDF);
blue: GPR-Optimizer, orange: its minimum history and
green: TNC. Bottom: Relative variation of each parameter
as a function of the number of trials; blue: height, orange:
mean, green: sigma.
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Table 1: Main Parameters of SACLA Accelerator (Fig. 1) to Be Tuned by GPR-Optimizer
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Figure 4: Test of the automatic accelerator tuning using the
GPR-Optimizer. The XFEL output power was degraded
by intentionally adding known offsets for three RF-phases
and a current of magnetic lens placed in injector, and then
recovered. The dashed line shows the initial level before
the degradation.
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Figure 5: Test of automatic tuning by GPR-Optimizer af-
ter the long shutdown period. Horizontal axis shows time
and the vertical axis shows the pulse energy (top) and rel-
ative variation of each upstream RF phase (bottom). The
pulse energy was increased by linking multiple parameters
in dashed lines.
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Figure 6: Integrated spectrum (left) and half-width of each
pulse (right) before (red) and after (black) the tuning, ob-
tained by maximizing the central intensity of the I-Spec.
Both are normalized by the number of pulses. Here, 1 cnt

is approximately 0.5 eV.
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Figure 7: Schematic of the GPR-Optimizer implementa-
tion. It is implemented with object oriented and layered
structure, and consists of three layers, ML-core, I/0 and
Application.
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