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DEVELOPMENT AND OPERATION OF NON-DESTRUCTIVE EMITTANCE AUTOMATIC
TUNING SYSTEM UTILIZING SYNCHROTRON RADIATION MONITORS IN SUPERKEKB
LINAC
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Abstract

In SuperKEKB, the emittance and energy spread of the injection beam are critical parameters that significantly affect injection
efficiency. In the LINAC, the beam tail is kicked depending on the beam orbit through the accelerating structures, which leads
to emittance growth. These effects can be minimized by properly optimizing the beam orbit. Although the KEKB LINAC
delivers beams to four different rings using pulsed steering magnets, their placement is limited in the upstream region of the
LINAC. Consequently, orbit drift in this upstream section degrades the emittance and reduces injection efficiency. Temperature
variation is considered to be one of the causes of these orbit fluctuations, and the same applies to the energy spread. To address
this issue, we have developed a non-destructive automatic tuning system for emittance and energy spread using two synchrotron
radiation monitors (SRMs) with different betatron phases.
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Figure 1: Required and averaged measured beam parameters
at BT1 in April 2026 for SuperKEKB injector LINAC. The
energy spread value is the value of 10 when the total width is
assumed to be 3o.
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Figure 2: A layout of SuperKEKB injector LINAC and the
beam transport line.
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Figure 3: Beam orbit (left) and screen image (right) at LINAC
end after about 12 hours with orbit FB OFF.
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Figure 4: Acceleration curvature including longitudinal wake
field (right) and energy distribution (left).
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Figure 5: Comparison of simulation and actual measurement
of beam profile at Sector A.
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Figure 6: Beam profile at LINAC end before (left) and after
(right) the orbit tuning was performed.
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Table 1: Emittance Measurement Results Before and After
Running EAT
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Figure 7: Injection improvement by LINAC tuning. From top
to bottom, this figure shows stored current (LER: red, HER:
blue), luminosity (yellow), injection efficiency (Ist bunch:
black, 2nd bunch: gray), and one of the Belle II backgrounds

(green).
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Figure 8: Trend graph of several parameters related to objec-
tive function (left) and currents of pulsed steering magnets us-
ing as search parameters in EAT (right).
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Figure 9: Emittance history at BT1. The upper and lower dia-
grams represent the emittance of the 1st bunch and 2nd bunch,
respectively.
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Figure 10: Trend of injection efficiency, stored current, all RF
phase, and Belle IT BG from top to bottum.
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Figure 11: Emittance measurement results at BT2.
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