Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi
PASJ2023 TUP21

J-PARC MR 1.3MW {LEHEID e H DIHEFREIC L B
\) 2 £ 8 D FRE AR5 T
EVALUATION OF QUADRUPOLE ERROR FIELDS AROUND THE RING BY OPTICS
MEASUREMENT FOR J-PARC MR 1.3 MW UPGRADE PLAN

HREEE D) FEE B T B), BT B R R B NEE AB)
Takashi Asami **B), Susumu Igarashi ®), Yoichi Sato ), Hideaki Hotchi ®), Takaaki Yasui ®), Tadashi Koseki*'P)

A) The University of Tokyo

B) KEK

Abstract

In high intensity proton synchrotron J-PARC main ring (MR), a plan to upgrade the beam intensity from 515 kW to
1.3 MW by increasing the number of protons and shortening the repetition rate of the operation cycle is now in progress.
In the beam tuning for the 1.3 MW upgrade, precise evaluation of the effects of quadrupole field errors will be even more
important. An important error factor to be considered is the effect of eddy currents on vacuum duct wall, which will
increase with higher repetition rates. In fact, it has been shown by 3D magnetic field analysis that the error quadrupole
field can be up to 1.5% of the main quadrupole component at 1.36 s repetition rate, depending on the shape and material
of the duct. Eddy current effects increase as the repetition rate shortens and can be a limiting factor for future MR beam
intensity. In addition, some of the main quadrupole magnet power supply families were split in the hardware upgrade.
The resulting betatron resonance has a significant impact on beam loss during injection standby and acceleration, and
previous beam tuning has succeeded to suppress the beam loss through its compensation. In this study, we aimed to
establish a method to accurately evaluate the strength and time dependence of the error quadrupole field for each of the
216 quadrupole magnets in MR by optics measurement using the central orbit response. Details of the method and results
of validation using beam will be described in this presentation.
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Figure 1: The results of examination of QLCR using beam.
Each figure corresponds to each of the power supply fam-
ilies in MR. Black lines correspond to each magnets, and
magenta lines correspond to the set values. Horizontal axis
is time from injection in [ms] and vertical axis is K value
in [/m]. Width of vertical range is 0.006 /m for each fig-
ure.
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Figure 2: In MR, each pair of two QFX magnets and each
pair of one QFP magnet and one QFT magnet are adjacent
to each other in close location even though their focusing
directions are same.
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Figure 3: Time variation of one of the QFP-QFT pair are
shown together with their mean as an example. The large
variance can be eliminated by averaging.
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Figure 4: New model to take measures against large vari-
ance seen in QFP, QFT and QFX magnets.
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Figure 5: Intentional quadrupole field is given at one of
the QFP magnet, and the error field is correctly observed
at QFT location which is the other magnet of the pair.
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Figure 6: The examination of high-accuracy QLCR using
beam under same condition as Fig. 1. The large variance
seen in Fig. 1 were successfully eliminated. Horizontal
axis is time from injection in [ms] and vertical axis is K
value in [/m]. Width of vertical range is 0.006 /m for each
figure.
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Figure 7: The time variation of error quadrupole field eval-
uated by high-accuracy QLCR. Horizontal axis is time
from injection in [ms] and vertical axis is K value in [/m].
Width of vertical range is 0.004 /m for each figure.
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Figure 8: The comparison between 3D EM simulation re-
sult and QLCR. Dots correspond to QLCR and lines cor-
respond to EM simulation. They agree well.
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Figure 9: Correction of eddy effects using trim coils.
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