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Abstract

The SuperKEKB broke the world record of the luminosity
in June 2020 in the Phase 3 operation. The luminosity has
been increasing since then and the present highest luminosity
is 4.65 x 103**cm™2s~! with By of 1 mm. The increase of the
luminosity was brought with an application of crab waist,
by increasing beam currents and by other improvements in
the specific luminosity. In this paper, we describe what we
have achieved and what we are struggling with. Finally, we
mention a future plan briefly.

INTRODUCTION

The purpose of SuperKEKB is to search for a new physics
beyond the standard model of the particle physics in the B
meson regime. SuperKEKB consists of the injector Linac,
a damping ring for the positron beam, two main rings; i.e.
the low energy ring (LER) for positrons and the high energy
ring (HER) for electrons and the physics detector named
Belle II. The beam energies of LER and HER are 4 GeV
and 7 GeV, respectively. The design beam currents of LER
and HER are 3.6 A and 2.6 A, respectively. The design
luminosity is 8 X 10¥cm™2s~!. More detailed parameters
of SuperKEKB is described elsewhere [1]. The Phase 3
beam operation started in March 2019 and has continued
until now. An initial report on the Phase 3 operation is shown
elsewhere [2]. In this report, we summarize the progress of
SuperKEKB after IPAC2020.

OPERATION HISTORY

The history of machine operation in Phase 3 is shown
in Fig. 1. In the figure shown are the history of the HER
beam current, the LER beam current, the peak luminosity
and the total integrated luminosity (delivered and recorded
values) from the top to the bottom, respectively. Both in
the beam currents and the luminosity, there has been a great
progress since IPAC2020 held in May 2020. Table 1 shows a
comparison of machine parameters in 4 cases. In comparison
between the parameters at present (June 8th 2022) with those
on May 1st 2020, the peak luminosity has increased about

* email: yoshihiro.funakoshi @kek.jp

1000

@
S
)

<

0
1500

1000

I (mA) in LER | (mA) in HER

L x1034

(cm™2s71)
o N W s 0o

[L — delivered
recorded

IS
S
)

N
S
S

int. L (fb™1)

T T T T T T T T T T
05/01  09/01 ~ 01/01  05/01  09/01  01/01 05/01  09/01  01/01  05/01
2019 2020 2021 2022

Figure 1: Operation history in Phase 3.

by a factor 3. This increase of the luminosity has been
mainly brought by the increase in the beam currents and the
improvement in the specific luminosity. In both cases Sy is
the same value, 1 mm. With the similar bunch currents, the
vertical beam-beam parameters have been improved. This
indicates that the specific luminosity has been improved. In
comparison between the parameters at present with those
achieved by KEKB, the peak luminosity at present is more
than twice higher than the achieved value at KEKB. But if
we compare the present beam performance with the design
values of SuperKEKB, we are still at an early stage of the
project.

A comparison of the peak luminosity of various colliders
as the function of the CMS (center-of-mass system) energy is
shown in Fig. 2. On June 17th 2009, KEKB set an luminosity
record of 2.11 x 103*cm™2s~!. This record was bettered by
LHC in May 2018. On June 15th 2020, the luminosity of
SuperKEKB broke the world records which had been set by
LHC. The highest luminosity accomplished by SuperKEKB
on June 8th 2022 is 4.65 x 10**cm™2s7".






