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Abstract:

We describe the planned upgrades of the Belle II detector and SuperKEKB accelerator at KEK,

and additionally list all the Snowmass LOIs submitted on behalf of the Belle II Collaboration and

U.S. Belle II. The upgrades will allow increasingly sensitive searches for possible new physics

beyond the Standard Model in flavor, tau, electroweak and dark sector physics that are both com-

plementary to and competitive with the LHC as well as other experiments.
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In this Letter of Interest (LOI), we describe the planned upgrades of the Belle II detector and

SuperKEKB accelerator at KEK, and additionally list all the Snowmass LOIs submitted on be-

half of the Belle II Collaboration and U.S. Belle II. The upgrades will allow increasingly sensitive

searches for possible New Physics (NP) that are both complementary to and competitive with the

LHC and other experiments. The physics progam and potential NP reach of Belle II are compre-

hensively described in the Belle II Physics Book,1 which was the result of a collaboration between

Belle II members and theorists which remains active and ongoing through the Belle II Theory

Interface Platform (B2TIP).

We have submitted several [REPLACE WITH FINAL NUMBER OF LOIs] additional Snow-

mass 2021 LOIs to accompany this one, each briefly summarizing the future prospects for the

Belle II physics program which are expected to result from both the current operation of the Su-

perKEKB/Belle II machine and detector as well as from planned upgrades, some of which are

themselves the subject of LOIs. LOIs have been submitted in the following thematic areas:

• (AF05) Accelerators for rare processes and precision measurements

• (RF01) Weak Decays of b and c quarks (2 LOIs)

– B physics

– Charm physics

• (RF06) Dark Sector at Low Energies

• (????) tau lepton and electroweak physics

• (????) hadron spectroscopy and nuclear physics

• (????) instrumentation frontier

Belle II is an international collaboration of ∼ 1000 members at more than 100 institutions in

26 countries; U.S. Belle II accounts for ∼ 120 members at 18 U.S. universities and national labs.

The primary systems responsibilities of U.S. Belle II include the iTOP (imaging Time Of Propa-

gation) subdetector used for charged particle identification, the KLM (KLong Muon) subdetector,

background commissioning detectors and computing operations.

SuperKEKB/Belle II was commissioned with colliding beams in 2018. The first physics run af-

ter installation of the vertex detector was in Spring 2019, followed by runs in Fall 2019 and Spring

2020. In spring 2020, SuperKEKB surpassed the highest recorded instantaneous luminosities of

the B factories and LHC with a peak luminosity of 2.4 x 1034cm−2sec−1. Belle II datataking has

thus far operated smoothly with acceptable backgrounds and has routinely integrated ∼ 1fb−1 of

data per day in Spring 2020. As of June 2020, Belle II has integrated 74 fb−1 of physics data at the

Υ(4S) resonance, along with ? fb−1 of off-resonance data taken slightly below the Υ(4S).

SuperKEKB is expected to be able to reach instantaneous luminosities of ∼ (1-2) x 1035cm−2sec−1

with the existing accelerator complex. However, in order to reach peak luminosities up to 6 x

1035cm−2sec−1, an upgrade of the interaction region and the QCS superconducting final focus will

be required. In order to handle the increased data rates resulting from these upgrades, a DAQ
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upgrade is currently under way. Accompanying the machine upgrades are several planned de-

tector upgrades, including a new pixel vertex detector and upgrades of the particle identification

systems to optimally perform in the presence of the increased backgrounds, occupancies and radi-

ation doses expected with the luminosity improvements. These detector upgrades are described in

N Snowmass LOI(s) submitted to the Instrumentation Frontier .

Belle II/SuperKEKB operations and upgrades over the next ∼ 1-2 decades are expected to

factorize into several distinct epochs:

1. Intermediate luminosity, Lpeak ∼ 1 x 1035cm−2sec−1, Lint ∼ 5 ab−1): Required upgrades of

detector and machine will be realized over the next few years.

2. High luminosity, Lpeak ∼ 6 x 1035cm−2sec−1, Lint ∼ 50 ab−1): The high-lumi upgrade

design is currently undergoing technical reviews.

3. Electron beam polarization at high luminosity: Currently in development, spin-polarized

electron beams will significantly extend the physics reach of Belle II to new observables in

tau physics and unique precision measurements of electroweak asymmetries.

4. Ultra-high luminosity, Lpeak ∼ 2.5 x 1036cm−2sec−1, Lint ∼ 200 ab−1).
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