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1 Short Summary

Due to travel restrictions caused by the spread of COVID-19, a focused review meeting
of the Belle Programme Advisory Committee (BPAC) was held remotely on 29th and
30th of June 2020 focusing on the progress of the SuperKEKB and Belle II operation
since the last BPAC annual meeting in February 2020. This section summarises the
most important findings and recommendations of the committee.

In spite of the difficulties introduced by the spread of COVID-19, the SuperKEKB
machine has been kept running and the Belle II experiment has been taking data. By
introducing the crab waist scheme at the collision point, SuperKEKB has achieved the
world’s highest instantaneous luminosity, 2.4× 1034 cm−2s−1, with an acceptable back-
ground condition for Belle II to take data. This is a great success of a close collaboration
among the SuperKEKB, linac injector and Belle II background study groups. The com-
mittee congratulates their efforts and encourages continuous close cooperation to further
improve the machine performance and data quality. The delivered integrated luminosity
has been increasing smoothly and, although it is somewhat lower than planned, more
than 63 fb−1 of data was accumulated for this run, which had started in March 2020,
before the start of the summer shutdown. The committee appreciates the plan for the
operation this autumn with the goal to reach a total integrated luminosity of more than
100 fb−1 before the end of the year break.
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The Belle II experiment has been taking data with an efficiency of 84.2%, approaching
the goal of 90%. The committee appreciates the Belle II effort to automate the operation
of the detector and online data controls for smooth and efficient running with a small
number of shift crews onsite. This has been particularly important in this period, since
the number of people at KEK is limited due to travel restrictions caused by COVID-19.
The Belle II collaboration developed a mode of operation allowing effective remote par-
ticipation in various online tasks by Belle II collaborators. Automation should be further
implemented in the experiment from the detector operation to the data processing. The
committee notes that a plan is in place for the forthcoming data taking, anticipating
travel restrictions to continue at least till the end of this year. Some hardware problems
require interventions by the experts onsite. For some of the subsystems, presence of
the experts at KEK appears to be marginal. The committee recommends the Belle II
collaboration enlarging the pool of detector experts by involving more collaborators in
the detector operation. Significant improvement in understanding the detector perfor-
mance has been made since the last BPAC meeting. The committee is looking forward
to hearing further progress in resolving some of the outstanding discrepancies between
data and simulation. It is pleased to observe that Belle II is making a unique contribu-
tion to dark sector physics for which the theoretical interest is increasing. Also, other
analyses demonstrate significant progress in understanding the detector performance.

The production of the pixel detector replacement with two complete layers (PXD-2)
is proceeding with an anticipated contingency of four to five months for the planned
installation during the long shutdown in 2022. The committee recommends the Belle II
management following closely the project advancement in order to ensure the timely
completion of the production. Since PXD-2 will have many more signal cables than
the current PXD, assembly and installation of the full vertex detector system must be
studied well in advance. Longterm availability of hardware experts in the area of PXD
and the beam pipe at the interaction region remains a concern. The Belle II collaboration
together with KEK should develop a plan to maintain the knowhow in the pixel detector,
beam pipe, superconducting final focusing quadrupole magnet (QCS) and other relevant
areas, especially in light of potential future upgrades.

The BPAC is convinced that Belle II and SuperKEKB are now ready for a production
run to accumulate data for physics. Therefore, the committee strongly recommends that
the originally requested 6.5 months, if not more, of running in 2020 Japanese Fiscal Year
be realised with an aim to collect as much as 240 fb−1 of data.

Based on the experience in operating SuperKEKB, the machine team has been de-
veloping ideas that could achieve the physics goal of the Belle II experiment with lower
consumption of electricity. The committee understands that such an operation scenario
over the next ten years was presented in the KEK submission to the MEXT Roadmap
selection process, and finds this development timely and very attractive. Implement-
ing such a plan requires an upgrade of the machine and detector. The BPAC strongly
encourages a close collaboration between SuperKEKB and Belle II to further explore var-
ious ideas and conduct the necessary research and development work. Implementation
of the necessary upgrade should then follow after positive evaluation of technical designs
by the relevant committees. The BPAC is looking forward to hearing the progress in
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future meetings and strongly hopes for a positive outcome from the MEXT Roadmap
selection.

2 SuperKEKB operation and background status

2.1 Machine operation

2.1.1 Status

The SuperKEKB team has greatly improved the performance of the accelerator. A
world record luminosity of 2.4× 1034 cm−2s−1 as well as a record low β∗y of 0.8 mm have
validated the nano-beam scheme of the accelerator design. It should be noted that this
was done with about 700 mA of beam current in each ring and with a little less than
1000 bunches. Although there are still unsolved issues, several things are now better
understood and the machine performance continues to improve. There is still a long
way to go and recent beam-beam simulation results argue that achieving the design
luminosity of 8 × 1035 cm−2s−1 may be difficult with the current final focus hardware.
Studies are ongoing and the accelerator and detector teams are investigating various
long-term strategies (see Section 4). Injection performance has been improved but there
are still difficulties in getting efficient injection into the rings especially when the beams
are colliding. This indicates that beam-beam induced tails significantly contribute to
the stored beam lifetimes. The emittance of the HER beam coming out of the beam
transport line into the ring is significantly larger than expected. The positron injection
beam intensity is lower than design partially due to the reduced performance of the
flux concentrator. Synchrotron radiation backgrounds from the injected bunch cause
increased rates in the PXD detector and reduce data taking efficiency. The introduction
of the crab waist scheme partially, first into the LER and then into the HER, has
significantly improved the beam-beam effects. This has allowed data taking at higher
luminosities and has led to a 1.5 fb−1 of integrated luminosity per day rate.

2.1.2 Concerns

• The linac is one of the oldest parts of the KEK accelerator system and is in
very high demand supplying beams to both rings of SuperKEKB and the Photon
Factories.

• There might be a limit to the highest luminosity available by the current Su-
perKEKB.

2.1.3 Recommendations

• Continue to work on tracking down the unexplained emittance blowup in the HER
beam transport line.

• Work toward improving the positron yield.

3



• Continue to work on the two-bunch injection. This is clearly important for the
upcoming expected low beam lifetimes as the luminosity improves.

• Continue working toward identifying and ranking necessary linac upgrades and
maintenance issues.

• Try to find the limits of the current SuperKEKB accelerator. This is important in
the studies related to future upgrades and running scenarios.

2.2 Machine background

2.2.1 Status

The overall backgrounds have come down as the new collimators have helped and as
the beam-gas interactions have slowly decreased with the beam pipe scrubbing. The
background rate from the LER beam is still dominated by beam-gas interactions but
is definitely improving as the scrubbing in the ring continues. The anomalously high
Touschek background in the HER has been discovered to be a result of the design of
the HER collimators. They do not fully block the vertical aperture at the point away
from the centre in the horizontal direction. The background simulations had assumed full
vertical collimation. After correcting the simulation, the Touschek predicted background
rate now comes very close to matching the actual measured value. The committee
congratulates the background team in finding this obscure discrepancy between real
data and simulation. The beam abort system has been made significantly faster and
beam aborts now occur within a few turns of the beam. A new collimator with a carbon
tip is under design. The carbon tip is intended to generate a scattered radiation when
the beam encounters the tip. A collimator of this design will be installed this summer
in the LER to test the design feasibility. The collimator is planned to be positioned in a
location that is in phase with the last LER collimator before the IP and is also close to
the abort kickers for the LER. Scattering from this collimator will be used as an early
beam abort signal and this should further improve the speed of a beam abort thereby
minimising the risk of damage to either the detector and/or to the final focus cryostats
and magnets from an unstable beam. If successful in the LER, a similar collimator in
the HER is also planned. There are still large injection backgrounds and work is ongoing
to reduce these backgrounds. There are certain injected bunches that take a long time
to damp into the ring bunch orbit causing extra dead time in the detector readout.

2.2.2 Concerns

• Level of the machine background is still high and will likely to remain so in the
near term.

• Background level of injection is also high.
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2.2.3 Recommendations

• Investigate the possibility of reducing the HER Touschek background by modifying
or replacing a vertical collimator.

• Continue to work with the linac team to improve injection backgrounds in general.

• Special attention should be given to identifying and eliminating the injected bunches
that take much longer to damp down to the ring orbit. These bunches significantly
increase the detector dead time thereby reducing the integrated luminosity.

• Improve the injection efficiency for both rings through further close collaboration
among the all teams, detector, linac and accelerator operations.

• The committee suggests tightening the HER horizontal collimators to improve the
HER background. This may prove to be very difficult until the large emittance of
the injected bunch is corrected.

• The committee encourages further work in the study, design and fabrication of
collimators with low Z material located near the ring abort systems.

3 Belle II experiment

3.1 Operation and data taking

3.1.1 Status

The detector performance in the 2020b period has been marked by the successful adapta-
tion to the COVID-19 crisis by the Belle II collaboration and by a marked improvement
of the overall data-taking efficiency. The background situation significantly improved
which led to less dead time due to a shorter injection veto. The overall data taking
efficiency was 84.2%.

The trigger operated stably with a typical Level-1 rate of 5 kHz. The KLM trigger
was activated. The DAQ operated smoothly with the main source of down time due to
the front-end readout system.

The High Level Trigger (HLT) system was running with nine HLT units and will be
extended by one additional unit to 10 units, which results in a capacity of about 10 kHz
Level-1 rate, up from 8 kHz for the 2020a and 2020b running periods.

A comprehensive Data Quality Monitoring (DQM) framework is now in place, which
takes histogram data directly from the HLT.

3.1.2 Concerns

• There is no clear plan presented for reaching the self-stated goal of 90% for the
data taking efficiency.
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• The exemplary handling of the COVID-19 crisis, notably the collaborators onsite,
will put a high strain on these people if this continues for the 2020c period or even
further into 2021. On the other hand, increasing the pool of shifters to decrease the
load on them may introduce a risk of losing efficiency due to less trained shifters.

• While the preparations for the switch-over to the PCIe40 readout are going as
planned, there is an inherent risk in such a change.

3.1.3 Recommendations

• The improved training sessions and planned mandatory shadow shifts are very
good initiatives and should be further pursued strongly.

• Developments to move the data quality monitoring to online should be pursued in
order to have faster feedback.

• It should be made sure that the switch-back to the old COPPER-based readout
system can be done quickly in case of severe problems with the new PCIe40 based
readout.

3.2 Data processing

3.2.1 Status

The committee is pleased to note that data preparation was progressing nicely over the
spring. Prompt calibration and processing of 2020 a+b data was ongoing and expected
to finish few weeks/months after the corresponding run period. Overall plans for data
processing in 2020 have been presented.

The data processing team provided the recommendation for the processed sample to
be used for physics analysis: the, so-called, ICHEP dataset for the summer conferences
is made of the whole 2019 latest proc11 re-processed data combined with ∼ 39 fb−1 of
prompt 2020 data. The baseline expectation for the winter conferences is to add as much
prompt re-processed data as possible.

Production campaigns for simulation continue steadily on the GRID with very large
generic Monte Carlo event samples (equivalent to 5 ab−1), which dominate the comput-
ing resource usage, and high priority signal samples made on request. Run-dependent
simulation events are still being produced on local resources, but the first batch has
almost been completed on the GRID.

The short term plans for the calibration are to streamline the automated calibration
and further shorten the calibration time with the option of parallelising some tasks if
necessary. HLT-skims and pre-scaling needed for calibration are to be finalised. Im-
provements of the calibration algorithms for 2020c data taking continue to be pursued.
Overall time for both prompt and GRID processing is getting shorter, with a goal of one-
week latency for prompt processing. The prompt processing from March to June with
automated calibration deployed (bucket9 to bucket13 ) is a very impressive achievement
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thanks to the hard work of calibration and processing experts. The automated data
transfer with copy from Online to GRID seems to be sustainable and working steadily.

A very smooth GRID based reprocessing was reported with the latest proc11 taking
less then half the time of the previous proc10 for almost twice the processed statistics.
This was achieved by improving the communication among experts on few key aspects,
e.g. staging and job management.

Analysis skimming is progressing with a little delay because priority has been given
to the ICHEP analysis. Official reprocessing with software release-05 will only start
after 2020c. Initial samples for validation and development are already made available.
For what concerns the plans for simulation, MC14 will be done with release-05 using
the same general scheme as for MC13 (large generic and low multiplicity, signal samples
on request). Run-dependent MC14 productions are planned to be done on the GRID.

The collaboration is discussing some restrictions on data availability. The plan is
to restrict access to mDST by encouraging the use of the analysis skims and to have
strictly limited access to raw and calibration data in the near future. The committee
supports the ongoing discussions to move the calibration processing to BNL for address-
ing the insufficient computing power and the lack of Airflow and Calibration Alignment
Framework expertise. The data-flow needs for reprocessing are also planned to be better
defined.

The migration to the Rucio data management system is proceeding steadily according
to the plan with some additional tests to be performed and additional small tasks not
foreseen initially. The timeline for the switch over is the beginning of September after
the KEK Computing Centre replacement work is finished. The committee encourages
to proceed with the agreed plan and timeline.

3.2.2 Concerns

• Heavy intervention of calibration and data processing experts is still required in
the operation.

• The consequence of restricting access to some formats of data now, when intensive
detector performance studies are required, could be to handle a large number
of special requests for access to raw and calibration (cDST) samples, as well as
mDST. Managing these requests would require extra work for people and additional
resources.

• To keep developing new functionality and new calibration algorithms while ensur-
ing stable operations is challenging and very demanding in person-power.

3.2.3 Recommendations

• In order to improve and implement as much automation as possible in the data
processing procedures, the committee recommends to monitor and flag the occur-
rences of what is happening when experts are in control, such as handling the
backlogs, and what corrective actions are taken.
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3.3 Detector performance

3.3.1 Status

At the previous BPAC review, concern had been expressed about the low data-taking
efficiency of Belle II at around 50%. The committee was pleased to see the significant
improvement to around 84.2% for the efficiency during physics running this year, where
the increase is ascribed to better monitoring tools and improved quality of control-
room shift work owing to experienced onsite people (in part due to travel restrictions
imposed by the pandemic, which limited the turnover of shift personnel). The remaining
inefficiency is roughly equally shared between the injection veto, detector problems or
calibration, and DAQ run state changes (SALS). It is hoped that the lessons learned
from this substantial improvement can continue to be applied systematically to reach
the data-taking efficiency goal of 90%. The shift scheme for the next run starting in
October (2020c) is likely to be similar to the case in run 2020a/b, and it will be a
challenge to maintain the number of well-trained shift personnel, while reducing the
load on collaborators at KEK. The number of subsystem local experts at KEK is also
critical.

Despite the difficult conditions imposed by the pandemic, the world-record lumi-
nosity of 2.4 × 1034 cm−2s−1 was achieved by SuperKEKB in June, while keeping the
background in Belle II below the required limit. The barrel particle identification (TOP)
subsystem is currently most vulnerable to beam backgrounds, where the photon detec-
tor (PMT) rate from all background components (excepting the irreducible “luminosity”
component from the physics interactions themselves) needs to be kept below 1.2 MHz.
The previously dominant Low-Energy Ring beam-gas background has been significantly
reduced. While the detector operation in run 2020a/b has been mostly smooth, some
issues have been encountered concerning in particular the pixel (PXD) and K0

L-muon
(KLM) detectors.

Detector operation and performance
For the PXD, increasing HV currents have been seen in several modules, reaching the
power supply limit and causing some drop of efficiency; the power supply will be mod-
ified in the summer shutdown to increase the current limit. Beam loss events such as
those provoked by a QCS quench due to machine induced background in May have led to
30 additional inefficient gates in readout chips, and this will require vigilance for future
runs. The silicon strip vertex detector (SVD) has enjoyed stable operation with effi-
ciency above 99.5%. The central drift chamber (CDC) has also had smooth operation,
with stable leakage current (< 50 µA/layer) below the limits. Some inconsistencies have
been seen in its alignment data, with possible movements under investigation correlated
to changes seen in the floor level in the tunnel, which could indicate interference with
machine elements and should be followed up. The CDC electron and hadron calibra-
tions have been improved, reducing the charge asymmetry for identified pions and kaons
to a few percent, and improving the data-simulation agreement for proton identifica-
tion. Improved agreement has also been achieved between data and simulation for e-π
separation, using run-dependent simulation and an improved CDC dE/dx calibration,
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although pion fake rates remain about two-times larger in data than simulation.
The endcap particle identification subsystem (ARICH) has enjoyed stable operation.

The measured misalignments of the aerogel tiles were discussed. Some of the tilts seen
could be compatible with the way the aerogel tiles are located in the detector (con-
strained by strings), but the level of misalignment seen at the outer part of the detector
of up to 1.5 cm along the beam direction is not consistent with the mechanical con-
straints and should be further investigated. With improved alignment and treatment of
reflected photons from the photon detector (HAPD) windows, the performance has im-
proved in the latest processing at high momentum (3.5–4.5 GeV/c) and for tracks at the
edge of aerogel tiles. The TOP has had smooth operation, and the PMT replacement is
on schedule for 2022. Improvement in the single photoelectron time resolution has had a
minor impact on the data, but adjustments of the description in the simulation (concern-
ing mirror reflectivity, quartz surface reflectivity, and PMT-dependent photon detection
efficiency) have brought the simulation closer to the data. The committee would be
interested in more quantitative information about these changes. The simulation of the
effect of delta-rays remains to be included.

The electromagnetic calorimeter (ECL) has had stable operation with all channels
alive, and background lower than the previous year. The KLM suffered from some
operational issues: readout errors led to a relocation plan during the summer to shorten
the readout cabling. There was some gas flow instability, with a gas leak following the
replacement of a mass flow controller, where the monitoring should be improved. There is
low efficiency for the barrel scintillator layers. Calibration of the photon detector (SiPM)
took place during 2020b and the new results are awaited. An improved description of
the KLM layer efficiencies has improved the data-simulation agreement for the muon
identification efficiency.

Reconstruction performance
The reconstructed track transverse-momentum resolution varies with momentum from
0.4% to 2.2% in data (for 0.5–10 GeV/c), comparison to the simulation was not shown
and is in progress. Run-dependent alignment has been implemented, leading to stable
impact-parameter mean and resolution versus time, although the resolution (12–13 µm)
remains somewhat worse than in the simulation (∼ 11 µm). First results were shown
for the tracking efficiency measurement using the slow pion from D∗ decays, suitable for
the low momentum region (pT < 200 MeV/c), showing reasonable agreement between
data and simulation, but currently with large statistical uncertainty. This adds to the
other previously established techniques used at high momenta, using ee→ ττ, ee(γ), µµ
events. Concerning V0s, Λ reconstruction agrees well between data and simulation both
on mass and width, while that for K0

S continues to show reconstructed mass from data
being around 0.4 MeV less than that from simulation. The influence of the selection on
CDC hits has been investigated and is well modelled in the simulation, so this remaining
discrepancy is thought to be due to the different kinematics, to be followed up (perhaps
a B-field mapping effect).

For neutrals reconstructed in the calorimeter, the covariance matrices have been
changed for waveform fits, significantly improving data-simulation agreement for the
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number of out-of-time crystals. Reasonable agreement is seen for π0 efficiencies. A
substantial shift in energy was reported by physics groups using neutrals such as in the
decay B+ → K+π−π0π+ consistent with a (large) −10 MeV photon energy bias, which is
being followed up by the neutrals group. This is a good illustration of interplay between
the detector performance and physics groups, which should be reinforced. The recently
established Performance Group is working well and communication has improved, al-
though it would profit from further personnel being involved. There is clear potential
for further improvement in the reconstruction, requiring close cooperation with detector
and software experts.

The trigger rate and efficiency have been stable, with the main physics trigger rate at
1.2 kHz, the low multiplicity physics trigger rate at 1.8 kHz, and Bhabha and calibration
rates at 1.0 kHz. It is good to see that the trigger performance is now discussed in the
Performance Group. Some discrepancy between data and simulation is seen in the
visible energy distribution of off-resonance data, with a larger tail in the data above
10 GeV. Not much detail was given in this meeting about calibration and alignment,
although details were provided on the tracking performance via a note that has been
prepared for the ICHEP conference (BELLE2-NOTE-PH-2020-006). This presented a
detailed comparison with Monte Carlo simulation of the tracking efficiency and fake rate
using ee → ττ events, versus a number of parameters such as transverse momentum
and angular variables. The committee would welcome similar information for the other
systems, e.g. information on the angular dependence and dependence on other relevant
variables of the particle ID performance, to be provided.

3.3.2 Concerns

• There is still a need for further improvement in the operation to avoid beam-related
damage to the PXD, to ensure that the KLM runs stably, to limit the background
for the TOP and CDC which may limit the luminosity and to ensure the long-term
health of the CDC.

• There is a lack of sub-detector experts at KEK, which will be difficult to mitigate
during the ongoing pandemic.

• The alignment issue for the CDC needs to be followed up, to understand whether
it involves interference with machine elements. Other possible effects due to the
misalignments, such as on the installation of services for the two-layer PXD, should
also be investigated.

• Although some positive developments have been presented, there remain persis-
tent data-simulation disagreements for the detector performance (e.g. for particle
identification), which can be expected to contribute to the systematic uncertainties
as the experiment moves towards precision physics.
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3.3.3 Recommendations

• Detailed assessments of individual and combined detector performance compared
to their simulations should be performed not only for physics events but also ex-
ploring detector parameter-space.1

• The impact of backgrounds on the detector performance should be quantified.

• Individual detectors must be carefully calibrated to limit systematic errors. There
is an opportunity during the pandemic to ramp up collaboration efforts on these
crucial areas, as the majority of such work could be performed remotely.

• The expected impact of the current data-simulation performance mismatch on
the systematic uncertainties should be assessed at different levels of statistics for
several likely physics channels of interest.1

3.4 Physics analysis

3.4.1 Status

The committee congratulates the Belle II collaboration for recording more than 60 fb−1

of integrated luminosity in 2020, in spite of the difficulties introduced by the spread of
COVID-19. As Belle II is beginning to record sizeable data samples under improved
background conditions and as the detector performance studies have further advanced,
a variety of physics studies are being pursued by the analysis working groups. The
current analysis effort focuses on topics that were not covered by Belle or BABAR, or
were limited by systematic uncertainties, or were not based on the full data sets.

The efforts of the analysis groups have resulted in three categories of documents:
performance studies, conference papers, and journal publications.

To understand the degree of readiness of the data processing, the following studies
were performed:

• Lepton ID efficiencies were derived using numerous processes, including J/ψ decays
and radiative Bhabha scatterings. Flavour tagging and the detection of neutrinos
were studied in fully reconstructed BB̄ events with hadronic B decay tags. This
will be critically important for the measurement of the ratios RD and RD∗ , and of
many other B decays.

• Trigger efficiencies and charged particle and photon detection and timing were
examined in τ -pair events.

Early measurements of fundamental processes and quantities have been performed to
validate the full chain from detector calibrations to triggering, data processing, event
selection, and separation of signal and backgrounds. These are based on the 2019 data set

1After the meeting, the committee learned that this had already been done but not been presented
due to the lack of time. The BPAC meeting this time had to be short being remote. The committee
looks forward to this being presented at its next meeting.
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(8.7 fb−1). Among them are measurements of branching fractions for the B0 → D∗+e−ν
and B0 → D∗+µ−ν decays with D∗+ → D0π+. Measurements of the B0 lifetime,
and several B decays to charmless mesons, as well as B0 → J/ΨK0

S decays have been
successfully carried out. The results obtained via blind analyses are in agreement with
earlier measurements.

A large number of analyses are in preparation for the 2020 ICHEP conference, based
on an integrated luminosity of 34.6 fb−1 recorded on-resonance. They include a mea-
surement of B → π`ν decays in hadronically tagged BB̄ events, the observation of the
rare b → s`+`− transitions, the time-dependent CP violation in B0 → J/ΨK0

S decays,
as well as direct CP-asymmetries in charmless B0 decays, e.g. B0 → K+π−. Beyond
B-physics, a preliminary measurement of the τ mass indicates systematic uncertainties
comparable to those achieved by Belle in the past.

The first Physical Review Letters (PRL) publication by the Belle II Collaboration
was selected by the APS as a “Feature in Physics”: The very first search for the invisible
decay of a new dark gauge boson, Z ′, produced in the process e+e− → µ+µ−Z ′ or in the
lepton-flavour-violating process e+e− → e±µ∓Z ′. This analysis was based on 276 pb−1

Phase 2 data, and resulted in an upper limit on the Z ′ coupling to Standard Model
muons and taus at the level of 5× 10−2 for mZ′ ≤ 6 GeV.

The Belle II Collaboration is finalising a second paper to be submitted to PRL. It
reports on the search for the direct production of an axion-like particle (ALP) with a
mass above the pion mass, decaying into two photons. More specifically, a search was
performed for a peak in the diphoton invariant mass or the recoil mass in the process
e+e− → aγ, with a → γγ. Based on 445 pb−1 Phase 2 data, the search covers new
regions of the ALP parameter space and resulted in the best limits on ALP-photon
coupling in the mass range up to ∼ 5 GeV, almost an order of magnitude more stringent
than LEP!

As Belle II will be recording much larger data samples before the long 2022 shutdown
(the targeted luminosity is > 1 ab−1) and the detector performance and simulations of
signal and associated backgrounds will be understood in more detail, a wide range of
very interesting physics topics will be investigated. They include both searches for dark
sector particles and many core analyses of high precision. The Collaboration is also
preparing analyses based on the combined Belle + Belle II data sets.

For example, the search for an invisible dark photon A′ directly produced in e+e− →
γA′ will be able to probe large regions of parameter space that were left unexplored by
previous experiments. Furthermore, the search for and measurements of B → K(∗)x,
where x refers to an invisible object, will have a remarkable impact on three different
frontiers: (i) the detection of the decay B → K(∗)νν̄ would be a major SM benchmark
only accessible at Belle II; (ii) it serves as an important cross-check of the B-anomalies;
(iii) it can be a powerful probe of dark sectors (e.g. long lived ALPs). Additional dark
sector searches that will be performed by the Collaboration include inelastic dark matter
models, dark Higgsstrahlung, as well as dark Z ′ decaying into leptons.

Core analyses will include studies of (i) decay modes of B mesons, as for example
B → D(∗)`ν to test lepton flavour universality; (ii) charm particles, as for example the
D meson lifetime; (iii) τ leptons, as for example the τ mass.
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3.4.2 Concerns

• Progress in various physics studies will crucially depend on the size and quality of
the recorded data and on the development of new analysis techniques.

• Most measurements critically depend on detailed understanding of the detector
performance and the impact of various background sources.

• There is concern that the available computing capacities will restrict the size of
generic MC samples which is likely to impact the understanding of the systematic
uncertainties, in particular, for complex precision measurements, as well as searches
for rare processes.

3.4.3 Recommendations

• A broader engagement of collaborators including theorists, and enhanced coor-
dination and communication will be highly beneficial to the development of the
physics program and is recommended for now and in the future.

• The formation of the physics analysis working groups is clearly a very important
step, and has resulted in a large variety of preliminary studies, and a highly valued
first publication in PRL. These kind of studies need to be expanded as larger data
samples are being accumulated.

• Several of the early studies are performance tests based on a close collaboration
between the analysis groups and the performance and detector groups. These
efforts need to continue, especially as conditions and procedures will change with
time, since they are very important for the assessment of systematic uncertainties.

• BPAC would welcome a report on the organisation and near and longer term
plans of the physics working groups, including also their interactions with detector
and performance groups. It could be beneficial for some scientists to have dual
membership in these three sets of groups.

• In the longer term, for data runs after the 2022 shutdown, as higher beam currents
will result in more machine backgrounds, the impact of these rising backgrounds
on the event reconstruction, as well the analyses methods, need to be assessed.

• To address the limitation in the number of simulated events, ways should be ex-
plored to reduce the CPU time required by simplifying the simulation processes,
relying detailed comparisons of the simulations with recorded data (either from test
beams or the running experiment) and potentially empirical functions to replace
the most laborious simulation tasks.

• BPAC strongly encourages the KEK management and Belle II collaboration to
find the resources for achieving 240 fb−1 of data in FY2020 and 1000 fb−1 in the
following year. This is particularly important for the core physics program.
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3.5 PXD replacement

3.5.1 Status

The committee congratulates the collaboration on the good performance of the PXD de-
tector. The device has been operating well during runs 2020a and b, with a synchrotron
radiation background that remains higher than expected, but the PXD performs well.
Several modules reached the HV current limits, leading to a slight decrease in efficiency.
The power supplies will be modified during the summer, which should restore the effi-
ciency. The overall effective PXD efficiency has been around 96% for the current running
period.

The work to replace the current PXD with a new detector, PXD-2 with a full comple-
ment of ladders, is making steady progress. As noted before, enough ASICs are available
to build the new pixel detector. Two batches of 12 wafers each are in production for the
sensors. The first batch, PXD9-20, is expected to be finished by the end of February,
2021. The processing of the wafers in the second batch, PXD9-21, was put on hold but
processing has resumed in April. This run is expected to be finished by March, 2021.

During module production several problems with the flip-chip process were discov-
ered. These include particulate and interconnect issues. The interconnect problems
were traced to a failure of the vacuum pump of the furnace, which led to too high a
temperature during the soldering process. The vacuum pump on the furnace has of
course been replaced and the flip-chip process is being re-qualified. The long-term effect
of the interconnect problems on the modules is not clear. To verify the reliability and
performance of those modules that had flip-chip issues, a temperature stress test was
run with 50 cycles on three modules. The results of the shear tests on these modules
was satisfactory. To mitigate any further risks, the affected modules from three different
batches will be temperature stress tested to qualify the interconnects.

The PXD-2 detector calls for 12 ladders, plus six spares, for the outer layer (L2),
and eight ladders, plus four spares, for the inner layer (L1). For L2, there are currently
12 functioning ladders in hand and one spare that is electronically not yet fully working.
For L1, two ladders have been completed; three ladders are being built using existing
modules; three more module pairs are available but need to be tested, and modules for
one more ladder are available. If all modules can be built and pass the quality checks,
this will provide 8+1 L1 ladders. To build the required complement of ladders, the
project will have to rely on sensors from the PXD9-21 batch.

The PXD team has developed two production-installation scenarios. In the aggressive
scenario, the PXD-2 will be constructed using only modules from the first, PXD9-20,
batch. In this scenario, module production will be completed by the end of September,
2020, and ladder production one month later. Half-shell assembly will start immediately
after with the two half-shells ready for shipment to KEK at the end of March 2021. In
the conservative scenario no modules that were exposed to the flip-chip problem will be
used for the detector. In that case, all L1 ladders will have to come from the second,
PXD9-21, batch. Ladder production will then be complete by the end of May 2021, with
the half-shells ready for shipment to KEK by mid-October 2021.

To protect the PXD from backscattered photons from synchrotron radiation, the pro-
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duction of a new beam pipe is being studied that has an additional thin gold layer on its
outer surface. A two-year production schedule for this intricate element was presented,
which includes contingency due to the various non-negligible schedule risks for the dif-
ferent production steps. Production of this new beam pipe, with mitigation strategies
to limit the exposure of the PXD to synchrotron radiation, is strongly supported.

The committee commends the sustained efforts of the PXD team to operate the
current detector and build its replacement, and remains impressed by the dedication
of the team. The path to a full PXD detector is in focus and achievable albeit with
considerable persistent risks.

3.5.2 Concerns

• A new stringent step of thermal cycling test in the quality assurance program is
introduced without examining whether the lifetime of the ladder is affected by this
procedure or not.

• The project has experienced several technical setbacks and remains vulnerable to
further technical risks.

• The schedule for the new PXD detector remains the critical vulnerability for the
project.

• The cable routing of the current PXD was already non-trivial with space at a
premium. Since the new PXD detector will have many more signal cables, this
will become a more severe problem.

• Sustaining expertise, knowledge and manpower for the PXD, the beam pipe, QCS
and related elements that affect the PXD detector is another major concern.

3.5.3 Recommendations

• The team is strongly encouraged to split the processing of the last batch into two
separate sets of six wafers each.

• A thorough and complete study of the cable routing of the PXD detector with
a detailed mock-up that incorporates all interfaces is strongly recommended to
ensure that there is sufficient space.

• The team is encouraged to remain as vigilant as ever in their final stretch to
complete the detector.

• Enlarging the group with young physicists, who will become experts in the opera-
tion of the PXD and the interface with the accelerator, is strongly encouraged.
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4 Long-term prospects for SuperKEKB and Belle II

4.1 Status

As part of the MEXT planning process, SuperKEKB and Belle II have submitted a so-
called Roadmap-2020 proposal to MEXT that proposes a modified operation plan of the
accelerator and upgrade potential of the experiment for the next decade. The proposal
is currently being reviewed by MEXT and a hearing is scheduled for August, 2020. The
proposal is motivated by the running experience to date and aims to achieve the target
integrated luminosity at lower beam current (i.e. lower running cost).

SuperKEKB employs an ambitious and challenging novel nano-beam colliding scheme.
Within a very short operating period the team has been able to achieve the world’s high-
est instantaneous luminosity. Operation of the accelerator is now moving into uncharted
territory and surprises are not unexpected. In the initial phase of operating SuperKEKB,
the blowup of the vertical beam size has been observed due to strong beam-beam effects
at higher bunch current. The vertical blowup reduces the dynamic aperture in the QCS
due to the large beta functions in these quadrupoles. This effect gets worse as the β∗y is
further reduced. A crab waist collision scheme and utilisation of skew sextupole magnets
are being studied to mitigate this issue. Recent simulation studies also suggest that the
interference between the quadrupole magnetic field and the Belle II solenoid field for the
LER is responsible for strong beam-beam effects. If this is the case, modification of the
QCS is required to mitigate this effect. During the initial operation of the accelerator,
unstable beams caused quenches of the QCS magnets due to the narrow physical aper-
ture inside the QCS. Currently, collimators are effective in preventing these quenches,
but operation with β∗y < 0.5 mm will pose significant risk. The narrow QCS aperture
is also considered to be one of the origins of large beam backgrounds for the Belle II
detector, which can adversely affect the physics performance and lifetime of the various
detector elements.

In the current plan presented at the BPAC in 2019, installation of four RF-power
stations is planned in 2024 to achieve a peak luminosity of 8 × 1035 cm−2s−1 at the
beam currents of 3.6 A (LER) and 2.6 A (HER) and the target integrated luminosity of
50 ab−1 in ∼2030. However, this requires 1.6 times higher electrical power (i.e. higher
running cost), which will decrease the operation period of the accelerator due to budget
constraints, compromising the integrated luminosity. Based on the experience in the
initial phase, the peak luminosity will be limited to about half of the expectation at β∗y
of 0.5 mm and the target luminosity can only be achieved in 2032 or 2033 assuming a
running period of 7 months per year.

The team is to be commended for its agile development of Roadmap-2020, a new
operating plan for the accelerator that could enable the accelerator to operate more
reliably at lower running cost while maintaining and potentially exceeding the original
goal for integrated luminosity. In Roadmap-2020, RF-power installation is reduced from
four stations to two stations, limiting the beam current at 2.8 A (LER) and 2.0 A (HER),
and the QCS and the beam pipe are replaced to achieve β∗y of 0.3 mm, resulting in stable
beam and lower backgrounds, and providing an opportunity to install various new, more
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performant, detector elements in Belle II. Sub-detectors that are being considered to be
upgraded include the silicon based tracking system, the front-end readout electronics of
the drift chamber, the photodetectors used for particle identification and parts of the
electromagnetic calorimeter. With this strategy, the peak luminosity is decreased to
6 × 1035 cm−2s−1, which can be compensated by the longer running period thanks to
lower electricity cost.

The proposed Roadmap-2020 is an excellent proposal to achieve, or even potentially
exceed, the target integrated luminosity of the Belle II experiment under improved run-
ning conditions and provides an opportunity to attract additional collaborators to work
on different elements of the detector upgrade. The committee is very pleased with this
effort to maximise the scientific return on the investment in SuperKEKB and Belle II
and strongly supports it. It is noted that an Upgrade Working Group is already in
place to study possible upgrades of the Belle II detector, which was reported during the
February PAC meeting.

Implementing such a plan requires an upgrade of the machine and detector. The
BPAC strongly encourages a close collaboration between SuperKEKB and Belle II to
further explore various ideas and conduct the necessary research and development work.

4.2 Concerns

• It is not clear whether replacing the QCS will entirely solve the strong beam-beam
effects in the high bunch-current regime.

• The narrow aperture of the QCS may not be the sole cause of high backgrounds
in Belle II.

• The causes for the vertical beam blowup and subsequent reduction of the beam-
beam tune shift that has been seen at high beam bunch current have not been
identified.

4.3 Recommendations

• The root causes of the strong beam-beam effects in the high bunch-current regime
should be verified before embarking on the QCS replacement.

• Studies should be made to verify whether the narrow aperture of the QCS is the
sole cause of the high backgrounds in Belle II. An improved collimator scheme
could improve the backgrounds in the detector even at lower β∗y values.

• More resources should be allocated for resolving the narrow dynamic aperture
issue.

• The upgrade working group is encouraged to consider the opportunities provided
by the MEXT Roadmap-2020 proposal to study the scope of a potential detector
upgrade and identify the most promising elements that could have a substantial
physics impact.
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