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1 Executive Summary

The committee congratulates the Belle II collaboration for the successful startup of the
Phase 3 physics run with the full detector. After a couple of months of data taking,
the collaboration is able to show not only detector performance of various subsystems,
such as impact parameter resolutions and particle identification capabilities for charged
tracks, but also clean invariant mass distribution for reconstructed B and D mesons.
The committee is looking forward to seeing interesting physics results in the near future.
It is also encouraging to see that the SuperKEKB machine could deliver luminosities
well above 1033 cm−2s−1 already at its early stage of the operation. There has also been
progress in understanding of the machine behaviour resulting in, for example, effective
deployment of the new collimators.

However, the collaboration has still to deal with several outstanding issues. Fur-
ther understanding of the machine related background is clearly one of the paramount
problems not only for protecting the detector but also for increasing the luminosities.
Machine background produced by so called “dust” interacting with the beam particles
is particularly dangerous for the Pixel Detector (PXD) and the superconducting final
focusing quadrupole magnets, therefore some measures must be considered. The com-
mittee recommends the implementation of a more sensitive and faster abort system.
A better understanding of the beam dynamics is necessary for the luminosity increase.
There exists already a good collaboration between the machine and detector groups.
This should be kept and strengthened to develop an optimal start-up and operation
scenario, where the safety for the detector and machine should be the highest concern.

Although the current overall performance of the Belle II detector is good, some
subsystems require additional care. While studies are in progress to address the problem
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of sustained dark current of the Central Drift Chamber (CDC) for both short and long
term, one might face the situation where some of the layers have to be switched off
for data taking. A clear action plan for addressing causes of the problem and possible
mitigation should be prepared and in place. Its effect on the physics performance should
also be investigated. Cross-talk remains a concern and further tuning effort should be
made.

Being the closest to the beams, the PXD is very vulnerable to the machine back-
ground. Further protection schemes, such as fast switching off of the power to ASICs,
as presented during the June BPAC meeting, should also be implemented soon. In this
context, construction of a new PXD with the two complete sensor layers should be fin-
ished to be ready for installation during the shutdown in early 2021, although the actual
timing of the installation needs to be carefully tuned considering the balance between the
gains and losses. For the efficient operation of the detector with increasing luminosity,
completing the implementation of the gating and ONSEN readout system is essential
and should be made as soon as possible.

The committee is very pleased to see the successful effort to increase human resources
for the online and computing work and encourages the collaboration to continue this
effort. Although the trigger seems to work well for the moment, physics studies must be
performed to make sure that physics opportunities are not lost due to the two missing
components in the trigger, the KLM and TOP triggers. They must be implemented
timely in order to cope with the anticipated increasing luminosities. The committee
acknowledges a well-developed strategy for the selection of a solution for the Belle II
readout system upgrade and looks forward to hearing the result.

2 Machine related issues

2.1 Status

The accelerator has shown steady progress and running time has been made for inte-
grating data as well as improving the accelerator operation. A significant block of time
(three weeks) was lost during this spring due to a fire near the Linac. Although none of
the Linac hardware used for SuperKEKB was directly related to the fire, a lot of soot
and smoke poured into the Linac housing making it impossible to run the Linac until a
thorough examination and cleaning process was completed on the Linac hardware.

The background team has also made steady progress and has been successful in
suppressing the background coming from Touschek scattering. New collimators were
installed in the Low Energy Ring (LER) to address this specific background and these
have proven to be quite successful. In addition, continuous work toward understanding
the various backgrounds and background sources has led to a much closer match between
data and simulation. We consider this a very good step forward as it validates the
background simulations and gives confidence that the simulation can help in controlling
other background sources. The current dominant background now is Coulomb scattering
from the LER.

Although progress has been steady, it has proven difficult to increase beam currents

2



due to high beam-related backgrounds in the Belle II detector. In addition, what has
been called “dust events” which have been shown to generate fast high radiation events
in the Interaction Region, have damaged some of the PXD and have quenched the
superconducting quadrupole focusing magnet (QCSR).

2.2 Concerns

• These “dust events”, which so far seem to appear everywhere in the ring, are a
major concern since they can cause high radiation levels in the VXD and in the
cryostat.

• The high Coulomb scattering background has also limited machine performance
since the total beam currents that can be stored had to be curbed.

• While the LER backgrounds are reasonably understood, backgrounds from the
High Energy Ring (HER) are poorly reproduced by the simulations.

2.3 Recommendations

• The committee suggests looking for a place or places in each ring where the beam
pipe aperture is small or preferably smaller than the aperture of the final focusing
quadrupole cryostats. In those places, a bad beam could be detected earlier than by
the diamond sensors that are along the beam pipes, VXD and QCS. The vertical
collimators located upstream of the Interaction Region (IR) might be possible
locations for such a purpose, but a place near the abort kickers and far from the
detector is preferable.

• The committee strongly encourages the effort to minimise the time between the
detection of high beam background by a diamond sensor and the arrival of an abort
signal at the abort kicker to dump the beam. Since the beam takes 10 µs to make
one turn around the ring, reducing the signal delay by that much time eliminates
one more turn.

• Every effort should be made to protect the PXD from “dust events”. Turning off
the PXD power is one way to achieve this, provided that it can be done without
damaging the detector. A current limiter may also be effective.

• The high Coulomb scattering rate from the LER running in the same condition
should decrease with time. This rate is most likely due to the higher dynamic
pressure of the LER than that of the HER. As the new LER beam pipe scrubs out
this background rate should decrease. However, this might not be sufficient. It is
reported that new collimators that address this background are being designed and
built and the committee encourages this effort to directly control this background.

3



3 Detector

3.1 Vertex Detector (VXD)

3.1.1 Overall status

In March 2019 Belle II started to take collision data with a full coverage VXD, comprising
of a complete PXD Layer 1, 2 ladders in PXD Layer 2 and the full SVD. The SVD running
is smooth, with hit efficiency well above 99% in all layers and only one APV chip masked
on the whole detector. Also SVD tracking efficiency with respect to the CDC is larger
than 99% on most of the acceptance. The PXD was installed providing full φ coverage,
with L2 ladders covering the only dead module in L1, and a dead channel count below
1%. The addition of PXD points to the tracks provides an intrinsic d0 resolution of
14.1 µm, very near to the Monte Carlo expectation of 12.5 µm. The excellent track
resolution allows the reconstruction of the exponential decay length for short lifetime
particles, like the D0. The committee commends the impressive amount of work and
congratulates the collaboration for the outstanding performance reported at the meeting.

The VXD system has currently three major challenges ahead: the protection against
beam accidents, the completion of the DAQ commissioning and the preparation of the
PXD replacement with two fully equipped layers (PXD2020).

So called “dust events” caused the fault of whole modules and of a large number
of gates in the PXD system. Some of these faults were not permanent and could be
recovered, but at the time of the BPAC meeting the presence of a damaged L1 module
was causing a gap in PXD acceptance. The distribution of damaged gates provides some
indications that the switcher chip may be the weak point of the system.

The same accidents caused a minimal but permanent damage in the SVD, creat-
ing a few new pinholes. The SVD is also sensitive to the beam background rate: with
bandwidth and tracking performance starting to be affected above 3% occupancy. Ex-
trapolations from the observed background rate show that it should not be a problem
before 2021 where the expected occupancy will be 2.6% with the expected peak lumi-
nosity of about 1× 1035 cm−2s−1.

The VXD radiation monitoring and beam abort system has been expanded with
respect to the design, in order to include eight additional sensors on the QCS bellow.
Out of 28 diamond sensors, 24 sensors are readout at 10 Hz, providing the radiation
monitoring and the injection veto, and four sensors are readout at 100 kHz, matching
the 10 µs time resolution for the beam abort. Some improvements are also planned
like including the QCS sensors and correlation between sensors in the abort logic. The
VXD beam abort has a response time of 11 µs, and it has correctly flagged the most
recent beam accidents, but the 40 µs SuperKEKB response time resulted in a large dose
delivered to the PXD after the beam abort signal was sent. A mitigation procedure
would consist of sending the beam abort signal directly to the PXD, triggering a fast
power shut down of the detector. The rest of the environmental system, cooling and
interlock operated without major problems during Phase 3.

At the February 2019 BPAC review, there was a concern about the fact that the PXD
and SVD DAQ was not completely tested in nominal conditions and at a 30 kHz L1 rate.
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Since then, significant progress has been achieved, and the DAQ should be completed
in time for the autumn run. However, the gating mode operation of the PXD was not
tested yet. In the initial Phase 3 data-taking, the PXD could operate without gating even
during continuous injection, nevertheless data losses due to desynchronisation between
DHP and DHE chips have been observed. This was mitigated by tuning the veto time.
In the meanwhile, the gated mode has been developed in the DESY test stand and is
now ready to be deployed. In addition, new firmware has been developed to achieve
full 30 kHz readout and work is ongoing for implementing the online Region of Interest
(ROI) selection. The SVD group fixed the bandwidth limitation reported in February
by doubling the links in the Readout PC (ROPC). The current bandwidth is sufficient
to operate at 30 kHz readout rate in 2020. An additional COPPER readout board
and ROPC, or the upgraded DAQ system under development will provide the necessary
bandwidth when occupancy will further increase.

The production of the PXD2020 is in full swing. The sensor production is proceeding
smoothly, on schedule and with good yield. After phase2 of the processing there are
already enough sensors for the full PXD. Module assembly plans assumed the use of
the new switcher chip v2.2, but after the first module assembly it was found that the
serialiser output of v2.2 is stuck. Therefore it was necessary to retrieve untested wafers of
v2.1 chips that will be tested to continue the production. Also, modules assembled with
v2.2 will be repaired by replacing v.2.2 ASICs with the v2.1 ones. The critical operation
of ladder building was reviewed in February and many improvements were realised on the
assembly procedure and tooling. Unfortunately, the first A-grade ladder showed three
unstable links, whose performance depends on the setup, and it was further damaged
by handling. The committee appreciates the prompt reaction of the PXD community
to the failure of the switcher v2.2 and the great caution that was put on the assembly
procedure. Overall, the original schedule for installation in 2020 is too tight and the
collaboration plans to deliver the detector for installation in 2021.

3.1.2 PXD Concerns

• The PXD has shown high sensitivity to beam accidents and the single layer detector
has no redundancy. Further loss of modules will result in serious degradation in the
impact parameter resolution and therefore in the acceptance for time-dependent
measurements. In particular a weak point seems to be the switcher ASIC, but it
is not clear if its resistance to single event effects can be improved.

• The DAQ, nominally operated in the gated mode and triggered by ROI, is not
completed yet and an assessment of the detector performance in the normal running
configuration is still missing. This effort should be organised with the rest of the
collaboration.

• The proposal to postpone the installation of the PXD2020 to summer 2021, while
giving more contingency to the project, also exposes the experiment to the possi-
bility to collect a sizeable luminosity with a limited PXD acceptance, especially if
further damage happens to the detector.
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• Even after a collaboration review of the PXD2020 assembly process, problems have
been observed, which could have been detected earlier or avoided by more extensive
checks and careful handling.

3.1.3 PXD Recommendations

• The protection of the PXD should be a priority of the Belle II collaboration. The
committee encourages actions like speeding up the switching off of the PXD in case
of beam related issues, as mentioned also in section 2.3. It is critical to verify that
these safeguard procedures do not introduce additional problems in the detector
safety.

• Strong cooperation between the PXD experts and the DAQ and trigger groups
should be maintained, and responsibilities clearly defined, in order to implement
the gated mode operation and the ROI selection for the autumn 2019 run.

• The Belle II collaboration should keep the PXD installation in an early 2021 shut-
down as baseline.

• In order to guarantee the success of PXD2020 construction, extreme attention
should be given to all quality control and quality assurance procedures.

• The PXD group should continue the study on the effect on tracking performance
due to the background evolution and module failures.

3.1.4 SVD Concerns

• There are no specific concerns for SVD operation, but the worry about an occu-
pancy higher than the design value remains.

3.1.5 SVD Recommendations

• The SVD community should continue the studies on the effect on tracking perfor-
mance due to the observed background and its expected evolution in the following
years.

3.2 Central drift chamber (CDC)

3.2.1 Overall status

The CDC group is making progress on the outstanding hardware and software issues
since the last BPAC in February 2019. Operation of the CDC is basically stable, but
some significant challenges remain. Seven frontend electronics cards were masked during
the physics run in the spring. Cross-talk is a concern and further tuning effort should be
made. The CDC performance in Phase 3 is very similar to that in Phase 2; resolution
of impact parameters is slightly worse, while the pT resolution is comparable. Further
work is ongoing to understand the reason for small discrepancies between Phase 2 and
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Phase 3. The BPAC review in June was concentrated on the CDC dark current issue,
which represents a major concern for the long-term chamber operation. During the
Phase 3 start-up, the CDC behaved reasonably well with a 60–80 µA current/layer
during continuous beam injection. This resulted in an integrated charge of 15 mC/cm
for inner layers, and 3-4 mC/cm for the outer layers, accumulated during Phase 2 and
Phase 3. No onset of the persistent dark currents was observed in the CDC with an
increased water content in the gas of 2000 ppm. Major BPAC “short-term program”
recommendations have been implemented during the Phase 3 start-up: increase of the
gas flow circulation rate, operation with Layer-54 off and with somewhat lower voltages
for Layer-53 and -55, and optimisation of the duration of CDC running at the maximum
current limit level. In addition, Scanning-Electron-Microscope analysis of the field wires
and analyses of gas components coming out from CDC were made.

3.2.2 Concerns

• Some relatively minor hardware problems, i.e. FADC performance, crosstalk hits,
and common noise in outer layers, still need serious attention.

• Even if no further degradation of CDC performance is observed during the Phase 3
start-up, the long-term behaviour of the CDC represents a very serious concern for
successful data taking; one might face the situation where some of the layers have
to be switched off for data taking. In case the CDC running conditions worsen
significantly, one has to evaluate the necessary resources and timing to rebuild the
current CDC or build a new one.

3.2.3 Recommendations

• Augmentation of the CDC team with new members in order to ensure adequate
personnel for addressing all hardware challenges is a high priority. The committee
welcomes the extension of a CDC Task Force Team. Gas detector experts inside
and outside of the collaboration should be consulted to set up an action plan for
addressing causes of the problem and possible mitigation.

• Improvement and optimisation of the CDC performance monitoring tools, both
online and offline, is of high priority. Development of online reference plots for dark
current long-term behaviour monitoring (e.g. current ratios in different layers and
their r.m.s. values could provide an early warning if some sporadic activity develops
in the CDC). Monitor tracking efficiency (gain along the wire length) to confirm
that no significant gain drop along the z-coordinate develops with time. Check
individual layers, looking for dE/dx per layer and, if possible, look at the amplitude
spectra of individual wires in a special operation mode to check behaviour and to
identify problematic wires.

• Ageing studies have to be performed as soon as possible with a test chamber
consisting of the same sense and field wires, end-plate material, feedthroughs, and
glue. Irradiate the chamber with alpha-particles from 241Am or beta-particles from
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90Sr or 106Ru in order to try to reproduce CDC ageing effects and to predict their
long-term behaviour.

• Study the possibility of CDC operation with a hydrocarbon-free gas mixture, e.g.
He/CO2, based on the outcome of simulation results and experimental ones with
a test-chamber. Optimise the CO2 fraction, simulate relative CDC performance
degradation (e.g. trigger and track matching) in He/CO2, compared to the current
mixture.

3.3 Barrel particle identification (TOP)

3.3.1 Overall status

The committee congratulates the TOP group for significant progress on solving out-
standing issues reported in the February 2019 BPAC. Currently, 95.7% of the channels
are working well, and there has been considerable progress in determining K identifica-
tion efficiencies and π fake rates and in the agreement between data and simulation. The
production rate of life-extended ALD MCP-PMTs is now high enough for replacement
of the conventional MCP-PMTs in the summer 2021 shutdown. There are now detailed
plans for the installation process.

Kaon identification efficiencies and pion fake rates are determined using continuum
D∗+ → D0π+ → (K−π+)π+ events. There was a substantial discrepancy between
Phase 2 data and simulation results. Calibration improvements for Phase 3 data led to
much better agreement between the two. Furthermore, the agreement between data and
simulation is much better for ALD PMTs than for conventional PMTs. This performance
difference is not yet understood.

There is an intense effort to understand the machine backgrounds that affect MCP-
PMT lifetimes. The TOP group now has a liaison with the beam background group
and members of the TOP group take background shifts and provide constant feedback.
The backgrounds calculation by the 15th MC campaign predicts acceptable degradation
of the quantum efficiency of life-extended ALD MCP-PMTs until 2027. However, there
is an additional background component seen in the data (currently between 1 and 2
MHz per PMT) that is attributed to Touschek and beam-gas interactions in the LER.
Ideas for mitigating this background have been developed. Nevertheless, according to
predictions of the degradation of the conventional MCP-PMTs, their replacement by
the summer 2021 shutdown will be necessary. There are 84 life-extended ALD-PMTs in
hand and Hamamatsu is currently producing new ones at the rate of 20/month. At this
production rate, it should be possible to test the required 224 life-extended ALDs and
assemble them into modules well ahead of the summer 2021 shutdown.

3.3.2 Concerns

• The Touschek and beam-gas backgrounds from the LER will have serious impact
on the degradation of quantum efficiencies of the conventional PMTs before the
summer 2021 shutdown.
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• The discrepancy between data and simulation for K identification efficiencies and
π fake rates for conventional PMTs impacts seriously the usage of the TOP particle
identification capability in the analysis over nearly half of the azimuth until the
conventional PMTs are replaced.

3.3.3 Recommendations

• The effort to understand and reduce the LER backgrounds is a very high priority
for the TOP and background groups, for both the short-term and the long-term
health of the TOP system.

• Continuing the effort to closely monitor ALD MPC-PMT production and testing,
in preparation for the replacement of the conventional PMTs in the summer 2021
shutdown, is essential.

• Understanding and mitigating the discrepancy in the particle identification per-
formance between data and simulation for the conventional PMTs is another high
priority for the TOP group.

• Measuring PID efficiencies using kinematically-selectedD∗+ → D0π+ → (K−π+)π+

events is essential for understanding TOP performance. However, it would be very
useful to see how TOP PID affects signals and backgrounds for other channels
where TOP PID is expected to be an important component of reconstruction.

3.4 Endcap particle identification (ARICH)

3.4.1 Overall status

The operation status of the ARICH and the preliminary performance in Phase 3 was
reported. The new cooling system was installed before Phase 3 started, and the over-
heating problem faced in Phase 2 has disappeared. All of the six ARICH sectors are
running stably in Phase 3. Damaged cables and malfunctioning electronics found in
Phase 2 were successfully replaced. Most of the channels are alive and reasonable hit
occupancies are observed, except for several hot spots and a few low efficiency spots.
The ARICH group has made substantial progress since the last BPAC review meeting
and the committee congratulates their hard work and this achievement.

Preliminary calibration of signal thresholds and detector alignment were studied
using a large number of muon pairs. The number of hits per single track as well as
the Cherenkov angle resolution per single photon show good agreement between the
data and simulation. Preliminary results for π/K separation were reported using decay
particles from D∗. Kaon identification efficiency versus pion fake rate agrees relatively
well between the data and simulation for the tracks within a radius of 95 cm from the
centre of the ARICH, while disagreement is seen for the tracks outside of that circle.
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3.4.2 Concern

• There has been significant progress made in calibration and simulation of the
ARICH, but more calibration effort will be necessary for the ARICH to reach its
ultimate potential.

3.4.3 Recommendation

• Efforts to understand the fine details of the calibration and simulation, in particular
of detector alignment and threshold calibration, should be continued to achieve the
designed performance of the π/K separation.

3.5 Electromagnetic calorimeter (ECL)

3.5.1 Overall status

Successful operation of the ECL in Phase 3 was reported. All counters are working
fine, apart from a few minor issues: instability of two counters and some malfunctioning
electronics parts, all of which can be fixed in the summer shutdown. The committee
congratulates this excellent achievement.

The pileup noise level is monitored by the width of the pedestal distributions, and
a large amount of beam-related noise is still observed in the barrel and the backward
endcap ECL regions, even after the new collimators and masks were installed in the
machine before Phase 3 started.

Detailed studies of the energy and timing resolution of the ECL are progressing very
well. Single photons from the process e+e− → µ+µ−γ are used to estimate the energy
resolution. A method of unfolding the ECL contribution in the observed energy was de-
veloped, and very good agreement between data and simulation for the energy resolution
is obtained for photons with energy greater than 200 MeV. The timing calibration for the
Phase 2 data was studied using the process e+e− → e+e− for the ECL counters located
in the acceptance of the CDC. Cosmic ray events were used for the timing calibration
of the remaining ECL counters, and it will be replaced by the other method using the
process e+e− → e+e−γ in the next stage.

An effort to identify shower types, either EM shower or hadronic shower, has started
using the wave-form information of the ECL. The initial performance was presented and
further studies will continue.

3.5.2 Concern

• The large amount of beam-related noise in the barrel and backward endcap regions
is still a concern.

3.5.3 Recommendation

• The ECL group should continue to work on the beam background with the accel-
erator team to reduce the beam-related noise. It is important to monitor the beam
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background to give feedback to the accelerator team when they will try to change
the operation condition and to introduce other new devices.

3.6 K-long Muon system (KLM)

3.6.1 Overall status

Since the last BPAC, the KLM group has made significant progress towards stable
operation with good efficiency. Integration of barrel KLM and endcap KLM continues.
DAQ status and data quality are thoroughly monitored. Still, there are some hardware
issues in the RPC, and the calibration of barrel scintillators has to be improved. The
trigger is not usable due to a large latency jitter and working on this problem requires
good coordination with other groups. A number of firmware contributors are available
for different projects, but most of them are able to contribute with only a small fraction
of FTE. There are differences between data and simulation in the muon identification
efficiency, and the muon fake rate seems to be on the high side.

3.6.2 Concerns

• The committee is concerned that the KLM detector still has a number of hard-
ware/software/firmware issues, while manpower remains very limited.

• Simulation work with muon identification needs special attention to improve the
efficiency comparison with data and to decrease the muon fake rate.

• The situation with trigger jitter remains worrisome.

3.6.3 Recommendation

• The KLM group, together with the Belle II management, is encouraged to care-
fully examine and prioritise commissioning tasks, in light of the detector elements
needed to fully exploit physics with muons in Phase 3.

4 Trigger, DAQ-online and slow control

4.1 Trigger

4.1.1 Overall status

The trigger has been working with good hadron efficiency during Phase 3. The nominal
L1 trigger rate was around 3.5 kHz at the highest luminosity of L = 5.5×1033 cm−2s−1,
so far. The triggers are dominated by beam background (about 90%). The main trigger
was based on the CDC 2D track and ECL cluster sub-trigger. New trigger bits are being
commissioned. The Injection veto has been successfully implemented.
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4.1.2 Concerns

• Although the overall trigger has worked, several hours of beam-time were lost
because of malfunctions in the Global Decision Logic (GDL) and / or connections
to it.

• There is still no working 3D-CDC trigger.

• The only timing source available is the ECL.

• The KLM trigger suffers from large jitter. A working KLM trigger would provide
a pure two-muon sample.

• The TOP trigger has not been ready yet.

• The human resource level remains very worrying, both for the global trigger as
well as subdetector trigger systems (including CDC and ECL).

4.1.3 Recommendations

• Getting one of the CDC-3D-trigger systems to work should be the highest priority
of the team.

• The timing sources from TOP and CDC should be added.

• The plans to fix the KLM trigger jitter issues should be pursued.

• During Phase 3, issues with trigger efficiency were spotted offline. This monitoring
code should be deployed also online.

• The committee felt that a L1 trigger simulation should be prepared as it is impor-
tant to estimate the trigger rate in advance. This could be an opportunity for a
new group/person to join and to get familiar with the Belle II trigger system.

• New persons and ideally a group with a institutional commitment should strengthen
the trigger team, in particular for long-term operation.

In addition, the committee is interested to learn how much the 3D-track trigger will be
able to improve the purity of the L1 selection rate.

4.2 DAQ-online

4.2.1 Overall status

An overall availability of the DAQ of up to 80% has been achieved. Also the recovery-time
after failures has been greatly improved. The committee congratulates the collaboration
for those achievements. The High Level Trigger (HLT) went to active rejection during
Phase 3, rather than just tagging events. The HLT selection reduced the output data
volume by about a factor ten. The Phase 3 DAQ throughput was limited by HLT
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processing. It is planned to increase the number of nodes by a factor two and improve
the tracking code. The person-power situation has been somewhat alleviated by adding
DAQ experts from the subdetectors to the core team. The collaboration approved to
fund 3 FTEs from the Japanese Fiscal Year 2020 onward.

4.2.2 Concerns

• For a non-negligible number of failure scenarios, the collaboration is depending on
the availability of two or even a single expert from central or subdetector teams.
This is not a sustainable situation for the long term.

• In the online to offline data transfer, the problem of the mismatch in the number
of events between several information sources is disturbing.

• Although the busy monitor seems good at catching longer dead-time periods, the
time resolution seems too low to catch shorter dead-time periods, which may well
add up to significant down time.

4.2.3 Recommendations

• The efforts to attract and secure “junior” experts should be continued. They will
likely play a major role as well for the development and commissioning of the DAQ
upgrade in the coming years.

• The efforts to improve and expand the documentation of the system should be
continued. This is important for training expert shifters and new experts more
quickly.

• Since the HLT seems to be limiting the DAQ readout rate, stress tests up to 30
kHz should be conducted without the HLT with monitoring further upstream to
uncover possible limitations in the readout and DAQ before the HLT.

• The time resolution of the busy monitor should be improved.

• The currently introduced good practices of modern software management should
be continued.

• Wherever possible, recovery procedures should be automated to increase the up-
time of the DAQ and relieve both shifters and experts.

• A new improved BUSY monitor is under way. It should, if possible, be used
during the combined cosmic ray run to familiarise shifters with the tool and to get
feedback from them.
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4.3 Slow control

4.3.1 Overall status

The robustness of the slow control has been significantly improved and numerous bugs
have been corrected. The introduction of modern software management methods has
contributed significantly to this. The slow-control team is to be congratulated for these
achievements. In particular, Git was introduced for code management and cvmfs for
image distribution. A powerful monitoring of downtime was shown.

4.3.2 Concerns

• The manpower situation remains precarious, in particular regarding the system
administration. This problem will increase with the growth of the HLT farm.

• Many achievements seem to hinge on the expertise and dedication of individuals,
who are often at an early career stage.

• Downtime monitoring seems not to take into account the ultimate usability of the
data for physics analysis. This might result in a distorted perception of the actual
efficiency of the experiment, when reviewed during running on a daily or weekly
basis.

4.3.3 Recommendations

• The momentum to gather the junior experts assisting the senior experts must be
kept, in particular when junior experts move on in their career and are replaced
by new ones. Documentation and training material can help with making them
productive more quickly.

• The efforts to reduce the recovery time of the system should continue.

• Inefficiencies and downtime due to slow control and system failures should be
carefully monitored and their causes should be identified in order to prioritise the
efforts to mitigate them.

5 Offline software and computing

The committee notes the good progress made in software and computing, and does not
find any major problems. Nevertheless, some issues have been identified and will need to
be addressed for efficient data processing in full Phase 3. Data processing is working well
but is limited by the time lag needed to determine appropriate calibration constants. A
prompt processing schema with reasonable but not final calibration constants has been
implemented to be used for performance studies. This is clearly not appropriate for
publication quality physics analysis. The time to carry out such prompt processing is of
the order of two to three weeks but it is expected to be reduced with acquired experience
and the introduction of automated procedures. A new official reprocessing of Phase 3
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data was underway at the time of the review with the aim to produce first skims on the
re-processed sample for the 2019 International Lepton Photon Symposium. Raw data
to mDST has also been processed on remote GRID sites in parallel to that processed at
KEKCC. In the latest processing, proc9, a quasi-continuous production of RAW HLT
skims from RAW data is foreseen. Local calibrations, tracking and alignment will be
carried out in buckets of runs for prompt processing and fixed set of runs for the rest.
Confluence-based web pages are being set up to host Phase 3 online luminosity plots
that are to be regularly updated. Data processing scripts and tools have improved with
respect to Phase 2: a new JSON-based configuration has been introduced allowing less
hard-coding, resulting in less turn around time, fewer mistakes and easier reproducibility.
Excellent communication between Software, Computing and Physics groups has been
reported but communication is somewhat lacking with the Belle II detector control room:
the latter is seen as a contributing factor to the absence of very important information
in the Data Quality Database and the extremely difficult task to define a list of good
runs.

5.1 Offline software

5.1.1 Overall status

The committee was informed of the status of software performance with the current pro-
duction version and with new or improved algorithms to be deployed in future versions.
Tracking resolution and efficiency have improved significantly due to the inclusion of
the VXD: beam profile studies have been carried out and show remarkable agreement
between data and simulation. Efficiency for the CDC tracking has been obtained using
SVD as reference and vice-versa: the CDC tracking efficiency shows a drop at forward
and backward regions while that of the SVD remains above 99% over the whole polar
angle region. Significant improvements for Phase 3 data have been reported for the
tag&probe method efficiency due to the inclusion of the SVD. Good agreement was re-
ported for photon and neutral hadrons in the barrel between data and simulation and
between Phase 2 and Phase 3 data. Efforts have started toward charged Particle Identifi-
cation (PID) performance studies: a new muon PID will be deployed in proc9. Evidence

of B0-B
0

oscillations has been extracted using a quarter of the data sample, checks of
beam energy using a sub-set of B-tagged samples to confirm the experiment is running
on the peak of the Υ(4S) have been performed and B yields using 10% of the Belle II
dataset using Full Event Interpretation (FEI) have been obtained.

The committee was informed of the establishment of a new performance group to
coordinate PID, tracking, neutral and trigger studies with the goal to strengthen the
interaction with the detectors groups as well as the involvement of physics working
groups.

Reconstruction software has been proven to work with high background levels but
robustness and performance with higher background levels needs to be verified.

Software release 3 is used in production for data taking and data processing as well
as the production of simulated events. Two branches are maintained to deploy minor
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releases and patches separately for online and for offline productions. Good collaboration
with experts from all groups (detectors, physics, data production, computing) is in place
and is essential to identify and solve issues.

Analysis software training and documentation continues to be a priority with regular
StarterKits being organised and well attended. The committee was also pleased to see
that experts from other experiments had been invited to attend the software workshop
scheduled to take place soon after the review.

Software release 4 is in preparation for data taking in autumn. It will include im-
provements of detector code, smarter management of ECL cluster hypotheses, among
others.

Major contributions to software preparation and validation have been reported as
well as improvements and updates in many analysis tools (TreeFitter, BTube constraint,
FEI, MC matching on inclusive decays).

A task force to document the advantages and disadvantages of making the Belle II
software public and the procedures to follow to do so has been created. A policy docu-
ment is expected to be discussed and endorsed in October by the Belle II Institutional
Board.

5.1.2 Concerns

• Making the Belle II software open source is a delicate issue. License compatibility
issues should not be underestimated in regard of use of third party software, as
well as simplification of the copyright holder in view of long term evolution of the
license.

• Although the software and the group are in reasonably good shape, there are
still some open issues. The group should not consider their work done and keep
motivating existing skilled contributors as well as attracting new ones.

5.1.3 Recommendations

• Good communication between the newly established performance group and the
software group will be essential. The committee recommends clarifying the re-
sponsibility of each of the groups and foreseeing regular exchange of information
between them and ensure the tasks that will necessarily lay on a grey area of
overlapping responsibility are not neglected.

5.2 Computing

5.2.1 Overall status

The committee was informed of the successful effort to increase human resources for
the computing work and was pleased to note the impact of a core computing team
established with these resources being already visible. Effort is now put on automation
and monitoring of tasks in particular for transferring data from online to offline with
the development of a dedicated BelleRawDirac service. Data transfer from online to
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offline has stabilised. Despite the fact that it has been working well, mismatches in
the number of events between several source have been observed and their origin has
to be clarified. The Distributed Data Management (DDM) is a critical component of
the Belle II distributed computing. The computing group concentrated in addressing
outstanding problems of the current system to allow a smooth start of Phase 3 operation.
The collaboration has now decided to expedite the adoption of a Rucio-based solution
as long term DDM. A development plan with three stages to do so was shown.

The full data processing workflow is rather complex and requires many steps in
sequence. It includes the production of RAW HLT skims, a series of local calibrations,
production of the global calibration tags and refinements, the production of mDSTs
for analysis and finally the offline skims. The collaboration has developed successfully,
for the time being, a simplified “prompt processing” workflow that is able to deliver
data for performance studies in two to three weeks. A number of data quality issues
are being addressed as well as the automation of the production steps to reduce the
mentioned times. New tools and databases have been incorporated to improve the data
processing system. The last official simulation campaigns on GRID-distributed resources
focusing on early Phase 3 started in April and was in its final phase at the time of the
review: 500fb−1 generic events (bb̄, cc̄, τ pairs) as well as a total of ∼ 109 different
signal events have been produced. Run-depended simulation, with random trigger and
beam background events overlaid, started to be produced in this campaign and samples
produced are being analysed by detector and reconstruction experts.

5.2.2 Concerns

• The increase in resources for HLT foreseen may have an impact on data transfer
from online to offline with more throughput required. The computing group is
planning for contingency of resources, which should be deployed as soon as neces-
sary to avoid potential bottle necks.

• A number of new tools and databases have been added or are planned to be added
to the data processing system. For example, the scripts to automate the con-
figuration of data processing jobs and to produce the required plots, data quality
monitoring tools, a data-set searcher, an overall run registry, etc. The proliferation
of tools and databases that are disconnected can increase the complexity and delay
in the final delivery of data for analysis. Care should be taken to ensure a coherent
view to cover the diversity of use-cases from the data processing operators to the
physicists doing the final data analysis.

• Critical information for the calibration procedures are scattered and not easily
accessible: for example, beam energies in the EPICS archiver, solenoid settings in
the ELOG, data quality flags in confluence, etc.

• Production of run dependent simulation requires significant disk resources. A care-
ful matching of the computing resources in remote GRID sites has to be setup when
submitting productions and technical issues for the distribution of the background
events for the generation of the sample must be solved.
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• Simulation samples of earlier production campaigns are regularly removed for the
moment. As the Belle II experiments moves to publication of physics analysis,
it may become necessary to preserve the sample used for obtaining the published
results.

• The committee reiterate their concern on a speedy deployment of a long-term
sustainable DDM solution. Rucio-DIRAC test-bed and Rucio servers have been
setup at BNL, but developers must be identified for the necessary development of
the Rucio-DIRAC integration and validation, even for stage one of the migration
where Rucio will be used as DDM engine behind the scene.

5.2.3 Recommendations

• The committee urges the computing team to continue its effort on automation of
tasks in particular for integration.

• The committee recommends that a full inventory of all critical information required
for the data processing workflows from calibration to final analysis is made and
to ensure that the information is collected reliably into an authoritative database.
Such a database can very well be the conditions database or the proposed new run
registry. The selected database and tool should ensure an easy access, both with
some user interface and programmatically.

• The committee encourages that all the critical issues uncovered during the first
calibration work such as missing features, poor access to critical information, bugs
in the calibration code are addressed before the fall run.

• It is strongly encouraged to establish good communication with the DIRAC devel-
opers and with other groups developing a Rucio-DIRAC integration.

• In spite of the visible improvement in the humanpower situation, further effort is
needed to secure sufficient human resources for ensuring the smooth operation and
necessary software development in the future.
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