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Executive Summary

The 10th Annual Meeting of the Belle Programme Advisory Committee (BPAC) took
place from 7 to 9 February 2016 at KEK and covered all the relevant issues of the Belle II
experiment. The committee was very impressed by the amount of work and progress
made and applauds the collaboration for this achievement. The BPAC was particularly
fortunate to witness the first circulation of positron bunches through the SuperKEKB
Low Energy Ring during the meeting. This is an executive summary followed by sections
of full comprehensive report.
The SuperKEKB operation team is now commissioning the machine with beam. The
BEAST Phase 1 detector, consisting of various sensor devices, has been installed at the
Belle II interaction region to observe beam circulation and to provide useful information
to the machine group. The BPAC notes that the Phase 2 machine commissioning run
is now shifted to the autumn of 2017 due to constraints on the KEK operation budget.
However, the start of the Phase 3 physics run is unchanged. Given the international
visibility of the project, the committee appreciates the effort for keeping the starting
date of physics run. The committee was also informed that the Belle II data taking
period would be limited to seven months per year rather than nine months as originally
assumed. Considering the impact of timely physics results from the Belle II experiment,
the BPAC urges the KEK management to find a way to restore the original running
time. The committee also encourages the Belle II collaboration to periodically revisit
the physics programme in order to ensure and maximise its impact. The BPAC would like
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to stress that having a clear machine operation plan for the coming years is particularly
important for the foreign participants in order to secure and optimise their funding.
The committee was very impressed by the achievement of publishing 23 physics
papers with Belle data in 2015. Successful migration of Belle data analysis to the Belle II
physics analysis framework guarantees continuation of exploiting Belle data. Newly
developed analysis tools for the Belle II experiment, such as full event tagging, will also
enhance the Belle physics results. The committee encourages revisiting of important
previous analyses, which could result in significant improvements by using the Belle II
analysis framework.
The Belle II collaboration, together with the machine operation group, should define
a quantitative goal in understanding of the beam background for the Phase 2 machine
commissioning. The committee recommends that the Belle II management carefully
monitors the BEAST Phase 2 plan and activities, in close collaboration with the machine
group, such that a smooth and efficient transition to the Phase 3 physics running can
be achieved.
The committee is pleased to see improved coordination between the Pixel Detector
(PXD) and Silicon Vertex Detector (SVD) groups for the assembly activities and encourages them to extend this effort to the operation aspect. They should establish a
unified procedure for the operation of both detectors, since the working environment
and control system of the two are strongly coupled.
Due to delay in the production of the final ASICs, the construction schedule of the
PXD is tight without contingency for the start of the Phase 3 physics run in October
2018. The committee urges the PXD group to examine carefully the production plan in
detail to ensure that nothing has been forgotten and to see whether some contingency
can be generated.
For the SVD, delamination of the Origami Kapton flex cable producing bubbles
after the reflow soldering step is a big concern. The cause is considered to be the water
absorbed by the Kapton while being stored at the soldering company without humidity
control. The SVD group is currently examining two ways to deal with the problem;
either to solder all the components by hand or to dry the cable first by baking at lower
temperature. It should be verified whether there is any other chemical contamination or
not and production of a new set of cables should not be precluded. The committee thinks
that long term operation of the detector should be the most important aspect for the
solution to be adopted and a hasty decision should not be made. Production of the layer
6 ladders at IPMU is clearly on the critical path. The committee encourages strongly the
idea of opening a second production line at IPMU and securing the necessary resources
for this.
The barrel particle identification detector (TOP) has made very impressive progress
in terms of component procurement and assembly of the bar boxes, as well as the production and bench testing of electronics. Installation of the bar boxes is set to start shortly,
although it appears that the module acceptance procedure is not yet well established and
little time remains to measure the bar box quality before installation. The committee
urges the TOP group to produce a procedure that ensures the optical and mechanical
integrity of bar boxes and the viability of the installed electronics, and to proceed with
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the acceptance test as soon as possible. The planned cosmic ray test together with the
Central Drift Chamber using the Belle II data acquisition system is of great importance
and the committee recommends that a realistic plan be formulated and executed soon.
For the end-cap particle identification detector (ARICH), the cause of the large pulses
observed in some of the Hybrid Avalanche Photo-Detectors (HAPD) when operated in
a magnetic field has not yet been fully understood. Simulation studies by the ARICH
group show that dead time introduced by the large pulses has only a minor impact on the
particle identification capability. On the other hand, very little is currently known about
possible correlated effects and long-term behaviour of the HAPDs. The committee fully
supports the effort by the ARICH group to investigate further the HAPD behaviour in
the magnetic field and to study a possible design change so that the HAPDs can be
easily replaced in situ.
The committee sees several loose ends in various sub-detectors, such as the decision
on the high voltage system for the ARICH and the production of the readout boards
for the barrel RPC of the K-Long Muon detector. Although they are not fundamental
technological problems, immediate attention should be given to them in order to avoid
any possible delay for the Phase 2 commissioning.
A fully functioning Belle2Link is becoming essential for many sub-detectors for their
test and commissioning activities and a concentrated effort should be made to get it
working. It is also important to ensure that all documentation is kept updated and
changes are swiftly communicated to the sub-detector groups. In parallel, the committee recommends pursuing simulation studies of the readout system to deepen the
understanding of the system’s behaviour. Development work for the detector control
and interlock system is advancing. However, the committee feels that analysis at an architecture level is missing and recommends development of an overall architecture for the
safe and efficient operation of the Belle II detector in consultation with the sub-detector
groups and the SuperKEKB operation team.
A better understanding of the required computing resources for the coming years was
presented. The BPAC thinks that a computing model for analysis is urgently needed
for estimating the required computing resources for physics analysis, which may have
a large impact on the overall resource requirement. The committee noted the plan by
the Belle II collaboration to host collaborative tools, i.e. computing infrastructure and
software that enable collaboration, at DESY. This kind of service is usually provided by
the host laboratory.
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Physics of Belle and Belle II

2.1
2.1.1

Belle Achievements
Overview

The Belle collaboration now comprises 495 scientists from 87 institutions in 19 countries,
representing an increase by 22, 6 and 1, respectively, since the last BPAC. This underlines
an unabated attractiveness of the Belle/Belle II scientific program. The analysis of
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Belle data, recorded until 2010, continues to provide very competitive physics results,
as illustrated by the various examples mentioned below. In 2015 the collaboration has
published 23 papers. The first joint Belle/Babar analysis, on CP violation in B 0 →
0 h0 decays, was published during the same year. More such analyses are still pending.
DCP
The joint B-factory legacy book “Physics of the B-Factories” had already been published
in 2014.
Belle sustains a high visibility with presentations at conferences. The substantial
rate of about 20 publications per year is foreseen to stay at this level until Belle II
analyses will take over. In the future, joint studies of Belle and Belle II data could be
envisaged, taking advantage of the newly developed Belle II analysis framework B2BII,
which enables Belle data to be analysed under the Belle II software framework.
2.1.2

Hadronic B(s) decays and CP violation

The first joint analysis of Belle and Babar has measured time-dependent CP viola0 h0 decays, using the final data samples. The measurements yielded
tion in B 0 → DCP
sin 2φ1 = 0.66 ± 0.10 ± 0.06 and CP violation in decay amplitudes compatible with
zero, in agreement with expectations. For the decay B → ρ+ ρ− the branching fraction, B, longitudinal polarisation fraction, fL , CP -violation parameters ACP (CP violation in decay amplitudes) and SCP (CP violation in the interplay between decay and
oscillation) have been determined to be B(B → ρ+ ρ− ) = (28.3 ± 1.5 ± 1.5) × 10−6 ,
fL = 0.988 ± 0.012 ± 0.023, ACP = 0.00 ± 0.10 ± 0.06 and SCP = −0.13 ± 0.15 ± 0.05.
These are the most precise measurements available for this decay, improving on the previous Belle analysis by a factor of two. The first model-independent Dalitz-plot analysis
of B 0 → D(→ KS π + π − )K ∗0 has been performed, using the full data set. The process
is relevant for the determination of the CKM angle φ3 .
The first observation of B 0 → ψ(2S)π 0 has been reported with a branching fraction
of (1.17 ± 0.17 ± 0.08) × 10−5 . Among the new results in the area of charmless modes
is the first 3σ-evidence of B 0 → ηπ 0 decay, with an upper limit of 6.5 × 10−7 on the
branching fraction at 90% CL, and the measurement of B(Bs → K 0 K̄ 0 ) = (19.6+5.8
−5.1 ±
1.0 ± 1.9) × 10−6 . Branching-fraction measurements have also been performed for the
baryonic decays B 0 → pΛ̄D− and B 0 → pΛ̄D∗− , based on the full data sample.
2.1.3

Semileptonic, leptonic, electroweak B decays

Many important results were obtained in the last year, continuing to utilise the improved
full hadronic tagging from a few years ago and embarking on making use of the B2BII
framework.
Among the most significant results obtained with this technique are the measurements of the R(D(∗) ) ratios involving B → D(∗) τ ν̄. When averaged with BaBar and
LHCb, they show a nearly 4σ deviation from the standard model predictions, the most
significant one at present. Belle also set the strongest bound on B(B → πτ ν̄) < 2.5×10−4
(at 90% CL), only a factor of a few above the standard model expectation. This is a
very interesting decay mode, especially when viewed together with the R(D(∗) ) puzzle.
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A new measurement of B → D`ν̄ and |Vcb | is significant, both because of its precision
and because it reduces the tension between the inclusive and exclusive |Vcb | determinations. Using the full data set, Belle also finalised the search for B + → `+ νγ, obtaining
B(B + → `+ νγ) < 3.5 × 10−6 at 90% CL. This implies a bound on the first inverse
moment of the B meson light-cone distribution amplitude, λB > 260 MeV. The result
has important implications for charmless nonleptonic B decays as well.
Important new results have also been obtained using a semileptonic tag technique
with a higher efficiency with less purity. The measurement B(B + → τ + ν) = (1.25 ±
0.28 ± 0.27) × 10−4 , when combined with the earlier hadronic-tag result, gives 4.6σ
evidence for the observation of this decay in a single experiment, B(B + → τ + ν) =
(0.91±0.19±0.11)×10−4 , consistent with the standard model. Since the BPAC meeting,
a new semileptonic-tag result for R(D∗ ) was also presented at Moriond.
The plans for the ongoing and future analyses in these areas, using the existing data,
appear to be well thought out and important.
2.1.4

Charm and hadron physics

The search for CP violation in charm hadron decays and in D0 – D̄0 mixing, as well as
better measurements of the mixing parameters remain very important. New results for
D0 – D̄0 mixing and CP violation have been obtained in the study of D0 → K + K − and
π + π − decays using the full Belle statistics, yielding yCP = (1.11 ± 0.22 ± 0.09)%.
Search for a flavour-changing neutral-current decay yielded a result B(D0 → γγ) <
8.5 × 10−7 (90% CL), which is several times better than the best previous upper limit
and has been published.
The Belle collaboration has also continued to obtain interesting new results related
to charmonium spectroscopy and dynamics, including studies of B decays to final states
involving χc1 and χc2 .
Concerning the properties of single-charmed mesons, the understanding of the D∗∗
and Ds∗∗ states is important for a better understanding of the spectroscopy aspect of
QCD and of the semileptonic B → D(∗) `ν̄ decays which are relevant for CKM elements
and the R(D(∗) ) puzzle. Interesting new studies of nonleptonic B decays to D∗∗ states
∗ (2317) mesons
were published. In the Ds sector, the unexpectedly light mass of the Ds0
is not well understood, and searches for its isospin partners predicted by the D(∗) K
molecular picture have been performed.
Belle also made recently the first observation of doubly-Cabibbo-suppressed Λc de+ −
+
− +
−3
cays, measuring B(Λ+
c → pK π )/B(Λc → pK π ) = (2.35 ± 0.27 ± 0.21) × 10 .
2.1.5

Tau and two-photon physics

The important determination of Michel parameters in τ → lν ν̄ decay is ongoing and
results are anticipated to appear soon. The radiative decays τ − → e− e+ e− ν ν̄ and
τ − → µ− e+ e− ν ν̄ have been measured, as well as τ → llπν. Further studies are devoted
to the process τ − → l− γν ν̄ for the Michel parameters measurement and τ − → h− h− h+ ν.
The lepton-flavour violating decay τ → lγ is of considerable interest and continues to
be investigated. A better understanding of the photon resolution is however still needed.
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New results have been obtained in the two-photon reaction γ ∗ γ → π 0 π 0 . Studies of
γγ → pp̄K + K − to search for pentaquarks and of γγ → η 0 π + π − for hadron spectroscopy
are ongoing.
2.1.6

Dark sector, Υ(5S/1S/2S)

Light dark-sector particles, in particular dark photons, A0 , and baryonic vector bosons,
BV , have been searched for with various methods. The focus has been on the processes
A0 → l+ l− (l = e, µ), A0 → χχ̄ and BV → π + π − . The decay A0 → l+ l− is searched
for in the reaction e+ e− → γA0 within a dark-photon mass range of 50 MeV (150 MeV)
to 10 GeV, for the case of a short-lived (long-lived) A0 . Only 5% of the data have been
used and the analysis is ongoing. A single-photon trigger, not available for Belle, will be
important in this context for Belle II. Evidence for BV in the mass range 280 to 550 MeV
has been looked for in neutral D-meson decays.
Studies continue to be performed on bottomonium physics. These include measurements of the resonances Υ(10860) and Υ(11020) through σ(e+ e− → Υ(nS)π + π − ) and
σ(e+ e− → hb (nP )π + π − ), investigations on the nature of Zb via e+ e− → B (∗) B̄ (∗) π ± at
√
s = 10.866 GeV, new measurements of hb (1P ) and ηb (1S) parameters, and the first
observation of Υ(4S) → ηhb (1P ).

2.2

Belle II Plans

Belle II will increase by nearly two orders of magnitude the existing e+ e− B-factory data
sets. The measurements will complement the LHC searches for new heavy particles, as
well as the flavour physics studies at LHC and other facilities.
The excellent physics opportunities are well documented in the literature. Many
important processes have been identified as benchmark modes, which include timedependent CP asymmetries in B → φKS and B → KS π 0 γ and related modes, precise
determinations of φ3 , the rare decays B → Xs γ, B → Xs `+ `− , and Bs → γγ, and decays
with large missing energy, such as B → τ ν, B → µν, B → K (∗) ν ν̄. There are many
important charm and tau physics measurements that may discover new phenomena, and
a rich quarkonium physics program is also of great interest.
Recently, it has become increasingly clear that there will be as much competition
as complementarity between Belle II and LHCb, as LHCb has made impacts on areas
previously viewed as primarily “Belle II territory” (e.g., B → D∗ τ ν, |Vub | from Λb → pµν,
etc.). Thus, the competition between Belle II and LHCb in the 2020-s promises to be
even more exciting than previously thought. This amplifies the importance of achieving
the luminosity goals.
The Belle II collaboration initiated in 2014 the “Belle II Theory Interface Platform”
(B2TIP), a series of joint experiment-theory workshops, to study the impact of the
Belle II program, the complementarity with LHCb, and to jump-start the collaboration
being ready for the large variety of interesting analyses to be carried out. The workshop
is charged to deliver a KEK report by the end of 2016, reporting benchmark measurements and golden mode predictions for three integrated luminosities: 1/ab, 5/ab, and
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50/ab. This effort is synergistic with developing the Belle II software tools, on which
a lot of progress has also been made, including the availability of 1/ab generic Belle II
simulation data. (Achieving more robust beam background estimates remains challenging and important.) The B2BII framework allows concurrent analysis of Belle data and
Belle II simulation data. The committee encourages the collaboration to continue the
work towards reliable sensitivity studies for the B2TIP report.
The B2BII framework also ensures that interesting analyses can be done with the
existing data until it is superseded by Belle II. Newly developed analysis tools for Belle II
will also enhance Belle analyses. The committee encourages the collaboration to revisit
important past analyses, which could result in significant improvements by using the
Belle II analysis framework. For the next few years the B2BII framework will likely
provide ample analysis opportunities to students working on Belle II.
A near future question is deciding on the optimal physics program for the Phase 2
commissioning period, starting November 2017, which aims to establish machine operation with tolerable backgrounds for the VXD. This period will use the QCS magnets
and focused beams, and omit the vertex detectors (VXD) in Belle. The expectation
is that instantaneous luminosities above 1034 cm−2 s−1 will be reached and several tens
of fb−1 data may be collected. The Belle II collaboration is encouraged to continue to
explore, in collaboration with the machine group, which centre of mass energy would
achieve both the accelerator goals and yield interesting science results. The same type
of questions are also relevant for the start of Phase 3 with the full detector, starting
January 2019, whether some non-Υ(4S) running could yield high-impact results quickly.

3

Machine related issues

3.1

Status

The committee was very gratified to be present at KEK when the first beam was injected
into the Low Energy Ring and stored. This is a major step forward and vacuum scrubbing
can now begin in earnest. The BEAST Phase 1 detectors were in place and first signals
from several detectors were observed. There is in place a well organised BEAST Phase 1
team co-managed by two leaders. The team has a close relationship with the accelerator
group, which the committee strongly encourage to continue. The schedule for the start
of Phase 2 running has been moved from June 2017 to autumn 2017. However, the start
of Phase 3 has remained the same (autumn of 2018).
The working group for the BEAST Phase 1 and 2 looks strong. They have put
together a programme for background measurements and need to gain experience from
the Phase 1 running so that they can be efficient for measuring the detector backgrounds
during the Phase 2 running.

3.2

Concerns

• The unfortunate delay of Phase 2 and the unchanged start of Phase 3 have shortened the time to respond to unexpected issues that might be discovered in Phase 2
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running. In particular, an unexpected background may be observed during the
Phase 2 running, which requires extra time to develop a solution.
• Unexpected problems during the accelerator commissioning of the final focus magnets and detector solenoid correction schemes may also require some extra time.

3.3

Recommendations

• In light of the concerns above, the committee suggests that the BEAST Phase 2
team makes every effort to obtain data on backgrounds as early as possible when
Phase 2 gets started.
• The BEAST Phase 2 goal is to achieve comprehensive understanding of all the
machine related backgrounds. Although this is useful, the team should prioritise
the programme given the short time available for the Phase 2 running,
• Close liaison with the accelerator group should be continued. This will become
even more important as schedules become tight.
• When the luminosity is low, the backgrounds that will dominate at high luminosity will be difficult to measure. The BEAST Phase 2 should place high priority
on measurements which provide information on the most important background
sources at high luminosities.

4

Vertex Detector (VXD)

4.1
4.1.1

General Issues
Status

The overall assembly procedure for the VXD is being worked out in detail. The committee is very pleased to see the level of attention being paid to this delicate procedure.
Many of the parts for the assembly have already been delivered and the remaining parts
are almost all in production. The strengthened coordination between the PXD and SVD
groups, as recommended at the previous review, is much appreciated. The appointment
of dedicated VXD commissioning leaders for the BEAST Phase 2 run should ensure good
coordination between the groups and aim at maximising the return of this exercise.
Two phases of the installation of the VXD have been identified: for the Phase 2
commissioning run and for the Phase 3 physics run. The Phase 2 VXD assembly has
to be completed by June 2017. A detailed workflow for each phase has been worked
out as well as a task schedule. In April 2016 a first assembly exercise will take place
with a verification of the alignment procedures. A full VXD assembly exercise will take
place at MPI in May of 2016. Over the summer a full exercise of the VXD installation
for Phase 2 will take place in Tsukuba Hall and the CO2 lines will be installed up to
the dock area. The details of the installation in the dock area have not been developed
to the required level and a date for a trial installation of the full VXD in the roll-out
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position in Tsukuba Hall has not been decided. The design of the cold and warm dry
volume is also still conceptual.
A mock installation of the VXD, exercising two installation methods, is planned for
the summer of 2017. A detailed plan has been presented of the VXD commissioning,
which calls for two months of cosmic ray running, and puts the earliest date for VXD
installation at June 2018.
The thermal mockup is being developed and studied. The committee is very pleased
to see the excellent progress and the way in which the mockup is being used to understand the final system performance. The temperature spikes seen in the previously
presented measurements were traced to insufficient sensor contact due to loose screws or
sluggish threads and the mounting procedure has been appropriately modified, bringing
the different sensor measurements into line. A detailed study of the temperature drops
over the N2 lines was performed, following the observation that it is very difficult to protect the N2 from assuming ambient temperature, even after rerouting. In fact the studies
show that even with a high input temperature, the PXD cooling block (SCB) provides
sufficient cooling to N2 and the dominant factor affecting the temperature throughout
the PXD is the nitrogen flow. The design of the cooling pipe routing has been modified to concentrate all pipes in one dock box, reducing and simplifying the design of
the warm dry volume. The mockup has also been used to confirm that vibration with
the proposed flow rate is not a concern for PXD operation. For the next steps, the
SVD cones and flanges are in hand, with several iterations giving valuable feedback for
the real system production. The outer shell has been mounted and will be populated
with SVD L3 dummy ladders. The necessary upgrade of the MARCO pump to exercise
the mockup has been completed, with a new micro annular gear pump installed and a
heat exchanger replaced. The committee looks forward to seeing fresh results from the
extended mockup.
A lot of progress was reported on assembly of the first IBBelle cooling unit. The pump
and accumulator units have been assembled and tested, the control cabinet assembled
and partially cabled, and the chiller delivered. Cabling and piping on the final assembly is
underway. The components for the flex tubes are in production at MPI and the flex tubes
will be produced at DESY. A commissioning plan has been worked out in collaboration
with colleagues at Nikhef/CERN, drawing on the commissioning experience with the
IBL cooling unit. Overall there is very impressive progress.
The committee was pleased to see the progress in defining the elements of the interlock system and the relationship between the Belle II detector, the environment and the
machine. The beam abort system has been well defined with background monitoring
sensors on the PXD beam-pipe and SVD support cone. Details were also given on the
quench system for the solenoid and the development of the Keysight software to log environmental variables and connect to the interlock system. The DESY 2016 test beam
will be an excellent opportunity to demonstrate the full global combined slow control
system.
The magnetic field is required to be know with an accuracy of 10−4 . The present
understanding of the Belle II solenoid field is insufficient and simulation results deviate
from measured values. A field measurement campaign is planned for June and July
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2016, together with a measurement of the yoke positions. A new 3D field mapping
device, currently being constructed at CERN, will be used for the measurements. A
second field measurement campaign is planned after installation of the QCS in April to
June 2017, which will enable field mapping in the whole detector volume.
4.1.2

Concerns

• A minor concern of the committee is that the details of the services around the
dock area are still being developed. It would be desirable to work this out to a
level of detail that addresses the concerns of all parties involved.
• Routing and design of the cooling pipe with performance verification against thermal shocks and pressure drops are still not finalised.
• The interlock configuration of different systems is not always uniform, for example
not all systems are in the default-off mode. The list of possible accidents and
programmed reactions to them is still limited.
• The interaction between human safety and detector safety systems, and the possibility to receive early alarms from the slow control and monitoring system in order
to take mitigating actions are not documented.
4.1.3

Recommendations

• The committee encourages the group to continue working out the installation
schedules to the necessary detail and to decide on the schedule for mock installations so that essential personnel are able to be present during the exercises.
• Finalising the routing and design of the cooling pipe should have a high priority.
• A more complete picture of the interlock system should be developed. The BEAST
Phase 2 will be an important opportunity to test the beam interlock system.
• The status of the LV and HV power supplies should be clearly defined for the run
and standby states.

4.2
4.2.1

Pixel Detector (PXD)
Status

4.2.1.1 Sensors and ASICs As noted in the last review, the pilot sensor production
run has been very successful and has provided for the optimisation of many production
steps and the improvement of the robustness of the process. Detailed tests of the pilot
production modules were carried out. Pedestal runs at 80% of full readout speed show
very good performance and small dispersion across the matrix. Tests with a cadmium
source showed signal to noise ratios exceeding 30 under non-optimised running conditions. Laser scans show good uniformity across the matrix and allowed for testing of the
clear condition in all regions of the matrix. A small batch of four wafers was submitted
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for further processing. Before full production can proceed with the deposition of the
metal layers, the gated mode behaviour of the sensors needs to be fully understood.
Intense studies are ongoing, which will take an extra six weeks compared to the time
allocated in the schedule. This extra time can be absorbed in the contingency and does
not affect the production milestones.
The PXD group is preparing for an integrated beam test at DESY in April 2016.
Two inner layer and six outer layer PXD sensors will be tested. The committee is eagerly
looking forward to hearing from these tests once they are completed.
The gluing of the PXD sensors to produce ladders has not been finalised yet. There
have also been issues with the deposition of the metal on the kapton of the flex circuits
for the readout. The PXD calls for four different types of kapton cables and all four
designs have been submitted, but the final cables are not yet in hand.
A detailed presentation on the status of the ASICs was given. The PXD project
uses three key ASICs for the readout: the data handling processor (DHP), the drain
current digitiser (DCD) and the Switcher chip. The DCD chip receives and digitises the
DEPFET signals.
Electrical tests have shown lingering issues in the readout. Cross-talk among the
data lines between the DCD to DHP is observed and being addressed by changing the
line spacing of the data lines. Also common mode noise is not fully understood yet. To
address bit errors in the communication between the DCD and the DHP, a new DHP
chip was submitted in December 2015. The new chip works well with a much larger
parameter margin for stable operation than the previous version. It is noted, though,
that the gated mode operation has not been tested yet.
A new engineering run of the DCD chip was submitted in November 2015 with a
variety of minor improvements. Test systems have been set up with new probe cards
to test the new chips when they will be available, expected to be at the end of March.
The testing time is expected to be less than 30 minutes per chip, allowing adequate
throughput.
A new Switcher chip was received at the end of December with only minor modifications to provide a wider operating margin. Hundreds of chips are already available and
probe tests are satisfactory.
4.2.1.2 Data Acquisition, Slow Control and Software The PXD data acquisition is characterised by the high data-rate out of the detector, which is more than
10× the anticipated aggregated Belle II event size, excluding the PXD. The strategy to
reduce this is by using region-of-interests (ROIs) provided by the HLT in a two stagereadout. The data rate before the ROI is expected to be 20 GB/s and after the ROI
1 GB/s. The maximum rate of incoming events can reach 30 kHz, which sets a lower
limit for the speed of the internal data-handling. The data selection is implemented in
the ONSEN modules, which consist of an xTCA carrier and AMC functional cards. All
boards have been produced, in time for the DESY test beam. After the DESY test beam
the ONSEN system will be connected to the Belle II DAQ system and exercised at the
full 30 kHz rate. A scaled down version, the so-called “Pocket ONSEN”, will be used for
the BEAST PXD readout. The SVD data is read out through DATCON modules. The
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full production of the modules has been finished, but the system required two custom
µTCA shelves, which may not be ready for the DESY test beam. If the system will
not be ready, an older version of the module will be used in a scaled down system. The
DESY test beam will be instructive in learning how to operate the DAQ system and
determine the proper parameter settings for the PXD. The software for the beam tests
is well advanced and ready to be exercised for the April test beam.
A small PXD sensor was tested in the DESY test beam in November of 2015 with
4 GeV electrons. Excellent results were obtained and the data match the Monte Carlo
simulations of the charge transport and charge sharing very well. An average hit efficiency of 97% was obtained with a signal to noise ratio exceeding 30.
4.2.2
4.2.2.1

Concerns
Sensors and ASICs

• The main concern remains the overall PXD schedule. Also, the fact that the whole
PXD readout chain still needs to test the regular data communication is of concern.
In addition, the gated mode operation has not yet been fully tested. Any problem
may lead to another round of ASIC production, for which there is no contingency
in the schedule.
• Given the many issues with the kapton circuits of the SVD, the fact that there are
remaining issues with the flex cables for the PXD is also some cause for concern.
• The committee would like to iterate a previous observation. With the upcoming
DESY test beam, the pressures on the PXD group will not relent over the coming year. For example, module production with exacting attention to detail will
commence in earnest; further testing of the readout chain in all modes of operation will be required; DESY test beam data will need to be analysed; module
assembly, ladder production and its associated quality assurance needs to be put
in place; PXD assembly, integration and installation plans need to be fully worked
out. This is a massive set of tasks to be completed with limited human resources.
The committee is concerned that effort will diffuse and key priority tasks may get
shortchanged.
4.2.2.2

Data Acquisition, Slow Control and Software

• The committee refers to the concerns as noted in the previous review, that is, that
some thought should be given to how hardware and firmware will be maintained
over an expected 10 year life-span and how firmware expertise will be kept in the
collaboration.
4.2.3
4.2.3.1

Recommendations
Sensors and ASICs
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• It is highly recommended that continued rigorous testing of the ASICs receives
highest priority.
• The group is encouraged to give high priority to the final kapton cable procurement.
• With the increasing pressures on the PXD team, which seems already overextended, it is highly recommended that new resources be identified to look after
the overall PXD system, its performance and its integration with the rest of the
detector.
4.2.3.2

Data Acquisition, Slow Control and Software

• The readiness of the software for the DESY test beam was noted with delight.
The committee recommends that the VXD group should start considering how
that software will be integrated into a VXD software system, after the DESY test
beam.
• The operation of the VXD requires a large number of parameters to be set in
the DHP chip. The time needed for calibration and their frequency should be
estimated. A persistent archive of these calibration parameters should be brought
into operation and tested.

4.3
4.3.1

Strip Detector (SVD)
Status

The committee is pleased to see the steady progress made by the SVD group since the
last BPAC in October 2015. At Pisa, 15 FW sub-assemblies and 23 BW sub-assemblies
have been produced out of 47 each so far. There was an issue with glue failure on the
p-side of FW modules, which was caused by not-so-ideal positioning of the pitch adapter.
It was resolved by placing the shim in a better location. The production will resume
after the review.
The site qualifications for the ladder assembly met several milestones, with the Melbourne site now qualified for the L3 ladder production, and the TIFR and IPMU sites
now qualified for class-B ladders. During the qualification process, displacement of the
FW sensor for the layer 4 ladders was uncovered due to the stress from the kapton cable
attached to the FW hybrid board. This issue was solved by proper clamping of the hybrid
board during the glueing process. The glue overflow issue during the PA1/PA2 wrapping
and gluing for layer 6 ladder assembly was solved by optimising the glue amount.
While those site qualifications are major achievements, the SVD group recognises
that the ladder assembly schedule of layer 6 ladder at IPMU is very tight. Mitigation
plans are proposed, including an increase in personnel and the addition of a second
assembly line for layer 6.
While preparing ladder production, the SVD group encountered a Keratherm bleeding issue and an Origami Kapton delamination issue. Keratherm is used to provide good
thermal contact between the APV chip and the APV guard. It is found that silicone
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oil is squeezed out of the Keratherm foil when it is compressed by more than 30% of its
thickness. The bleeding was significantly reduced by replacing Softtherm 86/125 with
Softtherm 86/235. The thermal properties of both materials have been confirmed to be
very similar before and after more than 10 Mrad of irradiation. The origami kapton
delamination issue is thought to be caused by moisture absorption of the kapton cable
during the long storage at the soldering vendor without humidity control. The delamination is attributed to bubble formation caused by moisture vaporisation due to the
high temperature during the reflow process. The SVD group is currently examining two
ways to deal with the problem: either to solder all the components by hand or to dry the
cable first by baking at lower temperature. The second option is preferred by the SVD
group due to the lower cost and faster production speed. Since the risk of the second
option is higher than the first option, the SVD group will proceed with the first option
while verifying the second option.
While verifying the clearance between the PXD and SVD, the VXD group found
that the clearance between the second PXD layer and the new C35 capacitor on the
third SVD layer is less than 0.5 mm. In order to secure sufficient clearance, the radius
of the third SVD layer has been increased by 1 mm by modifying the L3 bridges.
The SVD group also made good progress on the CO2 cooling. A bending tool for the
CO2 cooling pipe has been fabricated. They also fabricated a tool to attach the cooling
pipe to layer 6. Similar tools need to be fabricated for layers 4 and 5.
In the area of SVD electronics, the SVD group is trying to improve the noise immunity
of the electronics system by increasing the capacitance of a decoupling capacitor on the
hybrid and by rearranging the low voltage power lines.
4.3.2

Concerns

• The committee is concerned that the ladder assembly schedule of layer 6 at IPMU
is too tight and on the critical path. Although the management of the layer 6 ladder
assembly has significantly improved, it is a serious concern that the managers are
not 100% available for the ladder assembly. The committee is also concerned that
the human resources for the layer 6 assembly still are not sufficient.
• The delamination of the Origami Kapton flex cable producing bubbles after the
reflow soldering step is a big concern, since long-term effects of other possible
chemical contamination have not been evaluated.
4.3.3

Recommendations

• Further enhancement of layer 6 management and human resources is critical to
keep the assembly on schedule. In order to increase the speed of the layer 6 ladder
assembly, the committee strongly encourages opening a second production line at
IPMU and securing the necessary resources for this.
• Concerning the kapton delamination issue, the SVD group should examine whether
there is chemical contamination or not and the production of a new set of cables
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should not be precluded. The committee thinks that long-term operation of the
detector should be the most important aspect in the decision process evaluating
which solution is to be adopted. A hasty decision should not be made.
• Performance verification should be made before rearranging the low voltage power
lines and finalising the electronics design.

4.4

Grounding/EMC

4.4.1

Status

The GND/EMC group is taking an empirical approach to the GND/EMC issue, where
they measure the emission and susceptibility of the PXD, SVD, CDC, ARICH and TOP
Front-End (FE) electronics rather than attempting to set the requirements beforehand.
Electronics for the ECL and KLM are not included in the scope of this activity since
most of the components are located outside of the Belle II detector. At this PAC, test
results for CDC and ARICH FE electronics, and test plans for the TOP FE electronics
were presented. (Test plans for PXD and SVD FE electronics were presented at the last
PAC.) The CDC and ARICH have digital circuits in the FE electronics and TOP has
switching power supplies and digital circuits.
No major emission or susceptibility was found for the CDC. Unidentified emission at
362 MHz and susceptibility in the range of 350 MHz–450 MHz were found for the ARICH,
which will be investigated in March. The EMC test of the TOP FE electronics will be
conducted using the TOP test stand to minimise the effect on the TOP installation
schedule.
4.4.2

Concerns

• Completing of the EMC tests of the PXD and SVD is crucial since any modification
in the VXD FE electronics may cause a major schedule delay.
• While the emission and susceptibility of the individual systems have been precisely
measured, the interaction between the different systems has been studied less.
4.4.3

Recommendations

• The committee strongly encourages the GND/EMC group to speed up finalising
the test plans and conducting the EMC test.

5
5.1

Drift Chamber (CDC)
Status

The committee is pleased with the progress of the CDC group since the review in the
9th BPAC in 2015. The ground and signal cabling on the forward side is now complete,
as well as the installation of the front-end (FE) boards on the backward side. Only 2
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sense wires are missing. They are in the small-cell region of the chamber and will not be
replaced due to the risk of generating more serious problems while working in this region
of the chamber. All other sense wires passed a high voltage test that was conducted with
the HV system planned for operation of the CDC in the Belle II detector.
Repairs of the 18 FE boards that failed acceptance tests have gone very well; 16
of the boards have been repaired and are now functional, bringing the total number of
spares to 28, nearly 10% of the total number needed.
Successful cosmic ray tests of portions of the CDC are a major step forward. Since
the CDC is not in its final position, special very long cables are required to connect
the FE boards to the DAQ system. In this configuration, as many as 60 FE boards
can be connected to the DAQ system at any one time. Pedestals and noise levels have
been measured and found to be quite tolerable, and nice tracks have been observed in
the event display. Hit resolution was studied in a section of the chamber. After initial
corrections and tuning efforts, hit resolution was measured in 6 layers. The central cell
resolution of 150 µm that was obtained is gratifying for the first measurement. Monte
Carlo calculations indicate that a central-cell resolution of 135 µm may be achievable.
Cosmic ray tests will continue until installation of the CDC into the Belle II detector,
which is scheduled to start in August. Preparations are well underway for testing a TOP
module with the CDC during some of this period.

5.2

Concerns

• The time available for the crucial test of a TOP module with the CDC is not large.
It is not clear that the planning and software required for this test to succeed are
well in hand.

5.3

Recommendations

• The joint CDC-TOP test is an important test of system integration for both detectors and a crucial test of TOP performance, and the CDC group should participate
fully in this test.
• The planning for the CDC-TOP test should include clear goals for the CDC program.
• The CDC group should expend the effort required to bring the hit resolution as
close as possible to the limit predicted by the Monte Carlo simulations.

6

Particle Identification

6.1
6.1.1

Barrel Particle Identification (TOP)
Status

The committee congratulates the TOP group for the steady and substantial progress
which has been made since the last focus review.
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Procurement of all bar-box module components from vendors and the fabrication
of these components into modules have progressed well. Nearly all optical parts are
in hand, and are of uniformly high quality. Although there has been a slippage in the
delivery of the fused silica bars, there are now only two more bars left for the vendor to
complete, and it seems likely that they will be available as required, though with little
time margin left. The remaining delivery schedule must be carefully monitored until
completion. Module production teams must also remain fully active until production is
complete, but the human resources of these teams are also needed in other issues (such
as testing and operations).
The TOP electronics fabrication and related procurements have also progressed well,
and are approaching completion. Tests at board and stack level look good, allowing
the completion of fully integrated bar-box modules. However, there have been many
challenges with the complex TOP firmware as well as with the DAQ testing and operations. Not all problems are yet resolved. First results from module tests are beginning
to show some of the expected features of the data: e.g. mirror reflected photons are observed with the right timing. However, many things such as the time base performance,
pedestals and signal stability of the system remain to be understood and calibrated.
An MCP-PMT installation plan has been optimised to place tubes of varying background sensitivities by taking projected background levels and difficulties of access into
account. The delivery of the final extended-life MCP-PMTs are now on the critical path.
The last two modules require 64 tubes and 39 are in hand, but need magnetic field testing. Another 26 are scheduled for delivery by the middle of March. Depending on yields
and testing performance, this may not be sufficient to complete module 17 before the
installation. A work-around for this eventuality has been developed, but this should be
avoided.
The planning and testing for module installation has progressed well, and nearly
all utilities are in place in the hall. These systems seem to be well understood and
engineered, and appear ready to support timely installation and operations.
6.1.2

Concerns

• Due to the tight installation schedule, little time is available for testing and burn-in
of the modules.
• The second batch of Extended Life MCP-PMTs may be insufficient to complete
module 17, which may then require some rescheduling. This would affect the
installation and commissioning plan of the Belle II experiment as a whole.
• There are still many tasks left, such as testing, alignment, analysis and operations,
while the available resources are limited.
6.1.3

Recommendations

• The test schedule now is unable to accommodate a full CRT test for each completed
module. The committee recommends the TOP group to produce a procedure that
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ensures the optical and mechanical integrity of bar boxes and the viability of the
installed electronics, and to proceed with these acceptance test as soon as possible. Burn-in of modules should be made in situ with the full DAQ infrastructure,
hopefully before access becomes too restricted from CDC installation.
• The planned cosmic ray test together with the Central Drift Chamber using the
Belle II data acquisition system is of great importance, especially given the paucity
of full module testing, so the committee recommends that a realistic plan be formulated and executed as soon as possible.

6.2
6.2.1

End-cap Particle Identification (ARICH)
Status

The committee commends the ARICH group for the steady progress made since the
BPAC PID focused review in June 2015 and the 9th BPAC in February 2015.
The new support structure has been delivered after a delay of about one month. The
remaining deviations in the aluminium wall spacing can be accommodated by a small
increase of the gap size between aerogel tiles as simulation has shown that the larger
gaps have no noticeable effect on the PID performance.
Although some minor damage to the aerogel tiles and deviations from the nominal
sizes were observed during water-jet cutting, these imperfections do not affect the performance. After a successful tile installation test, the water-jet cutting of the tiles is
scheduled to be completed in March.
The 450 HAPDs ordered from Hamamatsu were delivered by September 2015. Qualification test of all units shows some of them to be of lower quality, Hamamatsu agreed
to replace 88 of these HAPDs by April 2016. The mass production of the 72 merger
boards was completed successfully and the production of the 420 front-end boards will
finish in February.
The DAQ and software work is progressing well. Some additional effort is still required, in particular for alignment/calibration and data quality monitoring.
The HV remains problematic and is becoming once again a high-priority concern. An
alternative vendor for the HV supplies needs to be confirmed. Tests showed no serious
problems with using HV power supplies from alternate suppliers, CAEN and Iseg, but
the order must be placed soon. Moreover, so far no suitable high-density HV connector
has been identified, and exploration of “non-LEMO” candidates is just beginning.
An updated schedule was presented where the installation of the aerogel is expected
to be completed in April and all systems to be completely installed by June.
A wide range of HAPD studies, including those recommended at BPAC meetings in
2015, were performed to investigate the HAPD performance in magnetic fields. The issue
with large pulses causing dead time has still not been fully understood. Although the
modification of the HAPDs (placing the HV potential of the middle ring at half that of
the photocathode) and adding ESD protection of the front-end boards helped, the issue
is not completely resolved. The dead time fraction due to the large pulses is observed
to be related to the values and configuration of bias voltage. All HAPDs accepted for
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installation can be operated at bias voltage values that correspond to a dead time below
2%. In the absence of correlated effects from large pulses, i.e., if a given HAPD with a
large pulse does not cause dead times in neighbouring units, this small dead time would
be acceptable in terms of PID performance. However, if correlated effects are observed,
a fallback solution appears to exist: tests have shown that all HAPDs measured in the
field so far can be operated without dead time if one of the four APDs is switched off.
The resulting loss of photon yield is partly compensated by the quantum efficiency of
the delivered units, which is considerably higher than expected. A detailed simulation
showed no significant impact on the PID performance of the ARICH from this modest
net loss of photons.
Further tests, in particular a series of measurements with arrays of HAPDs inside
the magnet, will be performed to study possible correlated effects.
The current mechanical design does not allow for easy access and possible replacement of the HAPDs in situ. Given the short amount of time available to gain sufficient
understanding of the HAPD large pulse issue, including possible long-term effects, an
option to access the ARICH system after installation into Belle II will be investigated
to provide an option for replacing problematic HAPDs at a later time.
6.2.2

Concerns

• In spite of extensive tests of the HAPDs inside and outside the magnetic field,
the cause of the large pulses and, ultimately, the impact of the dead time on the
ARICH system, are not yet fully understood. Moreover, little time remains to
investigate its long-term effects on the HAPD system.
• The process to reach the final decision on the HV system and connectors still
appears to not be well defined.
6.2.3

Recommendations

• The committee fully supports the effort by the ARICH group to investigate further
the HAPD behaviour in the magnetic field and to study a possible design change
so that HADPs can be easily replaced in situ.
• The final decision on the HV power supplies and cable connectors should be taken
as soon as possible.

7
7.1

Electromagnetic Calorimeter (ECL)
Status

The ECL group continues to make significant progress toward completing installation
and integration, where the readout electronics are being upgraded.
Two key boards of the new readout electronics system are the ShaperDSP and FAM.
All required ShaperDSP modules (432 for the barrel and 144 for the end-caps) have
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been produced, tested, and installed in crates. Furthermore, all barrel modules have
been connected to the CsI(Tl) detectors and to the DAQ system.
Two FAM modules were available for barrel cosmic ray tests and stable running of
the complete system was achieved for several decades of hours. The system worked well
and a timing resolution of 4.5 ns at E = 100 MeV was achieved, indicating that the
anticipated resolution of 3.5 ns is within range. Furthermore, energy linearity, energy
resolution, and data flow to the trigger modules were adequate. This success led to
initiating the mass production of FAM units, which is expected to be completed in time
for installation in May 2016.
For all barrel detectors, noise, test-pulse response, and cosmic ray signals were measured. All 6,624 detectors were operable with noise levels below 300 keV for all but 7,
and coherent noise levels less than 30 keV.
Filter resistors in the end-cap ECLs were reduced to lower the bias voltage across
the photodiodes. After these modifications, all detectors were assessed with test pulses
and cosmic rays, and all channels were found to be alive.
Work on environmental monitoring is continuing. Most of the hardware is in hand
and will be installed this calendar year, along with software upgrades.
There has been significant progress on the ECL software. The digitisation software
required for the cosmic ray measurements was available for the tests and worked well.
Planning is underway for other crucial software components (Geant4 simulation, packing
and unpacking, clustering, and headers and trailers for the bitstream) required for the
operation of the full system.
Completion of the ECL appears to be comfortably off of the critical path for completion and installation of the Belle II detector.
Concerns with the possibilities of radiation damage and pileup in the end-cap ECLs
at the highest SuperKEKB luminosities motivated studies of the possibility of replacing
Tl doped CsI crystals with pure CsI crystals. Pure CsI has a significantly faster light
output and is less sensitive to radiation, but the light output is significantly less than that
of Tl doped CsI. This led to the study of two alternative light sensors, photopentodes and
Avalanche PhotoDiodes (APDs). Initial results indicate that photopentodes can work,
although there are mechanical issues. Analysis of test data for APDs is not yet complete.
Additional studies indicate that radiation damage of Tl doped CsI should not be a serious
problem after all, but pileup with the slow light output will be. Further analysis of test
data, simulation studies of performance, and studies of designs for installation of the
two types of detectors on crystals are ongoing.

7.2

Concerns

• Testing procedures for the mass-produced FAM boards and provisions of spares
for all boards were not described.
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7.3

Recommendations

• The ECL group should ensure that adequate spare boards for ECL digitisation
and triggering are available and procedures for identifying and repairing defective
boards are well established.
• The ECL group should ensure that the momentum toward completion of hardware
and software is maintained so this crucial detector will be working well at the start
of Phase 3 of SuperKEKB operation.
• Studies of implementing photopentode and APD light sensors with pure CsI crystals should be completed to clarify the feasibility of utilising either of these detectors in future end-cap ECL upgrades.

8

K-Long Muon Detector (KLM)

8.1

Status

The KLM detector consists of the barrel (BKLM) and the end-cap part (EKLM). Scintillator strips with Multi Pixel Photon Counter (MPPC) readout are installed in the the
first two layers of BKLM and all of the 14 (12) layers of Forward (Backward) EKLM.
The remaining 13 layers of BKLM are covered by the Resistive-Plate Chambers (RPCs)
from the Belle detector. The detector signals are readout and digitised by the front-end
electronics and sent to the Data Concentrator boards which provide data to COPPER
modules for the readout path, and is also provided to the UT3 boards for processing the
KLM trigger signals.
Most of the electronics, MPPC readout boards (136), Data Concentrator (37) as well
as the optical-fibres, the Category-7 cables have been produced and partially installed
or under test. All the components will be installed by the end of March 2016 and the
large scale commissioning will followed. However, the procurement plan for the RPC
readout boards for BKLM (208) are not in place due to a budget problem. The board
design and prototype tests have been completed and the remaining step is a production
which takes 3 months and costs 200K US dollars.
The trigger processor board, UT3, for KLM is under development. The chain for
receiving detector information, sorting them and finding two-dimensional hit points has
been established and the last part for finding tracks has to be developed. The commissioning may start from March 2016 onwards, simply recording data without generating
trigger signals as a first step and then generating cosmic-ray triggers for the Belle II
DAQ system.

8.2

Concerns

• Funding for the RPC readout electronics has not been secured yet. The shortage
may delay the commissioning of the detector system.
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8.3

Recommendations

• Further efforts to secure funding for the RPC readout boards are strongly encouraged.
• Keeping the plan to install all the other electronics and to start the system commissioning by March 2016 is encouraged.
• The committee recommends that a clear plan for system commissioning with cosmic rays be developed. A detailed timeline to cover the whole system is necessary
and a check list for each test item should be developed.

9

Detector Control, Trigger, Data Acquisition and Electronics

9.1
9.1.1

Status
Detector Control

The detector (slow) control has as its key functions the
• smooth operation of the DAQ during beam,
• the safe operation of the detector,
• providing operator and expert user interfaces and
• logging of all relevant information outside of the data flow.
Moreover the detector control team is also in charge of operating network and general
IT infrastructure of the experiment, where not provided by KEK.
The control system is relying on NSM2, developed in house and EPICS, used in
several subsystems notably in the SVD and also by the SuperKEKB machine. The
systems are connected by gateways. Both underlying systems are integrated into a
GUI layer provided by Controlsystem Studio (CSS). A good fraction of the sub-detector
systems has been tested and integrated into the central control system. Parallel operation
of two sub-detector sets is mostly working well. A lot of progress has been made on the
systems protecting the detector using interlocks and hardware-loops.
9.1.2

Data Acquisition

The Data Acquisition is progressing well and has implemented and successfully tested
partitioned operation. The virtual unit operation developed for this will be used in
detector calibration runs. The central DAQ is also successfully used in the VXD and
BEAST tests. Procurement is progressing well. The data quality monitoring has been
integrated in the CSS and it was impressive to see first real-time monitoring on the
panels for the BEAST.
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9.1.3

Trigger

Steady and good progress has been made. All hardware is expected to be ready and
installed by the end of 2016. The sub-triggers will be connected to the Global Decision
Logic (GDL) by Q4 2016.
On the soft-/firm-ware side most of the close-to-front-end code is ready, later stages
are still under development, but expected to be completed by the end of 2016. The CDC
and ECL are already providing triggers for the cosmic ray tests. The trigger should be
ready for the global run with cosmic ray in January 2017.
9.1.4

General Electronics

The key common component of the readout system is the Belle2Link. It serves as a
DAQ link as well as a slow-controls connection for many detectors (not for the SVD).
The DAQ functionality has been validated on all sub-detectors after the switch from an
external reference clock to an internal one.
A core team consisting of IHEP and the KEK/DAQ team does the hard- and main
firmware development. They are supported by representatives from the detector frontend electronics.
The slow-control functionality, in particular the reading back of front-end parameters
is still causing problems in several detectors, which is problematic in commissioning.

9.2
9.2.1

Concerns
Detector Control

• The overall human resources for the central control team seem thin, in particular
as this team will be particularly solicited during the commissioning of the detector.
• The robustness of the Belle2Link is not fully demonstrated.
• Central archiving is needed very soon.
• While the progress on the interconnect systems is visible and commendable, it still
seems that a comprehensive specification (alarm / action-matrix) is missing.
9.2.2

Data Acquisition

• There are no particular concerns for the Data Acquisition at this point, other than
the lack of human resources.
9.2.3

Trigger

• There are no concerns for the trigger at this moment.
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9.2.4

General Electronics

• Despite intense effort by both the core and detector teams, there are still problems
with the slow-control functionality. In particular the reading back of front-end
parameters is still causing problems in several detectors, which is problematic in
commissioning. The recurrence of these problems could be a hint of too loose specifications. The committee also got the impression that sometimes improvements
and fixes done to the firmware for one detector are not readily communicated to
others.

9.3
9.3.1

Recommendations
Detector Control

• A feature capable of having multiple parallel runs is also useful during normal
running, when detector calibrations or other specific operations are performed
during technical stops / machine developments. It seems reasonable to invest
some effort to make this a robust permanent feature of the system.
• For the commissioning period, additional human resources will be needed for the
detector control team.
• Central archiving must be put in place as soon as possible, as commissioning data
are extremely valuable.
• A more formal capture of the requirements, alarms and actions for the interlock
system should be made for system and human protection both from environmental
and beam-related dangers. The connection between the software and hardware
interlocks should follow a common logic, with alarm states being signalled by the
software with the possibility, for instance, of slow ramp downs, before the interlock
status is reached. The course of actions after specific incidents, for instance a leak
in the cooling system, should be defined.
9.3.2

Data Acquisition

• As has been observed also by the DAQ team, up-to-date documentation and fast
communication channels should be provided to detector groups in order to facilitate
commissioning.
9.3.3

Trigger

• The Trigger group should remain vigilant for any delays in the remaining hardware
procurement, installation or firmware development.
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9.3.4

General Electronics

• For the Belle2Link, it is recommended to improve the firmware management (release notes, announcements, version control) and communication between the central team and the detector.
• A simulation model of the link-system should be created to understand logical
communication problems. Creating such a model is also a good opportunity for
new persons to train themselves to become useful experts on the Belle2Link for
the future commissioning and operation.

10
10.1
10.1.1

Software and Computing
Software
Status

The committee was presented with an update of the status of the offline software project
organisation with the activity coordinators as well as the detector group contacts to
ensure good communication and coordination of efforts. It shows the good progress
made in general in the offline software. Many of the required components are being
developed and getting slowly into shape. The major version released in August 2015
contains many of these new elements and it was used for the MC campaign 5. Version 6
released in December 2015 contains, in addition, major steps towards the implementation
of the first version of the calibration framework and interfaces to database backends that
look promising. Substantial progress has been made in the CDC tracking by replacing
the legacy track finder with a much faster algorithm providing about the same physics
performance. The last year’s concern about the low VXD track efficiency has been fixed
and the preliminary studies of a new redesign indicates efficiencies close to 100%. The
recommendation to coordinate with LHCb for the EvtGen models has been followed
and problems found with the software package are communicated systematically to the
developers.
The new calibration software framework (CAF) was presented to the committee.
The framework should help developers to focus on the concrete calibration/alignment
algorithms while isolating them from technicalities and enabling the automation of most
of the procedures. Some tools are already integrated such as Millipede and General
Broken Lines (GBL) and others are planned. Preliminary results were shown for VXD
with misalignment and the integration of CDC and BKLM into the GBL fitting. The
initial design of the hybrid distributed storage system, consisting of a database with the
intervals of validity and files with the payload, already exists. This design follows common recent practices in other experiments that are also participating to the discussion
forum under the HEP Software Foundation (HSF) umbrella.
The new B2BII package allows the new Belle II algorithms to be applied to old
Belle data. This is extremely useful for the development and benchmarking of the new
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algorithms and at the same time to ensure that new collaborators can perform physics
analysis and develop new algorithms within the same software framework and tools.
The overall roadmap for the next software releases has been properly documented.
A separate document showing all the work items that will be part of the next releases of
the software was presented. The dates for these software releases and software milestones
are put within the context of the major common milestones for Belle II. The work items
are properly categorised and assigned to a responsible developer. This document will be
extremely useful for monitoring the progress in the next months and years and eventually
taking corrective actions.
10.1.2

Concerns

• The committee took note of the plans to migrate to DESY the collaborative services
such as the member database, public webs, code repositories, issue tackers, and
many others that are essential for an efficient collaboration of groups geographically
distributed. Typically these are services run and operated by the host laboratory in
other HEP collaborations. There is a good justification for this migration since the
support provided by KEK is clearly insufficient. The concern is that there could
be added complexity when integrating these services with other IT services, which
are more critical for operating the experiment, that will be hosted most probably
at KEK for latency considerations (e.g. the conditions database, CVMFS proxies
and replicas, etc.).
• While designing and implementing the new calibration software framework, one
aspect that needs to be considered and addressed is where the calibration and
alignment procedures will run. If the procedures require human intervention in an
interactive or quasi-interactive system, or if the required latency for obtaining new
constants is rather short, a dedicated cluster or facility with many cores might
be envisaged. The requirements for such a facility need to be considered and
evaluated.
• The strategy of the software project to select the most modern versions of software
packages such as Python, and the latest standard for the C++ programming language is supported by the committee. Since Belle II is a new experiment it makes
a lot of sense to be looking into the future and select versions that will not become obsolete soon. The main concern is that there will be problems that Belle II
will encounter that no other large running experiment has yet encountered so far.
Good exchange with the rest of the community will be necessary to mitigate these
risks.
10.1.3

Recommendations

• The establishment of the HEP Software Foundation (HSF) to facilitate coordination and common efforts in high energy physics software, provides a forum for
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sharing experiences between experiments and new opportunities for the development in collaboration of common software packages. The Belle II software project
is already active in various fora, and in particular, is already participating on the
discussions for the development of a new detector conditions software leveraging
from the experience of LHC. The committee is encouraging the software project
to continue with its involvement in these activities and follow closely the developments of the Foundation.
• The design of the calibration software framework is sound. The hierarchy storage
from a central remote database to a local database is a good solution for addressing
flexibility and performance. Perhaps a minor suggestion would be to consider for
the local database to use a file-base SQL database such as sqlite instead of plain
text files. In this way the programming interface could be made the same for the
complete hierarchy.
• Alignment of major common Belle II milestones with major software releases with
agreed predefined functionality contents is absolutely necessary. In addition to
these releases, and in order to avoid last minute delays in cutting final releases, the
committee would also recommend to produce periodical releases with a periodicity
of 1 or 2 months as a means to monitor progress closely. If a given feature is not
ready for a periodical release it can be added to the next one.

10.2
10.2.1

Computing
Status

The Belle II computing model is based on a distributed approach using grid and cloud
technologies to access a heterogeneous system of computing resources hosted in centres
of different sizes and types. Direct access to local clusters is also foreseen. The DIRAC
framework, acting as workload and data management system, orchestrates the use of
all the different types of computing resources. A hierarchical structure, composed of
four layers of data centres with different functionalities, has been designed: the Raw
Data Centres with tape capabilities and high network bandwidth where raw data are
stored in two copies and processed, the Regional Data Centres where reconstructed data
(mDST) are stored in three copies, in order to avoid bottlenecks in the analysis, and
Monte Carlo production is performed, the MC Production Sites dedicated to the Monte
Carlo production and physics analysis and the local sites where the last step of the user
analysis is performed.
The collaboration has presented to the committee a detailed status of the computing
model design and the estimation of the computing and storage resources needed from
2017 to 2023. A dedicated BPAC report will analyse the requests.
The analysis model is based on a process of data skimming for the selection of a
subset of events. The skimming procedure is yet under study: it is planned to be a
coordinated activity with a group of official skims organised on a train model, the same
adopted by the LHC experiments, whose implementation technology is still unclear.
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Two options have been considered: the production of skimmed files and index files, i.e.
a collection of pointers to the selected events. The choice of one of the two technologies
will have a strong impact on the way users will perform analysis and on the number of
mDST replica.
The collaboration has presented to the committee the status of the development
of all the necessary components of the computing infrastructure and the committee is
pleased to note that the computing environment is becoming more and more strongly
integrated with DIRAC. Many components have still to be developed or integrated
and a plan of near and longer term development has been presented. As an example,
the production system, composed of various subcomponents with specific functions, is
still at prototype level with some of the basic functionalities of the full production
system already implemented and with an increased level of automatisation. A monitoring
system has been developed by the collaboration in order to increase the production
efficiency. It constantly checks the status of the sites submitting pilot jobs and in case of
problems submitting GGUS tickets. Currently, the ticket submission happens manually,
an automatic procedure is foreseen.
The committee is positively impressed by the computing activities performed in 2015.
A Monte Carlo campaign of continuous production, lasting about 5 months, has been
carried out. 17 countries and about 40 Belle II sites have been involved, providing a
power of about 150 kHepSpec06, and producing about 35 billion events of generic Monte
Carlo and signal. A crew of expert shifters from all countries has taken care of the
operations. Progress has been also achieved on the network. Belle II US and EU sites
have joined LHCONE, KEK will join after summer 2016. An important data transfer
rehearsal has been carried out measuring the throughput among sites and comparing it
with the 2019 and 2024 network bandwidth requirements (between a fraction of Gbps to
8 Gbps depending on the sites and the activity foreseen). The requirements have been
mostly achieved with the currently available bandwidth.
A schedule of forthcoming distributed computing activities has been presented. A
stop of all the activities is foreseen in August 2016 because of a KEKCC downtime due
to the full replacement of the computing and storage resources. The activities will be
resumed in September and a new Monte Carlo campaign is expected in winter. Two
system dress rehearsals, with increased level of complexity, are foreseen in 2017 and 2018
to get ready for data taking.
The committee has been informed that Belle II had many contacts with WLCG
in 2015 where the wish to be an observer has been expressed. Belle II is not part of
the collaboration but, as a user of the same infrastructure, a tight contact is useful for
technical discussions about tools, site configurations and future developments. The role
of Belle II as observer has been accepted and a collaborative agreement is being drafted.
10.2.2

Concerns

• The level of development of the analysis model is still preliminary. The skim
technology has yet to be determined and its choice is crucial in the design of
the model and may have strong implications in the estimation of the computing
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resources for physics analysis. The two options foreseen, skim and index files, have
both strengths and weaknesses in terms of saving of resources or effectiveness of
usage. A careful evaluation of the experience of the LHC experiments is necessary
in the choice of the technology, with special concern for the limited experience
with index files. It would be necessary to reach an adequate level of maturity
in the analysis model design in time for the dress rehearsals in order to test the
performance against all the central activities and verify its scalability.
• The committee noted that the physics analysis performed in GRID is still rather
limited and is concerned by the time users may need to become acquainted with the
analysis tools. A particular care to the user friendliness of the tools is suggested.
10.2.3

Recommendations

• The KEKCC downtime in August 2016, necessary for the full replacement of the
computing and storage resources, will have strong implications for the Belle II
activities. The central services servers, hosted at KEKCC, are not replicated in
any Belle II centre, as a consequence, not only the local but also the distributed
activities will be stopped for about one month. The committee has been told that
no feasible solutions may be found for this forthcoming shutdown. The committee
recommends that the collaboration find the necessary solutions in order to avoid
in future any stop of the distributed activities due to the downtime of any Belle II
computing centre.
• The committee finds that the usage of the resources is not reported in detail. It is
recommended to set up an accounting system and to show in future reports global
and detailed usage by funding agencies in comparison with the available resources.
This information is necessary in the assessment of the resources needed for future
activities.
• The committee has noticed that the computing system is much more integrated
with DIRAC in fulfilment with the last BPAC report. Nevertheless, the list of items
to be developed in the near and long term is still rather long, so the committee
proposes again the same recommendation of prioritisation of tasks and exploitation of common tools developed by other experiments due to the limited human
resources available.
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