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ICEPP International Review Report

Introduction and General Remarks:

The seed of ICEPP was established by Prof. Koshiba in 1974 in order to pursue research at
the energy-frontier collider (the DASP experiment at the DORIS storage ring). Since then,
and through the establishment of ICEPP in 1994, the high energy physics group of The
University of Tokyo has played critical roles in bringing the quality of Japanese high energy
physics to the top level globally. Its activities range from JADE at PETRA and OPAL at LEP
to ATLAS at LHC. The term of ICEPP was successfully extended in 2004 without any
specific term limit and the scope was extended to include a lepton flavour violation
experiment (MEG) and preparation for a future e*e™ collider (ILC). This international
committee was formed to review the activities of ICEPP after the renewal of the term in
2004 and to make recommendations for the future of ICEPP. The committee met on March 6,

2019 to hear presentations and produced this report after deliberations.

ICEPP has played indispensable and unique roles as a ‘hub institute’ by supporting
researchers of other Japanese institutions to participate productively in large international
experiments and by cultivating young talents at these institutions. This was made possible
by the high-level expertise of ICEPP researchers as well as the existence of a powerful

computing facility at ICEPP to support their research.

For the current main experiments, ATLAS and MEG, the end of the first stage of operation
is not far away, and it is imperative to plan for the future. Apart from pursuing the LHC
luminosity upgrade project (HL-LHC) to the end which is expected in the mid 2030’s and
promoting the ILC, an experiment succeeding MEG II should be seriously studied. The
prospects of the FCC at CERN are now being actively investigated, and the committee
believes that ICEPP should also be involved in that effort. With conventional approaches,
the computing power is predicted to be far from adequate for HL-LHC (the ‘2026 problem’).
It is clear that some new software and hardware solutions are needed and are indeed being
explored worldwide. ICEPP should stay at the forefront of such global efforts.

The composition of the ICEPP community is highly uniform with its members being mostly
male and Japanese. The committee believes that the value of ICEPP as an international
centre will be significantly enhanced if more female researchers are recruited by ICEPP and
more researchers from overseas are attracted to perform collaborative research activities at

the centre. Suggestions from the committee in this direction include creating and publicizing



visitor and fellowship opportunities, and holding topical international workshops amongst

other such initiatives.

In general, the budget of ICEPP is mostly project-oriented; e.g. the cost to run the ATLAS
Tier 2 computing facility that absorbs roughly half of the entire budget, leaving little for
ICEPP to perform important activities such as those needed for acting as the hub institute.
The committee believes that ICEPP will be able to significantly enhance its contribution to
Japanese HEP activities, which is already at a high level, with a small increase of its

discretional budget.

Overall, the committee would like to praise the past and current accomplishments of ICEPP
that contributed to the truly respectable position of Japanese HEP community today. The
committee believes that the important and unique functions of ICEPP that made these

accomplishments possible should be continued and enhanced for the future.

Specific Projects:
ATLAS general

ATLAS is the current flagship project of the ICEPP, with a total of nine faculty members and
17 postdocs. In addition, there are 29 graduate students working for the project. Attracting
such a large number of graduate students is a true asset of a university group working for
the ATLAS experiment. As a founding member of the ATLAS collaboration, their
contribution started already at the conceptual level of the experiment. Working with other
Japanese ATLAS groups, the ICEPP assumed a leading role in the endcap muon system
based on the Thin Gap Chambers (TGC), from design to commissioning and operation. The
group took a further responsibility in the construction of the first level endcap muon trigger

system.

While the construction of detector components was mainly carried out by the national
laboratory KEK, the ICEPP members took the lead in testing and commissioning of the
system. Being the largest Japanese group participating in the ATLAS experiment, ICEPP
also assumed the coordinating role of integrating other Japanese groups to the main stream
of the ATLAS collaboration. For some smaller university groups, faculty members cannot
afford to stay at CERN for a long period. In contrast, the ICEPP senior members can stay for
an extended period allowing them to supervise the activities of the junior Japanese

members irrespective of their affiliations. This is not just a well appreciated service to



members from the smaller universities. It also increases the output of the ATLAS-Japan
team as a whole. It should be also noted that the extended presence at CERN would allow
the ICEPP senior members to take up leadership roles in the collaboration such as
convenorship of working groups and project leadership, matching well to the high level of
expertise. As a result, the ICEPP group is one of the most-respected and internationally

renowned member of the ATLAS collaboration.

The ICEPP team is also working on the muon trigger upgrade for the HL-LHC ATLAS
detector, which is driven largely by the Japanese group and co-lead by an ICEPP physicist.
This is another example of recognitions of the outstanding quality of ICEPP.

ATLAS Physics

The committee acknowledges that ICEPP has made very significant contributions in
shaping the physics program of ATLAS with an impressing amount of output. ICEPP
physicists took leading roles in important analyses, especially in Higgs decays to yy and
W*W~, the use of VBF jets in Higgs search, and more recently Higgs decays to bb, t*77, as
well as SUSY searches. The committee recognizes the high regard in which ICEPP
researchers are held amongst ATLAS collaborators by the important physics group convenor
roles (SUSY working group and Exotics working group) and sub-group convenor roles
(Standard Model sub-working group, Higgs sub-working group, Exotics sub-working group,
and Trigger software development). These roles ensure prominent exposure of ICEPP

throughout the 3000-strong ATLAS collaboration.

The strategy of maintaining a strong contingent of students, postdocs and staff at CERN has
been very effective even though it implies a high cost of travel. Coupled with the ICEPP
satellite computing cluster maintained at CERN, this makes for a highly effective team
onsite at CERN. It was reported that 19 The University of Tokyo PhD students on ATLAS
have graduated to date. For an academic staff of nine and the time elapsed this may seem a
little low, but is balanced by the much larger group of master’s students that has been

trained.

ICEPP takes the important role of leading the discussion on the direction of the Japanese
groups in ATLAS. This gives a very coherent national program in the ATLAS experiment
and also in the collaboration management. For effectively shaping and leading the physics
programme of ATLAS-Japan team, contribution from the theory colleagues of Japan is

essential. The committee recommends further extending the collaboration with theorists,



such as those at IPMU, especially as the ATLAS program enters the precision era heralded
by Run 3 and more importantly the increased data expected for the HL-LHC operation. The
committee recognizes ICEPP plans for continued strong participation in ATLAS following
the start of the HL-LHC phase. The committee recommends that ICEPP develop strategies
for the analysis of the large dataset with high level of pileup expected for ATLAS at
HL-LHC.

The far future programme involving possibly a 100 TeV pp collider at CERN (FCC) is
naturally in the purview of ICEPP as part of the policy of working at the highest energy
available. This work is expected to evolve slowly in view of the timetable for such a machine.
The collider-based program of ICEPP started with e*e~ collider experiments and moved to
pp collisions at the highest energy with the construction and operation of the LHC machine
and ATLAS experiment. If the ILC becomes a reality during the operation of HL-LHC, the

committee recommends a combined and balanced program of the two.

ATLAS Computing

With a long history in high throughput computing at The University of Tokyo from the times
of JADE and OPAL, ICEPP was a natural candidate to host the Japanese Tier 2 resources
for ATLAS computing. Indeed the centre was one of the first to participate in the WLCG to
solve the computing challenges of LHC. The approach at ICEPP was highly pragmatic by
delegating installation and maintenance of the computing resources to an outside company.
It was thus possible to have a large impact on the computing of ATLAS without tying up too
much human resources of ICEPP. The results are convincing: the availability of ICEPP
Tier 2 centre is high and the downtime largely results from the exchange of equipment every
three years. Budget is kept roughly at a constant level and the installed computing power
and the storage capacity are appreciable and serve both the Japanese needs and those of the

collaboration as a whole.

The surge in required computing power expected for HL,-LHC requires change of paradigm.
ICEPP has explored specifically the Google Cloud Platform and has started initiatives with

architectures of quantum annealing and solutions inspired by quantum computing.

ICEPP is committed to maintain the strong leadership role in scientific computing in Japan.
This is under threat since the future funding is not in place. There are many ideas prepared
for exploration of future computing, e.g. participating in the HEP Software Foundation

effort. It is recommended to explore in addition the joint usage of other scientific computing



platforms in order to prepare for the surge in computing need. Although this will demand a
small but important increase in the budget beyond that of the infrastructure lease at ICEPP,

it could lead to considerable savings in the long run.

MEG and MEG II

The u — ey experiment (MEG) at PSI was proposed in 1998 where the main initiator was
the ICEPP group. The experiment was successfully carried out and completed in 2016. The
best sensitivity worldwide for the yu — ey decay was achieved. The ICEPP group made a
significant contribution to the detector development and construction, especially for the
liquid Xenon calorimeter as well as for the physics analysis. The committee congratulates

the group for their achievements.

The team is now upgrading the detector to improve the background rejection with an aim to
increase the sensitivity by a factor of ten (MEG II). The ICEPP group is taking responsibility
in various key upgrades including the replacement of PMTs with MPPCs for the liquid

Xenon detector. The detectors are ready and expecting an engineering run in 2019.

These projects are carried out with a good initiative by the small numbers of people and
have been funded by external grants from the JSPS. It is essential to secure a new JSPS
grant to keep the momentum of the group during the MEG II running period and reap the
physics results of that effort.

The committee also noted that the group has started considering a future experiment that
will take advantage of the high intensity muon beam at PSI. Such activity is highly

encouraged.

ILC

Based on the profound experience in e*e~ collider physics from the 80’s and 90’s, The
University of Tokyo and other Japanese groups proposed a 300 GeV linear collider JLC-I. In
2004 several world efforts were merged into a joint and global approach for a linear collider,
the ILC. With the publication of the TDR in 2012 the Japanese HEP community stated its
interest in hosting the ILC.

ICEPP jointly with KEK has always been deeply involved in the promotion of the ILC at



many levels and garnered considerable support from political and industrial sectors. ICEPP
also contributed to specific topics in the accelerator technology such as the final focus. Such
studies will help recruiting and educating young accelerator physicists in general. The
ICEPP contributions to the ILC detector research are numerous and centred around the
advanced calorimeter developments based on the idea of particle flow for both
electromagnetic and hadronic calorimeters. In addition, ICEPP physicists have been leading
key efforts in preparing the physics cases for the ILC that would complement the HL-LHC

analyses. These activities are well appreciated, highly respected, and should be continued.

Recommendations:

. Aim for an international centre that attracts diverse constituents - both in gender and
nationality. In addition to increasing the number of female members, encourage
inbound flow of researchers from overseas. It will create the international and open
atmosphere that increases the worldwide visibility of ICEPP and enhances its value
both scientifically and culturally.

. The HL-LHC programme should be fully carried through. Physics goals attainable
with high luminosity and high pileup should be clarified. Close collaboration with
theorists is encouraged.

. While maintaining the high level of performance for the LHC grid computing which is
well recognized within the LHC computing community, explore innovative computing
technologies by profiting from the contacts with industry and including new
developments in software and architecture such as Machine Learning and possibly
Quantum Computing for the longer term.

. A post MEG II experiment taking advantage of the high-intensity muon beam at PSI
should be seriously considered and a realistic design study should be initiated.

. Together with KEK and other universities, the effort of ICEPP to promote the ILC
should be continued. In particular, studies on calorimeters as well as physics analyses
to enhance the case for the ILC are encouraged. In addition, studies on selected
accelerator technologies are recommended to maintain accelerator physics expertise
over the long run.

. If the ILC goes forward in Japan, ICEPP will play a key role in seeding the growth of
the Japanese HEP community and ICEPP should be prepared for this. A combined and
balanced program of ILC and HL-LHC should be constructed.

° Continue to be involved in preparing the case for a future large collider FCC at CERN.

Tokyo, March 6, 2019
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11:20 ILC and Future Strategy of Particle Physics T. Mori
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