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JAHEP
Japan Association of High Energy Physicists

• JAHEP is the high energy physics community in Japan  
• The High Energy Physics Committee (HEPC) represents JAHEP 
• Subcommittee for Future HEP Projects in Japan 
　　　recommends strategy for future HEP projects  
             which is then approved by JAHEP 

• most recent: JAHEP Strategy 2017
http://www.jahep.org/files/20170906-en.pdf
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Worldwide HEP Strategy Building
2012 - 2014

• 2012 JAHEP Strategy 
• 2013 European Strategy 
• 2013 Snowmass Process 
• 2014 US P5 “Building for Discovery”  
• “Strategic Plan for U.S. Particle Physics in the Global Context”
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successful in building globally coherent strategy
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Long Baseline Neutrino Experiments
Two complementary approaches to challenging measurements 

Chapter 5: Standard neutrino oscillation physics program 5–125
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Figure 5.1: The appearance probability at a baseline of 1300 km, as a function of neutrino energy, for
”CP = ≠fi/2 (blue), 0 (red), and fi/2 (green), for neutrinos (left) and antineutrinos (right), for normal
ordering. The black line indicates the oscillation probability if ◊13 were equal to zero. Note that DUNE
will be built at a baseline of 1300 km

sign of which depends on the neutrino mass ordering. At 1300 km this asymmetry is approximately
±40% in the region of the peak flux; this is larger than the maximal possible CP-violating asymme-
try associated with ”CP, meaning that both the mass hierarchy (MH) and ”CP can be determined
unambiguously with high confidence within the same experiment using the beam neutrinos. Con-
current analysis of the corresponding atmospheric-neutrino samples may provide an independent
measurement of the neutrino mass ordering.

The rich oscillation structure that can be observed by DUNE will enable precision measurement
in a single experiment of all the mixing parameters governing ‹1-‹3 and ‹2-‹3 mixing. Higher-
precision measurements of the known oscillation parameters improves sensitivity to physics beyond
the three-flavor oscillation model, particularly when compared to independent measurements by
other experiments, including reactor measurements of ◊13 and measurements with atmospheric
neutrinos. DUNE will seek not only to demonstrate explicit CPV by observing a di�erence in the
neutrino and antineutrino oscillation probabilities, but also to precisely measure the value of ”CP.

The mixing angle ◊13 has been measured accurately in reactor experiments. While the constraint on
◊13 from the reactor experiments will be important in the early stages of DUNE, DUNE itself will
eventually be able to measure ◊13 independently with a similar precision to reactor experiments.
Whereas the reactor experiments measure ◊13 using ‹̄e disappearance, DUNE will measure it
through ‹e and ‹̄e appearance, thus providing an independent constraint on the three-flavor mixing
matrix.

Current world measurements of sin2 ◊23 leave an ambiguity as to whether the value of ◊23 is in the
lower octant (less than 45¶), the upper octant (greater than 45¶), or exactly 45¶. The value of
sin2 ◊23 from NuFIT 4.0 [2, 3] is in the upper octant, but the distribution of the ‰2 has another

DUNE Physics The DUNE Technical Design Report
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FIG. 297. Oscillation probabilities as a function of the neutrino energy for ⌫µ ! ⌫e (left) and ⌫µ ! ⌫e

(right) oscillations with baseline L=295 km and sin2 2✓13 = 0.1. Black, red, green, and blue lines correspond

to �CP = 0�, 90�, 180� and �90�, respectively. Solid (dashed) line represents the case for a normal (inverted)

mass ordering.

neutrino measurements as described in Sec. V.3. Thus, the mass ordering is assumed to be known7791

here, unless otherwise stated.7792

b. ⌫µ disappearance channel The currently measured value of ✓23 is consistent with maximal7793

mixing, ✓23 ⇡ ⇡/4 [109–111], while the NOvA collaboration recently reported a possible hint of7794

non-maximal mixing [112]. It is of great interest to determine if sin2 ✓23 is maximal or not, and if7795

not, whether ✓23 is less or greater than ⇡/4, as it could constrain models of neutrino mass generation7796

and quark-lepton unification [113–118]. The ⌫µ survival probability P (⌫µ ! ⌫µ) is proportional to7797

sin2 2✓23 to first order,7798

P (⌫µ ! ⌫µ) ' 1� (cos4 ✓13 sin
2 2✓23 + sin2 ✓23 sin

2 2✓13) sin
2(�m

2
32L/4E⌫), (3)7799

where L is the baseline and E⌫ is the neutrino energy. However, there is an octant ambiguity to7800

first order, since for each value of ✓23  45� (in the first octant), there is a value in the second7801

octant (✓23 > 45�) that gives rise to the same oscillation probability. A ⌫e appearance measurement7802

can determine sin2 ✓23 sin2 2✓13, and reactor experiments also provide an almost pure measurement7803

of sin2 2✓13. Thus, the combination of complementary measurements will be able to resolve this7804

degeneracy if ✓23 is su�ciently far from ⇡/4 [119–121].7805

A measurement of ⌫e disappearance by reactor neutrino experiments provides a constraint on

the combination of the mass-squared di↵erences

�m
2
ee = cos2 ✓12�m

2
31 + sin2 ✓12�m

2
32, (4)

1,300km long baseline: large matter effects ->  
study hierarchy & CP together by measuring spectrum  

precisely using sophisticated LAr technology

300km short baseline: small matter effects ->  
study CP by comparing neutrino / anti-neutrino  

using robust traditional technology of water cherenkov 
with narrow sub-GeV off-axis beam



Worldwide HEP Strategy Building
2017 - 2023

• 2017 JAHEP 
• 2020 European Strategy Update 
• 2020-2022 Snowmass 
• 2022 US P5 
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more slowly moving than previous time

We’re here.



JAHEP Strategy 2017
The Main Thrust
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Recommendation

In 2012, not only was a Higgs boson with a mass of 125 GeV discovered at the LHC,
but three-generation neutrino mixing was also established. Taking full advantage of
the opportunities provided by these discoveries the committee makes the following
recommendations concerning large-scale projects, which comprise the core of future
high energy physics research in Japan.

• With the discovery of the 125 GeV Higgs boson at the LHC, construction
of the International Linear Collider (ILC) with a collision energy of
250 GeV should start in Japan immediately without delay so as to guide
the pursuit of particle physics beyond the Standard Model through detailed
research of the Higgs particle. In parallel, continuing studies of new physics
should be pursued using the LHC and its upgrades.

• Three-generation neutrino mixing has been established and has provided a path
to study CP symmetry in the lepton sector. Therefore, Japan should pro-
mote the early realization of Hyper-Kamiokande as an international
project due to its superior proton decay sensitivity, and should continue to
search for CP violation with the T2K experiment and upgrades of the J-PARC
neutrino beam.

The High Energy Committee should pursue all available options to achieve the early
realization of these key, large-scale projects.

It is important to complete construction of SuperKEKB and start physics studies
as scheduled. Some of the medium- and small-scale projects currently under consid-
eration have implicit potential to develop into important research fields in the future,
as happened with neutrino physics. They should be promoted in parallel in order
to pursue new physics from various directions. Flavor physics experiments, such as
muon experiments at J-PARC, searches for dark matter and neutrinoless double beta
decay, observations of CMB B-mode polarization and dark energy, are considered to
be projects that have such potential.

Furthermore, accelerator R&D should be continued to dramatically increase par-
ticle collision energies in preparation for future experimental e!orts that may indicate
the existence of new particles and new phenomena at higher energy scale.
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assumed to be more stringent. These instabilities arise
from electrons and ions being attracted by the circulating
beam towards the beam axis. A low base vacuum pres-
sure of 10�7 Pa is required to limit these e↵ects to the
required level. In addition, gaps between bunch trains of
around 50 bunches are required in the DR filling pattern,
which permits the use of clearing electrodes to mitigate
EC formation. These techniques have been developed
and tested at the CESR-TA facility [81]

In the damping rings, the bunch separation is only
6.4 ns (3.2 ns for a luminosity upgrade to 2625 bunches).
Extracting individual bunches without a↵ecting their
emittance requires kickers with rise/fall times of 3 ns or
less. Such systems have been tested at ATF [82].

The damping ring RF system will employ supercon-
ducting cavities operating at half the Main Linac fre-
quency (650MHz). Klystrons and accelerator modules
can be scaled from existing 500MHz units in operation
at CESR and KEK [15, Sec. 6.6].

2.3.3. Low emittance beam transport: ring to Main

Linac (RTML)

The Ring to Main Linac (RTML) system [15, Chap. 7] is
responsible for transporting and matching the beam from
the Damping Ring to the entrance of the Main Linac. Its
main objectives are

• transport of the beams from the Damping Rings
at the center of the accelerator complex to the up-
stream ends of the Main Linacs,

• collimation of the beam halo generated in the
Damping Rings,

• rotation of the spin polarisation vector from the
vertical to the desired angle at the IP (typically, in
longitudinal direction).

The RTML consists of two arms for the positrons and
the electrons. Each arm comprises a damping ring ex-
traction line transferring the beams from the damping
ring extraction into the main linac tunnel, a long low
emittance transfer line (LTL), the turnaround section at
the upstream end of each accelerator arm, and a spin
rotation and diagnostics section.

The long transport line is the largest, most costly part
of the RTML. The main challenge is to transport the
low emittance beam at 5GeV with minimal emittance
increase, and in a cost-e↵ective manner, considering that
its total length is about 14 km for the 250GeV machine.

In order to preserve the polarisation of the particles
generated in the sources, their spins are rotated into a
vertical direction (perpendicular to the Damping Ring
plane) before injection into the Damping Rings. A set
of two rotators [83] employing superconducting solenoids
allows to rotate the spin into any direction required.

At the end of the RTML, after the spin rotation sec-
tion and before injection into the bunch compressors

(which are considered part of the Main Linac, not the
RTML [84]), a diagnostics section allows measurement of
the emittance and the coupling between the horizontal
and vertical plane. A skew quadrupole system is included
to correct for any such coupling.
A number of circular fixed-aperture and rectangular

variable-aperture collimators in the RTML provide beta-
tron collimation at the beginning of the LTL, in the turn
around and before the bunch compressors.

2.3.4. Bunch compressors and Main Linac

FIG. 12: Artist’s rendition of the ILC Main Linac tunnel.
The shield wall in the middle has been removed.

c�Rey.Hori/KEK.

The heart of the ILC are the two Main Linacs, which
accelerate the beams from 5 to 125GeV. The linac tun-
nel, as depicted in Figs. 12 and 13, has two parts, sepa-
rated by a shield wall. One side (on the right in Fig. 12)
houses the beamline with the accelerating cryomodules
as well as the RTML beamline hanging on the ceiling.
The other side contains power supplies, control electron-
ics, and the modulators and klystrons of the High-Level
RF system. The concrete shield wall (indicated as a dark-
grey strip in in Fig. 12) has a thickness of 1.5m [20]. The
shield wall allows access to the electronics, klystrons and
modulators during operation of the klystrons with cold
cryomodules, protecting personnel from X-ray radiation
emanating from the cavities caused by dark currents. Ac-
cess during beam operation, which would require a wall
thickness of 3.5m, is not possible.
The first part of the Main Linac is a two-stage bunch

compressor system [15, Sec. 7.3.3.5], each consisting of
an accelerating section followed by a wiggler. The first
stage operates at 5GeV, with no net acceleration, the
second stage accelerates the beam to 15GeV. The bunch
compressors reduce the bunch length from 6 to 0.3mm.
After the bunch compressors, the Main Linac continues

for about 6 km with a long section consisting entirely of
cryomodules, bringing the beam to 125GeV.
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FIG. 1. Left: Single quadrant view of the ILD detector. Right: Event display of a simulated hadronic decay of a tt̄ event in
ILD. The coloring of the tracks show the results of the reconstruction, each color corresponding to a reconstructed particle.

The design drivers of the ILD detector can be summarized by the following requirements:

• Impact parameter resolution: An impact parameter resolution of 5 µm � 10 µm/[p (GeV/c) sin3/2 ✓] has
been defined as a goal, where ✓ is the angle between the particle and the beamline.

• Momentum resolution: An inverse momentum resolution of �(1/p) = 2⇥ 10�5 (GeV/c�1
/) asymptotically

at high momenta should be reached with the combined silicon - TPC tracker. Maintaining excellent tracking
e�ciency and very good momentum resolution at lower momenta will be achieved by an aggressive design to
minimise the detector’s material budget.

• Jet energy resolution: Using the paradigm of particle flow a jet energy resolution �E/E = 3% for light
flavour jets should be reached. The resolution is defined in reference to light-quark jets, as the R.M.S. of the
inner 90% of the energy distribution.

• Readout: The detector readout will not use a hardware trigger, ensuring full e�ciency for all possible event
topologies.

• Powering To allow a continuous readout, and, at the same time, minimize the amount of dead material in the
detector, the power of major systems will be cycled between bunch trains.

In addition to fulfilling the science requirements, ILD has also to be able to cope with the ILC environment. Due
to the extreme focusing of the two beams at the interaction region, so-called beamstrahlung is generated, which
produces significant background in the detector. The magnetic field focuses the majority of the charged component
of the beamstrahlung background into the forward region, but some fraction will still hit sensitive detector parts.

III. IMPLEMENTATION OF THE ILD DETECTOR

The ambitious requirements of the ILC detectors sparked a world-wide R&D program to develop and demonstrate
the di↵erent technologies needed [7]. The R&D was mostly coordinated and executed within so-called R&D collabora-
tions, which concentrated on particular technologies and sub-detector systems. These collaborations operated outside
the detector concept groups, and, in many cases, served several detector concept groups, sometimes even at more
than one collider proposal. The ILD concept group from its beginning has collaborated very closely with these R&D
groups, and has organized the needed R&D work through and with the R&D collaborations.

The ILD detector is a multi-purpose detector in which the di↵erent requirements are addressed by a combination of
di↵erent sub-detector systems. The optimization for ultimate precision in the reconstruction of charged and neutral
particles requires that all major systems are contained within a strong solenoidal magnetic field, of 3.5T strength.
This field allows the measurement of the momentum of charged particles and removes low-energy background from
the main part of the detector. Ultimate precision also requires that as little material as possible is introduced into
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High-priority future 
initiatives

A. An electron-positron Higgs factory is the highest-priority next collider. For the 
longer term, the European particle physics community has the ambition to operate a 
proton-proton collider at the highest achievable energy. Accomplishing these compelling 
goals will require innovation and cutting-edge technology: 
 
• the particle physics community should ramp up its R&D effort focused 
on advanced accelerator technologies, in particular that for high-field 
superconducting magnets, including high-temperature superconductors;  
 
• Europe, together with its international partners, should investigate the technical 
and financial feasibility of a future hadron collider at CERN with a centre-of-mass 
energy of at least 100 TeV and with an electron-positron Higgs and electroweak 
factory as a possible first stage. Such a feasibility study of the colliders and 
related infrastructure should be established as a global endeavour and be 
completed on the timescale of the next Strategy update. 
 
The timely realisation of the electron-positron International Linear Collider (ILC) 
in Japan would be compatible with this strategy and, in that case, the European 
particle physics community would wish to collaborate.  

B. Innovative accelerator technology underpins the physics reach of high-energy 
and high-intensity colliders. It is also a powerful driver for many accelerator-based 
fields of science and industry. The technologies under consideration include high-field 
magnets, high-temperature superconductors, plasma wakefield acceleration and other 
high-gradient accelerating structures, bright muon beams, energy recovery linacs. 
The European particle physics community must intensify accelerator R&D and 
sustain it with adequate resources. A roadmap should prioritise the technology, 
taking into account synergies with international partners and other communities 
such as photon and neutron sources, fusion energy and industry. Deliverables for 
this decade should be defined in a timely fashion and coordinated among CERN 
and national laboratories and institutes. 

A. The quest for dark matter and the exploration of flavour and fundamental 
symmetries are crucial components of the search for new physics. This search can 
be done in many ways, for example through precision measurements of flavour 
physics and electric or magnetic dipole moments, and searches for axions, dark sector 
candidates and feebly interacting particles. There are many options to address such 
physics topics including energy-frontier colliders, accelerator and non-accelerator 
experiments. A diverse programme that is complementary to the energy frontier is an 
essential part of the European particle physics Strategy. Experiments in such diverse 
areas that offer potential high-impact particle physics programmes at laboratories 
in Europe should be supported, as well as participation in such experiments in 
other regions of the world. 

B. Theoretical physics is an essential driver of particle physics that opens new, 
daring lines of research, motivates experimental searches and provides the tools 
needed to fully exploit experimental results. It also plays an important role in capturing 
the imagination of the public and inspiring young researchers. The success of the 
field depends on dedicated theoretical work and intense collaboration between the 
theoretical and experimental communities. Europe should continue to vigorously 
support a broad programme of theoretical research covering the full spectrum 
of particle physics from abstract to phenomenological topics. The pursuit of 
new research directions should be encouraged and links with fields such as 
cosmology, astroparticle physics, and nuclear physics fostered. Both exploratory 
research and theoretical research with direct impact on experiments should be 
supported, including recognition for the activity of providing and developing 
computational tools. 

C.  The success of particle physics experiments relies on innovative 
instrumentation and state-of-the-art infrastructures. To prepare and realise future 
experimental research programmes, the community must maintain a strong focus 
on instrumentation. Detector R&D programmes and associated infrastructures 
should be supported at CERN, national institutes, laboratories and universities. 
Synergies between the needs of different scientific fields and industry should 
be identified and exploited to boost efficiency in the development process and 
increase opportunities for more technology transfer benefiting society at large. 
Collaborative platforms and consortia must be adequately supported to provide 
coherence in these R&D activities. The community should define a global 
detector R&D roadmap that should be used to support proposals at the European 
and national levels.

Other essential scientific 
activities for particle physics

FCC

ILC
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activities for particle physics

FCC

ILC



1st Phase: International Development Team (1-1.5 yrs)

2nd Phase: ILC Pre-Laboratory (~4 years)

3rd Phase: ILC Construction (~10 years)

4th Phase: ILC Operation (20+ years)

Establish ILC Pre-Lab among national/regional laboratories

Aug. 2020: ICFA established ILC International Development Team hosted by KEK

Establish ILC Laboratory among partner country/regions

Research open to worldwide users

!Inter-governmental agreement

We’re here.

ILC Project Timeline
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JAHEP ILC Steering Panel 
Established by Japan High Energy Physics Committee, 28th October, 2020 

 

Preamble 

Upon the establishment of the ILC International Development Team (IDT) by the International Committee for 
Future Accelerators (ICFA) on 2nd August, 2020, the International Linear Collider project has entered the 
transitional phase towards the ILC Pre-Lab in a time frame of one to one and a half years.  

In order to facilitate the transition, the Japan High Energy Physics Committee (HEPC) that represents the Japan 
Association of High Energy Physicists (JAHEP) established the ILC Steering Panel (hereafter referred to as 
‘Panel’). This document sets out the terms of reference of the Panel. 

 

Mandate 

The mandate of the Panel is to lead the high energy physics community in Japan to advance the ILC project 
towards its timely realization, including: 

• developing coherent promotion strategies and putting them into action,  
• in promotion of the ILC project, cooperating with other scientific communities, government authorities, 

legislators, corporate leaders, regional governments, media, as well as international communities and 
authorities,  

• cooperating closely with the IDT and KEK.  

The Panel will regularly report its activities to the HEPC. Important decision items will be discussed by the 
HEPC and shared within the high energy physics community in Japan. 

 

Membership 

The Panel members are appointed by the HEPC. 

 

Term 

The HEPC will review the progress by the end of 2021 and decide how to proceed thereafter.  

 

 

 

  

Also planning to further strengthen “KEK + Community”
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Building for Discovery
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Illustrative Timeline
Actually they seem all consistent

2020 2030 2040

SuperKEKBoperation

Higgs Factory

construction operation HL-LHC

Z, W

ILC

FCC

construction

construction

FCChh could start earlier if FCCee is skipped.
Note that FCC is still in the feasibility study phase.

E upgrade

Higgs Factory
100TeV pp

Future: 

Advancing both lepton and hadron colliders 
in the future
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Snowmass2021 - Letter of Interest

Update of the Japanese Strategy for Particle Physics

Japan High Energy Physics Committee1:

Shoji Asai, Kazunori Hanagaki, Toru Iijima, Kiyotomo Kawagoe, Tadashi Koseki, Shigeki Matsumoto,
Toshinori Mori (chair), Mikihiko Nakao, Tsuyoshi Nakaya, Masashi Otani, and Makoto Tomoto

Contact: Toshinori Mori [mori@icepp.s.u-tokyo.ac.jp]

31 August 2020

Preface:

In September 2017, the Japan Association of High Energy Physicists (JAHEP) updated the Japanese strategy
for future particle physics by endorsing the recommendations of the Committee on Future Projects in High
Energy Physics. Since then there have been important developments in the field that include the formation
of the ILC International Development Team to prepare the ILC Pre-Lab in Japan, gradual implementation
of the HL-LHC project in MEXT’s Large Scientific Research Projects in Japan, the official approval and
start of construction of the Hyper-Kamiokande, the beginning of the Belle II physics program at the newly
operating SuperKEKB, and the recent update of the European Strategy for Particle Physics. Here we briefly
summarize all these recent developments. More detailed accounts will be reported in our submissions to the
Snowmass 2021 Proceedings.

1Representing the Japan Association of High Energy Physicists (JAHEP)

1

• We plan to submit White Paper later this year



We are very much looking forward 
to exploiting all exciting 

opportunities ahead together!

©Rey.Hori


