
Instrumentation and Accelerator Technologies 
for ILC & other future Colliders

Alain Bellerive 

CAP Congress 
June 7, 2022 



Instrumentation and Accelerator Technologies 
for ILC & other future Colliders

Alain Bellerive 

CAP Congress 
June 7, 2022 

Instrumentation



This talk: list of opportunities 
for Canada

Alain Bellerive 

CAP Congress 
June 7, 2022 

I am the 
messanger



This talk: list of opportunities 
for Canada

Alain Bellerive 

CAP Congress 
June 7, 2022 

I will retire 
before any 

future collider



• Particle physics community gradually shifting focus towards the post-LHC era
• Physics program requires development of new technologies

• Tracking and Calorimetry with high precision
• Particle Flow Technique & Particle Identification
• Cover large area and potentially high rate
• Extremely high radiation levels close to collision points
• Detector layouts, readout ASICs, data handling,…
• Typical funding road: NSERC RTI → CFI

• Focus R&D to specific challenges:
• Build on existing expertise / explore innovative ideas
• Material quality (defects, doping, radiation effects,…)
• New materials/detection techniques
• Understand physics of radiation damage
• Identify synergy and partnership within Canada
• Usage of the MRS facilities and invest in youth

Beyond the HL-LHC: Technology Challenges

Need to get started on the next 20 year cycle 
of technology development



Future e+e- Colliders
Two Linear Colliders (centre-of-mass-energy can be scaled up)

Two Circular Colliders (can be converted to hadron machines)

International Linear Collider (ILC) - Japan

Circular 
Electron 
Positron 
Collider (CEPC) 

China

Compact
Linear
Collider (CLIC)  

CERN

Future Circular Collider (FCC-ee) - CERN

… could be politically 
challenging (no 
Canadian group yet 
engaged)





Bright 
future!

Really?
Might be no HEP 

after HL-LHC

They are other options to 
search BSM: neutrinos, 
dark matter, cosmology, 

flavour physics, rare 
processes, etc

Follow CERN/USA  
leadership without 

setting our priorities? 
Are we happy with a 
modest involvement?

Is the SAP Canadian 
community

doing what is needed to 
do in order to participate 

in this future? 

A need to 
coordinate 

Canada’s HEP 
vision

Lack of            
enthusiasm 

and planning 
may lead to           
lower SAP      

funding 
and 

endanger 
strategic 

foreign 
partnerships

Retirement age of A.Bellerive

Project-based 
funding; so little 
generic R&D in 

Canada



Others Options
Lepton Colliders

Hadron-Electron Collider

LHeCElectron Ion Collider (EIC) – RICH + e-ring

Muon
Collider

… here 
depicted on 
the FNAL site

C3 footprint



SNOMASS Energy Frontier
Benchmark Scenarios

Source: Meenakshi Narain (FCC week May 2022)

Higgs Boson Factories

High Energy Machines



SNOMASS Energy Frontier
Benchmark Scenarios

Source: Meenakshi Narain (FCC week May 2022)

Higgs Boson Factories

High Energy Machines

All options on the tables for the next P5 in the USA.

ALCC recommending that the next global accelerator should be an e+e- Higgs factory. 

Critical to realize at least one such machine somewhere in the world.



The Physics Questions?

Alain Bellerive 

CAP Congress 
June 7, 2022 



Fundamental Questions at the Energy Frontier
q What is the origin of the electroweak scale?

Ø The Higgs discovery is a unique handle on BSM physics and we need to make the most out of it.
Ø Can we uncover the nature of UV physics from precision Higgs measurements (mass, width, 

couplings, Higgs self-interactions)?
Ø How does this improve the constraining power of global EW fits?
Ø Can we measure the shape of the Higgs potential? Can the Higgs boson give us insight into flavor 

physics and vice versa?
Ø What are the implications for Naturalness?

q How to build a complete program of BSM searches via both model-specific and 
model independent explorations?

q Of course, the most important question is: do you really want an electron-positron future?

q Is the absolute probe a proton-proton machine so shall you wait 2044 for the 100 TeV FCC-hh?

q Do you want the next e+e- machine to be 2034 (ILC, LEP3 or C3) or around 2040 (FCC)?



Energy Frontier Colliders
q Discoveries at the Energy Frontier are intricately linked to new accelerators and 

detector instrumentation. Price tag & duration of deployment are major issues.

Proceed along two complementary axes for scientific justification:
1) Study known phenomena precisely at high energies [historically e+e- machines]

Ø Factory of Higgs bosons, or other known particles
Ø Electroweak (EW) physics
Ø QCD and Strong Interactions

2) Search for direct evidence of BSM physics [usually hadron machines]
Ø Next high energy frontier machine
Ø Ultimate energy reach to potentially discover new physics

qWhat are the most promising future colliders?
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The wire-corrector system
at HL-LHC



The concepts: expertise at TRIUMF
Beam #2 Beam #1

Crossing angle (µrad)

Beam separation
(in unit of s, beam 
size)

Need to minimize Long 
Range Beam-Beam 
interactions

Compensate by use of the magnetic field and Lorentz force (𝐹⃗ = 𝑒 𝑣⃗×𝐵) from two direct-
current wires positioned on each side of the Interaction Region (IP) 

Original idea and 
validation by TRIUMF

Technical expertise in 
Canada and CERN



Beam #1

Beam #2

Wire module

Beam position 
monitor

Automatic beam 
alignment

Bellow (RF 
module)

Frame and support

Main assembly
o Project to be coordinated with ATLAS Canada to optimize physics potential at HL-LHC

o Insure stability of the beams, maximize luminosity with minimum risk of collider operation

o Complements the CRAB cavities

o TRIUMF unique expertise

o Gate0 → Gate1 phase



International Linear Collider 
ILC in Japan
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International Linear Collider (ILC) at 𝒔 = 250 GeV
ILC is the most mature and timely-ready Higgs Factory to be deployed

The Linear Collaboration Board responded to the request from the International Committee for Future Accelerator 
to put in place an ILC Pre-Lab Development Team by 2022 for ILC in Japan … but it did not happen. 

ILD

International Large Detector

Parameters 250 GeV 500 GeV

Lenght (km) 20 31

Lumi (1034) 1.35 1.8

Current (nA) 5.8 5.8

SFR (MV/m) 31.5 31.5

Power (MW) 129 163

• Momentum resolution:
d(1/pT) < 2×10-5 GeV-1

• Impact parameters:
s(rf) < 5 µm

• Jet energy resolution:
sE/E ~ 3-4% 



Status Internaitonal Linear Collider - ILC
q ILC is a concrete achievable realistic practically shovel-ready with lots of potential coupled 

with synergy with light-sources in Europe & US and TRIUMF e-linac

q Context: build the ILC in Japan with construction 2026-2034. Physics 2034.

q International Development Team (IDT) had a mandate of 1-2 years to establish the ILC Pre-Lab

q KEK informed the IDT that the Pre-lab budget request would not be made for the 2022
Japanese fiscal year. MEXT considered ILC to be premature with need for more international 
discussion on funding scenarios. Hence, no commitment from Japan to host the ILC.

q KEK will identify ways to continue accelerator R&D funding set as priorities by the IDT

q Detector Concepts (ILD & SiD) moving towards generic R&D for the next e+e- colliders



SCRF Industrialization Critical for future e+e- colliders
TRIUMF’s e-linac - Electron Linear Accelerator

Many accelerator projects (light sources, medical isotope) world-wide are applying & advancing 
Superconducting Radiofrequency (SCRF) technology, SCRF cavity production and thus pushing 
SCRF performance (e.g. field gradient)
The second driver for TRIUMF’s beam program is the world’s highest power e-linac for rare 
isotope production, which came online in 2021

Technology used in e-linac is similar to what is intended to be used for ILC (and EIC)



50-100 µm

40 kV/cm
~1000 µm

1 kV/cm

GEM

~100 µm

80 kV/cm

Micromegas (MM)

Technology choice for TPC readout: Micro Pattern Gas Detector
• no preference in track direction

• no E!B effect

• better ageing properties

• easier to manufacture

Avalanche

• fast signal & high gain

• low ion backdrift

• Gas Electron Multiplier (F. Sauli, 1997)

• 2 copper foils separated by kapton

• multiplication takes place in holes

• use of  2 or 3 stages

• MICROMEsh GAseous Structure

• metallic micromesh (typical pitch 50μm) 

• supported by 50 μm pillars, multiplication 
between anode and mesh, high gain

• Gas Electron Multiplier

• 2 copper foils separated by kapton

• multiplication takes place in holes, 
with 2-3 layers needed

Micro Pattern Gas Detector (MPGD)

Discharge probability and consequences can be mastered (use of resistive coatings, several 
step amplification, segmentation) – MPGD more robust mechanically than wires



Time Projection Chamber (TPC) for ILD
Main activities on micropattern gas detector (MPGD & RD51)
Funding since early-2000 – Carleton University

LCTPC Collaboration for ILD:

3 regions (America, Asia, Europe), 25 member 
institutions, 22 observer institutions
A. Bellerive co-spokeperson until August 2022AHCAL tiles 

layer

Endplate of 7 panels,  ø = 80 cm

• Two options with similar resolution for endplate readout with pads:
– GEM: 1.2!5.8 mm² pads (smaller pad – more electronics)
– Resistive Micromegas: 3!7 mm² pads (larger pads – less electronics)

• Alternative: pixel readout with pixel size ~55!55 μm²

ILD TPC

Large Prototype TPC

Micromegas module



Calorimetry R&D at CALICE for ILD
Main activities on very high granularity detectors (~ cm2):

Started in 2006 working on the Analog Hadronic Calorimeter (AHCAL)
with simulation, alignment and performance analyses, new algorithm.

With NSERC funding, McGill joined Argonne (ANL) to design, build and test 
the novel Digital Hadronic Calorimeter (DHCAL) prototype until 
completion. Several publications followed.

Now on the improved AHCAL with added accurate timing information for 
each hit to discriminate background and further particle ID. The new CMS 
forward detector is based on this technology.

CALICE Collaboration on calorimetry R&D:

18 countries, 60 institutes, 350 physicists/engineers
Originally for ILC experiments, now also generic R&DHit energy [MeV]

Ti
m

e 
w

al
k 

[n
s]

AHCAL tiles layer

Test Beam Data Taking

Contact: François Corriveau



Build on expertise of ILC TPC and ATLAS sTGC
GridPix
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GridPix for Ultimate TPC (ILC, CEPC, Belle3, …)

Mounting of the 
central module
with 96 InGrids

Installation of the 
cooling circuit

Large scale application / Large active area

Total 160 InGrids
active area

Contact: Alain Bellerive

Part CERN 
R&D framework 

and 
EU Detector 
development

Whitepaper submitted 
to  SNOWMASS



Highly Pixelated Readout (GridPix)

- Micromegas on a pixelchip (Timepix+Micromegas = GridPix)
- Resistive protection layer (4-8 µm) on top of chip
- Insulating pillars between grid & pixelchip
- One hole above each pixel / see each ionization electron
- Amplification directly above the pixelchip
- Very high single point resolution, 2% dE/dx resolution
- Why not R&D in Canada?

Timepix: 256 x 256 pixels of size 55 x 55 µm2

Ø Low threshold level ~500 e- (90 e- ENC)

50µm



Capitalized on ATLAS ITk investment 
Radiation Hard Silicon Detectors

Future collider silicon-based tracker 

Alain Bellerive 
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R&D Examples – Material Defects
Radiation Damage of Epitaxial p-type Si – Schottky Diodes + pn Junctions

#1

#2

#3

#4
#5 Alignment marks

RAL/ITAC

Carleton/CUMFF

P -
1e1

3

P -
1e1

3

P -
1e1

3

P -
1e1

3

P -
1e1

3

P -
1e13

P -
1e14

P -
1e15

P -
1e16

P -
1e17

Si wafers (6 inches) of different epitaxial doping levels each
• P type doped with different epitaxial doping levels
• 10 Wafers /each doping type

Fabrication details

CUMFF

y new masks made, including 
isolated MOS gate GR 
variation for all device types + 
optional p-stop

2022-Feb-21 CHRISTOPH KLEIN - VCI2022 5

Device ID:

Device 
Size

p-stop 
Indicator

isolated GR

CV
(metal fully 

isolated)

regular GR

ĨƵůů�ϲ͟�^ĐŚŽƚƚŬǇ�ǁĂĨĞƌƐ�ΛZ�> new masks with different structure flavours @CUMFF

IV measurements: CUMFF pn-junctions (1e13 vs. 1e16)

y current can vary by large margin on same wafer

y very low initial current often seen

y no hard breakdowns observed; gradual increase in current

¾ leakage current at much lower levels compared to first iterations

y high leakage current even at low bias voltages
y ŶŽ�͚ƉůĂƚĞĂƵ͕͛ �ĐƵƌƌĞŶƚ�ŬĞĞƉƐ�ŝŶĐƌĞĂƐŝŶŐ

y smaller structures often have inconsistent IV 
curves

¾ first fabrication on low-resistivity wafer, 
improvements in future iterations expected

2022-Feb-21 CHRISTOPH KLEIN - VCI2022 6

T = 21�C

DLTS measurements: Schottky diode

DLTS spectrum:

y peak with 2 majority carrier traps

y ͚ŵŝŶŽƌŝƚǇ͛�ĐĂƌƌŝĞƌ�ƚƌĂƉ
ҧ�vanishes for reduced + shorter 
filling pulse
ҧ�surface/interface states likely

y large majority carrier trap for larger 
filling pulses at room temperature
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 Si Sch 500um DLTS Cp 50kHz -200-500 100us.RW 119
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Vf=-1V
tf=10ms
Vbias=-5V

Vf=-2V
tf=100µs
Vbias=-5V

Midpoint 
temp (K)

Et (eV) Sigma (cm2) Nt/Ns

170 0.312 5.5E-15 7.8E-3

180 0.294 3.3E-16 2.2E-2

Contact: Thomas Koffas / Bernd Stelzer / Luise Poley



R&D Examples – New Materials

1e12 1e13

1e151e14

HV

GND

PCB holding up to 40 NRC 1x2 mm2 GaN devices, divided into 4 blocks.
Each block of 10 devices receives a different p fluence, up to 1e15 [cm-2] 

NRC 1x2 mm2 GaN HEMT layout
Each 1x2 mm2 chip contains 4 
HEMTs, differing in gate length

Vbias

NRC GaN Fabrication Process Radiation Hardness
Modified GaN HEMT structure as rad-hard sensor for 

ionizing radiation 
• GEANT4 simulations of 500 keV normally incident β-particles on a GaN slab 

demonstrate sufficient energy deposition for detection

• TCAD simulations being performed on the modified GaN HEMT to investigate 
if gain can be achieved in a similar manner to that of LGADs

• Aim to irradiate some GaN HEMTs fabricated by NRC with 26MeV p up to 
fluences of 1015 [cm2] (TID  around 230Mrad [GaN]) to compare with 
previously irradiated Panasonic GanFETs used in Strips ITK

Contact: Thomas Koffas / Bernd Stelzer / Luise Poley



R&D Framework – CERN Collaborations

The RD50 CollaborationThe RD50 Collaboration
• RD50:  63 institutes and 370 members

3. June 2020 RD50 Spokespersonreport - M.Moll - G.Casse 2

50  European institutes
Austria (HEPHY), Belarus (Minsk), Czech Republic (Prague (3x)), 
Finland (Helsinki, Lappeenranta ), France (Marseille, Paris, Orsay), 

Germany (Bonn, Dortmund, Freiburg, Göttingen, Hamburg (2x), 
Karlsruhe, Munich(2x)), Greece (Demokritos), Italy (Bari, Perugia, Pisa, 

Trento, Torino), Croatia (Zagreb), Lithuania (Vilnius), Montenegro 
(Montenegro), Netherlands (NIKHEF), Poland (Krakow), Romania
(Bucharest), Russia (Moscow, St.Petersburg), Slovenia (Ljubljana), 

Spain (Barcelona(3x), Santander, Sevilla (2x), Valencia), Switzerland
(CERN, PSI, Zurich), United Kingdom (Birmingham, Glasgow, 

Lancaster, Liverpool, Oxford, Manchester, RAL)

8 North-American institutes
Canada (Ottawa), USA (BNL, Brown Uni, 
Fermilab, LBNL, New Mexico, Santa Cruz, 

Syracuse)
1 Middle East institute

Israel (Tel Aviv)
2 Asian institutes 

China (Beijing-IHEP, Hefei), India (Delhi)

3 new members 2019

Full member list: www.cern.ch/rd50

• 63 institutes, 370 members
• 50  European institutes
• 8 North American institutes
• 2  Asian institutes
• 1  Middle East institute

New!

An international collaboration that aims to provide radiation-hard 
semiconductor devices for future colliders

TIMEPIX 3/4

Knowledge Transfer
Accelerating Innovation

CERN Technology Portfolio

A pixel detector read-out chip for X-ray imaging and particle track 
reconstruction developed by the Medipix3 Collaboration.
  

Timepix3 is a general-purpose integrated circuit suitable for readout of both 

semiconductor detectors and gas-filled detectors. Timepix3 can be used in a wide 
range of applications varying from X-ray imaging to particle track reconstruction. 
Depending on the application requirements, users can choose one out of three 

data acquisition modes available in the Timepix3. In the data driven mode both 
arrival-time information and charge deposit information are sent off chip for each 
hit together with the coordinates of the active pixel. The chosen architecture allows 
for continuous and trigger-free readout of sparsely distributed data with the rate up 
to 40 Mhits/s/cm2.
For imaging applications and for calibrations, the possibility exists of operating in 

frame-based (non-continuous) data read-out mode.

CONTACT PERSON

aurelie.pezous@cern.ch

Find out more at:
kt.cern

TIMEPIX3

FEATURES

•	 Pixel	size	55μm	x	55μm.
•	 256 x 256 pixels.
•	 Timepix3 is suitable for read-out of both semiconductor 

detectors	and	gas-filled	detectors.
•	 Single thresholds per pixel each with 4 bits of local 

adjustment.
•	 Two main measurement modes: (1) simultaneous 10 bit 

TOT and 18 bit TOA and (2) 10 bit event counting and 
14 bit integral TOT.

•	 TOT monotonic for large positive charges.
•	 Fast TOA for time stamping with a precision of 1.56 ns.
•	 Data driven read-out: dead time free, for a maximum hit 

rate of 40 Mhits/s/cm2.
•	 Shutdown/wake-up features for power pulsing tests on 

a full system.
•	 3-side buttable (with a single 1.2mm dead edge).
•	 TSV ready.

APPLICATIONS

•	 X-ray imaging.
•	 Particle track reconstruction.
•	 Timepix3 is suitable for readout of both semiconductor 

detectors	and	gas-filled	detectors.
•	 Electron microscopy.

TECHNOLOGY 
READINESS LEVEL

Commercially available. 
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CALICE & Calorimetry

Contact: François Corriveau

q Prototypes developed of the three main calorimetric subsystems (ECAL, HCAL, 
tail catcher/muon tracker) of a future detector. 

q Evaluating the performance of alternative technological solutions within this 
combined system
Ø SCECAL: scintillator / steel ECAL design
Ø SiW ECAL: 30-layer silicon tungsten sampling calorimeter, active 9760 

channels, 24 X0 deep, approx. 20 x 20 x 30 cm3

Ø MAPS ECAL: studies into a novel digital ECAL concept, using 50-micron 
pixel pitch, the "Tera-pixel" calorimeter

Ø AHCAL : analogue HCAL, scintillating tiles and SiPMs, 8184 channels, 1m3

Ø DHCAL: the digital HCAL, GEM or RPC readout
Ø TCMT: Tail Catcher and Muon Tracker

Source: https://twiki.cern.ch/twiki/bin/view/CALICE/

https://twiki.cern.ch/twiki/bin/view/CALICE/ScEcal
https://twiki.cern.ch/twiki/bin/view/CALICE/SiWEcal
https://twiki.cern.ch/twiki/bin/view/CALICE/MapsGroup
http://www-flc.desy.de/hcal/
http://www.hep.anl.gov/repond/DHCAL_US.html
https://twiki.cern.ch/twiki/bin/view/CALICE/CaliceTCMT


Portion of it would be Lead & Scintillating Fibres (Lead-SciFi) similar to the GlueX BCAL 
which was built by the Regina group. Could even contemplate a silicon-based ECal.

EIC calorimeter concept
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4Dimension Digital Detector, 4D3 concept 
• Single Photon Avalanche Diode

• 1 photon → 1e- * 106 (Gain) → 106 e-
• Low Gain Avalanche Diode

• 1 MIP → 1,000e- (15um ionization) * 
100 (Gain) → 105 e-

CMOS
Aka. electronics

Molecular bonding

Ultra-thin contact 1-5nm
Thin passivation ~100nm

e-

Drift field region
Avalanche region

photons

CMOS
Aka. electronics

e-

Charge
d parti

cle

e- e-e-

e-
e-

e-

e- 30um

Signal close enough to be handled by similar electronics
Made in Canada technology: Sensor layer and 3D integration could be done at Teledyne-DALSA (Bromont, QC)

ØAim is to achieve 10ps timing resolution for both and 10-100μm position resolution
ØCan be used for both calorimetry (HCAL) or tracking

Contact: Fabrice Retiere (informal workshop Thursday https://indico.cern.ch/event/1072579/sessions/410154/#20220609)

https://indico.cern.ch/event/1072579/sessions/410154/


Alain Bellerive

Summary Get involved if you want an EF collider! 
q Presented status of ILC and other energy frontier (EF) options. What is best for Canada?

q What collider/detector properties are necessary to probe the Higgs self-interactions?

q The next collider for precision physics or with ultimate energy reach for search BSM?

qIdentify technologies for discoveries; seek instrumentation innovation 
and synergy; build partnership; where do new approaches in searches or 
data analysis matter most?

q What theory calculations do we need to capitalize on? Where does theoretical accuracy 
matter most? How to reduce theory systematics?

qDialogue among particle and nuclear physics committees, between 
theory and experiments!

q Engaged Canada in international planning



Alain Bellerive

extra



R&D Timescale Examples – New Structures/D-MAPs

� 3 Depleted Monolithic Active Pixels Sensors (DMAPS) designed so far
± submission dates in timeline, chip delivery ~0,5-1 year later

� All of them in LFoundry 150nm process
� High resistivity substrates (up to ~2kOhm/cm)

4Patrick Sieberer24.02.2022

RD50-MPW1
RD50-MPW2

RD50-MPW3

2017 2018 2019 2020 2021 2022 +

• 3 Depleted Monolithic Active Pixels Sensors (DMAPs) designed
• Submission dates in timeline, chip delivery ~0.5 – 1 year later

• All in LFoundry 150nm process
• High resistivity substrates (up to ~2 kOhm/cm)

Contact: Thomas Koffas / Bernd Stelzer /Luise Poley



Cool Copper Collider (C3) versus ILC
q ILC: 

Ø beam acceleration by superconducting nine-cell niobium cavities operating at 2°K
Ø average gradient of 31.5 MV/m
Ø total footprint of the ILC complex is ∼ 20 km / 31 km long at 𝑠 = 250/500 GeV
Ø Ready to build technology

q C3
Ø SLAC-based development
Ø beam acceleration by cryogenic 

copper cavities operating at 77°K 
(liquid Nitrogen)

Ø 8 km footprint for 𝑠 of 250/550 GeV 
⟹ gradient 70/120 MV/m

Ø Require R&D program and proof of 
principle



The physics of electron-position collision at high-energy

ILC@250 GeV = single Higgs production cross section maximum 



The Higgs coupling (Effective Field Theory)
Precision studies of Z, W, b, tau and c at 250 GeV, while ILC also opens top Yukawa and Higsgs self-coupling (λ) below 500 GeV

Polarized ILC beams 2 ab-1 integrated luminosity is roughly equivalent to unpolarized 5 ab-1
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=0 & no anom. hZZ/hWW coupl.)BSMΓModel Dependent Fit (

Absolute & model-independent Higgs coupling
measurements possible with ILC 250 GeV data alone

ILC & HL-LHC complementory. ILC significantly improves
LHC precisions so much higher sensitivity to BSM physics

arXiv:1901.09829

https://arxiv.org/abs/1901.09829


Why an ILC ?
The International Linear Collider (ILC ) is only machine Higgs Factory that can
e+e− collision at 250 GeV addresses compelling physics questions: EW symmetry breaking and Higgs physics.
Electron-positron machines allow many probes of naturalness. Probes of “naturalness” can come from direct 
searches at the energy frontier, precision measurements of Higgs couplings, or precision Z studies!!!

250 GeV ILC is a new particle discovery machine! 
Direct New Particle Searches
o >103 higher luminosity than LEP2 
o beam polarizations
o much better detectors (keep HEP at the cutting edge of knowledge & tehnology)
o natural evolution to higher electron-positron CM energy 350/380 GeV, 500 GeV, and beyond
Enhance sensitivities to regions with small cross sections and compressed mass spectrum, which are challenging at LHC 

Precision measurements
Past colliders whose energy regime has been explored before (LEP, HERA, Babar, CLEO, BELLE) still, though increased
luminosity, enable a wealthy of physics to be studied and measured. Benefits from expertise of others (SNO, T2K, etc).

A dark sector particle could mix with the Higgs or Z bosons
o Higgs decaying to missing energy and a few SM particle
o Benefits of improved performance of the detectors

But isn’t dark matter today’s Higgs? 
If it is lighter than half the Higgs mass and couples to it! This is done via the “missing mass” technique.
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2019 2026

Strengthen US-Japan Discussion Group:
cost reduction R&D, governance discussion

Discussion among governments
Exchange of information
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ICFA/LCB
@Tokyo

Pre-lab
2021 – 2025
[4 years]

＊ICFA: international organization of researchers consisting of directors of world’s major accelerator labs and representatives of researchers
＊ILC pre-lab: International research organization for the preparation of ILC based on agreements among world’s major accelerator labs such as KEK, CERN, FNAL, DESY, etc.

7-Mar-2019

MEXT
panel

Summarize
opinions of 
relevant 
ministries

European Particle Physics Strategy Update (EPPSU)

EPPSU adopted
by CERN Council

Agreement on governance, 
operation, sharing of cost 
and human resources

KEK International WG

Accelerator
Construction
2025 – 2034
[9 years]

Negotiations on international sharing
[2019 fall–]

ICFA/LCB
@SLAC

20-Feb-2020

19-Jun-2020

Statement
by Japan

Statement
by Japan

Transition
Phase

Preparation Phase Construction
PhaseAug

2020 20222021 2023 2024 2025

May 2019 – Oct 2019

Feb
2020

Discussion Group with European partners: 
[JP/DE: Jul 2019–]  [JP/DE/FR/UK: Feb 2020–]

Good enough design for the final approval of construction, resolution of  remaining technical issues 

SCJ Master Plan

Jan 2020

Input
from US

International
Development Team
Aug 2020 – 2021
[1-1.5 year]

Collaboration of
research labs

Prepare for Pre-lab
and Accelerator/
Detector/Physics

Basic idea of international sharing 
of human and material resources

The 2020 Proposed Timelines Towards Realization of ILC

adapted from S. Yamashita

Detector
Construction
2026 – 2034
[8 years]



IPP brief 2005 LRP ILC has been in the planning for over 15 years!!!

In 2020, I see many more projects but a community of about same size (slightly larger)

ILC

William Trischuk


