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What is the ILC ?



International Linear Collider



more than 1,000 scientists and engineers from  
more than 100 universities and laboratories in  
over two dozen countries. 



LCC organization from Dec. 2016 
ICFA 

Linear Collider Board 
Tatsuya Nakada 

(Lausanne) 

Directorate  
Lyn Evans 

Deputy (Physics)   
Hitoshi Murayama 

ILC  
Shin Michizono 

Physics & Detectors  
Jim Brau 

CLIC  
Steinar Stapnes 

LCC 
Linear Collider Collaboration 

2017 ICFA seminar (Nov. 8, 2017) 7 Shin Michizono (ICFA seminar 2017)



ILC

electron＋positron accelerator & collider 

CM energy   : 250GeV → 500GeV → 1000GeV 
Total Length :   20km   →   30km   →   50km 
Candidate site: Kitakami mountains (Iwate/Miyagi)

Electron source

Positron source

Positron main linac

Electron main linac

Damping rings

Detectors



PEP 29GeV 
PETRA 39GeV TRISTAN 60GeV

SLC 91GeV 
L=3km

LEP/LEP II 100/209GeV 
C=27km

e+e- colliders

∆PSR = -(E/m)4R-1



ILC 250GeV 
L=20km

LEP/LEP II 100/209GeV 
C=27km

e+e- colliders

extendibility to higher energies 

∆PSR = -(E/m)4R-1

      - 1000GeV 
- 50km
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KEK-STF
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■
European XFEL Commissioning Experience

TTC Meeting – February 2017 
Hans Weise, DESY title of your talk

13The End of Main Linac Section L3

100 modules
cf. 837 modules in ILC250

XFEL started commissioning from 2017



ILC TDR(2013)



ILC

Electron source

Positron source

Positron main linac

Electron main linac

Damping rings

Detectors

Target

Fixed target experiment with polarized  beam



CONTENTS
01 3 INTRODUCTION
 4 About this report

 6 EXECUTIVE SUMMARY

02 10 THE QUANTUM UNIVERSE
 12 Gateway to the Quantum Universe
 12 Secrets of the Terascale
 14 The Higgs particle
 15 Revealing the ultimate: extra dimensions? 
 16 Shedding light on dark matter
 18 A parallel superworld
 18 A telescope to the unknown
 19 Discovery scenarios

03 20 ILC: THE MACHINE FOR THE FUTURE
 22 The ILC – a step-by-step guide
 24 The major challenges

04 28 A GLOBAL PROJECT
 29 The Global Design Effort
 29 Site considerations 
 30 Estimate for the ILC machine
 33 The next steps 

05 34 THE ROAD AHEAD
 34 The next generation
 36 Fast track for industry
 38 Beyond the horizon
 

Physics



DARK 
MATTER

SUPERSYMMETRY

HIGGS

EXTRA 
DIMENSIONS

ULTIMATE 
UNIFICATIONS



The discovery of a Higgs boson in 2012 at the 

Large Hadron Collider (LHC) at CERN is one of 

the most significant recent breakthroughs in 

science and marks a major step forward in 

fundamental physics. Precision studies of the 

Higgs boson will further deepen our understanding 

of the most fundamental laws of matter and its 

interactions. 

ICFA Statement, 2017



125 GeV Higgs discovery reinforcing the ILC importance 
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New Physics beyond SM:   
 
� Direct or indirect DM searches 
� Evidence for BSM physics 
� Hints of a new mass scale 

Physics confident:  
     Æ Higgs and Top Quark  
 
� Learn “everything” about H (125)  
� Probe dynamics of EWSB 

K. Kawagoe 
(modified) 

H 

LEP  
reachedÆ  

Important Energies in ILC 
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ILC : e+e-LHC : p＋p

20

Higgs looks like



ILC Time Line: Progress and Prospect 

Assuming (~2+) 4 year   

(Pre-Preparation) and  
Preparation Phase   

We are here,  
2017 

  (9 year)   
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Industry-Academia
Local area

JFY2016 JFY2017 JFY2018 JFY2019 JFY2020
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International Meetings
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Government

US-Japan

2013~2016
Federation
US Visit

May: MEXT/DOE
Discussion Group

Cost reduction R&D tasks
ÆStart (Operational budget

+ 0.6 oku)
LCLS-II construction: use technology

US-Japan 2nd  year
(1st year R&D)

US-Japan 3rd year
Within US-Japan S&T Cooperation framework

International Design

June 2017

Aug.

ALCW2017

LP2017

LHC results

LCWS2016 LCWS2017

LCWS2018 LCWS2019

Aug Feb Aug Nov Feb Aug Feb Aug Feb Aug Feb

ICHEP2018 ICHEP2020LP2019

Staging Design
(Cost Reduction)

Japan
MEXT ILC Advisory Panel

Organization,
governance

Human resources
& devlopment

Hon. Kawamura Keynote Speech

Federation
US Visit

Technical Design Report (2013)
(includes staging scenarios)

Cost reduction

Interim Report

Europe

Asia

Scientists

International Effort
Cost reduction

Report

Staging, 
Cost, Physics

Studies on international organization (commissioned)

Technology, cost reduction, local cost,
distributed centers, private funds, logistics

HEP community: consensus
Future plans, ILC staging

� Budget
Request

Budget Request Budget Request

Budget Request

Budget Request Fiscal
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Fiscal
Strategy

Fiscal
Strategy

US-Japan 4th year
(conclusion)

KEK
consensus

Federation
Europe Visit
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new administration
& Congress
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Domestic Outreach
Toward domestic consensus

Federation: US-Europe-Japan cooperation 
Æ Support Parliament/Government/Inter-government discussion

Pre-discussion Discussion Æ Proposal

European Strategy

Summer 2018 2019, Jan-Dec

EC S&T minister, gov’ts

� With Europe (EU countries & CERN): need start concrete discussion on 
sharing of cost, technology, human resources

� With US: need start serious discussion on management and possibility of cost sharing

Æ Next 5-year plan

ESFRI (revised every 2 years; target 2019 spring)

ICFA: “staging” endorsement

IEEE

Germany-Japan
Hon. Riesenhuber

IEEE

End of October

Europen Strategy (2013)

P5 report (2014)

Input
(by second half of 2018)

P5 report

Detailed design, automation (cost reduction, stability), reduce cost risk, detector engineering design

Toward international consensus, technology applications, human development,  management cores

Phase-0 Phase-1

Europe

United States

Æ International
Agreement

Report

Report

2019

ICFA critical decision 
Keep or stop ILC Activities

Advisory
Panel
Conclusion

ILC promotion
Schedule V-2017.June Apr.                    Aug.        Dec. Mar.

NOW CRITICAL Aug.

ALCWS, SLAC 26-30 June 2017

Lyn Evans (AWLC 2017)



ILC

•Linear Collider 

•“economical” machine (∆PSR) 

•extendibility to higher energies  

•Electron-Positron Collider 

•“clean” environment 

•large discovery potential  

•precision studies of the Higgs boson



Two photon process in 
the current ILC study



Chapter 1. The physics and detector challenges of the ILC

Pair Background
Large numbers of e+e≠ pairs created at the interaction point primarily follow the outgoing

beams, with the detector solenoid controlling their motion. Some are produced with large enough
transverse momenta to enter detector components. Also, the pairs create secondary particles by
interacting with detector or collider components. These secondary particles can enter the detector
and are another important background source.
Photon Background

The beam-beam interaction at the IP also produces a large number of photons, mostly radiated
in the forward direction. While carrying a large amount of energy, they mostly leave with the outgoing
beam. However, like the pairs, some generate secondary particles when interacting with forward
components, and represent another important source of background.
Synchrotron Radiation Background

Synchrotron radiation photons produced in wakefield-induced beam scattering in the upstream
machine elements represent another potential source. An optimised collimation system can control
this source.
Beam Halo Muon Background

Muons are produced upstream of the detector when the beam halo interacts with collimators,
generating high energy electromagnetic showers. Many muons can be created, and are then relatively
easily transported to the detector, generating spurious horizontal tracks.
Summary of Backgrounds

The background sources have been investigated in various studies. For example, the beam-beam
interaction and pair generation, radiative Bhabhas, disrupted beams and beamstrahlung photons
for the 500 GeV ILC were studied with GUINEAPIG [333]. Also, the ““ hadronic cross section was
approximated in the Peskin-Barklow scheme [2]. Based on these studies densities of particles which
will reach the di�erent sun-detectors have been estimated. Table I-1.3 summarises these estimates.

Table I-1.3
Background sources for
the nominal 500 GeV
beam parameters.

Source #particles per < E > (GeV)
bunch

Disrupted primary beam 2 ◊ 1010 244
Bremstrahlung photons 2.5 ◊ 1010 244
e+e≠ pairs from beam-beam inter-
actions 75k 2.5

Radiative Bhabhas 320k 195
““ æ hadrons/muons 0.5 events/1.3 events –

1.3.2 Beam Instrumentation

Precise knowledge of beam parameters is critical to the ILC physics program. Luminosity, beam
energy, and polarisation are measured by instrumentation close to the main detectors, which are
described in more detail in Chapter 2.

Luminosity measurement: Accurate knowledge of the luminosity is required, both the energy-
integrated luminosity, as well as the luminosity as a function of energy, dL/dE. Low-angle Bhabha
scattering detected by dedicated calorimeters can provide the necessary precision for the integrated
luminosity. Acollinearity and energy measurements of Bhabha events in the polar angle region from
120-400 mrad can be used to extract dL/dE.

Beam energy measurement: Beam energy measurements with an accuracy of (100-200) parts
per million are needed for the determination of particle masses, including mtop and mHiggs. Energy
measurements both upstream and downstream of the collision point are foreseen by two di�erent
techniques to provide redundancy and reliability of the results.

12 ILC Technical Design Report: Volume 4, Part I

ILC TDR(2013) Machine backgrounds

γγ = background !!
1312x5=6560 BX’s/sec



Hadron Production in Photon-Photon Processes at the  
ILC and the BSM signatures with small mass differences

Swathi Sasikumar, Jenny List, Mikael Berggren 

                    26-30th June 2017 

                     

American Workshop for Linear Colliders 
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DBD simulations for           low pt hadron events

> In DBD simulations: 

‣ Overlaid number of      events on each physics event (1.7 evnts/BX) 

‣           low pT hadron event generation by Tim Barklow 

          < 10 GeV - dedicated generator by Tim (Barklow generator) 

           > 10 GeV - Pythia 

> Removal of      backgrounds by applied kT algorithm method 

> In most of the cases kT algorithm method a success to regain the physics 
performance 

>  Analysis for higgsinos still an exception to kT algorithm method - the low pt 
visible decay products misidentified as      overlay in exclusive mode and 
discarded
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Event Properties of old and new Barklow generator

> Improvements implemented in Barklow 
generator for           < 2 GeV 

> Event Properties before improvements:  

Barklow generator produced          low Pt 
hadron processes with very simple events 

No neutral mesons included  - no     or       

> Event Properties after improvements:  

The Barklow generator produces different 
events like  

The cross-sections for producing     is 
greater than that for 
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Event Properties of old and new Barklow generator      

> PDG:        = 770 MeV and      = 145 MeV  

> Before improvement: 

Barklow generator produced  rho meson without 
natural width - peaked at 770 MeV 

> After improvement: 

The improved generator now produces rho 
mesons with full natural width
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Summary and Outlook

> Although physics environment at ILC is very clean       backgrounds is still 
important 

> The impact of this overlay is found on a very few specific but important events 

> A better generator to produce           low pt hadrons was developed with more 
realistic particle contents for events 

> Investigating whether different z_vtx position and vector meson tag can be used 
to remove the backgrounds 

> Work in progress!! 

> OUTLOOK:  

The method developed will be applied on higgsino samples and Hale Sert’s 
study would be repeated but with inclusion of       overlay 
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•Few studies of two photon processes, so far



Future prospects



•Improve / implement γ-γ generator is essential 
for future study



Summary

•ILC 

•extendibility to higher energies  

•precision studies of the Higgs boson 

•waiting for “Green Light” 

•Two photon process 

•Few studies, so far. 

•Improve / implement γ-γ generator is essential 
for future study


