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Questions beyond the Standard Model 

• How gravity is connected to the other forces 
(TOE)? 

• What is the nature of dark matter, which does 
not fit the Standard Model? 

• Matter/antimatter imbalance? 

 

 The structure of the Higgs sector is likely to be 
connected to all these questions 
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that could be addressed by precise measurements at the ILC 



The ILC: a proposed linear e+ e- collider for 
precise Higgs measurements 

• Why e+ e-? 

– Clean collisions 

• known initial state, fully reconstructable final state 

– Simpler detector design 

– e+ e- annihilation is more “democratic” than hadron’s 

• Thus, no trigger is needed 

• Possibility to measure absolute branching ratios directly 

• 1% of e+ e- annihilations at ILC may produce Higgs events 

– Electroweak interaction only, better calculability 

• Easier to reconstruct elusive new physics interactions 
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[Physics with the Compact Linear Collider, I. Bozovic Jelisavcic,  
Lomonosov 2017] 

e+e- interactions cross sections 

Energy reach and flexibility - high energy for possible direct access to new physics 

maximum of ZH production: ~ 250 GeV 

WW fusion kicks in: ~ 350 GeV; 
also top pair threshold 

direct access to top Yukawa coupling: 
~ 500 GeV - 1.5 TeV 

Higgs self coupling: 500 GeV; 1+ TeV 

• Luminosity: Interesting cross sections typically ~ 1 - 100 fb: > ~1034 cm-2s-1 
to get 100 - 10k events/year or more 

• Polarization: Enables precision electroweak measurements, can be used to 
enhance signal / suppress background 



The ILC: a proposed linear e+ e- collider for 
precise Higgs measurements 

• Why linear? 
– No synchrotron radiation 

– Flexibility to operate at wide range of energies 
• W+, W-, Z and Higgs factory 

• Top quark measurements for ILC 350 

– Easier to extend and increase max energy 

• Additional features 
– Beam polarization 

– Two detector concepts under study 
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Why do we want to build the ILC, if 
lower energy than the 13 TeV LHC? 

• ILC and LHC are complementary 
– With high-energy reach, the LHC is a discovery machine 
– Due to QCD background free experimental environment, a e+e- collider is the 

option for precision measurements in the Higgs, top and BSM sector 

• In particular, at ILC it is possible: 
– Precision Higgs measurements, including Higgs trilinear self-coupling and 

model-independent measurements of the Higgs couplings being a unique 
feature of e+e- colliders 

– Direct top quark mass measurements, including precision measurements of 
the top CP properties and the top-Yukawa coupling  

– BSM can be observed in deviations from SM expectations, with sensitivity 
enhanced at the higher center-of-mass energies or directly with ~ ½ s reach 

– Tunable collision energy 
– High spin polarization 

• New observables not measurable otherwise 
• Enhances cross sections for Higgs production processes 
• Reduces background 
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Outline of this talk 

• ILC Overview 

• ILC Physics 

• ILC Detectors 

• ILC Status 
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So what’s next? 

• ILC Overview 

• ILC Physics 

• ILC Detectors 

• ILC Status 

8 Physics and detectors at the ILC 



ILC layout 
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[ILC TDR 2013] 



Accelerator technology: SCRF cavities 

• ~ 16,000 Niobium 1.3 GHz 
superconducting 
accelerating structures  

• average gradient 31.5 
MV/m, operated at 2 K 

• Proven technology (XFEL) 
• Several production sites 

around the world 
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~1m 

Superconducting accelerator cryomodules in a test facility, DESY, Oct. 2014 
Image credit: D Nölle / DESY 
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Some ILC numbers [ILC TDR Summary 2013] 
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Some ILC numbers [ILC TDR Summary 2013] 

Pulse train structure 
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Some ILC numbers [ILC TDR Summary 2013] 

Accelerator power 
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Some ILC numbers [ILC TDR Summary 2013] 

Bunch parameters 
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Some ILC numbers [ILC TDR Summary 2013] 

Collider performance 
parameters 



So what’s next? 

• ILC Overview 

• ILC Physics 

• ILC Detectors 

• ILC Status 

16 Physics and detectors at the ILC 



The ILC: a flexible machine 

Physics and detectors at the ILC 17 

[From ILC TDR summary 2013] 

arXiv:1506.05992 

The ILC is a 
Higgs factory 

The ILC offers a comprehensive 
physics program 



over 20 years: 
 2.0 ab-1 @ 250 GeV 
 0.2 ab-1 @ 350 GeV 
 4.0 ab-1 @ 500 GeV 
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Example: ILC running scenario H-20 

arXiv:1506.07830 



Full ILC program 
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• HZZ coupling measurement in the Higgsstrahlung defines precision 
of the other model-independent Higgs measurements in a global fit 

• The LumUp ILC precision on Higgs couplings is below 1% in a model-
independent approach, except for the rare Higgs decays 

arxiv.org/abs/1310.0763 
Expected accuracies for Higgs boson couplings for a 
completely model independent fit 



Higgs coupling precision – LHC vs ILC 
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arXiv:1506.05992 

 ILC program offers: 
– Precision of 1% or 

below 
– Model-independent 

fit (cannot be done in 
HL-LHC) 

 
 

• Model-dependent ('LHC-style') 
approach enables cross-check 
between experiments 

• It brings down Higgs to EW 
boson couplings at a permille 
level 

• In this approach, the total Higgs 
width is constrained to the SM 
Higgs decays  



EW vacuum stability 

Physics and detectors at the ILC 21 

arXiv:1207.0980 

Constraint on the EW vacuum stability: top and Higgs mass precision 
achievable at ILC (mH~ 40 MeV, mt <75 MeV) 



Top quark studies 

• Pair production threshold for the 
top is around 350 GeV 

– ILC can probe top production 
threshold precisely 

– Important to understand EW 
vacuum stability  

 

 

 

 

• At 500 GeV, beam polarization 
becomes essential 

– Coupling depends on 
polarization 

– ILC can measure individual 
couplings of the top to W and Z 
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Seidel, K., Simon, F., Tesař, M. et 
al. Eur. Phys. J. C (2013) 73: 2530. 
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New Particles 

• ILC will search for particles outside 
the SM, either directly or indirectly 

• ILC will use the advantage of e+ e- 
collisions 
– Well-defined initial state, no large 

interaction background from gluons 
– Any type of dark matter within the 

ILC energy range, and that 
annihilates to e+ e- can be found 

• SUSY partners could be probed 
– E.g., charginos, neutralinos, 

higgsinos? 

• Additional Higgs bosons 
• New gauge bosons through two-

fermion processes 
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[Future Linear Colliers: ILC and CLIC, F. Simon, ALPS2017] 



So what’s next? 

• ILC Overview 

• ILC Physics 

• ILC Detectors 

• ILC Status 
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Detector requirements 

• Event reconstruction through Particle 
Flow Algorithm (PFA) concept 
– Highly granular EM and hadron 

calorimeters 
– Effective tracking system 

• New generation vertex detectors 
– Impact parameter resolution better 

than 2 mm 
– Low material budget tracker, < 0.2% X0 

• Instrumented return yoke for muon 
identification 

• Beam instrumentation 
– Bhabha scattering rate as luminosity 

monitor up and downstream 
– Compton polarimeters up and 

downstream 
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http://www.hep.phy.cam.ac.uk/linearcollider/physics/ 

Add that tracking system has to be light, how 
small in terms of radiation length compared to 
calorimeters? Find it in ILD 



Particle Flow Algorithm (PFA) concept 

• Calorimetry (energy resolution for jets) is crucial in 
Higgs boson properties and SUSY measurements  

• PFA calorimetry concept: 
– Energy of neutral particles is measured in calorimeters 
– Energy of charge particles is reconstructed in the 

tracker, with better resolution 

• PFA outperforms traditional energy reconstruction 
based on lower resolution pure calorimeters 

• Several PFA algorithms studied for ILC, giving 
typical jet-energy resolution of 3-4% for                  
~100 GeV jet energy 
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arXiv:1105.3417 [An introduction to the particle flow algorithm for 
ILC, ArborPFA, Li and Eté, CHEF2017] 
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Very forward region 

• Same concept for 
both designs 

• LumiCal for precise 
luminosity 
measurement 

• BeamCal for fast 
luminosity 
estimation 

• Integrated 
luminosity can be 
measured at ILC at 
the permille level 
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See “Luminometers for future e+e- collider experiments”, HEP2018, 
https://indico.cern.ch/event/628450/contributions/2829588/ 

https://indico.cern.ch/event/628450/contributions/2829588/


So what’s next? 

• ILC Overview 

• ILC Physics 

• ILC Detectors 

• ILC Status 
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ILC cost optimization efforts 

• Led by: 

– innovation in Nb material processing, resulting in 
material cost reduction 

– innovation in surface process for higher efficiency 
cavities, resulting in fewer cavities 

• 250 GeV ILC reduced to ~20 km length 
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ICFA   Statement, November 2017 
 The International Committee for Future Accelerators (ICFA) 

stated that: 
 

– “ICFA considers the ILC a key science project complementary to 
the LHC and its upgrade” 

– Cost reduction is appreciated: 250-GeV version costs 40% less 
than the 2013 500-GeV version 

– Great discovery potential beyond 250 GeV 
 

 “ICFA very strongly encourages Japan to realize the ILC in a 
timely fashion as a Higgs boson factory with a center-of-mass 
energy of 250 GeV as an international project , led by Japanese 
initiative.” 
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The ILC is a realistic project with 
great discovery potential 
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ILC candidate site in Kitakami, Tohoku 



THANKS FOR YOUR ATTENTION 

Gracias por su atención 
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https://aaa-sentan.org/ILC/ilc-comic/01.html 



EMERGENCY SLIDES 
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ILC costs (from TDR 2013) 

• 7.8E9 ILCU (“ILC reference $”, 2012 US dollars) 

• 22.6E6 person hours over 9 years 
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[From ILC TDR summary 2013] 



Backgrounds at ILC 

• Much lower than LHC’s 
– And easier to measure – photon vs. gluons 

 

• But still, we have 
– Beamstrahlung, which generates lots of low 

energy e+/e- pairs at the IP 
• Significant radiation loads on forward detectors 

–  -  collisions produce high transverse 
momentum particles 
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BACKUP SLIDES 
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E-XFEL@DESY 

Accelerating technology is mature 
 

production of niobium cavities in industry; 
 being used / developed in several other contexts: 
e.g. light sources at DESY (E-XFEL), SLAC (LCLS-II), Shanghai 

E-XFEL has been 
successfully built, 
commissioned, 
and recently 
started operation 
 

17.5 GeV in 2 km 
 @ ~24 MV/m 
~15% of one ILC arm 
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