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ILC: From Design to reality  
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The	
  ILC	
  accelerator:	
  Technical	
  CharacterisMcs	
  (TDR	
  design)	
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ILC (International Linear Collider) 

31 km 

Damping ring 

Main linac 

Main linac 

electron 

•  500	
  GeV	
  CM	
  with	
  31	
  km	
  →	
  upgrade	
  	
  later	
  to	
  ~	
  1TeV	
  CM	
  with	
  50	
  km	
  
•  Beam	
  size	
  at	
  IP	
  :	
  6	
  nm	
  x	
  500	
  nm	
  x	
  300	
  mm	
  
•  Luminosity	
  	
  ~	
  2	
  x	
  1034	
  /cm2s	
  with	
  the	
  possibility	
  to	
  increase	
  (x2)	
  
•  PolarizaMon	
  >80%	
  e-­‐;	
  30-­‐40%	
  e+	
  



The	
  ILC	
  accelerator	
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•  Main advantages (linear colliders): 
–  No energy loss due to synchrotron 

radiation (ΔE ~ (E/m)4R-1) 
–  Extendibility (Length ~ Energy) 
–  Polarization 
–  Energy scanning 

Demonstrated 
in TDR 

 

Progress in 
2014-2015 

 
S. Komamiya - LP 2015 



The	
  ILC	
  accelerator:	
  SRF	
  faciliMes	
  worldwide	
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The	
  ILC	
  accelerator:	
  SRF	
  	
  faciliMes	
  worldwide	
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Technology globally matured to realize the ILC 

700 out of 800 cavities completed 
<30 MV/m> 

Individual cavity gradient of 35 
MV/m  

Crymodule test facility at Fermilab 
reached <31.5 MV/m> exceeding 
ILC expects S. Komamiya - LP 2015 



ILC physics potential:  running scenario 
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Recommended scenario (~20 years 
program): 
 
•  Starting at 500 GeV (500 fb-1), 

then 350 (200 fb-1) and 250 GeV 
(500 fb-1). 

•  Luminosity upgrade (1312 → 2625 
bunches per pulse) then 3500 fb-1 
at 500 GeV and 1500 fb-1 at 250 
GeV. 

Obviously, actual running scenario will 
depend on physics outcomes from 
LHC and ILC, and other factors 

T. Barklow et al., arXiv:1506.07830 
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study this boson in the clean environment of e+e� collisions. Since the boson has been
seen in its ZZ-decay and given the indications that it also decays to WW , the main
LC production modes, Higgs-strahlung and WW -fusion can be exploited, allowing for
a model-independent reconstruction of the profile of this Higgs-like particle (hereafter
called “Higgs boson” for simplicity).

For a LC, there are qualitative di↵erences to the LHC which in turn lead to quanti-
tative improvements for the determination of the parameters of the Higgs sector. The
precise measurements of these parameters allows for the identification of the nature of
underlying physics. The experimental anchor of LC Higgs physics is the possibility to
observe the Higgs boson in Higgs-strahlung, e+e� ! HZ as a resonance in the mass
recoiling against a leptonically decaying Z-boson independent of a specific Higgs decay,
see Fig. 2.13 (right). This allows for the direct reconstruction of gHZ , the Higgs-Z cou-
pling. Thus, inherently any Higgs branching ratios and couplings can be determined
absolutely and without correlations. This includes potential beyond-SM decays such as
e.g. invisible decays, decays into light quarks etc.
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Fig. 9: Left: Production cross-sections of the SM Higgs boson in e+e� collisions as a function of
p

s for
mH = 125 GeV. Right: SUSY production cross-sections of model III as a function of

p
s. Every line of

a given colour corresponds to the production cross section of one particle in the legend.

Table 5: Summary of results obtained in the Higgs studies for mH =120 GeV. All analyses at centre-of-
mass energies of 350 GeV and 500 GeV assume an integrated luminosity of 500 fb�1, while the analyses
at 1.4 TeV (3 TeV) assume 1.5 ab�1(2 ab�1).

Higgs studies for mH =120 GeV
p

s Process Decay Measured Unit Generator Stat. Comment(GeV) mode quantity value error

350 ZH ! µ+µ�X
� fb 4.9 4.9% Model

Mass GeV 120 0.131 independent,
using Z-recoil

500
SM Higgs

ZH ! qq̄qq̄
�⇥ BR fb 34.4 1.6% ZH ! qq̄qq̄

production Mass GeV 120 0.100 mass
reconstruction

500 ZH,H��̄ �⇥ BR fb 80.7 1.0% Inclusive

! ��̄qq̄ Mass GeV 120 0.100 sample

1400 H ! �+��

�⇥ BR fb

19.8 <3.7%

3000
WW H ! bb̄ 285 0.22%
fusion H ! cc̄ 13 3.2%

H ! µ+µ� 0.12 15.7%

Higgs
1400 WW tri-linear ⇠20%
3000 fusion coupling ⇠20%

gHHH
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Figure 2: The recoil mass distribution for e+e� � ZH � µ+µ�H events with mH = 120 GeV in the ILD
detector concept at the ILC [6]. The numbers of events correspond to 250 fb�1 at

�
s = 250 GeV, and the

error bars show the expected statistical uncertainties on the individual points.

�
s 250 GeV 350 GeV

Int. L 250 fb�1 350 fb�1

�(�)/� 3 % 4 %
�(gHZZ)/gHZZ 1.5 % 2 %

Table 2: Precision measurements of the Higgs coupling to the Z at
�

s = 250 GeVand
�

s = 350 GeV based
on full simulation studies with mH = 120 GeV. Results from [6] and follow-up studies.

even near threshold at 500 GeV with 1 ab�1, thanks to the factor of two enhancement of the QCD-induced
bound-state e�ect. The measurement, which is made di�cult by a very large tt̄ background, relies on the
foreseen performances of the LC detectors. Furthermore, �gH��/gH�� can be measured at � 5% precision
at a 500 GeV LC with 500 fb�1 of integrated luminosity.

2.3 Higgs Coupling Measurements at
�

s � 500 GeV

The large samples of events from both WW and ZZ fusion processes would lead to a measurement of the
relative couplings of the Higgs boson to the W and Z at the 1 % level. This would provide a strong test of
the SM prediction gHWW/gHZZ = cos2 �W .

The ability for clean flavour tagging combined with the large samples of WW fusion events allows the
production rate of e+e� � H�e�e � bb�e�e to be determined with a precision of better than 1 %. Further-
more, the couplings to the fermions can be measured more precisely at high energies, even when accounting
for the uncertainties on the production process. For example, Table 3 shows the precision on the branching
ratio obtained from full simulation studies as presented in [4]. The uncertainties of the Higgs couplings
can be obtained by combining the high-energy results with those from the Higgs-strahlung process. The
high statistics Higgs samples would allow for very precise measurements of relative branching ratios. For
example, a LC operating at 3 TeV would give a statistical precision of 1.5 % on gHcc/gHbb.

2.4 Higgs Self-Coupling

In the SM, the Higgs boson originates from a doublet of complex scalar fields described by the potential

V(�) = µ2�†� + �(�†�)2 .

5

Figure 2.13: (Left) Cross sections for various Higgs boson production processes in e+e� col-
lisions. (Right) Recoil mass distribution for e+e� ! ZH ! µ+µ�H events at the ILC for
mH = 120 GeV and 250 fb�1 at

p
s = 250 GeV.

The reconstruction of the Higgs boson profile requires di↵erent steps in centre-of-mass
energy. The recoil mass spectrum as well as branching ratios (b, c, ⌧ , g, W , Z, �) can
be measured in Higgs-strahlung where the maximum of the cross section for a 125 GeV
Higgs boson is around 250 GeV. Given the inherent, approximately linear, increase of
instantaneous luminosity with

p
s, comparable accuracies can be achieved at 250 GeV

and 350 GeV. The most precise method to reconstruct the total decay width involves the
precise measurement of the WW -fusion cross-section which rises logarithmically with

p
s

and requires at least 350 GeV.
Since the H ! tt̄ decay is kinematically forbidden, the top Yukawa coupling needs to

be measured in e+e� ! tt̄H. The cross section has a broad maximum around 700 GeV.
The top Yukawa coupling can be measured with ⇠ 15% precision at

p
s = 500 GeV for

500 fb�1[10].
The measurement of a non-zero trilinear Higgs coupling �HHH signals a non-trivial

structure of the Higgs potential and thus spontaneous symmetry breaking. At the LC
it can be accessed mainly through two di↵erent production mechanisms, e+e� ! HHZ

ILC 
CLIC 

CEPC 
FCC-e+e- 

ILC physics potential: e+e- Higgs physics 
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Model dependent:   
LHC comparison 

ILC physics potential: Higgs couplings 
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ILC Model independent tests  

Model Independent tests allow for: 
 
•  No assumption for generation universality, unitarity,  nor on BSM 
•  Apart from g, t, µ, accuracy is ~1 % or less (Level that is meaningful in 

distinguishing models) 
•  The total Higgs width is extracted with a few percent uncertainty 
•  Several channels (e.g.: H→cc, gg) very difficult in hadron collisions 
•  Coupling to the photon benefits from combination with HL-LHC which would 

provide Γ(H→γγ)/Γ(H→ZZ*) 



ILC physics potential: e+e- top physics 
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ILC physics potential: top physics 
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Top mass: Well defined mass scheme 
 
Top anomalous couplings:  
 
•  Distinguish variety of BSM models.  
•  Use beam polarization (separates γ and Z, R and L	
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Top mass @ 350 GeV (MS-bar)  BSM: Anomalous top couplings @ >500 GeV 



One example: 
 
Fit LHC and Tevatron „signal strength“ parameters to the MSSM 
taking into account limits, B-physics constraints etc.  
 
à both h and H provide a reasonable fit 

 

•  tiny differences between best fit and SM 
•  tiny differences between h and H hypotheses 
•  Δµ/µ ≲ 5%-20% 
•  In general precision at ~% or better is requiried 

[Bechtle, Heinemeyer, Stal, Stefaniak, Weiglein, Zeune 
arXiv:1211.1955] 

Physics Challenges for Understanding EWSB

What precision do we need?

New Physics example from PB, Heinemeyer, Stal, Stefaniak, Weiglein,

Zeune arXiv:1211.1955 [hep-ph]

e.g. 0 1 µfit H to datafit h to data

Fit the MSSM to the LHC and Tevatron data with either the h or the
H as particle explaining the Higgs observation, taking limits,
B-physivs, etc into account

Partly tiny differences between the fit and the SM (blue line µ = 1)

Partly small differences between the h and the H interpretation

In many channels, expect no more than (µh − 1)/∆µexp ≈ 5− 20%

Given ∆µexp ≈ 50− 100% now, need up to ∆µexp ≈ 2.5% in the end!

P. Bechtle: Physics at the ILC DPG Dresden 08.03.2013 8

New	
  Physics:	
  	
  precision	
  measurements	
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Supersymmetry Composite Higgs 

ILC 250+550 LumiUP 



New	
  Physics:	
  	
  direct	
  searches	
  complementarity	
  with	
  LHC	
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LHC: 
Difficulty when mass difference is small 

ILC: 
Good sensitivity up to kinematic limit for 
(essentially) any mass difference	


In general (even when no near degeneracy):  
 
LHC can reach higher energy but could miss important phenomena. Tevatron could 
not have a clear signal of the Higgs though  20000  Higgs events were produced. 



New	
  Physics:	
  	
  direct	
  searches	
  (power	
  of	
  beam	
  polarizaMon)	
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New	
  Physics:	
  	
  direct	
  searches	
  (power	
  of	
  beam	
  polarizaMon)	
  



New	
  Physics:	
  	
  Dark	
  Maker	
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ILC	
  Detectors:	
  	
  Detector	
  R&D	
  major	
  challenges	
  

),,( −+→ ττccbbh

σ (1 / p) ≤ 2×10−5GeV−1

€ 

σE /E =0.3/ E(GeV)

σ ip = 5µm⊕10−15µm / psin
3/2θ

(e+e− → Zh→ +−X)

•  Vertex, “flavour tag”  (heavy quark and lepton identification) 
    vtx 1-2 cm;  
 
 
•  Tracking, “recoil mass”  
    B=3.5-5 T 
 
 
•  Jet Energy Rec. à Tracker+Calorimetry 
   Di-jet mass Resolution, Event Reconstruction, Hermitcity,  
   Detector coverage down to very low angle 
  
 
•  Particle Flow Detectors,  
   High granularity,  
   Excellent momentum measurement,  
   High separation power of particles 
 
 
   



Major	
  accomplishment	
  has	
  been	
  to	
  produce	
  the	
  Detailed	
  Baseline	
  Design	
  report	
  
of	
  the	
  detectors	
  for	
  the	
  ILC-­‐TDR	
  
	
  
Successful	
  cooperaMon	
  between	
  ILC	
  and	
  CLIC	
  
	
  
hkp://www.linearcollider.org/ILC/PublicaMons/Technical-­‐Design-­‐Report	
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ILC	
  Detectors:	
  SID	
  and	
  ILD	
  



Two	
  Detector	
  Concepts	
  for	
  the	
  ILC:	
  SiD	
  and	
  ILD	
  

Compact,	
  pure	
  Silicon	
  based	
  tracking,	
  large	
  B-­‐field	
  

Large,	
  gaseous	
  &	
  Si	
  tracking,	
  	
  
moderate	
  B-­‐field	
  	
  

•  ConsolidaMon	
  of	
  the	
  detector	
  designs	
  (re-­‐opMmizaMon)	
  
•  Intense	
  studies	
  of	
  the	
  physics	
  reach	
  

All	
  driven	
  by	
  ParMcle	
  Flow	
  
paradigm	
  

WIMP	
  reach	
  at	
  ILC	
  and	
  LHC	
  

Hadronic	
  recoil	
  

Potential improvement on Higgs couplings        
                                           when including 

   hadronic recoil 
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ILC	
  Detector	
  Concepts:	
  SID	
  and	
  ILD	
  



SiD Consortium 
 

–  Has been established, 
byelaws in place 

–  Spokespersons: 
    Marcel Stanitzki 
    Andy White 

–  Institute Board chair:   
Philip Burrows 

–  22 Groups have signed on 

–  www.silicondetector.org 

Europe	
  

Americas	
  

Asia	
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The	
  SID	
  detector	
  	
  concept	
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The	
  ILD	
  detector	
  	
  concept	
  

ILD Detector 

–  Spokesperson: 
    Ties Behnke 

–  Institute Assembly chair:   
Jan Timmermans 

–  64 Groups have signed on  

–  http://www.ilcild.org/ 
 



Summary 

•  The ILC is a truly global project under ICFA supervision 

•  The ILC accelerator technology based on SRF is matured and solid. Most 
of major worldwide accelerator facilities have proven to successfully 
produce main parts of the machine.  

•  The physics potential of the ILC goes in synergy with the LHC (including 
HL-LHC) providing new complementary features due to a cleaner 
environment,  energy extendibility, beam polarization possibility, energy 
scan, etc... 

•  The ILC physics program covers the high precision studies of the Higgs 
and top physics and in addition the search for physics beyond the 
Standard Model. 

 

23 J. Fuster 



Summary 

•  An extensive detector R&D is being pursued to reach the physics 
requirements.   

•  Two Detector Concepts, SID and ILD, have been conceived to achieve 
the experimental goals. Performance studies are being carried out as a 
collaborative and coordinated effort. 

•  Due to time constraints, this talk could not cover the MEXT process and 
political developments in Japan. Please see S. Komamiya presentation at 
XXVII International Symposium on Lepton Photon Interactions at High 
Energies: 

     http://indico.cern.ch/event/325831/timetable/#20150821.detailed  
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TDR	
  handed	
  to	
  LCC	
  Director	
  Lyn	
  Evans	


U.	
  Tokyo	
  

CERN	
  

Fermilab	
  

ILC	
  TDR	
  published	
  in	
  a	
  Worldwide	
  Event:	
  	
  
	
  

Tokyo	
  à	
  Geneva	
  à	
  Chicago	
  

	


ILC: From Design to reality  

A. Yamamoto - ICHEP 2014 26 J. Fuster 



ILC	
  	
  in	
  a	
  Nutshell	
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•  200-500 GeV Ecm e+e- collider  
L ~2×1034 cm-2s-1 

–  upgrade: ~1 TeV 

•  SCRF Technology 
–  1.3GHz SCRF with 31.5 MV/

m 
–  17,000 cavities 
–  1,700 cryomodules 
–  2×11 km linacs 

•  Developed as a truly global 
collaboration 
–  Global Design Effort – GDE 
–  ~130 institutes 
–  http://www.linearcollider.org/ILC 

central
region

N. Walker – ILC Launch Event 2013 



ILC	
  	
  	
  500	
  GeV	
  parameters	
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Max. Ecm  500 GeV 
Luminosity  1.8×1034 cm-2s-1 

Polarisation (e-/e+)  80% / 30% 
δBS  4.5% 

Physics 

σx / σy  574 nm / 6 nm 
σz  300 µm 
γεx / γεy  10 µm / 35 nm 
βx / βy  11 mm / 0.48 mm 
bunch charge  2×1010  

Beam 
(interaction point) 

Number of bunches / pulse  1312 
Bunch spacing  554 ns 
Pulse current  5.8 mA 
Beam pulse length  727 µs 
Pulse repetition rate  5 Hz   

Beam 
(time structure) 

Average beam power  10.5 MW (total) 
Total AC power  163 MW 
(linacs AC power  107 MW) 

Accelerator 
(general) 

N. Walker – ILC Launch Event 2013 



ILC	
  	
  	
  	
  luminosity	
  upgrade	
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•  Concept: increase nb from  1312 → 2625 
–  Reduce linac bunch spacing  554 ns → 336 ns 
 
 

•  Doubles beam power à         ×2 L = 3.6×1034 

cm-2s-1 

 
•  AC power: 161 MW à 204 MW (est.) 

–  shorter fill time and longer beam pulse results in 
higher RF-beam efficiency (44% à 61%) 



ILC	
  Physics	
  and	
  Detector	
  Roadmap	
  

Aug.	
  2007	
  
Detector	
  Concept	
  Report,	
  Four	
  detector	
  concepts:	
  
LDC,	
  GLD,	
  SiD,	
  4th	
  

Oct.	
  2007	
   ILCSC	
  calls	
  for	
  LOIs	
  and	
  appoints	
  Research	
  Director	
  (RD)	
  

Jan.	
  2008	
   RD	
  forms	
  detector	
  management	
  

Mar.	
  2008	
   IDAG	
  formed,	
  Three	
  LOIs	
  gropus	
  idenMfied	
  

Mar.	
  2009	
   Three	
  LOIs	
  submiked	
  (detector	
  descripMon,	
  status	
  of	
  R&D,	
  
GEANT4	
  simulaMon,	
  benchmark	
  process,	
  costs..)	
  

Mar.	
  2009	
   IDAG	
  began	
  monitoring	
  the	
  progress	
  

Aug.	
  2009	
   IDAG	
  recommends	
  validaMon	
  of	
  two	
  (2)	
  and	
  ILCSC	
  approves	
  

Oct.	
  2009	
   Work	
  plan	
  of	
  the	
  validated	
  groups	
  

End	
  2011	
   Interim	
  Report	
  being	
  produced	
  
	
  hkp://www.linearcollider.org/about/PublicaMons/interim-­‐report	
  

End	
  2012	
  
Physics	
  at	
  the	
  InternaMonal	
  Linear	
  Collider	
  (ILC	
  TDR	
  Vol.	
  2)	
  
Detailed	
  Baseline	
  Design	
  Report	
  (ILC	
  TDR	
  Vol.	
  4)	
  	
  
hkp://www.linearcollider.org/ILC/PublicaMons/Technical-­‐Design-­‐
Report	
  

June	
  12th	
  
2013	
  

Public	
  TDR	
  Launch	
  event	
  worldwide	
  	
  
hkp://www.linearcollider.org/events/2013/ilc-­‐tdr-­‐world-­‐wide-­‐event	
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Spinoffs derived from LC detector R&D 

An study of the spinoffs derived by the LC detector R&D has been 
performed (worth reading!) 
 
It includes: 
 

•  HEP applications:  
ü vertex developments (ALICE-ITS, CBM-FAIR,Star, BelleII) 
ü TPC Micromegas (T2K) 
ü Calorimeters (CMS) 
ü Luminomiter and beam instrumentation (LHC, CMS) 
ü trigger development (LHC, CAST) 
ü software (Belle II, NOVA, AIDA, CLIC, µ-collider) 

•  None HEP applications: 
ü X-ray imaging (astronomy, medicine, proton tomography, 

volcano tomography) 
ü ASICs for Balloon experiments 
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The	
  ILC	
  project:	
  support	
  from	
  scienMfic	
  strategy	
  	
  processes	
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J. Mnich (ICFA chair) – ICHEP 2014 



ILC physics potential: Notes on Higgs couplings 

33 J. Fuster 

•  For	
  κZ	
  and	
  κW , production rates give high precision 
–  e+e-­‐	
  →	
  ZH	
  for	
  κZ and e+e- → ννH for for κW [with Br(H→bb)]	
  

•  In	
  general	
  for κX , Γtot is necessary in addition to Br(H→x)	
  
•  Γtot  = Br(H→ZZ)/Γ(H→ZZ) with  Γ(H→ZZ) from κZ  

•  Γtot  = Br(H→WW)/Γ(H→WW) with  Γ(H→WW) from κW   

•  W mode is far more powerful: 350 GeV or higher running is needed 

–  For κγ , LHC	
  and	
  ILC	
  are	
  combined	
  

•  Br(H→γγ)/Br(H→ZZ) by LHC and Br(H→ZZ) by ILC 

–  For κt (kH	
  final	
  state) 

•  Error 6% → 3% by going from 500 GeV to 550 GeV  

–  Physics: Higgs self coupling 

•  1TeV: 16% with 2000 fb-1, 10% with 5000 fb-1 

•  500 GeV: 27 % with 4000 fb-1 (H20) 



SituaMon	
  and	
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  in	
  Japan	
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SituaMon	
  and	
  acMviMes	
  in	
  Japan	
  	
  

S. Komamiya - LP 2015 



The	
  ILC	
  accelerator:	
  candidate	
  site	
  in	
  Kitakami	
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