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Outline 

- Why the ILC? 
 

- The Accelerator – tremendous progress towards TDR 
 

- The Detector Concepts – much R&D towards the DBD’s 
 

- The ILC Physics – an evolving picture! 



Motivation:   Why the ILC? 
Exploit full range of physics with 500 GeV – 1 Tev 
e+e- collisons:      “The Electroweak Scale” 

Michael Peskin – Nov. 2010  
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…so the ILC accelerator and detector groups have been 
working to meet these potential physics opportunities. 



Focus on recent developments… 

2004 -> decision to use 
superconducting RF 
 
2005 -> Global Design Effort (GDE) 
started 



The ILC Interim Report 

Documents the evolution of the ILC 
design from the Reference Design 
Report (RDR – 2007) to the modified 
baseline design for the TDR (2012). 
 
Motivations: risk-mitigation, cost 
reduction (off setting potential 
future cost increases). 



Potential 

Physics Impact 

The SB2009 Proposal and Areas of Potential 
Physics Impact 

The physics impact of the design changes were discussed during two BAW (Baseline 
Assessment Workshops) attended by accelerator designers and detector concept reps. 

Nick Walker – ALCPG11 



BAW-1: (KEK) ML Accelerator Gradient - Summary of Discussions and Proposal  
As a result of the workshop discussions, we propose keeping our best effort to realize 
a ML accelerator operational gradient of ≥ 31.5 MV/m with Q0 ≥ 1E10, on average, 
with a gradient spread of not larger than ±20%. Plus adopt single tunnel main linac. 

SB2009 Working Group – chaired by Jim Brau – iterated on GDE proposals 
during 2010 – modified ILC parameters -> discussed at BAW 1 & 2 

BAW-2: (SLAC) Reduced beam-power parameter set and the location and layout of 
the positron source.  
Move of the positron source systems from mid-linac (RDR design) to the end of the 
linac, overlapping and sharing tunnels with part of the beam delivery system. 
Physics impact of new parameter set – examples (Higgs)   
 

New baseline @ 250 has 
narrower peak than RDR @ 250 : 
smaller beam energy spread 

New baseline supplies significantly 
more integrated luminosity at low E 



ILC 
Parameters 

RDR Luminosity @ 500 GeV was 2 x 1034 cm-2s-1 

Key concern with SB2009: Energy Scans – more luminosity needed at low E. 
Now addressed by new parameter set: 



RDR 
SB2009 

Evolution of the ILC Accelerator Design 

- Single tunnel solution for main 
linac + new RF generation and 
distribution schemes 
  
- #bunches/pulse reduced from 
2625 to 1312 to save cost (reduced 
RF power, smaller damping rings). 
Luminosity won back by traveling 
focus. 
 
- Move positron source undulator 
to central region. 
 

Retain flexibility to adapt design to new (LHC) results 

2007 RDR 2011 TDR 

Principal changes 



Superconducting RF 

Goals for Technical Design Phase: 
35 MV/m or higher with 90% production yield 
 
TDP-1:  
 
 
 
 
TDP-2 further cavity processing optimization: 
 
 
 
 
- Qualification of SCRF cavity vendors in each region 
- Cryomodule production/beam testing  
- 5 ILC cryomodules + 80 for XFEL to be built by 2014 

Yield demonstrated on 
limited sample! 



High-Level RF Solutions (one Tunnel) 

Klystron Cluster Scheme, KCS (SLAC) 

Distributed RF Sources, DRFS (KEK demonstration) 

~4000×800kW klystrons 

2×35 10MW MB klystrons 

Nick Walker 



Other major ILC Accelerator R&D efforts 
- Systems Integration – string tests (DESY-TTF, FNAL-NML, KEK-STF) 
 

- Electron cloud control – emittance growth, beam instabilities. 
  (low secondary emission coating (TIN), clearing electrodes) 

 
- e+, e- sources 
 

- Damping rings (relocation, e cloud,…)  
 

- Beam delivery system:   
interaction with detectors 
 
- Conventional facilities 



ILC Central Region 



Conventional Facilities and Siting Studies 

Central area/Detector Hall 

Japan – mountain region site 

Example (ILD) on/off beam axis 



Project Design Schedule  

                Continuing AD&I studies and    TDR detail preparation with costs 

2009 2010 

                                                          R&D and Demonstrations 

    TDP Baseline 
Technical Design 

2011 2012 2013 

RDR Baseline 
TDR 

                   TDP-1              TDP-2 

SB2009 evolves 

AAP 
PAC 
Physics 

8/11/2011 15 ALCPG11 

Top Level Change 
Control  ---  TLCC 

BAW-1 BAW-2 

?   ?   ? 



ILC Accelerator – 2013 and beyond 

- GDE delivers TDR at the end of 2012 
- Critical to maintain the focus and resources of GDE in the 
context of the new organization post 2012 
- Ongoing discussions with ILCSC about new organization 
- ILCSC meeting in Mumbai 
- GDE/new organization overlap in 2013 
- LCSGA (Linear Collider Steering Group of the Americas) in 
active discussion about future of American Regional Team 
- Focus on mass production and costs 
- Continued development of 1 TeV ILC design 
 
- Must keep the effort going and be prepared to react to LHC 
physics results! 



Letters of Intent   Validated Concepts (2009) 

The focus is now on the Detailed Baseline Designs (DBD’s) for late 2012 

ILC Detector Concepts 



- Designed for high precision measurements 
 

- Combination of excellent calorimetry and tracking 
yields best possible overall event reconstruction.   
 

- Individual particle reconstruction in jets -> 
Particle Flow Calorimetry 
 

-TPC Central Tracker for redundancy (with VTX) and 
efficiency, excellent momentum resolution. 
 

- Silicon pixel vertex detector – excellent b/c vertex 
tagging/Charge meas. 
 

- Si-W Electromagnetic Calorimeter 
 

- Scintillator-steel Hadron Calorimeter 

The ILD Detector Concept 



The SiD Design  

A compact, cost-conscious detector - 
precision measurements 
/wide range of new phenomena. 
 
-> Compact design with 5T field. 
 
-> Robust silicon vertexing and tracking 
system – excellent  momentum resolution, 
live for single bunch crossings,  
excellent b/c vertex tagging/charge meas. 
 
-> Calorimetry optimized for jet energy 
resolution,  Particle Flow approach, “tracking 
calorimeters”. 
 
-> Iron flux return/muon identifier – 
component of  SiD self-shielding. 
 



Vertex Detectors 

ILD 

SiD 

5 x single sided 3 x double sided 



Vertex Detectors: 
Technologies – but no prefered solution! 

3-D 
Chronopix 

DEPFET 

Examples 

PLUME 

Fully equipped ladder with 50 µm sensors 
by 2012 ~ 0.3% X0 

3-D 
Chronopix 



Silicon Tracking - SiD 



Generally find high tracking 
efficiency for tracks with: 

pT > 0.2 GeV 
|cos()| < 0.99 

Consistent with s(pT) = 0.2%  

2.810-5 pT at 90° 

Good tracking efficiency in core 
of jets 

Residual issue; tracking across barrel/endcap overlap 
region. 

Silicon Tracking - SiD 



Gaseous Tracking - ILD 

TimePix Readout 



Silicon Tracking - ILD 



Calorimetry 

Both ILD and SiD have adopted the Particle Flow approach to 
calorimetry. Software development and hardware prototypes 
have shown that PFA can deliver the required precision 
measurements of jet energies for the ILC physics program. 

Many technology choices! 



SiD Calorimeter System 

Fcal 2t 

Hcal-F 38t 

Ecal-F 9t 

  Technology Xo / l Absorbers Weight (tons) Area (m
2
)

Barrel Ecal Silicon-W 26 Tungsten 60 80

Endcap Ecal Silicon-W 26 Tungsten 2 x 9 2 x 143

Barrel Hcal RPCs 4.5 Stainless 453 3000

Endcap Hcal RPCs 4.5 Stainless 2 x 38 2 x 247

For FCal we follow the work of the FCal Collaboration. 



ILD Calorimeter System 

ECAL 

HCAL 



ILD Electromagnetic Calorimetry 

~2/3 ILD barrel module 

 under construction 



 Short Modules 

region 

SiD Electromagnetic Calorimeter 

3.6 m 

964 mm 

454 mm 

KPiX 1024-channel, full 
analog, 4-deep, chip 



RPC DHCAL 

Resistive 
paint 

Resistive 
paint 

Mylar  

1.2mm gas 
gap 

Mylar  

Aluminum 
foil 

1.1mm glass 

1.1mm glass 

Signal pads 

HV 

ASIC 
Front-End PCB 

Pad Board 
Conductive Epoxy Glue 

Communicati
on Link 

8.6 
mm 

Fishing line 
spacers 



ANALOG HCAL 



Calorimetry/PFA Performance 
Mark Thomson SiD –Iowa PFA 

Undergoing complete rework 
– results soon 

Pandora/PFA 



Detectors – Detailed Baseline Designs 
Goal: Deliver the DBD’s for SiD and ILD with the accelerator TDR 
at the end of 2012. 
 
DBD should “make a compelling case that detectors capable of 
fully exploiting the physics potential of the ILC are feasible, cost 
effective, and based on demonstrated detector technologies.” 
(S. Yamada, ILC Research Director) 
 
The DBD’s will present integrated detector designs that: 
 - have a baseline technology choice (and options) for each 
 subsystem 
 - have a reasonable level of engineering reality  
 - show integration with BDS system and satisfy push-pull 
 - demonstrate their abilities to provide data for successful 
 execution of designated physics benchmarks 



ILC PHYSICS 

For the LOI’s: 
 - Higgs   
 - SUSY 
 - Top 
 - Tau’s 

ILD – Higgs-strahlung 250 fb-1 SiD – Chargino/neutralino separation 



PHYSICS 

DBD Benchmarks 



PHYSICS 

CRITICAL QUESTIONS: 
 
-> Is there any new physics?! 
-> Is there a Higgs boson (SM-like or any other type)? 
-> What is the mass/energy scale of the new physics? 
-> What is the nature of the new physics? 
-> What can the LHC, sLHC tell us about the new physics? 
-> What could a linear collider tell us about the new physics? 
-> What can a linear collider tell us about “known” physics? 
-> Which range of energies is needed for a Linear Collider?  
 
-> If the new scale is not ~1 TeV…where is it? 
-> etc… 



LHC status 
Phenomenal performance! 
Already profound influence on physics scenarios. 

Could well reach 3-4 fb-1 in this calendar year!   
…by the end of 2012…10 fb-1 ++  ?? 





A Time of Transition – to a new level of understanding 

What role(s) could the ILC play?     Some examples: 
 
Higgs sector 

 
 Additional heavy bosons 

 
 Top sector 

 
 Supersymmetry 



Higgs Physics 

Higgs or no Higgs – that is the question?? 
 
Combined fits to data indicate Mh < 160 GeV @95% CL 
 
Observability: expected limits/discovery of light or heavy 
SM Higgs. 
 
ILC: properties of SM Higgs measureable up to M(h) ~ 400 
GeV for 500 GeV ILC 
 
Comparison of precision measurements LHC vs. ILC 
 
If the Higgs exists, then the ILC will be a vital tool for 
precision measurements of its properties! O(1%) accuracy 
on Higgs couplings. 



Higgs Physics @ 1 fb-1 



Higgs Predictions 



Higgs Physics @ 14 TeV 
and 10 fb-1 

So we will have a definite answer on the Higgs and if it exists. 



Higgs mass couplings 



Higgs Physics – ILC measurements 

LHC @ 14 TeV with 300 fb-1: 
 
M(h) < 150 
Couplings to fermions 15-30% 
 
Couplings to gauge bosons 10-
15% 
 
but NO determination of Higgs 
self coupling. 

500 Gev, 500 fb-1 



No Higgs (seen…or exists)  

If no fundamental Higgs boson is found: 
 
- non-standard Higgs, hard to observe, suppressed couplings,… 
 the LHC could eventually determine Mh to 10-30 GeV from the ZH 
rate ( arXiv:0909.3240[hep-ph] ) , but an ILC would be guaranteed 
to see a peak in Mx in e+e- -> ZX 

Strong EWSB 

ILD Study @ 1 TeV 

Using the power of ILC calorimetry to resolve W, Z in hadronic mode 



Additional Heavy Vector Bosons 

Tom Rizzo 

For M(Z’)  <  3-4s  found at LHC 
then couplings can be found at 
ILC from asymmetry  
measurements  using polarized 
beams. 

CMS 

ATLAS 



Top Physics 

- Critical sector to explore (particularly if no/confusing NP signals at 
the LHC) 
- A probe of new physics 
- Key role in EWSB via loop effects 
- Must determine top mass precisely plus couplings to SM bosons 
- Also extract mass from top threshold studies 
- Measure FB asymmetry (polarized beams) 

LOI studies:  Δmt ~ 30-40 MeV  



Supersymmetry 
LHC results/EPS 



Supersymmetry 
We ~knew that we would be unlikely to be able to pair-produce 
squarks and gluinos at an ILC…the Tevatron results showed this. 
 
If there is no discovery, the possible SUSY mass scale will be 
pushed higher and higher. This is OK as long as a stop squark 
(and presumably LSP) stay below 1 TeV (to regulate the 
quadratic Higgs mass divergence) 
 
The critical question for an ILC is: will there be a useful part of 
the SUSY spectrum that remains accessible at 500 Gev or 1 TeV, 
and is therefore amenable to precision studies? 

Key point: Sven Heinemeyer (2011)   



Supersymmetry (pMSSM) 

T. Rizzo (March 2011) 

All SUSY masses  < 1 TeV 
All SUSY masses  < 1 TeV 

except  m(sq), m(gl)  < 3 TeV 

Shrinking space in 
which SUSY can hide! 



Supersymmetry 

1 TeV ILC 

Set of models NOT found 
at 7 TeV with 10 fb-1 and 
B = 20% 



ILC Physics potential 



The Future 
The Accelerator – complete the TDR for 500 GeV ILC, 
and continue studies for 1 TeV, adapt to the changing 
scenarios as LHC results emerge. Develop large scale 
production sources and strategies. 
 
The Detectors – complete the DBD’s and relevant 
physics benchmarks…matched to evolving LHC 
results. Continue critical R&D. 
 
The Physics – follow the LHC results closely and keep 
updating the ILC capabilities in changing scenarios! 
 
Bottom line: position the accelerator and detectors 
to be ready to respond to physics opportunities! 



Additional Material 



Main Linac Tunnel Solutions 

Nick Walker 

Backup 
solution 



BAW1-TLCC 
Outcome 



Superconducting RF 





Detectors @1 TeV 
ILD 

SiD 
Central field is already at 5T 
 
Demonstrated that track finding efficiency is good in jets @1 TeV 
 
Calorimeter/jet energy resolution satisfies physics requirements with initial 
depth. 

Note: both concepts benefit significantly from CLIC_SiD and CLIC_ILD studies by CLIC group 



Additional Heavy Vector Bosons 

Study (T. Rizzo):  if no Z’ seen with 5 fb-1, but one exists, it is too 
heavy/weakly coupled to allow measurements at a 500 GeV ILC 



pMSSM Model T. Rizzo et al. 


