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SiD: Silicon Detector for the ILC 

A compact, cost-constrained detector designed 
to make precision measurements and be 
sensitive to a wide range of new phenomena 
Performance studied both at ILC and CLIC and 
shown to be both robust and performant. 
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SiD – Design Criteria 
 
-> Compact design with 5T field. 
 
-> Robust silicon vertexing and tracking system – excellent momentum 
resolution, live for single bunch crossings. 
 
-> Calorimetry optimized for jet energy resolution, based on a Particle Flow 
approach, “imaging calorimeters”, compact showers in ECAL, highly 
segmented (longitudinally and transversely) ECAL and HCAL. 
 
-> Iron flux return/muon identifier – component of SiD self-shielding. 
 
-> Detector is designed for rapid push-pull operation. 
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Vertex Detector Side Elevation 

Area of critical needed R&D/goals 
Sensor technology R&D: Incorporate latest developments 
Low-mass structures: Demonstrate all-silicon, silicon on 
carbon fiber, & silicon on foam structures  
Power delivery: Develop DC-DC conversion & serial power 
Cooling/cabling/vibrations: Fabricate & test R&D structures 
for vibrations due to air cooling & pulsed power  
 

End view 
Bill Cooper 
(FNAL) 

SiD – Pixel Vertex Detector  
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SiD – Tracker  
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• Optimized tracking algorithms for  
CLIC_SiD and studies at 3 TeV  
• Silicon tracking performs very  

well under severe conditions:  
Z’  qqbar @ 3 TeV 

• Investigating design changes to 
improve efficiency & resolution 

SiD – Tracker  

Excellent momentum resolution 
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SiD – Tracker  

First priority R&D:  
• Final development of KPIX chips (Tracker and E Cal) and associated sensors 
• Studies of signal to noise and crosstalk 
• Development of sensors, modules and overall support structures for the barrels 

and disks – prototypes! 
• Studies of pulsed power, power delivery, Lorentz forces, and associated 

vibrations 
• Studies of heat removal, particularly from the disks 
• Studies of alignment precision and monitoring  
 
Second priority R&D:  
• Studies of alternative sensors and readout to provide z information 
• Development of cabling 
• Development of module fabrication techniques 
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SiD – KPiX  
  Specialized ASIC 
 
 Designed and optimized for ILC bunch timing:  5 Hz  and 1ms bunch train 
 
 For all SiD subsystems readout except VTX and FCal 

 
 4-deep pipeline, full 13-bit digitization 

 
 Operates with power pulsing 

 
 Low noise ( < 0.5 fC) 

 
 Tested with:  Silicon tracking sensors 
                             Si-W Ecal 
                             GEM DHCAL 
                             RPC Muon  chambers 
 Issues found in beam tests – reset of charge deposited in other channels can 
cause crosstalk through parasitic capacitance – understood, will require new ASIC 
run… 
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SiD  Electromagnetic Calorimeter  

- Conceptual design is OK…but should be optimized 
- Assembly is very labor intensive – use robot approach? 
- Need further mechanical prototyping – W sheets/FEA 
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SiD - ECal 
Test beam Ecal prototype design – 30 layers, with SiD longitudinal profile 
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SiD – Ecal – Test beam 
One electron Three electrons 

9-layer 
longitudinal 

profile 

? Second generation sensor – with shielding 
between traces and pixels? 
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SiD -  Hadron Calorimeter  

Proj. 

Non-proj. 

RPC Baseline 
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SiD -  Hadron Calorimeter - RPC  

Caibration 
somewhat improves 
pion resolution 

Software 
compensation  
significantly improves 
hadron resolution 

Many 
results! 
 
Some 
examples: 

12/19/2013 ILC Tokusui Workshop SiD status and American status for ILC     Norman Graf (SLAC) 



14 

SiD Hadron Calorimeter – RPC new  

1 glass RPC 

Bakelite RPC 
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 SiD Hadron Calorimeter - Options  
Scintillator AHCAL 

GEM DHCAL 
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 SiD Muon System  

SiD Baseline – long scintillator 
strips with WLS and SiPM 
readout 
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SiD – Forward Systems 
SiD Forward Region 

LumiCal BeamCal 

Beam tests – position resolution 

Future beam tests: 
40 sensor tiles made 
– Lumical 
30 sensor tiles made 
- Beamcal 

Irradiation tests – SLAC ESTB 
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 SiD Solenoid  

CMS style conductor – others/variation may 
be developed. 

Detector Integrated Dipole 

Field map – external (blue) 200 G 

12/19/2013 ILC Tokusui Workshop SiD status and American status for ILC     Norman Graf (SLAC) 



19 

 SiD MDI  

SiD vs. ILD platforms?   Support/vibration studies, seismic analysis… 
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         Having a common event data model and a common persistency file format 
(LCIO) has made the close collaboration and cooperation across the regions and 
across detector concepts a real success. 
 
        Working together with AIDA WP2 group to implement a common geometry 
system to provide a common source of detector description across the concepts 
and for both simulation and reconstruction. DD4hep, based on TGeo, is being 
developed to convert compact.xml to lcdd files to use in slic.    
 
         Working together with AIDA WP2 to provide common tracking 
infrastructure software for detector and hit description, track finding and fitting.  
 
         Working to make sure that slic is able to provide full functionality of Mokka 
for ILD detector simulations. 
        Incorporating lcsim software into ilcinstall build/release environment 
 
         Looking forward to continued close collaboration. 

SiD - Simulations 
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-The goals include: 
 
         Optimization of the detector (physics and detector studies by physicists 
with input of some engineering realities)  
 
         Further benchmark studies as new ideas/new LHC results emerge (by 
physicists, with support for computing services) 
 
         Detector prototype R&D completion (physicists, technicians; will require 
arguing for a minimal budget/using discretionary funds at labs hopefully with the 
backing of a strong statement from P5) 
 
         Ramp up towards a TDR  with subsystem engineering  and detector 
integration(physicists and engineers at a minimal level to begin, increasing with 
time) 

SiD - What’s next? 
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 SiD: Detector Optimization  
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-SiD is embarking on an ambitious program of detector studies to investigate the 
performance versus cost of a number of detector variants. Included in these are:   
 
         Changing the z/r aspect ratio of the barrel endcap transition 
 
         Varying the tracker radius, number of tracker layers, strips vs pixels 
 
         EM Calorimeter layering, number of layers & readout 
 
         Had Calorimeter optimization (# of layers, segmentation & RPC vs scint.) 
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 SiD Benchmarking  

Tim Barklow – SiD Workshop/ October 2013 
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SiD – Towards a TDR  

 Some national body (ies) (Japan and collaborators) commits 
to linear collider 2015-16 

 Optimize SiD : Can we lower costs and preserve 
performance? 

 Prepare serious TDR with technical prototypes and serious 
cost estimate. 3 years: 2018 

 Requires a fully reviewed TDR. Assume the review process, 
with minor iterations, takes 1 year. 2019 

 Procurement, fabrication, and assembly: 6 years 2025 
 Begin Commissioning 

 

Timeline – M. Breidenbach, SiD Workshop, October 14-16, 2013: 
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SiD – Towards a TDR - timeline  

t 0 ?? 
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-> Clear baseline choices for all subsystems 
-> Final subsystem dimensions & clearances 
-> Reasonably complete mechanical designs including tooling 
-> Prototypes and beamtests 
-> Serious cost estimate 

SiD – Towards a TDR  
What do we need for a TDR? 

This list implies the acquisition of resources that we presently 
have little of: 
  - Mechanical engineers + designers 
  - Electronic engineers 
  - Physicists (complete detector R&D, module design, 
optimization, further benchmarking, … 

Subject to a first-level political agreement to proceed with the ILC in Japan, we 
hope to have access to support for R&D completion and initial TDR work. 
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SiD Consortium 

As a next step towards project realization, we are going ahead with 
establishing the “SiD Consortium” as a precursor to a full collaboration. This 
gives us the working structure and representation we need to be part of the 
new LCC. 

Beyond a Concept, not yet a formal Collaboration. 

The SiD Consortium is open to any group or individual wanting to contribute 
to the development of SiD: 

To join – send an Email to Professor Phil Burrows (Chair of the SiD Institute 
Assembly)  at  p.burrows1@physics.ox.ac.uk 

 We will use the SiD Newsletter and the SiD General Meetings to keep 
members of SiD informed as the situation develops. 
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SiD Consortium 

SiD would like to invite all interested colleagues to join the SiD 
Consortium 
 
SiD is open to consideration of new ideas for detector 
technologies, design and optimization. 
 
We will also be pursuing further physics benchmark studies – 
you are very welcome to join in this work. 
 
To join the consortium, please send an Email expressing your 
interest to Phil Burrows (SiD Institute Assembly Chair): 

p.burrows1@physics.ox.ac.uk 
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“Snowmass” 
 The high-energy physics community in the United 

States has gathered at intervals since 1982 to 
examine and articulate the current state of the 
discipline and to chart its future. 

 “Bottoms-up,” instigated and coordinated by the 
community to provide guidance to funding agencies.  

 Roughly corresponds to a “decadal survey” but 
extraordinary events can trigger this (e.g. 
cancellation of SSC in 1993 led to 1996 meeting) 

 Historically held for ~3 weeks in the summer in 
Snowmass Colorado, characterized by a short but 
intense period of study. 



Community Summer Study CSS 2013 
 Sponsored primarily by the American Physical

Society's Division of Particles and Fields.
 ~18 month long study, with a series of topical

meetings and physics studies resulting in “white
papers”
 Many of you contributed to the Higgs Working Group

Report. Thank you for your support.
 Culminated in a nine-day meeting “Snowmass on

the Mississippi” at the University of Minnesota in
Minneapolis

http://snowmass2013.org 
 Goal was to survey the ambitions and capabilities of

the field, not to prioritize
 Serves as input to the next stage.
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P5 
 The particle physics community is developing an

updated strategic plan for the United States that
can be executed over a ten-year timescale, in the
context of a twenty-year global vision for the
field.

 The Particle Physics Project Prioritization Panel
(P5) is charged with developing this plan under
various budget scenarios. P5 is a subpanel of the
High Energy Physics Advisory Panel (HEPAP)
that serves both the Department of Energy’s
Office of High Energy Physics and the National
Science Foundation.

http://interactions.org/p5 
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P5 Public Meetings & Schedule 
 Held a series of public meetings across the US 

devoted to specific topics: 
 FNAL: 2-4 November  
 SLAC: 2-4 December 
 BNL: 15-18 December (Energy Frontier incl. ILC) 

 Overview, Physics and Detectors (J. Bagger) 
 ILC the Machine (M. Harrison) 

 Included “Town Hall” sessions for individual 
commentary 
 Can provide input to this process via: 

http://www.usparticlephysics.org/p5/form 

 Preliminary comments to DOE expected March 1, 
final report by May 1, 2014. 
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LINEAR COLLIDER COLLABORATION @ P5 December 15, 2013 Jonathan Bagger 

United States:  HEPAP and Snowmass 

 From HEPAP Facilities Panel: 
 

– “The ILC accelerator and detectors enable a research program that will 
address questions of very great scientific importance, and both the 
accelerator and the detectors are absolutely central” 

 

 From Snowmass Energy Frontier group, reporting to P5 
 

– “There is a compelling case for a lepton collider beyond LHC” 
 

• “Theory sets the goal in Higgs, top quark couplings as discovery of 
deviations from the SM at the few-percent level.  ILC, on the table 
now, can meet this goal” 

 

– “We will realize these goals through global collaboration” 
 

• “We are fortunate that other regions of the world agree with our goals 
and are providing high-energy colliders with impressive capabilities” 
 

• “It is important the US physicists can participate in these programs” 
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LINEAR COLLIDER COLLABORATION @ P5 December 15, 2013 Jonathan Bagger 

United States:  P5 

 The question before P5 is:  What will the US say? 

 At Snowmass, the community found that the physics case is 
compelling, and that it is important for the US to participate 

– Participating in the ILC will develop core competencies that will
strengthen US industry and the DOE laboratory complex

– US laboratories bring essential skills to bear, especially in
superconducting RF technologies

– US university groups are carrying out critical detector R&D in
preparation for TDRs

 We need to place the project in a very broad context… 
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LINEAR COLLIDER COLLABORATION @ P5 December 15, 2013 Jonathan Bagger 

Leadership 

 We ask that P5 recall Harold Shapiro’s words in the 
National Academies’ EPP2010 report… 
 

– “In the flat world that is taking shape, leadership … no longer 
consists of single-handed efforts to maintain dominance in a 
particular field.  Rather, leadership emerges from the creativity 
and initiative needed to organize international teams of 
collaborators to pursue projects that are beyond the capability 
of any one country” 

 

 And Rolf Heuer’s more pointed comment 
 

– “Global collaboration = Global partnership with long term 
support” 
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LINEAR COLLIDER COLLABORATION @ P5 December 15, 2013 Jonathan Bagger 

Bottom Line 
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 My bottom line:  Our facilities are of such a scale that we 
need to leverage non-traditional sources of funding 
 

 Japan is in the process of deciding that it is in its national 
interest to host the ILC 
 
– That would inject new money into the field, towards an exciting 

project, in a global partnership 
 

 It is in all of our interests to make sure that this global effort 
succeeds 
 
– And for that, we need P5 
 
 



US Involvement in the GDE R&D Program 

There was significant ($35M/yr peak, $134M over 5 years) US involvement in the GDE 
program in both the technical design and technology development.  SRF systems were ~ 
66% of the total. 

Electron source – SLAC & JLAB 
Positron Source – ANL & LLNL 
Damping Rings – SLAC & Cornell 
Transfer Line & Bunch Compressor – Fermilab 
Main Linac – SLAC & Fermilab 
Beam Delivery System & Machine Detector Interface – SLAC & BNL 

SRF High Gradient – JLAB, Fermilab & ANL, Cornell 
SRF Cryomodules – Fermilab 
SRF HLRF - SLAC  
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Potential US Machine Involvement (1) 

There is of course, no absolute criterion for inclusion in an in-kind contribution.  The US 
industry/laboratory complex covers many technologies and skills necessary to complete 
a high-energy linear collider wherever it is located.  There are however certain 
attributes that should be considered when assessing any particular contributions: 
unique (or world class) capabilities, strategic value to the domestic program, value to 
the project, and US industrial involvement. 
 
Any US contribution will perforce involve a significant number of SRF cryomodules since 
the scope of the ILC will require the full capacity of the global community to meet the 
necessary production rate.   The US cryomodule fabrication and test capacity resides at 
Fermilab and JLAB. 
 
Expertise in RF systems has been a feature of the SLAC program for many years and 
SLAC has been the global ILC lead in the development of the HLRF power systems 
including the waveguide distribution system, a next generation state-of-the art solid-
state modulator, and industrial klystron procurement.  
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Potential US Machine Involvement (2) 

The R&D associated with the positron system has been performed by Argonne 
(undulators, beam dynamics) and Lawrence Livermore (target dynamics, positron 
capture pulsed systems).  Both laboratory contributions are derived from specialized in-
house expertise.  
 
The ultra-compact magnet systems used in the ILC baseline final-focus elements 
adjacent to the interaction point, are based on direct wind technology which is only 
presently available at Brookhaven National Laboratory in the US. 
 
A project of the scale and complexity of the ILC would be a major challenge for any 
single country.   The US will need to play a role in the accelerator design as well as the 
final engineering design phase and hence part of the US contribution will be intellectual 
property.  This would cover the positron source, damping rings, beam dynamics, 
transfer line, beam delivery system, and machine detector interface.   
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Pre-project support 

After the GDE phase the US has adopted a wait-and-see approach.  “The GDE program 
was very successful but no signs of a LC project”. 

Since FY13 there has been no OHEP funding for the ILC beyond the LCC common fund 
(LCC Directorate support with Asia & Europe) and 2 FTE’s & travel. 

With movement in Japan we now need a support level to re-establish the US presence 
and prepare for possible subsequent events.  We estimate this initially at $5M/yr 
ramping up to $10M in FY17 for the accelerators: 

 Re-establish positron target R&D
 Small SRF R&D program (cavities & value engineering)
 15 FTE’s (positrons, damping rings, RTML, main linac, beam delivery, LCC & system

leaders) for system and site specific design.
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Summary 
 SiD provides complementarity to ILD, but has

much in common
 Consortium is open and encourages people to join
 Would like to see a better global balance in SiD.
 Open to new ideas for detector design improvement.
 R&D is ongoing, contributions are needed/welcomed.

 The message from the American Linear Collider
Committee is to ask that P5 include US ILC in its
unconstrained budget scenario and support US
participation in both the machine and detector
activities in any case.
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Thanks and Acknowledgement 
 Thank you for your attention.
 Thanks to those who contributed slides and 

content, specifically Andy White (LCWS 2013), 
Jonathan Bagger and Mike Harrison (P5 meeting) 
and members of SiD contributing to the physics 
and detector development.
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