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The SiD Detector and the SiD Consortium

SiD Detector
• SiD Design Study started 2003 ECFA LC Workshop (Amsterdam)

§ SLAC-PUB-11413
• Validated by International Detector Advisory Group in 2009
• Can deliver the ILC Physics Program as configured

SiD Consortium 
• since 2013
• Byelaws
• Individual and institutional memberships (guest membership available)
• IB Chair – Phil Burrows (U. Oxford)
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A design to meet the physics performance
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SiD Design Overview
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The SiD Design Rationale

A compact, cost-constrained detector designed to make precision 
measurements and be sensitive to a wide range of new phenomena.

Design basics:
Robust silicon vertexing and tracking system – excellent momentum resolution, live for 
single bunch crossings.

Highly segmented “tracking” calorimeters optimized for Particle Flow.

Compact design with 5T field.

Iron flux return/muon identifier – component of SiD self-shielding.

Detector is designed for rapid push-pull operation.
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Key Detector 
Design Parameters

Vertex Detector

Main Tracker

Electromagnetic 
Calorimeter

https://arxiv.org/abs/1306.6329

https://arxiv.org/abs/1306.6329


10/13/22 A. White SiD for CCC
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700 ns
Flat top

8.3 
ms

every
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Power Pulsing

• ILC – 5 Hz. “On” for ~1ms , “off” for 199ms

• ILC – allow few ms for acquisition

• C3 – 120 Hz -> bunch train (133 bunches x 5.26ns = 700 ns) every 8.3ms

• C3 – few µs for power on/off.  EMI effects? Pulsing in 5T field?
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Vertex Detector Requirements

• Studying the interplay between the Higgs sector and 
the flavor sector
óefficient reconstruction of secondary vertices
== jet tagging

• Vertex detector requirements:

• These very challenging requirements constrain
§ the material / cooling budget
§ the pixel size
§ the inner radius of the detector / occupancy / time stamping

PoS(Vertex 2016)047

The ILC Vertex Detector requirements Auguste Besson

sible of photon emission which finally translates into massive e+e� pair creations. Those electrons
which hit the vertex detector can come from either the interaction region (80% of the case) or the
forward region (backscattered particles). They can also come from the detector region itself (in-
cluding the beam pipe). The momentum of the electrons hitting the vertex detector typically lies
in the 10�100 MeV/c range. The beamstrahlung is also responsible for a random center of mass
energy loss (typically 1% in average at

p
s = 250 GeV). It finally drives completely the occupancy

and determines directly the expected radiation level in the inner detectors:

• Radiations: Though moderate compared to the LHC, the expected radiation level remains
significant. Among all the detectors of the central region, the first layer of the vertex detector
will receive the highest radiations. The ionizing radiation are expected to be of the order of
100 kRad/year whereas the non ionizing radiations are expected to be of the order of
1011 neq(1MeV )/cm2/year, including safety factors.

• Occupancy: The tracks coming from physics events are completely negligible in regards to
the occupancy induced by the background. This occupancy, which depends on the beam
structure options and on

p
s, is also very sensitive to the geometry layout of the interaction

region. Several studies have been performed to estimate the occupancy on the different
layers of the vertex detector [2][7]. A typical value obtained is 5 hits/cm2/Bunch crossing
on the first layer. However, since there is no experimental data (with the expected beam
structure) to validate it, the simulations suffers from large uncertainties. In addition the
final rates depends highly on the beam structure and the interaction region design which
is not completly finalized. For example, modifications in the interaction region geometry
layout can typically change the expected background up to a factor 2 [8]. As a consequence,
applying a safety factor (at least ⇥5) on these estimates is considered very necessary by the
community. This is a typical safety factor applied in previous experiments [9].

1.3 Vertex detector requirements

The general philosophy of both detectors (SiD and ILD) is based on a Particle Flow Algorithm
(PFA) approach. PFA is not a new idea and is already used extensively in LHC experiments but it
is planned to be developed to an unprecedented level. This will demand unprecedented precision
detectors, with a highly granular calorimeter, excellent momentum resolution and vertexing capa-
bilities. Compared to LHC detectors, performances will have to be significantly enhanced on the
jet energy resolution (typically by a factor ' 3 with respect to LHC), the momentum resolution
(factor ' 10 with respect to LHC) and the vertex reconstruction (with a pixel size and a material
budget reduced by a factor ' 10 with respect to LHC). At last but not least, both detectors will be
able to allow the push pull operation since only one interaction point is foreseen.

To fulfill the ambitious physics program, the vertex detector will play a crucial role. The figure
of merit of the vertex detector which is the impact parameter resolution is expected to be:

sip = 5 µm� 10
pb sinq 3/2 µm.GeV/c

The vertex detector should therefore sustain the following capabilities:
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https://pos.sissa.it/287/047/pdf

Channel SM BR (%)
H → bb 58.24
H → ττ 6.272
H → μμ 0.02176
H → cc 2.891
H → gg 8.187
H → WW 21.37
H → ZZ 2.619



10

Impact of the machine-induced background on 
the vertex detector design

Very challenging requirements
• < 3 µm hit resolution
• Feature size ~20 µm
• ~0.1% X0 per layer material 

budget
• < 130 µW / mm2

• Single bunch time resolution

Pair background/Occupancy study

5T field allows first 
layer to be very close 
to the beam.

Rmin = 14mm.

arXiv:1609.07816

https://arxiv.org/abs/1609.07816
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SiD Tracking: A robust, low-material, high-
precision silicon system vertex detector

Chronopixel - Oregon, Yale

HV 
CMOS

Vertically Integrated (“3D”) Three prototypes studied

Option 3 – shallow N-WELL Best option, but more 
studies needed

Possible alternatives

Following a multi-year R&D 
effort, Chronopixel
prototype 3 demonstrated a 
working ILC CMOS vertex 
sensor that satisfies the ILC 
design requirements. 

J. Brau – CPAD Workshop Dec ‘19

N. Sinev et al., PoS VERTEX 2015, 038 (2015)
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Tracking requirements

Physics
• Excellent momentum resolution

§ Z àμμ, support particle flow at high energy

• Provide integrated pattern recognition with the vertex detector
• Be resilient to background
• Achieve excellent track reconstruction efficiency (> 90%) and low fake rate
Design
• Support power pulsing in a 5T field

§ Power and data distribution

• Achieve low material budget è gaseous cooling and low-mass support

∆(1/p) < 5 × 10−5 (GeV/c)−1 
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SiD Silicon (Strip) Tracker

- Pixel tracker option and alignment methods (Bristol)
- Carbon fiber structures for low material, integrated services (Oxford, Lancaster, Liverpool)

kPixM – optimized for tracker, 
25µm x 500µm pixels. 
Position resolution < 10µm,
S/N > 20
Future initiative: SLAC/UO/DESY 
for MAPS tracker development.

Baseline

MAPS/Pixel tracker option

Instruments 2022, 6(4), 51
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SiD Electromagnetic Calorimeter
Highly granular “imaging” calorimetry essential for 

ILC physics program:
• Particle id/reconstruction
• Tracking charged particles
• Integral part of Particle Flow detector design

Baseline design: Silicon/Tungsten

Oregon, SLAC, UC Davis

Beam tests,9-layers, 
SLAC

1024 pixels
13 mm2

arXiv:1703.08605 [physics.ins-det]
J. Phys. Conf. Ser. 1162, no. 1, 012016 (2019)
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MAPS for SiD ECal
Detailed simulation of digital Si/W ECal using MAPS approach at UOregon
- 20 thin W layers (0.64 X0), 10 Thick W layers.
- Pixels 25µm x 100 µm (25µm in bend plane)
- MIP counting
- Examples of excellent results – very significant advance on SiD TDR ECal.
- Results are guiding the design of the MAPS sensor
- Benefits of including fast timing? 

Pixel clusters – 40 GeV π0 -> two 20 GeV γ Energy resolution of γ showers

Instruments 2022, 6, 51. https://doi.org/10.3390/instruments6040051

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.3390%2Finstruments6040051&data=05%7C01%7Cjan.strube%40PNNL.GOV%7C3c595a85b9bb45d35a8208daad42d251%7Cd6faa5f90ae240338c0130048a38deeb%7C0%7C0%7C638012799775742389%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=j2azzbo55hKCJ5X09ZCHn%2BVv0uIvoPMmUFZ36VjcnAE%3D&reserved=0
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SiD Hadron Calorimeter

Baseline technology for the SiD 
HCal is Scintillator/SiPM/Steel

12-fold barrel 
geometry
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Opportunities for Improving the Physics Reach

In the Higgs self-coupling analysis with ZHH, 
perfect jet clustering could improve the 
measurement by 40%

At higher energies, vvHH has fewer, 
but more collimated jets.

The matrix element method can infuse 
physics knowledge into the otherwise purely 
statistical separation of samples.
Example: e+e-H measurement
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(Some) R&D questions for calorimetry

• Jet energy resolution / boson mass resolution is key 
• CALICE test beam prototypes (SiPM/Tile – based) have achieved O(1ns) 

timing accuracy. Does that help the physics? Is (much) faster (much) better?
• How far from optimal is the achieved mass resolution?
• How much information from the calorimeters are we leaving on the table?

§ Software calibration
§ Shower shape analysis for PID
§ Shower shape analysis to estimate overlaps between particles / leakage

• How far can we push the separation of photons from π0 decays?
§ Physics benchmark: H à τ τ

• Power and data distribution (especially in the ECal)
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Forward calorimetry

Lumi
Cal Beam Cal

Proposed SiD BeamCal Beampipe



22

Forward calorimetry

• Sensor irradiation studies for Forward Calorimetry
(B. Schumm et al. UCSC – SLAC Expt. T-506) 

BeamCal radiation dose at inner radius ~100 Mrad/year

- Gallium Arsenide sensor provided by 
Georgy Shelkov, JINR
- Sn-doped Liquid-Encapsulated 
Czochralski fabrication
- 300 µm thick
- 0.16 cm2 area

GaAs Charge Collection after 100 Mrad Exposure 
(previously only for 21 Mrad)

570 Mrad
Exposure

Sean Hyslop

PF Si Diode 
Sensor
300µm

Area 0.025 cm2

Ongoing electromagnetic 
radiation damage studies 
(Si diode, GaAs…) within 

FCAL Collaboration 
umbrella 

Expect 
integrated 

radiation dose 
to be similar to 

ILC
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(Some) Forward Calorimetry R&D questions

• Do we need the “plug” between the incoming and outgoing beam pipes?
§ Certain SUSY models have very far-forward signatures. How much effort should go into 

preserving discovery potential?

• High luminosity is key to the success of the project. How can the experiment 
support the machine in ramping up to design specs faster?
§ See, e.g. ”RECONSTRUCTION OF IP BEAM PARAMETERS AT THE ILC FROM 

BEAMSTRAHLUNG” (https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=1590793)

https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=1590793
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MDI Studies
Anne Schuetz 

(DESY)
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Solenoid Magnet

< 50 Gauss at 15m

Baseline CMS conductor – investigating 
CICC (Cable in Conduit Conductor) 

Redesign of barrel/door junction
More efficient flux return

Easier transport/handling

30o design
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Cable in Conduit Conductor

• The solenoid magnet is the 
single most expensive system

• Technology is based on CMS
• CICC could be made thinner

§ Same width; 1/3 height / layer
~ 0.5 m less total thickness
à cost savings

• Used by fusion experiments
§ Different requirements from HEP, R&D needed 
§ quench protection
§ Supercritical He à superfluid He? 

Chapter 12. SiD Costs

Table II-12.2
Summary of Costs per
Subsystem.

M&S M&S
Base Contingency Engineering Technical Admin

(M US-$) (M US-$) (MY) (MY) (MY)

Beamline Systems 3.7 1.4 4.0 10.0
VXD 2.8 2.0 8.0 13.2
Tracker 18.5 7.0 24.0 53.2
ECAL 104.8 47.1 13.0 288.0
HCAL 51.2 23.6 13.0 28.1
Muon System 8.3 3.0 5.0 22.1
Electronics 4.9 1.6 44.1 41.7
Magnet 115.7 39.7 28.3 11.8
Installation 4.1 1.1 4.5 46.0
Management 0.9 0.2 42.0 18.0 30.0

314.9 126.7 186.0 532.1 30.0

Structure using the SLAC program WBS. WBS facilitates the description of the costs as a hierarchical
breakdown with increasing levels of detail. Separate tables describe cost estimates for purchased
M&S and labour. These tables include contingencies for each item, and these contingencies are
propagated by WBS. The M&S costs are estimated in 2008 US-$ except for those items described in
Table II-12.1.

Labour is estimated in man-hours or man-years as convenient. The WBS had about 50 labour
types, but they are condensed to engineering, technical, and clerical for this estimate. The statement
of base M&S and labour in man-years by the three categories results in a cost which we believe is
comparable to that used by the ILC machine, and is referred to here as the ILC cost.

Contingency is estimated for each quantity to estimate the uncertainties in the costs of the
detector components. However, we do not use the ILC value system for these estimates. Items
which are commodities, such as detector iron, have had costs swinging wildly over the last few years.
While there is agreement on a set of important unit costs, those quantities also have ”error margins”.
SiD, ILD, and CLIC have worked together to reach agreed values for some unit costs as shown in
Table II-12.1.
Figure II-12.1
Subsystem M&S Costs
in million US-$, the
error bars show the
contingency per subsys-
tem.

There are a substantial set of interfaces in the interaction region hall. For the purpose of this
estimate, the following has been assumed:

• The hall itself, with finished surfaces, lighting, and HVAC are provided by the machine.

• Utilities, including 480 VAC power, LCW, compressed air, and Internet connections are provided.

• An external He compressor system with piping to the hall is provided. The refrigeration and
associated piping is an SiD cost.

• All surface buildings, gantry cranes, and hall cranes are provided by the machine.

174 ILC Technical Design Report: Volume 4, Part II

SiD costs by system
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Muon identifier/Calorimeter Tail Catcher

SiD Baseline – long scintillator strips with WLS fiber and 
SiPM readout
- Consistent extension of the baseline HCal scintillator 

technology
- Need to optimize number of layers, strip dimensions.

Development work at Fermilab:

NIMA, 848, 54-59, 2017
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Some global considerations

• The SiD baseline has been validated by an independent panel
§ The designs are now aging à we would not build the DBD version today.
§ How do we take advantage of current R&D streams without corrupting the concept?
§ How do we bring in groups that work on 

• The EIC is designing (a) detector(s) right now
§ AI integrated in the design process (https://indico.bnl.gov/event/16586/timetable/#all.detailed)
§ Streaming readout is a hot topic. Can we benefit from this? (e.g., beam parameters, …)
§ Other technologies that they are developing, which we can piggy-back on?

• Software / reconstruction
§ Heterogeneous architectures are here to stay. Not using these is not an option.

ü How much on-detector / near-detector / off-detector processing is optimal?
§ Tracking / imaging calorimetry: DUNE/MicroBooNE strategies might work in SiD
§ The performance of MAPS in the particle flow reconstruction is not well studied.

àwhat can we learn about the design?
§ Flavor tagging / vertex reconstruction: Algorithms are 20+ years old

https://indico.bnl.gov/event/16586/timetable/
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SiD Consortium

• since 2013
• Byelaws
• Individual and institutional memberships (Guest membership available)
• IB Chair – Phil Burrows (U. Oxford)

• Very open and welcoming of new colleagues to join SiD to make it better by 
contributing new ideas / upgrades / alternatives
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Summary

• The SiD concept has a well-understood baseline. It can carry out the physics 
program at the ILC up to 1 TeV.
§ We do not see any showstoppers for operation at CCC.

• We are confident the remaining R&D items can be solved, and we understand 
their impact on costs.

• However, many opportunities for R&D remain
§ Synergies with new developments at EIC
§ Sustainable computing / software
§ Material budgets / cooling
§ Truly "imaging" calorimetry (5D)
§ 4D Tracking
§ Superconducting high-field solenoid

• We invite you to bring your ideas to our meetings



Thank you
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SiD on the web – a couple of links for further 
reading

Conceptual Overview
• The International Linear Collider TDR - Volume 4: Detectors
• Updating the SiD Detector concept
Background – MDI
• A Study of the Impact of High Cross Section ILC Processes on the SiD Detector Design
• Expected Sensitivity to Invisible Higgs Boson Decays at the ILC with the SiD Detector (A Snowmass White Paper)
• A Study of the Impact of Muons from the Beam Delivery System on the SiD Performance 
Physics
• Full simulation study of the top Yukawa coupling at the ILC at √s = 1 TeV
• H→invisible at the ILC with SiD
• Detector R&D
• Energy Correction in Reduced SiD Electromagnetic Calorimeter
• Correcting for Leakage Energy in the SiD Silicon-Tungsten Ecal
• Studies of the Response of the SiD Silicon-Tungsten Ecal
Code
• https://github.com/silicondetector
• https://github.com/iLCSoft/lcgeo/tree/master/SiD/compact

https://arxiv.org/pdf/1306.6329.pdf
https://arxiv.org/abs/2110.09965
https://arxiv.org/abs/1609.07816
https://arxiv.org/abs/2203.08330
https://arxiv.org/abs/1703.05738
https://arxiv.org/abs/1409.7157
https://arxiv.org/abs/2105.00128
https://arxiv.org/abs/2002.05871
https://arxiv.org/abs/2002.04100
https://arxiv.org/abs/1703.08605
https://github.com/silicondetector
https://github.com/iLCSoft/lcgeo/tree/master/SiD/compact

