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Detectors for e+e- Linear Colliders

Andy White

With thanks to ILD, SiD and C3 colleagues for materials provided!

P5 Meeting, BNL, April 13, 2023

(On behalf of the Americas Linear Collider Committee)
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ILC Physics – major processes to be studied

ILC covers the entire range of Higgs physics,
as well as top, new physics searches, and Z and W. 

ILC Snowmass report:arXiv:2203.07622   



The ILC Accelerator
Not to scale!
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ILC parameters

ILC is designed for 
two Detectors in 

Push-Pull 
arrangement

COM energy Z-pole – 1000 GeV (and maybe higher)
Polarization  e- 80%, e+ 30%
Repetition frequency  5 Hz
Bunches per train 1312/2625
Linac bunch interval 554 ns (initial)
Interaction rate  ~1 Hz for e+e- → fḟ
Site AC Power  111 MW (250 GeV)

Power pulsing allows for minimal 
material for cooling

“H20” ILC running scenario

Begin at 
250/ZH 
for Higgs 
physics



See also: ILCX workshop

ILC Experiments away from the  IP

Electron and positron beam dumps: Invisible 
signatures

Visible 
signaturesSecondary beam lines:

Light-shining-through-wall
Requires 1-10 MeV photon beam 
1017 ɣ/s

Strong QED, using laser on beam, 
astrophysics, pathway to ɣ-ɣ collider LUXE-like, optical dumps for ALP 

searches

Far forward detectors:

Off-axis detector to 
capture long-lived 
particles

Belle II study found little 
gain, as acceptance drops 
with distance.

ILC has increased boost compared 
to Belle II  larger rate in FD
Beam structure allows direct 
correlation of events in ND <-> FD

NEOT = 4 x 1021 /year
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https://agenda.linearcollider.org/event/9211/timetable/?layout=room#all.detailed
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Why Experiments at an e+e- Linear Collider?
Clean collisions of elementary particles at precise energies.

Energy range extendable – full Higgs physics coverage

Polarization for e- and e+ to optimize signal rates and background 
suppression

No pile-up as in hadron collider experiments
(Expect ~1 hadronic interaction per bunch train)
No trigger needed – record all events

Power pulsing possible – reduced material budget

Potential detector upgrade paths using new technologies

SiD

e+e-→Z(qq) H(qq) 

e+e-→Z(µ+µ-) H(qq) 
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2013

Brief history of ILC Detectors
Initial concepts – early ‘90s

LOIs 2009 (3 Concepts)

ILD and SiD validated by International 
Detector Advisory Group

ILC TDR 2013 – inc. ILD and SiD DBDs

SiD Design update 2021

SiD and ILD are typical collider detectors



4/12/2023 A. White P5 BNL 7

SiD Detector Baseline

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

Compact design with 5T field.

Detector is designed for rapid push-pull 
operation.

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

Highly segmented “tracking” calorimeters optimized 
for Particle Flow.
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ILD Detector Design

B field 3.5T
TPC for Main Tracking
Overall detector concept  optimized for 
Particle Flow

Both ILD and SiD designs have been simulated in detail – ILC physics studies are based on full simulation data.



ILC/C3 timing structure: Fraction of a percent duty cycle
● Power pulsing possible, significantly reduce heat load

○ Factor of 50-100 power saving for FE analog power
○ Significantly reduction for the material budget

1 ms long bunch trains at 5 Hz
308ns spacing
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ILC timing structure C3 timing structure

An ILC-like detector overall design and ongoing optimizations are viable for operation at C3.

Design Considerations for C3 (Cool Copper Collider)

Experience from CLIC shows that SiD will be 
able to deliver C3 physics with only incremental 
changes.

Detector requirements for C3 are essentially the 
same as for ILC

A. White P5 BNL
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SiD Silicon (Strip) Tracker

4/12/2023 A. White P5 BNL

Baseline

Single point resolution 7µm

DESY 
test beam

Now exploring MAPS for the 
main SiD tracker

Polar angle (deg.)

Note:
< 10% X0

X/X0
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ILD TrackingMain Tracker: TPC

3 x109 volume pixels.
224 points per track.
Single-point resolution
50 - 100 µm r-phi,
400 µm r-z

TPC Readout options:
GEM, Micromegas, Pixel

Pixel readout for the TPC is a 
promising research area for ILD 
that needs targeted R&D support 

r = 330 mm

r = 1808 mm

e+e-

TPC offers dE/dx for  particle 
ID and measurement of  in-
flight decays



4/12/2023 A. White P5 BNL 12

ILD Calorimetry Technologies

• ECAL (24 X0 : 20 x 0.6 X0 + 10 x 1.2 X0)
- Silicon-W
- transverse cell-size 5mm X 5mm
- Scintillator-W with SiPM readout
- 5mm X 45 mm X 2mm strips
- (Digital: MAPS)

• HCAL
- Analog : Scintillator + Stainless Steel.
- Tiles with Si-PM readout
- 3mm Sc, 3cm X 3cm.
- Digital/Semi-Digital : Gas + Stainless Steel.
- Glass RPCs or MPGDs, 1cm X 1cm

Build on studies by CALICE

SDHCAL

ILC TDR 
Vol. 4

2m Prototype for 
SiW-ECAL (LLR)
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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

4/12/2023 A. White P5 BNL

Beam tests,9-layers, SLAC

1024 pixels
13 mm2

Single electron event
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SiD Hadron Calorimeter

Baseline technology for the SiD 
HCal is Scintillator/SiPM/Steel
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12-fold barrel 
geometry

Similar issues for CMS HGCAL

CALICE design

Compare simulated single 
particle energy resolution 
with actual CALICE test beam 
results
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SiD Solenoid

< 50 Gauss at 15m/30 deg cut

Baseline CMS conductor 

Redesign of barrel/door junction
More efficient flux return

Easier transport/handling

30o design

Early start on coil development is critical for 
both SiD and ILD – no current producer of CMS-
style conductor     - potential showstopper!

- Al-stabilized superconductor technology is appropriate
for HEP detector magnet technology.

- CICC (Cable-in-conduit conductor) approach may also be a solution

Conclusions from recent CERN Magnet Workshop

(see also: arxiv.org/2203.07799)
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Monolithic Active Pixels for Tracking

- Potential for providing higher 
granularity, thinner, intelligent 
detectors at lower overall cost. 

- Stitching – large scale sensors, 
reduced dead areas

- Lower power, lower cost, less 
material.

- Fully-depleted MAPS/CMOS: faster 
charge collection, higher efficiency, 
less cross-pixel charge sharing 

This is a major research 
area that needs urgent, 
targeted R&D support.

- SLAC working in WP1.2 collaboration 
at CERN
- ALICE ITS3 upgrade main driver 
- Design 1.5x1.5 mm2 prototype 

with few pixels to test sensor + 
front-end 
- Submission of first prototype in 2022 

- Study sensor performance on TowerSemi 65 
nm process 
- Feedback from WP 1.2 measurements at 
CERN 
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MAPS-based Electromagnetic Calorimetry

Instruments 2022, 6(4), 51
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High Priority, Critical R&D Needed

Superconducting Coil(s) - wire and winding techniques, project with industry 

MAPS for Tracking and ECal – stitching, large scale sensors, reduced dead areas

Pixel readout for TPC – GridPix dE/dx from cluster counting

Fast timing/power requirements – explore benefits for tracking/calorimetry

Technology R&D

Detector Concept development
Concept major parameters: overall dimensions, magnet field strength, MDI, services

Major subsystems: main calorimeters, magnet return yoke, tracker and their interplay

Strategy for assembly and installation of detectors 
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ILC Timeline

To respond to this timeline two development 
lines are needed:

- Detector R&D on specific technologies.

- Development of Detector Concepts towards 
the TDR stage 

For both these lines new ideas are 
always welcome for new technologies 

…and/or new detector concepts.

The significant work already done on ILC detectors 
makes this aggressive timeline achievable.

Developed to match success-oriented ILC timeline from IDT
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Conclusions
- A Higgs Factory has been identified via the Snowmass process as the highest HEP priority after 

HL-LHC upgrades construction – also consistent with European Strategy and JAHEP statement.

- A Linear Collider offers unique features, such as polarization and extensibility of energy range, 
that will fully map the Higgs Physics Program, including self-interaction, in a timely manner.

- Development over an extended period has resulted in two validated e+e- detector concepts.

- R&D is needed for technologies beyond the original designs 

- Support is needed to bring ILC detectors to the TDR stage.

- In order for the US to play a major role in a Higgs Factory an “immediate, vigorous and 
targeted detector R&D program” (Snowmass EF report) is needed.
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Extra
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ILC Parameters
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SiD Parameters
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ILD Parameters
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SiD Tracking: A Robust, Low Material, High 
Precision Silicon System Vertex Detector

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

4/12/2023 A. White P5 BNL

Preliminary ideas for mechanical design.
Power pulsing, forced air cooling

Anne Schuetz
(DESY)

Pair background/Occupancy study

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

Rmin = 14mm.

Chronopixel - Oregon, Yale

Prototype 3 satisfies ILC design Requirements
Also considering 3D pixels, HV CMOS,…
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MDI Studies

Anne Schuetz 
(DESY)
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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.

SiD Muon identifier/Calorimeter Tail Catcher

4/12/2023 A. White P5 BNL

Development work at Fermilab:

Marco Oriunno
(SLAC)
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ILD Forward Calorimetry

Goals: Measure precision luminosity 
(with Bhabhas) and provide hermeticity 
down to around 5 mrad. 

LumiCal (32-74 mr)
LHCal (4l plug)
BeamCal (5-40 mr)

Hermeticity is a strength 
of linear colliders
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