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Extendability built-in
Going fom 250 GeV to 1 TeV

ILC Site & Infrastructure

• 67 km maximal length of tunnel

• Beam dumps, etc designed for 1 TeV operation

• Overall recommended ILC power limit for the 1 TeV ILC : 
300 MW

Luminosity upgrades

• Straightforward: Increasing the number of bunches
from 1312 to 2624

• Power Increase 129 MW → 164 MW

Energy upgrades

• Energy upgrades to 350 GeV (tt threshold) and ~500 GeV 
being discussed

• 1 TeV for longer-term plan
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ILC Bunch Train Structure

ILC Timing

• Bunch Structure at the ILC is very different compared to a 
synchrotron e.g. LHC

– Bunch spacing of 554 ns

– 1 Train has 1312 bunches in ~ 1 ms

– Then 199 ms quiet time until the next train

• Huge Impact on the Detector design

– Occupancy dominated by 
beam background & noise

– Trigger-less Readout

– Buffering on front-end &Readout after the last bunch

– Powering off the front-ends during the quiet time

– Power saving of a Factor 100 → No Active cooling

Bunches, Bunch trains & Power Pulsing

1 ms

1312 bunches 1312 bunches

1 ms 199 ms

Quiet time

Buffering Readout Buffering Readout
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Particle Flow Paradigm
Driver for ILC Detector Design

Particle Flow Algorithms

● PFA has been used before at LEP, HERA and LHC 

● Novel Approach at the ILC→ PFA drives design of 
the detector

Impact on the detector design

• Highly granular calorimetry

• Low-mass tracking

• Calorimetry inside the superconducting solenoid

The combination of these requirements already 
exclude certain technological options

TrackTrack PhotonsPhotons

Neutral Neutral 
HadronHadron
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Reducing the Material
From HL-LHC to ILC

The HL-LHC

● Lots of work on power distribution, 
cooling, material

For an ILC detector

● No cooling at -30 due to radiation damage

● Power pulsing reduced power 
consumption by a factor O(100)

● Moving to air-cooling ...

R&D on Services, R&D on Services, 
Mechanics, CoolingMechanics, Cooling

Power Power 
pulsingpulsing
Air Air 
coolingcooling

ATLAS

ATLAS ITK Phase II
SiD
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SiD and ILD 
Detector concepts for the ILC

Common Aspects

• Designed for Particle Flow

• Highly granular calorimetry

• Designed for easy Push-Pull operation 

SiD

• Compact high-field design

• All-Silicon tracking

• B Field 5 T, r
ECAL

=1.25 m

ILD

• Large medium-field design

• TPC as main tracking device

•  B Field 3.5 T, r
ECAL

=1.7 m 

SiDSiD

ILDILD
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Detector R&D for the ILC
The LCC Detector R&D Report

Summarizing the state of detector R&D relevant for linear collider 
detectors 

– Current version Summer 2020 (living document)
• You can download the latest version from 

–  http://www.linearcollider.org/P-D/Working-groups/Detector
-R-D-liaison

http://www.linearcollider.org/P-D/Working-groups/Detector-R-D-liaison
http://www.linearcollider.org/P-D/Working-groups/Detector-R-D-liaison
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SiD – A bit of history
How SiD came into being

v

2003:SiD first appears 
at ALCPG. 
SiD is aimed at the NLC  

2004 :WWS starts the detector 
concept studies at the Victoria
meeting :SiD, GLD, LDC
Beginning of the Silicon 
Detector Concept Study

2006: Detector 
Outline Document

2007: Detector 
Concept Report
First SiD workshop

2009: SiD Letter
Of Intent

2011: CLIC 
Physics and Detectors
Conceptual Design
Report

2008/9: CLIC_SiD 
Starts for Multi-TeV
machines

2009: SiD 
validated

Concept PhaseConcept Phase LoI PhaseLoI Phase DBD PhaseDBD Phase

2013:
ILC TDR/DBD

2017: ILC
Re-baselining
To 250 GeV

2014: 
Site 
studies

Japanese Decision PhaseJapanese Decision Phase

202X: 
Japanese 
Decision
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SiD – Compact Silicon Detector
Baseline Technologies
• The DBD was finalized 2012/13

– Clearly technology has made huge progress 
since then

– HL-LHC as technology driver

• But overall assessment

– Basic concept of a compact all-silicon detector is 
sound

– This idea also migrated into other Higgs factories

• Decisions already taken

– Move from DHCAL (RPC-based) to SiPM-AHCAL

• A lot of obvious points to take advantage of new 
technology

• And we need to get more serious about DAQ and 
powering schemes
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New Technologies

● On the DBD Timescale 250 nm and 180 nm 
were the workhorse processes

● HL-LHC has driven use of 65 nm ASIC 
processes forward

– Power savings for e.g the lpGBT high-speed link 
or the RD53 Pixel ASIC are compelling

– We’re talking factors of five ..

● What can this do for ILC Detectors ?

– New ideas welcome …

● MAPS is moving along

– ALPIDE fittingly was kind of the pinnacle of a 180 
nm MAPS

– What are the possibilities of MAPS in 65 nm ?

– This will come exactly at the right time for ILC

The raise of the 65 nm CMOS
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Timing, 4D and all that

Integrated time-stamping

● e.g. Background rejection in  the Vertex Detector 
and others

● ns level resolution

Dedicated Timing Layers

● Time-of-flight systems

● Full 4D Tracking

● Here we talking 10 ps resolution

● What can be done with LGAD, etc

● Lots of room for new ideas

– From technology to physics impact

What we really have not explored in detail
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Summary
International Linear Collider Detectors

The ILC is ready to go

• Physics case well established

• Accelerator technology proven and ready

• Detector designs are very advanced

ILC Detectors

• There will be increased activity in the upcoming years 

• Now is the ideal time to come with new ideas

• And incorporate R&D and experience from HL-LHC

• UK expertise in pixels, calorimetry and DAQ crucial and 
very welcome

• MDI expertise provides direct link to the accelerator 
activities

Next one year is the 
time to 



Thank you


	Slide 1
	Slide 2
	Slide
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Heading_clipboard1
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

