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Many Forms of Linear Collider Detector R&D Efforts

https://doi.org/10.5281/zenodo.3749461  

V Keep various detector technology options and do not prioritize. 

This has the advantage that the technologies can be further 

developed until specific choices have to made once future Higgs  

Factory is approved.

V Furthermore ð and as important ð this keeps a broad 

community of detector research groups at universities and 

laboratories involved and increases the chance to arrive at the 

best technically possible detector solution when it has to be built. 
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IDT-WG3: ensure interplay between detector concepts (ILD, SiD, Clicdp) & more generic R&D



Higgs / Electroweak / Top Factory Detector Concepts 
Guide R&D, maintain freedom to combine technologies later :

U.Husemann



DRDôs at 

a Glance 

& 

Project

Timelines

Å Project Timelines for 

ñSmaller Experimentsò

ï DM and Neutrino

Å Project timelines for ñLarge experimentsò 

ï synchronized with LHC schedule

D. Contardo

T. Bergauer



ILC Detector Concept Groups: ILD and SiD

ILD (ñLò& ñSò) SiD

Both optimized for PFA Performance: ~ B RECAL,inner
2 (two-track separation @ ECAL)

B = 3.5 T / 4 T B = 5 T

RECAL,inner = 1.8 / 1.46 m RECAL,inner = 1.27 m

Si + TPC tracking

Outer radius: 1.77 / 1.43 m 

Silicon Tracking only

Outer radius: 1.22 m

ILD Re-optimisation: Large (L) & small (S) options 

ILD Interim Design Report:

arXiv: 2003.01116

Reduced tracker radius,

length unchanged

V ILD: International Large Detector 

V SiD: Silicon Detector

ILD

SiD

ILD ñLòILD ñSò

SiD Design Update: arXiv: 2110.09965



ILC Tracking (ILD vs SiD): Two Complementary Approaches

ILD: Silicon + Gaseous Tracking SiD: All-Silicon Tracking

Å long barrel of 3 double layers of Si-pixels

Å Intermediate Si-tracker (SIT, SET, FTD)

- SIT/FTD: silicon pixel sensors (e.g. CMOS) 

- SET: silicon strip sensors

Å Time Projection Chamber with MPGDs

- High hit redundancy (200 hits / track) 

Ą 3D tracking / pattern recognition;

Ą dE/dx information for PID 

Å short barrel of 5 single layers of Si-pixels

Å 5 layers Silicon-strip tracker

(25um strips, 50 um readout pitch)

- Fewer highly precise hits (max. 12)

- Robustness, single bunch time stamping

Vertex detector

Strip detector

VERTEXING:

TRACKING:

X0

ILD: SiD:

Still a lot of opportunities in ILD/SiD

optimization : physics goals, software 

developments and technology options



Á Sensorôs contribution to the total X0 is 15-30% (majority cables + cooling + support)

Á Readout strategies exploiting the ILC low duty cycle 0(10-3): triggerless readout, power-pulsing

Ą continuous during the train with power cyclingĄ mechanic. stress from Lorentz forces in B-field

Ą delayed after the train Ąeither ~5ɛm pitch for occupancy or in-pixel time-stamping

Vertex Technologies for Future Linear Colliders (ILC)

Bending thin Si-layers (MAPS):

180 nm CMOS technology: VALIDATED

MIMOSIS @ 

CBM-MVD

ALPIDE@ ALICE 

ITS-3 (bending 

50 um sensor)
ALICE-ITS3 upgrade drives the R&D: 

Industrial stitching &  large 

surfaces for low-mass detect.:
Truly cylindrical, supportless CPS  

for ALICE-ITS3 upgrade (65 nm)
using several reticles from the same wafer

(possible with both 180 and 65 nm)

CMOS (MAPS): 2-sided ladders: 

« mini-vectors » concept for ILC with

high spatial resolution & time stamping



Gaseous Tracking: TPC with MPGD-based Readout

Three MPGD options are foreseen for the ILC-TPC:

ĄWet-etched / Laser-etched GEMs

Ą Resistive Micromegas with dispersive anode 

Ą GEM + CMOS ASICs, « GridPix » concept

(integrated Micromegas grid with Timepix chip)

Micromegas GEM      

InGrid

Spatial resolution of sT ~ 100 um and dE/dx res. < 5% 

have been reached with GEM, MM and InGrid)  

Ą see A. Bellerive talk

in parallel session
Recent Gridpix test-

beam: dE/dx ~ <3 % 

can be achieved with

Gridpix (cluster-

counting)

Added value of TIME

information for ILC:

dE/dx combined 

with ToF (SiW-ECAL)

for K-PID

arXiv: 2003.01116

TPC selected as main 

tracker for CEPC 

reference detector in 

TDR



Particle Flow Calorimeters: CALICE Collaboration
Development and study of finely segmented / imaging calorimeters: initially focused on the ILC, 

now widening to include developments of all imaging calorimeters, e.g. CMS HGCAL for Phase II):

Imaging Calorimetry Ą high granularity 

(in 4D), efficient software (PFA).

Example: ILD detector for ILC, proposing CALICE collaboration tech.

Issues: overlap between showers, 

complicated topology, sep. ñphysics

eventò from beam-induced bkg.

Mixture of matured concepts

and advanced ideas:

MATURED (CALICE):

Á SiW-ECAL

Á SciW-ECAL

Á AHCAL

Á DHCAL (sDHCAL)

Ą (Almost) ready for 

large-scale prototype

Ą Prepare for quick realization

of 4-5 years to real detector

ADVANCED (beyond CALICE):

Á MAPS ECAL

Á Dual-readout ECAL

Á LGAD ECAL (CALICE)

Ą Evaluate additional physics

impact to ILC experiment

Ą Needs intensive R&D effort

to realize as real detector



Particle Flow Calorimeters: CALICE Collaboration

ILC AHCAL & CMS HGCAL common test-beam 

Proof-of-principle with first

generation physics prototypes (2003-2012)

Scalability tests with 2nd generation (>2010)

technological prototypes (power pulsing, 

compact mechanical design, embedded

electronics, assembly, calibration approaches)

ü Timing measurement for shower development (from 4D to 5D): 
TodayôsCALICE prototypes (SiW ECAL, AHCAL) provides unprecedented granularity and cell-by-cell

ns-level timing for validation hadronic models on different readout technologies (gas, silicon, schint.)

JINST9 (2014) P07022

CMS 

HGCAL

ILC:

Sci-

AHCAL

CMS HGCAL has measured evoluton of hadronic

showers in the time domain with ~80ps

accuracy (50ps TDC binning)
Ą improve GEANT 

simulation models



Particle Flow (Imaging) Calorimeters: The 5th Dimension ? 

Impact of 5D calorimetry (x,y,z, energy, time) needs to be evaluated more deeply to undertand optimal time acc.

What are the real goals (physics wise)?

Á Mitigation of pile-up (basically all high rates)

Á Support for full 5D PFA Ą unchartered territory

Á Calorimeters with ToF functionality in first layers?

Á Longitudinally unsegmented fibre calorimeters

Replace (part of) ECAL with LGAD for

O(10 ps) timing measurement

20 ps TOF per hit can separate

p/k/p up to 5-10 GeV

Timing resolution

Is affected by noise 

V Trade-off between power consumption & 

timing capabilities (maybe higher noise level)

V Timing in calorimeters / energetic showers?

Ą intelligent reconstruction using O(100) hits &

NN can improve ñpoorò single cell timing

Ą can help to distinguish particle types: 

usable for flavour tagging (b/c/s), 

long-lived searches (decaying to neutrals) , 

enhances(E) / E

R. Poeschl

ILC AHCAL & CMS HGCAL common test-beam 

CMS 

HGCAL

ILC:

Sci-

AHCAL

CMS HGCAL has measured evoluton of hadronic

showers in the time domain with ~80ps

accuracy (50ps TDC binning)



Fast Timing in Higgs Factory Detectors



New Trends: Ultra-High Granularity (MAPS ECAL)

CMOS Sensors for calorimetry Ą Synergies between LC Detector R&D and ALICE FoCAL

2.25 mm2 prototype production

in 2022 (WP1.2 CERN)

ALICE FoCAL: 24 layer MIMOSA CMOS sensor calorimeter Si-W stack

LG HG

pixel/pad size å 1 cm2 å 30x30 Õm2

total # 
pixels/pads

å 2.5 x 105 å 2.5 x 109

readout 
channels

å 5 x 104 å 2 x 106

Forward electromagnetic and hadronic calorimeters;

V FoCal-E: high-granularity Si-W sampling calorimeter Ÿ direct , “0
V FoCal-H: Pb-Sc sampling calorimeter for photon isolation and jets

FoCAL: assuming å 1m2

detector surface

Could be a unique tool to improve shower simulation é

MIMOSA HG

T. Peitzmann, PH Detector Seminar, 25/10/2019

P. Allport, PH Detector Seminar, 10/09/2020

A. De Haas, JINST13 (2018) P01014

MAPS ECAL (SiD)

25 x 100 um2 monolithic pixels

Ą Common design to trackers



New Ideas: Dual-Readout Calorimetry  + High Granularity

Extensive R&D by the DREAM/RD52/IDEA collaborations

(Rev. Mod. Phys. 90, 025002, 2018):  an old idea in 4th ILC concept

Ą Recent technological progress (SiPM, 3D-printed

absorber material) enables highly granular DREAM calorimetry

for relativistic 
(EM) component

for non-

relativistic 
(hadronic)

Building 

Blocks:
SiPM for much

better separation

of Ch. & Sci. light

V Dual-readout (DRO) crystal ECAL: J. Zhu @ILCX2021

arXiv: 2008.00338

Readout Detector Development R&D:

R&D Focus : Optimal readout technologies for scintillation and 

Cherenkov signals ïincludes minimization of material between 

crystals to maximize sampling (-> homogeneous calorimeter)

Wavelength conversion by nanoparticles discussed   
for detection of Cherenkov light



Å The sustainability of future accelerator-based 

projects is increasingly central to their scientific, 

economic, and societal viability.  This report by 

the LDG Sustainability WG establishes a 

reference framework, summarizing the best 

practices and standards for assessing and 

guiding the sustainable development of large-

scale facilities.

Å The common format for sustainability reporting -

small number of ñfigures of meritò for GHG 

emissions in construction and operation of 

future colliders - has been agreed by the 

Sustainability WG. The path forward requires 

international coordination, concurrent and 

transparent reporting, and continuous 

monitoring.

Å Sustainable accelerator infrastructures 

demand an integrated strategy: rigorous 

assessment of environmental costs, 

proactive socio-economic engagement,

and adoption of innovative mitigation 

technologies.

LDG Sustainability WG: Original Mandate & Highlights

This approach will ensure that future 

projects not only advance fundamental 

science but also serve as models of 

responsible, forward-looking research 

infrastructures.



Å Walib Kaabi - PERLE, EU-iSAS

Å Mats Lindroos - ESS  (deceased May 2, 2024)

Å Roberto Losito - CERN Sust. Panel   

Å Ben Shepherd          - STFC Sust. Task Force 

Å Andrea Klumpp - DESY Sust. Panel, EU-iFAST

Å Hannah Wakeling - ISIS-II Neutron & Muon Source

Å Patrick Koppenburg - NIKHEF Sust. Panel

Å Johannes Gutleber - FCC

Å Yuhui Li                      - CePC

Å Benno List                  - ILC

Å Emilio Nanni - ICFA Sust. Panel & C3

Å Vladimir Shiltsev - LHeC

Å Steinar Stapnes - CLIC & Muon collider

Å Caterina Bloise - Co-Chair

Å Maxim Titov - Co-Chair, EU-EAJADE

in the Editorial Board also

Å Enrico Cennini (CERN), Luisa Ulrice (CERN).

Å Beatrice Mandelli (CERN), Niko Neufeld (CERN)

Å Thomas Schoerner (DESY)

Panel consisting of 15 members with technical expertize in evaluation of accelerator 

sustainability and future collider project representatives 

Ensuring broad 

community  representation:

Å Sustainability Lab. Panels  

established at CERN, 

DESY, ESS, NIKHEF, STFC

Å ICFA Sustainability Panel

Å EU- Horizon Programs

Å Future accelerator projects: 

FCC, ILC, CePC, 

CLIC/Muon, LHeC, C3

Å Invited experts on specific 

topics

LDG Sustainability WG Mandate and Composition

Development of guidelines and a minimum set of key Indicators for the sustainability 

assessment of future accelerators 



Å LCA Goal and Scopes Definition

- project stages: design, construction, operation, decommissioning

- functional units: accelerator, supporting infrastructures, cryogenic 

systems, detector, computing  

- boundaries: Cradle-to-gate, Cradle-to-grave 

Å LCA Methodology
- Impact Categories (Midpoint vs Endpoint)

- Impact of Emission on Climate Change: GWP100

- Beyond GWP : ReCiPe2016, ILCD2011, CML-IA2012

Å LCA Inventory Analysis
- infrastructure, materials, 

energy, production process

Å Construction Phase

Å Operation Phase

Å Decommissioning

Å LCA Assessment and

Interpretation

- environmental impact, 

- methodology, specific 

software, databases,

- evaluation of uncertainties

Life-Cycle Assessment (LCA) Methodology

Quantifies environmental impact (ISO14040 standard)



Example: ILC & CLIC LCA Study 

ILC/CLIC ARUP LCA: https://edms.cern.ch/document/2917948/1

V LCA study of CE (tunnels, shafts and caverns):

V LCA study of Accelerators and Detectors
(ILC cryomodule, CLIC 2-beam module):

ILC/CLIC ARUP LCA: https://edms.cern.ch/document/3283864/1

- 20% from using low carbon cement (CEM III/A) 

- 12% from thinner lining 

- 9% from future electricity mix ( not a project decision) 

V Significant reduction potential ILC 

(41%) / CLIC (37%) from optimized 

design & use of lower carbon material

V FCC LCA shows similar reduction 
potential (~50%)

FCC LCA: https://zenodo.org/records/13899160

�$�F�F�H�O�H�U�D�W�R�U���D�Q�G���'�H�W�H�F�W�R�U���*�:�3���³�K�R�W�V�S�R�W�V�´��

V Main linac: dominated by stainless steel, niobium, 

aluminium in cryo modules 

V Damping rings: dominated by iron for magnet yokes

V Detectors ILC & SiD: Dominated by steel for magnet

yokes

Ą Overall, Iron and steel are dominant GHG source :

- huge reduction potential

Ą Others: Niobium ~11%. Cu: ~10%, Al ~ 6%

Civil Engineering:


