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Many Forms of Linear Collider Detector R&D Efforts
RPC DHCAL Silicon ECAL LCTPC

KPIX SDHcaL (ILD) RPC
Muon®

ks
GEM DHCAL CMOS MAPS w

Detector R&D Report

https://doi.org/10.5281/zen0d0.3749461

Scintillator
Silicon ECAL VIP FPCCD wie M e e
(SiD) TPAC DEPFET SOl c insillator |
FCAL

ECAL
I.|
CA C Dual Readout
ChronoPixel CLICPIix

WG3 Organisation and mandates

DT 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 8 and as important d 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.




Higgs / Electroweak / Top Factory Detector Concepts

Guide R&D, maintain freedom to combine technologies later :

#94 #102 in #95 #211 in #95
Concept SiD ILD’* CLD* IDEA ALLEGRO

Vertexing

Tracking/

PID

Silicon
MAPS

Silicon
Strips

. Silicon/
Calorimetry [imhim
Muon Scintillator
System

vagnet  ER

*evolutions from detector concepts for CLIC (#78) and ILC
PID, dE/dx, dN/dx @ Future Colliders
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Accelerator & Time

Application

Technology

Detector size & Module
size

Requirements

Special requirements

> 2030

'TPC for Tracking &
dE/dx

' TPC for Tracking &
dE/dx

MM/GEM (pads)
InGrid (pixels)

MM/GEM (pads)
InGrid (pixels)

Total: 20 m?
400/130 cm?
pad/pixel

Total: 20 m?
Module: 400 cm?

Max rate < 1 kH,
Spatial res < 150 um
Time res ~15 ns
dE/dx 5%

Max rate > 100 k H,/cm?
Spatial res ~ 100 um
Time res ~100 ns
dE/dx < 5%

Si+TPC dpl/p
<9 x 107" 1/Gev

Higgs/z pole runs
Continues readout
Low IBF & dE/dx

FCC-ee/CEPC
>2030

IDEA central tracker for
Tracking &
Triggering

He based
drift chamber

Total: 50 m?
Module:
12m* x 4m

Max rate > 25 k H,/cm?
Spatial res < 100 um
Time res 1 ns

Rad Hards NA

PID with cluster
counting at 2% level|

Super Charm Tau
> 2025

Super Charm Tau
> 2025

EIC
>2025

Main tracker

Inner tracker

Tracking

Drift Chamber

Tracker/cylindrical
URWELL
TPC/MPGD readout

Barrel:
cylinder MM/{{RWELL

Endcap:
GEM/MM/URWELL

Total: ~ 3.6 m”

Total: ~ 2-4 m?
Module: 0.5 m?

Total: 25 m?

Max rate 1 kH,/cm?
Spatial res ~100 pm
Time res ~100 ns

Rad Hards ~1 C/cm

Max rate < 100 kH,/icm?
Spatial res < 100 ftm
Time res ~5-10 ns

Rad Hards ~0.1-1 C/cm

Lumi (e-p): 1033
Spatial reso ~50-1 09 Hm

Max rate ~kH,/cm

dE/dx < 6%

Mat. budget < 1% X,

ALLEGRO




DRDO s
a Glance
&
Project
Timelines

DRD1: Gaseous Detectors
Large : Fast - eco-friendly gases
- MPGD, RPCs, TPC, Wires
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DRD3: Semiconductor Det.
Monolithic CMOS - LGADs -
radiation hardness -interconns.
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DRD6: Calorimetry
Energy resolution - High gran. -
dual readout - particle flow -
sandwich - optical
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DRD?7: Electronics
ADC/TDCIP Blocks - Opto-
electronics + packaging * power-
extreme environments * COTS -
intelligence on detector : foundry
access
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DRD2: Liquid Detectors
Neutrinos * Dark Matter - Ovbb

large accelerator projects

long scale few experiments & upgrades

A

<2030 2030-2035

Project
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DRD4: Photon detectors
vacuum, SiPM, hybrid single-
photon & SciFi detectors-
applications in PID, RICH, track.

DRD5: Quantum Sensors
Quantum dots * superconduct.
nanowires - bolometers - TES
MMC - nuclear clocks
Applications in LEPP, first
projects in HEPP hap

DRD8: Mechanics

Ultra-thin beam pipes - CF foam
and new materials - curved,
retractable sensors - air & micro-
channel cooling - eco-friendly
cooling fluids - robots - augmented

reality

small accelerators, nuclear reactors, cosmic rays

i nes

I synchronized with LHC schedule

O
e

2035-2040 2040-2045

DRD1
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DRD3

solid state

DRD4
photon & PID
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3 generations several experiments of increasing scale
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ILC Detector Concept Groups: ILD and SiD

V ILD: International Large Detector
V SiD: Silicon Detector

Machine background Bunch structure
beam strahlung trains of ~1 ms at 5 Hz
conversions 1train =1312 x 554 ns

power
pulsing

VERTEX
R>15cm
Ax~ 3 um

~0.15% Xo/layer

b/c/t tagging impact parameter
Higgs BR secondary vertex
and Top-id resonance masses

Reduced tracker radius,

length unchanged @—' MAIN DAQ

Recoil mass [ : TRACKER triggerless
Higgs strahlung | Al1/pr) ~ 2. 10° Gev? A(1/pr) ~ 104 Gev* between trains
+ dE/dx

8000

Radius [mm]

7000

6000

5000

e/u-id
in jets

IS S { CALO
| M ; I W/Z/Top-id AEJE < 30%/\/E GeV-12 inside coil

1000 | ! l ” l : | in multi jets high granularity
= i i article flo
TR T N = S R L T e I jet separation particle flow
9000 -6000 ~5000 4000 ~3000 2000 1000 O 1000 2000 3000 4000 5000 6000 7000

Z [mm]

ILD Interim Design Report: . : ) .
arXiv: 2003.01116 SiD SiD Design Update: arXiv: 2110.09965

4000

3000

2000

o

Both optimized for PFA Performance: ~ B Rgcay inner? (tWo-track separation @ ECAL)

B=35T/4T B=5T
RECAL,inner =138 / 1.46 m RECAL,inner =1.27m

Si + TPC tracking Silicon Tracking only
Outer radius: 1.77/1.43 m Outer radius: 1.22 m




ILC Tracking (ILD vs SID): Two Complementary Approaches

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

A long barrel of 3 double layers of Si-pixels A short barrel of 5 single layers of Si-pixels

< 3pum VERTEXING: 0.15% Xo / layer, 0sp < 3-5 um

~

0.3% Xo / layer, 0qp

L

A Intermediate Si-tracker (SIT, SET, FTD)
- SIT/FTD: silicon pixel sensors (e.g. CMOS)
- SET: silicon strip sensors A 5 layers Silicon-strip tracker

(25um strips, 50 um readout pitch)
A Time Projection Chamber with MPGDs TRACKING: _ _ _
- High hit redundancy (200 hits / track) - Fewer highly precise hits (max. 12)

A 3D tracking / pattern recognition; - Robustness, single bunch time stamping
A dE/dx information for PID

=y
(&}

Number of Si hits
Number of Layers

— Vertex Barrel

— Inner Vertex Disks

— Outer Vertex Disks

— Tracker Barrel 1
Tracker Disks SI D

— Total
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Vertex detector

40 Strip detector
0/degrees 0[]

Still a lot of opportunities in ILD/SID
60 40 optimization : physics goals, software
0/ degrees developments and technology options



Vertex Technologies for Future Linear Colliders (ILC)

A Sensor 6s cont r i b utisil530% (majorityhcables & ¢oaling support)
A Readout strategies exploiting the ILC low duty cycle 0(10-3): triggerless readout, power-pulsing
A continuous during the train with power cycling A mechanic. stress from Lorentz forces in B-field
A delayed afterthetrainA ei t her ~5gm pi t c hpixélome-stangpmigy pancy or |

Physncs driven requirements Running constraints Sensor specifications

o, -Z8um________ Small pixel ~16 um

Mater 1al budget

0o A layer Thinningto 50 um
R > Aircooling __________________ low power 50 mW/cm?
r of Inner most layer _16mm > beam-related background _____5  fastreadout ~7 ys

b > > radiation damage -_-_________ > radiation tolerance

__FPCCD_| _DEPFET “mm S e
<6.2x10%n,,/ (cm? year}

Added value Very Low material 2 tier process Industry
(example) granular budget (high density pcircuits) evolution

Technology

time stamp 16x64 pm2

CMOS (MAPS): 2-sided ladders: =—>
« mini-vectors » concept for ILC with N
high spatial resolution & time stamping 16x16 pan2 * spatial resolution

180 nm CMOS technology: VALIDATED

\ ALPIDE@ ALICE
\’ ITS-3 (bending

50 um sensor)

Bending thin Si-layers (MAPS): Industrial stitching & large
surfaces for low-mass detect.

Truly cylindrical, supportless CPS ysing several reticles from the same wafer
for ALICE-ITS3 upgrade (65 nm) (possible with both 180 and 65 nm)

Endcap L Repeated Sensor Unit

Pads 1 Peripheral circuits

A — 7
Ay
‘; L e

MIMOSIS @ »

CBM-MVD




Gaseous Tracking: TPC with MPGD-based Readout

Three MPGD options are foreseen for the ILC-TPC:
A Wet-etched / Laser-etched GEMs
A Resistive Micromegas with dispersive anode
A GEM + CMOS ASICs, « GridPix » concept
(integrated Micromegas grid with Timepix chip)

Micromegas

DESY GEM

drift length [mm]

- — Kn TOF

From MM to “GridPix” - Towards Large-Scale Pixel TPC

Standard charge collection:

160 GridPixs (Timepix) & 32 GridPixs (Timepix3)
Pads / long strips

©
b 3
= — K/n dE/dx+TOF
Instead: Bump bond pads are used S 1
as charge collection pads. =
g
(o
Q
w
LARGE-AREA
PIXEL TPC 1A W o 3 SRS SO O I I8
IS REALISTIC! (TimePix1) TPX3 chip  Quad Module

(2007-14) 2017 2018 2019

10
p (GeV/c)

B Timepix AsiC

3 modules for LP TPC @ DESY: 160 (1 x 96 & 2 x 32) GridPixs
320 cm? active area, 10,5 M. channels, new SRS Readout system

Connectors to 2
Phase CO2 Ioog

o

8kU X388 SOwmm 11 22 SEI

Fins for backup
. air-cooling

Module with
96 InGrids
on 12 ,octoboards” [

Protection Layer (few p‘rrT)—
against sparks

pmaSiH (~10"Q-cm)
8umSiN, (~10*Q-cm)

Charge avalanche is collected by

X =
one pixel — one hit corresponds to E TNS 64 (2017)5, 1159-1167 2 Intagrated
S L ST L}

one primary electron serpentine

100 200 300 400 500 600

Spatial resolution of s ~ 100 um and dE/dx res. < 5%
have been reached with GEM, MM and InGrid)

Micromegas
-+ GridPix
DESY GEM

Oye ey | (AE/dX)

s:-«ii%-i:tﬁi@; eS8

arXiv: 2003.01116

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

TPC selected as main
tracker for CEPC
reference detector in
TDR



Particle Flow Calorimeters: CALICE Collaboration @@9

Caorimeter for IL.

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 Il):

Imaging Calorimetry A high granularity PFA Calorimeter

Mixture of matured concepts
and advanced ideas:

MATURED (CALICE):
A SiW-ECAL

A SciW-ECAL

A AHCAL

A DHCAL (sDHCAL)

e analog| | digi digital
Issues: overlap between showers,
complicated topology, sep. i p h 'y s i ‘ A (Almost) ready for

event o f 4induocedbkg.a m ‘Silioon Scintillator ‘HA'F’ST Scintilator FRPC— EENT‘;M;;Z’S large-scale prototype
Example: ILD detector for ILC, proposing CALICE collaboration tech. A Prepare for quick realization

of 4-5 years to real detector

[ ccatoption | coatoption | neaLopton | rcatoption |

. % A MAPS ECAL
Cell size (cm>xcm) A Dual-readout ECAL

5 Semi-dig (2 bits " :

Readout A Evalaieal

j a

1 A

Depth # (Xg/Aine) . S A S A impact to ILC experiment
-2 E R

Needs intensive R&D effort

0
# channels [109] _
to realize as real detector




Particle Flow Calorimeters: CALICE Collaboration @@9

Caorimeter for IL.

Si-W ECAL Sc-W ECAL Sc-Fe(W) AHCAL GRPC-Fe DHCAL
< Proof-of-principle with first

generation physics prototypes (2003-2012)

Sc-Fe AHCAL GRPC-Fe SDHCAL

.............

Scalability tests with 2"d generation (>2010)
technological prototypes (power pulsing,
compact mechanical design, embedded
electronics, assembly, calibration approaches)

U Timing measurement for shower development (from 4D to 5D):
T o d a QALIEE 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.)

20

Tirna of first Hit [ns]

Time of First Hil [ns] CMS HGCAL has measured evoluton of hadronic
= A improve GEANT showers in the time domain with ~80ps
3 4 simulation models accuracy (50ps TDC binning)

Energy Deposition [MIP]



Particle Flow (Imaging) Calorimeters: The 51" 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)? Replace (part of) ECAL with LGAD for
O(10 ps) timing measurement

A Mitigation of pile-up (basically all high rates) 20 ps TOF per hit can separate 4 —
A Support for full 5D PFA A unchartered territory o/k/p up to 5-10 GeV = b?'&{ f{'l 7=
A Calorimeters with ToF functionality in first layers? . | "‘i s
A Longitudinally unsegmented fibre calorimeters « . ‘El:
’.Fest beam‘at Toh:)ku
October 2021

B Required Time Resolution [ps]

il R. Poeschl
100

a0
0
40 L ien : \D7? . - $8564-50K
20 . alo \metfy ¢ (inverse)

Timing resolution
Is affected by noise

0

52385

V Trade-off between power consumption &

e . : . ILC AHCAL & CMS HGCAL common test-beam
timing capabilities (maybe higher noise level)

V Timing in calorimeters / energetic showers?

A intelligent reconstruction using O(100) hits &

NNcan i mprove Apooro si .4-.."..,.,‘...,..
Ciabed Y AHCAL
A can help to distinguish particle types:
usable for flavour tagging (b/c/s), CMS HGCAL has measured evoluton of hadronic
long-lived searches (decaying to neutrals) , showers in the time domain with ~80ps

enhance s(E) / E accuracy (50ps TDC binning)



Fast Timing in Higgs Factory Detectors

-

Suppression of beam
induced backgrounds
at muon colliders

Full 4D tracking

\_

Precision timing at the level of 10-30ps is a new capability to enhance PID and

calorimeter measurements

+ Large-radius Timing Layers in the in front of the calorimeter can provide Time-of-Flight (ToF) for PID .
* Timing layers: extreme timing in a few selected layers
inside of the calorimeter system f
* can be combined with a wide range of technologies
+ excludes applications that require timing in the full -
shower volume, rather than on object level

* Volume timing: good time resolution on the cell level
in highly granular calorimeters
* requires technologies that can provide this timing;
significant implications for electronics
* potential compromises in timing for objects

Time of Flight for Particle 1D at
low momentum and
Long Lived particles

Timing layers

\_

* Technologies: LGAD or silicon tiles + Technoldgi

LGAD, 3D silicon sensors, LYSO

HCAL -

_/

Precision Timing @ ILC

Integrated time-stamping in the trackers
— e.g. Background rejection in the Vertex Detector

Timing measurements for shower development in calorimeters
Neutral and slow components

Dedicated Timing Layers
Full 4D Tracking in the ILC environment

Exploit the fime structure of
hadronic showers fo enhance
PFA and improve jet energy
resclufion

5D Calorimetry

Timing layers or volumetric

___

Particlo Separatian with TOF af 10 ps

Disfia M (Mavicat

Requiring ns-level resolution (intra-bunching timing)
Doable already today

B

TOF in the ECAL - Particle ID
P 'Standard” silicon sensors could reach 0(100-
300ps)
P LGAD sensors could get us to O(10ps) Drawback
high power cansumption.

Exapl for 1B i .
[ T

Nothing like the LHC WOk Toe

Requiring ~ns precision
Reachable today by reading out the cells

- What about 5D calorimetry

How can precision timing be best used in PFA
What level of precision timing can make a real
difference of calorimeter performance

= Time-of-Flight systems for PID

— Whatkind of physics does this enable and what are the
Instrumentation implications

10 ps resolution as a goal to be competitive . .
Impact in the physics reach?
P Could be a game changer for s-quark
measurements

For a detector designed for 250-1000 GeV _




New Trends: Ultra-High Granularity (MAPS ECAL)
CMOS Sensors for calorimetry A Synergies between LC Detector R&D and ALICE FoCAL

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

Forward electromagnetic and hadronic calorimeters;
V FoCal-E: high-granularity Si-W sampling calorimeterY d i r,&C t
V FoCal-H: Pb-Sc sampling calorimeter for photon isolation and jets

Transverse seqgmentation

Digital ECAL prototype: FoCAL: assumi?n g a 1m
= number of pixels above threshol detector surface

~ deposited energy

LG HG

pixellpadsize &4 12 crmd 30x 3

Monolithic Active Pixel Sensors
(MAPS) PHASE2/MIMOSAZS wit

a pixel size: 30x30 um2

total # a 2.5 xa 120 %
pixels/pads

readout a4 5 4 130 2 Sx
channels

24 layers of 4 sensors each: activ
area 4x4 cm2 , 39 M pixels

3 mm W absorber for 0.97 X0 pe
layer R ~ 11 mm

gue tool to I mprove shower s| ul at

|
MAPS ECAL (SiD)

Beam test, full pixel prototype

JINST 13 (2018) 01, PO1014

2 244 GeV 25 x 100 um2 monolithic pixels

A Common design to trackers

‘ s
‘H | Tracker

A e Se—

MIMOSA HG

. N S stailed view of shower
T. Peitzmann, PH Detector Seminar, 25/10/2019 profile

P. Allport, PH Detector Seminar, 10/09/2020 R high-resolution
A. De Haas, JINST13 (2018) P01014 -shower separation

2 -1 0 1 2

2.25 mm?2 prototype production
in 2022 (WP1.2 CERN)




New ldeas: Dual-Readout Calorimetry + High Granularity

Cherenkov fibres Scintillating filres Extensive R&D by the DREAM/RD52/IDEA collaborations
serassessassaess (Rev. Mod. Phys. 90, 025002, 2018): an old idea in 4th ILC concept
: A Recent technological progress (SiPM, 3D-printed
absorber material) enables highly granular DREAM calorimetry

SN = V Dual-readout (DRO) crystal ECAL.: J. Zhu @ILCX2021
Fast signals \ Slow signals

for re|ativisﬂg~\ for non- A Segmented DRO Crystal ECAL with a DRO Fiber HCAL

(EM) component \ relativistic
h (hadronic)

arXiv:2008.00338
SCEPCal s Dual readout HCAL

Scintillating fibers
@ =1.05mm

Cherenkov fibers

BU||d|ng : : SiPM for much B @ =1.05mm
Blocks: better separation = - Brass capillary

ID=1.10 mm,

of Ch. & Sci. Ilg ht : Two layers with PbWO, crysta (higil Elellsit)-', short
ii radiation length. iere radius, fast signal,
reasonable C/S ratio (~30%), cost effective, relatively

Dual readout to capture Jow light yield)
Electromagnetic and hadronic \ BGO and BSO are also good candidates
componen ts of shower Crystal cross-section: 10%10 mm?

Quantum Confinement changes material properties when particle
size < electron wavelength (nm-size particles -> nanoparticles) arXiv: 2008.00338

(¢}

) decreasing

1&/ T -U‘/ﬂphoton
b. ti
g | Readout Detector Development R&D:

R&D Focus : Optimal readout technologies for scintillation and
Cherenkov signals i includes minimization of material between
crystals to maximize sampling (-> homogeneous calorimeter)




LDG Sustainability WG: Original Mandate & Highlights

A The_- sustgir_lability _of future accelerat(.)r-bz.asec'l. LDG Working Group:
projects is increasingly central to their scientific,
economic, and societal viability. This report by Holistic view on sustainability embracing
the LDG Sustainability WG establishes a economy, environment and society

reference framework, summarizing the best
practices and standards for assessing and

guiding the sustainable development of large- Best practices
scale facilities.

Common methodologies

Recommendations for R&D
beyond state of the art

/=

A The common format for sustainability reporting -
BEEN number TCEEEAT | g UuTr g Guidelines
emissions in construction and operation of
future colliders - has been agreed by the

Sustainability WG. The path forward requires

international coordination, concurrent and Sustainable
transparent reporting, and continuous

monitoring. '

A Sustainable accelerator infrastructures

demand an integrated strategy: rigorous This approach will ensure that future
assessment of environmental costs, mmmm)  Projects not only advance fundamental
proactive socio-economic engagement, science but also serve as models of

and adoption of innovative mitigation responsible, forward-looking research

technologies. infrastructures.



LDG Sustainability WG Mandate and Composition

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

Panel consisting of 15 members with technical expertize in evaluation of accelerator
sustainability and future collider project representatives

Ensuring broad

community representation:

A

Sustainability Lab. Panels
established at CERN,
DESY, ESS, NIKHEF, STFC

ICFA Sustainability Panel
EU- Horizon Programs
Future accelerator projects:
FCC, ILC, CePC,
CLIC/Muon, LHeC, C3

Invited experts on specific
topics

To Do Do Bo o To To Do I T Do Do o I Io

o T I

Walib Kaabi - PERLE, EU-ISAS

Mats Lindroos - ESS (deceased May 2, 2024)
Roberto Losito - CERN Sust. Panel

Ben Shepherd - STFC Sust. Task Force
Andrea Klumpp - DESY Sust. Panel, EU-IFAST
Hannah Wakeling - ISIS-Il Neutron & Muon Source

Patrick Koppenburg - NIKHEF Sust. Panel

Johannes Gutleber - FCC

Yuhui Li - CePC

Benno List - ILC

Emilio Nanni - ICFA Sust. Panel & C3
Vladimir Shiltsev - LHeC

Steinar Stapnes - CLIC & Muon collider

Caterina Bloise - Co-Chair

Maxim Titov - Co-Chair, EU-EAJADE

in the Editorial Board also

Enrico Cennini (CERN), Luisa Ulrice (CERN).
Beatrice Mandelli (CERN), Niko Neufeld (CERN)
Thomas Schoerner (DESY)



Quantifies environmental impact (15014040 standard)

A

Life-Cycle Assessment (LCA) Methodology

O Detinition .+
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

Inventory

Analysis Interpretation

LCI: Input from
t project members

LCA Methodology

- Impact Categories (Midpoint vs Endpoint) Impact

- Impact of Emission on Climate Change: GWP100 ReEttasinvut

- Beyond GWP : ReCiPe2016, ILCD2011, CML-1A2012 s e

LCA Framework according to ISO 10040
Public Domain, https://commons.wikimedia.org/w/index.php?curid=40862556

LCA Inventory Analysis
- infrastructure, materials, Assessment Information \
energy, prOdUCtion process Life Cycle Information 1 Life Cycle Information |
Construction Phase — ‘

A Operation Phase '
A Decommissioning

Al A2 A3 Ad A5 Bi B2 B3 B4 B5 Ci c2 C3

LCA Assessment and
Interpretation

- environmental impact,

- methodology, specific

software, databases,
- evaluation of uncertainties

Planning costs
including land
Transportation
Transportation
Machining and
Installation Process

Manufacturing Process

c
g
g
g8
%n.
b
&
o
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Example: ILC & CLIC LCA Study

V LCA study of CE (tunnels, shafts and caverns):
ILC/CLIC ARUP LCA: https://edms.cern.ch/document/2917948/1

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

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

CLIC Drive beam, 5.6m dia. CLIC Klystron, 10m dia. ILC, 9.5m span

. . . . Construction GWP possible reduction opportunities (tCO.e)
Civil Engineering:

90,000t

V Significant reduction potential ILC
(41%) / CLIC (37%) from optimized
design & use of lower carbon material [
V FCC LCA shows similar reduction 30,000 - 20% from using low carbon cement (CEM I1I/A)
potential (~50%) - 12% from thinner lining

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

enario  CEMIII/A (50% replacemen 225mm thk p tal lining 2030 projected electricity mix

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

V' Main linac: dominated by stainless steel, niobium,
aluminium in cryo modules

VV Damping rings: dominated by iron for magnet yokes

V Detectors ILC & SiD: Dominated by steel for magnet
yokes

A Overall, Iron and steel are dominant GHG source :
- huge reduction potential
A Others: Niobium ~11%. Cu: ~10%, Al ~ 6%



