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▪ The FCC project: FCC-hh, HE-LHC, FCC-ee, FCC-eh 
           - Scope and Parameters 
          - FCC-hh: layout, optics: collimation system, implementation and  integration,      
SC magnets and special technologies 
 - HE-LHC: optics and integration 
 - FCC-ee: optics, magnets, MDI, SRF, Klystrons 
             - FCC-eh: parameters, ERL, SRF and cryo 
 - Summary and outlook 

▪ The LC projects: ILC, CLIC 
 - ILC accelerator: status and optimization 
          - CLIC accelerator: status and rebaselining 
 - Summary and outlook 



FCC Study Status and Plans  
Michael Benedikt 
3rd FCC Week, Berlin, 29 May 2017 !5

http://cern.ch/fcc

FCCPS
SPSLHC

Work	supported	by	the	European	Commission	under	the	HORIZON	2020	project	EuroCirCol,	grant	agreement	654305

Future Circular Collider: the next BIG accelerator 
challenge

http://cern.ch/fcc


         Scope of FCC Study

International FCC collaboration (CERN as 
host lab) to study:  
• pp-collider (FCC-hh)  main emphasis, 

defining infrastructure requirements  
• ~100 km tunnel infrastructure    in 

Geneva area, site specific 
• e+e- collider (FCC-ee), as potential first 

step 
• p-e (FCC-he) option, integration one IP,  

e from ERL 
• HE-LHC with FCC-hh technology 
• CDR for end 2018

~16 T ⇒ 100 TeV pp in 100 km  6



parameter FCC-hh HE-LHC HL-LHC LHC
collision energy cms [TeV] 100 27 14 14

dipole field [T] 16 16 8.33 8.33

circumference [km] 97.75 26.7 26.7 26.7

beam current [A] 0.5 1.12 1.12 0.58

bunch intensity  [1011] 1 1 (0.2) 2.2 (0.44) 2.2 1.15

bunch spacing  [ns] 25 25 (5) 25 (5) 25 25

synchr. rad. power / ring [kW] 2400 101 7.3 3.6

SR power / length [W/m/ap.] 28.4 4.6 0.33 0.17

long. emit. damping time [h] 0.54 1.8  12.9 12.9

beta* [m] 1.1 0.3 0.25 0.20 0.55

normalized emittance [µm] 2.2 (0.4) 2.5 (0.5) 2.5 3.75

peak luminosity [1034 cm-2s-1] 5 30 25 5 1

events/bunch crossing 170 1k (200) ~800 (160) 135 27

stored energy/beam [GJ] 8.4 1.3 0.7 0.36

FCC-pp collider parameters 
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parameter Z W H	(ZH) ttbar
cm collision energy [GeV] 91 160 240 350

beam current [mA] 1400 147 29 6.4

no. bunches 71000 7500 740 62

bunch intensity  [1011] 0.4 0.4 0.8 2.1

bunch spacing  [ns] 2.5 / 5.0 40 400 5000

SR energy loss / turn [GeV] 0.036 0.34 1.71 7.72

total RF voltage [GV] 0.25 0.8 3.0 9.5

long. damping time [turns] 1280 235  70 23

horizontal beta* [m] 0.15 1 1 1

vertical beta* [mm] 1 2 2 2

horiz. geometric emittance [nm] 0.27 0.26 0.61 1.33

vert. geom. emittance [pm] 1.0 1.0 1.2 2.66

bunch length with SR & BS [mm] 4.1 2.3 2.2 2.9

luminosity [1034 cm-2s-1] 130 16 5 1.4

FCC-ee collider parameters 
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New features: 

• Overall length 97.75 km 
• Economy length 2.25 km 

• Injections upstream side of  
experiments 

• Avoids mixing of extraction region 
and high-radiation collimation 
areas

Taking this layout as fixed 
(for CDR preparation)

• Two high-luminosity experiments (A & 
G) 

• Two other experiments combined with 
injection (L & B) 

• Two collimation insertions 
• Betatron cleaning (J) 
• Momentum cleaning (F) 

• Extraction insertion (D) 
• Clean insertion with RF (H) 
• Compatible with LHC or SPS as 

injector

FCC-hh new layout
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Integrated FCC-hh lattice design

Full integrated lattice exists 
• Lattice imperfection studies ongoing, injection dynamic aperture OK, @collision ongoing 
• Dynamic aperture optimization in iteration with magnet design (balancing errors at injection/collision) 
• Tentative specifications for magnets correctors and alignment tolerances

Arc Main experiments Extraction

Momentum collimation Betatron collimation RF

Special experiments

 10



           Implementation - new footprint baseline
Optimisation in view of 
accessibility surface points, 
tunnelling rock type,  shaft 
depth, etc. 

Tunneling  
• Molasse 90%, Limestone 

5%, Moraines 5% 

Shallow implementation  
• ~ 30 m below lakebed 
• Reduction of shaft length 

and technical installations 
• One very deep shaft F (RF 

or collimation), alternatives 
being studied, e.g. inclined 
access 
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     FCC-hh integration

Basic	layout	following	LHC	concept		
• 6	m	inner	tunnel	diameter	
• Main	space	allocation:	

• 1200	mm	cryo	distribution	line	(QRL)	
• 1480	mm	installed	cryomagnet	
• 1600	cryomagnet	magnet	transport	
• >700	mm	free	passage.

 12



The SC Magnets  

16 T magnets target: 
• a reference design for the 16 T dipoles, including integration in cryostat; 
• a concept for the magnet and circuit protection; 
• an estimate of the cost for the series production; 

But many unknowns: 
• conductor cost 
• achievable conductor performance, no enhancements expected within 2018 
• electromechanical performance of conductor and cable not yet fully characterized 
• achievable magnet performance (required margin) has a major impact on cost 
• No Nb3Sn magnet operating in a particle accelerator in 2018 

 13
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The SC Magnets 

3-7 July 2017  14

The Conductor (Nb3Sn) Development Global Program:



   16 T cryo-dipole integration approach
Design	strategy:	develop	a	single	16	T	magnet,	compatible	with	
both	HE	LHC	and	FCC-hh	requirements:	

• Goal	is	reduction	of	external	diameter	to	~1200	mm	
• Options	und	consideration:		

• Allow	stray-field	and/or	cryostat	as	(partial)	return-yoke	
• Active	compensation	with	(simple)	shielding	coils	
• Optimization	of	inter-beam	distance	(compactness	of	coils)		
• (QRL	integrated	in	magnets,	à negative	impact	on	integral	field	

because	of	longitudinal	space	required	for	service	module	(5%))	

à Smaller	diam.	also	relevant	for	FCC-hh	cost	optimization	
à Design	optimization	for	specific	project	after	decision	

Description ID	in	mm OD	in	mm

Iron	yoke - 600
Aluminium	shrinking	cylinder 600 740

Stainless	steel	He	tight	shell 740 760

Al	radiation	shield 934 940
Vacuum	vessel	(magnetic	steel) 1120 1220

Example magnetic cryostat
coldmass 40t, total mass 62t

 15
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The SC Magnets 
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The evolution of the dipole designs:



16 T magnet R&D schedule

Total duration of 
magnet program: 

~20 years 

Would follow     
on HL-LHC 
Nb3Sn program 
with long models 
with industry 
from 2023/24

Long	models	and	prototypes Scale	up Series	production	
(1100	tons/y)

Superconductor

Long	
models	
2023-27

Prototypes	
2026-31

Series	production	
2035-41		

(1200	magnets/y)

Magnets

Hub	1
Cold	
tests

Hub	2

Hub	3

Series	tests	
(1200	magnets/y)

Qualification

Pre	
Series	
2031-35

Short	
models	
2018-23

Euro-
CirCol	
Design

 17
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The companions in this effort:
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The SC Magnets  

3-7 July 2017  19

The companions in this effort: CN



HE-LHC optics design work

24	x	60	deg 18	x	60	deg 20	x	90	deg

dipole	length,	m	 13.56	 14.1	 12.39	

number	of	dipoles	 1280 1280 1424

dipole	field,	T	 16.3 15.68 16.04

cell	quad	gradient,	T/m 289.5 215.9 340.0

Studying	various	arc-cell	options,	optimizing	dipole	field,	quadr.	&	sext.	strengths,				
geometry	&	dynamic	aperture,	aperture	requirements,	injection	energy,	etc.

 20



       HE-LHC integration aspects
Present	working	hypothesis	for	HE	LHC	design:		
No	major	CE	modification	on	machine	tunnel	and	caverns	
• Similar	geometry	and	layout	as	LHC	machine	and	

experiments	
• Due	to	16	T	dipole	field	and	increased	cryogenic	load,	

magnet	cryostat	and	cryo	distribution	line	(QRL)	larger	
than	for	LHC.	

• Challenges	for	tunnel	integration	and	QRL	&	16	T	
cryostat	design.	

• Maximum	magnet	cryostat	external	diameter	
compatible	with	LHC	tunnel:	1200	-1250	mm	

• Classical	16	T	cryostat	design	based	on	LHC	approach	
gives	~1500	mm	diameter!

 21
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The special technologies  

3-7 July 2017  22

Beam vacuum  
induced dynamic effects

Beam vacuum  
Magnet Cold Bore

CryoPlants  
efficiency

Beam transfer  
devices

Manufacturing  
technologies

Robotics

Surface-Vacuum  
parameters  

for beam-induced  
effects 

Architecture for magnets  
& machine protection 

Radiation Hardness  
of Electronics

Cryomagnet 
insulation  
vacuum

Normal 
conducting  

magnetsTransverse 
feedback

Beam dumps 

Beam 
instrumentation



          Nb/Cu crab cavity for FCC-hh / HE-LHC

• Performance of both HE-LHC and FCC-hh phase 2 based on crab cavities! 

• Development of compact Nb/Cu SC crab cavity based on ridged waveguide resonator  

• Low longitudinal and transverse impedances, provides natural damping for HOMs 

• Compatible with 200 mm inter-beam distance

Schematic	layout:	
E.	Cruz-Alaniz,		
Nov.	2016,	Barcelona

Wide 
Open  
Waveguide

Cutaway view of FCC crab cavity
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The beam vacuum  
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Beam Vacuum: 
• One of the most critical elements for FCC-hh 
• Absorption of synchrotron radiation at ~50 K for cryogenic efficiency (5 MW total power) 
• Provision of beam vacuum, suppression of photo-electrons, electron cloud effect, impedance, etc.

FCC Beamscreen prototype for test at ANKA: 
External copper rings for heat transfer to cooling tubes
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The beam instrumentation  

3-7 July 2017  25

Beam Instrumentation: 
• BPMs:  
Electronics prototype in order to measure the resolution for turn by turn measurements (single bunch) 
for signals levels corresponding to  5x108 protons measured with a 30 mm button. 
Paper study for a BPM with 4+N sensors for interlocked BPMs. 
• Transverse profiles: 
Development from a gas-jet sheet monitor to a gas-jet scanner. Simulations and construction of a 
prototype. 
Theoretical & experimental studies to improve halo diagnostics from a contrast ratio 10-4 to 10-6 
including apodization and a semitransparent cover for the central beam. Studies of parasitic light sources 
and their mitigation. 
X-ray interferometry for proton profile evaluations 
• Versatile communication link (rad-hard) based on HEP chips and fibre optics



Motivations for optics changes since Rome: 
• Mitigation coherent beam-beam instability at Z working point 

• Smaller βx* 
• 60°/60° cell in the arc (larger emittance and momentum 

compaction), also mitigates microwave instability 
• Fitting ee layout to the footprint of the new FCC-hh layout 
• Adapt optics for the “Twin Aperture Quadrupole” scheme for arc 

quadrupoles

 FCC-ee new optics baseline

Simulation D. Shatilov Simulation K. Ohmi

Dynamic aperture studies 
45.6 GeV, β*x,y = (0.15 m, 1 mm)

±1.2%

On-energy

 26



Prototyping launched of main dipole and quadrupole magnets (~1 m units)

 FCC-ee dual aperture main magnets

Dipole: 
 twin aperture yoke, single busbars as coils

• Considerable savings in Ampere-turns and power consumption                                                                                 
by novel dual aperture designs 

• Power consumption twin quad: 22 MW at 175 GeV with Cu coil (half of single-aperture quads) and 
power consumption twin dipole: = 17 MW at 175 GeV with Al bus bar

Quadrupole:  
twin 2-in-1 design

 27



10

5

0

-5

-10
0 1 2-1-2 m

cm BeCu Be Cu

Central detector
beam pipe +/-
12.5 cm in Z

radius=15 mm

Central detector 
SA inside +/-150 
mrad 

NEG pump NEG pump

HOM Abs HOM Abs

BPMS BPMS

Lumical

Tantalum shield

QD

tip

• Detailed IR design, beam pipe diameter 3 cm throughout, symmetric final focus, L* = 2.2 m 
• Ta shield 1 cm, SR mask tips, 5µm Au in central section to cope with SR at high energy 
• Design of HOM absorber to avoid trapped modes in central chamber

HOM Absorber

 FCC-ee MDI optimisation
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The SRF Roadmap “evolution”:
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The SRF 
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The SRF High-Q Roadmap:
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The SRF 
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The SRF High-Gradient Roadmap:



• Development of new klystron bunching technologies to increase RF power production efficiency to almost 
90%, was initiated at CERN in 2013 (HEIKA), essential for FCC-ee 

• Towards fabrication of the first high efficiency CSM 
tube 

• Presently negotiations with industry for protoype 
production for end 2018 

• Single beam, 1.4 MW, 0.8 GHz, 134 kV, 12.55 A
85.7% efficiency in simulations

          Efficient klystron technology

 32



26-28 Sept. 2018

- operation in parallel with LHC 

TeV scale collision energy ➔  50-150 GeV beam energy 

-power consumption < 100 MW ➔ 60 GeV beam energy 

-int. luminosity > 100 * HERA  
-peak luminosity > 1033 cm-2s-1 
       

after	CDR	
completion 
ERL	option	 
selected

key 
numbers:

LHeC CDR - published in 2012 

J. Phys. G: Nucl. Part. Phys. 39 (2012) 
075001 J L : LHeC Study Group, J. L. 
Abelleira Fernandez et al., 2012 J. Phys. G: 
Nucl. Part. Phys. 39 075001

193 authors  33



FCC-eh & HE-LHeC ep baselines 

EDMS	17979910	FCC-ACC-RPT-0012	V1.0,	6	April,	2017,	 
“A	Baseline	for	the	FCC-he”26-28 Sept. 2018  34
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key	purposes:	

• demonstrate	and	investigate	multi-turn,	
high	current	energy	recovery	in	a	racetrack	
electron	linac	–	the	basis	of	FCC-eh,	HE-
LHeC,	and	LHeC	

• high	current	load	tests	of	SRF	cavities 
	 -		e.g.	testing	FCC	prototype	cavities	at		
800	and	400	MHz	

PERLE – ERL test facility

http://arxiv.org/abs/1705.08783

PERLE CDR 
accepted for publication in J. Phys. G.

proposed construction at LAL-Orsay

 35
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LHeC/FCC-eh/FCC RF system

400MHz,  
1 cell, Nb/

Cu

400/800 MHz, multi-cells, Nb/Cu

straightforward 
integration into 

SNS type cryostat

26-28 Sept. 2018  36

June Workshop on the LHeC/FCCeh 
and PERLE at LAL/IPN Orsay 
https://indico.cern.ch/event/698368/



    Draft Schedule Considerations
20 22 24 26 28 30 32 34 38 40

Civil Engineering FCC-hh ring

Dipole short models

16 T dipole indust. prototypes
16 T dipoles preseries

16 T series productionSC
 M

ag
ne

ts

CE FCC-ee ring + injector

FC
C-

hh
FC

C-
ee

HE
-L

HC

Strategy Update 2026 – assumed project decision

    Installation HE-LHC

LHC Modification

42

Technical Design Phase

36

Installation + test FCC-ee

Installation + test FCC-hh
CE TL to LHC        

LHC Removal

Dipole long models

Injector
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Collaboration & Industry Relations

25	
Companies

32	
Countries

111	
Institutes

EC			
H2020
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• Consolidate design baselines for FCC-hh, FCC-ee, HE-LHC 
• Comprehensive parameter document for FCC-eh was recently published 
• 2018 FCC physics workshop: 15-19 Jan. 2018, CERN (FCC physics WS in Jan. 2017 (>200 

participants)).  
• Advance further on HW developments (magnets, SRF,  special technologies) 
• Develop implementation scenarios, schedules and cost estimates 
• Define author/contributor teams for CDR core parts 
• Prepare, assemble and edit CDR contributions   
• FCC Week in 2018 9-13 April in Amsterdam CDR draft contents reviewed 
• Presentation of printed CDR at the end of 2018 
• Next FCC Week in Spring 2019 at CERN 

   

     Summary and outlook 2017/18

 39
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ILC accelerator: status and optimizitation

http://www.linearcollider.org/
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ILC accelerator overview (TDR)
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The key technologies
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ILC collaboration  
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CLIC accelerator: status and rebaselining

http://clic-study.web.cern.ch/
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Key recommendations

!64

• Produce optimized, staged design:  

   380 GeV (optimised for Higgs + top physics) 

à 1.5 TeV à 3 TeV 

• Optimize cost and power consumption 
• Support efforts to develop high-efficiency klystrons 

• Develop 380 GeV klystron-only version as 

alternative 

• Consolidate high-gradient structure test results 

• Develop plans for 2020-25 (‘preparation phase’), 

with possibility of physics no later than 2035 

• Continue and enhance participation in KEK/ATF2

CLIC Review

26-28 Sept. 2018
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Rebaselining doc

● Optimize machine design w.r.t. cost 
and power for a staged approach to 
reach multi-TeV scales:  380 / 1500 / 
3000 GeV 

● Adapting appropriately to LHC and  
other physics findings  

● Possibility for first physics no later 
than 2035 

● Project Plan to include accelerator, 
detector, physics

 65

CERN-2016-004 
arXiv:1608.07537

26-28 Sept. 2018

https://arxiv.org/abs/1608.07537
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1.5 TeV / beam

CLIC at 3 TeV

26-28 Sept. 2018
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CLIC at 380 GeV

26-28 Sept. 2018
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Rebaselining: first stage energy ~ 380 GeV

!6926-28 Sept. 2018
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Technical developments
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Industrialization examples
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Resources and Collaboration
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An e-beam facility at CERN 
Accelerator implementation at 
CERN of LDMX type of beam 

X-band based 60m LINAC to 3 
GeV in TT4-5.  
• Fill the SPS in 2s (bunches 5ns 

apart) via TT60 
• Accelerate to ~10 GeV in the 

SPS  
• Slow extraction to experiment in 

10s as part of the SPS super-
cycle  

• Experiment(s) considered in 
UA2 area or – better -  bring 
beam back on Meyrin site using 
TT10 

Beyond LDMX type of beam: 
Other physics experiments can be considered (for example heavy photon searches) 
Several other possible uses of linac and SPS beams for R&D 
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Summary
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Thanks for your attention

!7526-28 Sept. 2018



 76

• Halo cleaning versus quench limits (for SC machines) 
• Passive machine protection 
      First line of defence in case of accidental failures 
• Reduction of total doses on accelerator equipment 
     Provide local protection to equipment exposed to high doses 
•  Cleaning of physics debris (collision products) 
     Avoid SC magnet quenches close to the high-lumi experiments 
• Concentration of losses/activation in controlled areas 
    Avoid many loss locations around the 100-km tunnel 
• Optimize background in the experiments 
    Minimize impact of halo losses on quality of experimental data

The collimation system



FCC week

The collimation system

29 May-2 June 2017  77

 Full ring loss map V8 on-momentum



FCC week 29 May-2 June 2017  78

Full ring loss map V8 on-momentum wo/w DS collimators

The collimation system



FCC week 29 May-2 June 2017
 79

 Full ring loss map V8 off-momentum

The collimation system



The collimation system

Same collimators and absorbers as in LHC: 
• Primary collimators:  7.6 σ,   0.6 m long carbon based 

collimators 
• Secondary collimators: 8.8 σ, 1 m long carbon based 

collimators 
• Active absorbers: 12.6 σ, 1 m long, tungsten based collimators 
• Passive absorbers: in front of the magnets, 0.4m to 1.5m long

3-7 July 2017  80

• CFC collimators consume significant portion of the impedance budget 
• Investigate alternative materials, e.g. Molybdenum Graphite (MoGr) which 

is  foreseen for HL-LHC



Civil engineering and  Infrastructure
Overall Schematic 3D view:

 81



The SC Magnets 

• Understand limits of Nb3Sn while moving towards the first performance targets (Jc 
current density, RRR residual resistance ratio) 

•  Allowable engineering limits (stress, strain) 
•  Grain formation and grain refinement physics 

• Evaluate the potential and opportunity for alternative superconductors (MgB2, 
Bi-2212, REBCO, Fe-based) 

• Procure the first large lengths of superconducting wire to feed the technology and 
model program 

• 1.5 tons by 2019 
• 6 tons by 2023

3-7 July 2017  82

What do we expect next ?



See N. Schwerg’s talk on Tuesday

          FCC-ee RF staging scenario
Three sets of RF cavities to cover all options FCCee & Booster: 
• Installation sequence comparable to LEP ( ≈30 CM/shutdown) 
• high intensity (Z, FCC-hh): 400 MHz mono-cell cav, ≈ 1MW source 
• high energy (H, t): 400 MHz four-cell cavities, also for W machine 
• booster and t machine complement: 800 MHz four-cell cavities  
• Adaptable 100MW, 400MHz RF power distribution system 

 83
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The SC Magnets  

3-7 July 2017  84

The main Quadrupole design:



           Conceptual Design Report

• Required for end 2018, as 
input for European 
Strategy Update 

• Common physics 
summary volume 

• Three detailed volumes 
FCChh, FCCee, HE-LHC  

• Three summary volumes  
FCChh, FCCee, HE-LHC  

7 – High Energy LHC Comprehensive

Accelerator Injectors Infrastructure

Refs to FCC-hh, HL-LHC, LHeC

6 
High 

Energy LHC 
Summary

1 – PHYSICS

Physics 
opportunities 

across all 
scenarios

5 – Lepton Collider Comprehensive

Accelerator Injectors Technologies

Infrastructure Operation

4 
Lepton 

Collider 
Summary Experiment

3 – Hadron Collider Comprehensive

Accelerator Injectors Technologies

Infrastructure Operation

2 
Hadron 
Collider 

Summary Experiment eh
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2017

2018

Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct PRINT	FINISHED|	Oct	26

END	of	Final	edit|	Aug	31

END	OF	VOLUME	EDIT |	June	30

Guidelines,	tools	ready,	editorial	teams	operational|	Sep
VOLUME	EDIT	STARTS|	Oct

Contents	review	by	IAC		(FCCWeek) |	Apr	9-13
Review	session	with	IAC |	May	15

Overall	editing:	Proofread,	homogenization,	cross-referencing,	polishing

ToC	&	Volume	layout	definition|	Jun • Editing package 
“Overleaf” 

• During summer 
nomination of editors 
and author groups 

• FCC CDR available for 
publication in 
November 2018. 

         CDR planning

 86



2014 2015 2016 2017 2018
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Explore options

CDR editing

Study plan, scope definition

FCC Week 2018 
à CDR Review  

CDR ready

FCC Week 2015:  
work towards baseline

conceptual study of baseline  
develop baseline <|> detailed studies

FCC Week 17 & Study Review  
à confirmation of baselines 
à converge to CDR content 
à Identify critical areas

elaboration, 
consolidation

FCC Week 2016 
Progress review

           CDR Study Timeline

print

 87
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Positron sources: undulator-based e+ source 

26-28 Sept. 2018
!88
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Positron sources: e- -driven e+ source

26-28 Sept. 2018
!89
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Positron sources: cost comparison and luminosity upgrade

26-28 Sept. 2018
!90
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X-band Technology

!98
26-28 Sept. 2018
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Preparation phase planning
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Physics with e-beams, example LDMX

Talk by P. Schuster 
“Physics Beyond Colliders” 
Nov 21, 2017

///ppt/slides/CERN_Nov2017_Schuster.pdf
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Rebaselining: first stage energy ~ 380 GeV

!101 26-28 Sept. 2018



X-band linac layout

Make use of study recently made for LNF ~1.0 GeV X-band linac  
“CLIC-like” RF unit: 2*(klystron+modulator) + pulse compressor + 8 accelerating structures

+

ModulatorKlystron

Accelerating structurePulse compressor
• One “CLIC-like” type RF unit 

accelerates 200ns bunch 
train up to 264 MeV* 

• 11 RF units to get to 2.9 GeV 
in ~60 m

2 x 50MW

* (lower than for Frascati single bunch operation: 336 MeV/unit)

cp

kl kl

~5.3m

e-

modulator

More in
form

atio
n

Obvious interesting link with a CLIC 
preparation phase 



Main known unknowns

!103

• New physics  
• CLIC have energy flexibility (reach) to ~3 TeV  
• Working Group on New Accelerator Technology set up  
• Low energy studies – a CLIC type short linac can open opportunities    

• ILC moves ahead  
• Two e+e- machines for SM/Higgs precision physics not reasonable  
• High gradient (in a wide sense) R&D will still be a priority
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Components SCRF NCRF HLRF SC Mag. NC Mag. Vac. Optics Others

Techniques HG HQ CRYO CRAB HE-Klys Nb3Tn CRYO

P
R
O
J
E
C
T
S

FCC FCC-hh X X X X X

HE-LHC X X X X Coll Integr.

FCC-eh/
LHeC

X

FCC-ee X X X X X IRs Integr.

LC ILC X X IRs e+

CLIC X X X IRs
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Large Accelerator Projects Key technologies:
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Components SCRF NCRF HLRF SC Mag. NC Mag. Vac. Optics Others

Techniques HG HQ CRYO CRAB HE-Klys Nb3Tn CRYO

P
R
O
J
E
C
T
S

FCC FCC-hh X X X X X

HE-LHC X X X X Coll Integr.

FCC-eh/
LHeC

X

FCC-ee X X X X X IRs Integr.

LC ILC X X IRs e+

CLIC X X X IRs
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Large Accelerator Projects Expertise Key technologies at IPNO-
LAL-CSNSM-IMNC-LPT:

26-28 Sept. 2018



 106J.D’Hondt	ECFA	Chairperson


