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• Brief introduction to CLIC

• CLIC Review

• Rebaselining + project staging

• Strategic plans  2019 and beyond

Apologies for skipping many results + details
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1.5 TeV / beam

CLIC layout (3 TeV)



CLIC physics context
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CERN scientific strategy: 3 main pillars 

We are vigorously preparing input for European Strategy PP Update:

• Project Plan for CLIC as a credible post-LHC option for CERN

• Initial costs compatible with CERN budget

• Upgradeable in stages over 20-30 years



CLIC Review
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Report: some key points
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• Produce optimized, staged design: 380 GeV  3 TeV

• Optimise cost and power consumption

• Support efforts to develop high-efficiency klystrons

• Support 380 GeV klystron-only version as alternative

• Consolidate high-gradient structure test results

• Exploit Xboxes + nurture high-gradient test capabilities

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

conditioning strategy

• Continuing and enhanced participation in KEK/ATF2



‘Rebaselining’
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Optimize machine design w.r.t. cost and power for a staged 

approach to reach multi-TeV scales:

~ 380   GeV (optimised for Higgs + top physics)

~ 1500 GeV

~ 3000 GeV
(working assumptions: exact choices of higher c.m. energies depend on LHC findings)

for various luminosities and safety factors 

• Expect to make significant cost and power reductions for the initial 

stages

• Choose new staged parameter sets, with a corresponding consistent 

upgrade path, also considering the possibility of the initial-stage being 

klystron-powered



Rebaselining document
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CERN-2016-004

arXiv:1608.07537

https://arxiv.org/abs/1608.07537


Rebaselining: 

first stage energy ~ 380 GeV
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New CLIC layout 380 GeV
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1.5 TeV / beam

New CLIC layout 3 TeV



17



Current rebaselined parameters
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Current rebaselined parameters
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Preliminary cost estimate (380GeV)
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Klystron version (380 GeV)
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Klystron version (380 GeV)
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Klystron version (380 GeV)

Costings relative

to drive-beam version 

may be lower ~ 5%



Updated CLIC run model
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CLIC Higgs physics processes
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CLIC Higgs physics capabilities
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CLIC Higgs physics capabilities
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Higgs couplings 

to heavy

particles benefit

from higher c.m.

energies:

ttH ~ 4%

HH ~ 10%



CLIC Higgs physics paper
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Higgs Physics at the CLIC Electron-Positron Linear Collider

(CLICdp collaboration paper)

40 pages, 123 authors, >25  full-simulation studies

CLICdp-Pub-2016-001 and arXiv:1608.07538 (29/8/2016)

Submitted to EPJC – now addressing referees’ comments

https://cds.cern.ch/record/2210491
https://arxiv.org/abs/1608.07538


CLIC top physics example: 
form factors (380 GeV)
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New CLIC detector model

ultra low-mass
vertex detector,
~25 μm pixels

silicon tracker, 
(large pixels / short 
strips)

fine grained (PFA) 
calorimetry, 1 + 7.5 Λi,
Si-W ECAL, Sc-FE HCAL

superconducting 
solenoid, 4 Tesla

return yoke (Fe) 
with muon-ID 
detectors

forward region with 
compact forward 
calorimeters

Note: final beam 
focusing is outside 
the detector

end-coils for 
field shaping

11.4 m 30
Lucie Linssen



Rebaselining: ongoing studies
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Optimize drive beam accelerator klystron system: higher-

efficiency klystrons 

Eliminated electron pre-damping ring (better e- injector)

Systematic optimization of injector-complex linacs

Optimize / reduce power overhead estimates

Use of permanent or hybrid magnets for the drive beam 

(order of 50,000 magnets)

… … … 



CTF3

32



33

CLIC Project Meeting 29 November 2016 R. Corsini – CTF3 status

CTF3 Experimental Program 2016

Drive-beam phase 
feed-forward tests

• Increase reproducibility

• Demonstrate factor ~ 10 

jitter reduction

CLIC two-beam module tests

• Power production, stability + control of RF profile (beam 

loading compensation)

• RF phase/amplitude drifts along TBL, PETS switching at full 

power

• Alignment tests

Ongoing instrumentation tests

• Wake-Field Monitors

• Main and Drive beam BPMs …

Drive Beam 

• Dispersion free-steering, dispersion matching, orbit 

control, chromatic corrections, emittance, stability

• Beam deceleration + optics check in TBL
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• Continuation of the CLIC high-gradient research

• X-band FEL collaboration (preparation for EU-proposal)

• Instrumentation tests (including WFMs)

• Discharge plasma wakefield experiments

CALIFES

• Impedance measurements

• Irradiation facility

• THz production

• General interest from AWAKE (including 
instrumentation)
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Workshop on exploitation of CALIFES as an e- beam 

user facility: CERN 10-12 October 2016 

CALIFES workshop

https://indico.cern.ch/event/533052/
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CALIFES  ‘CLEAR’

CERN Linear Electron 

Accelerator for Research



Walter Wuensch, CERNCLIC Project Review, 1 March 2016

CLIC accelerating structure
Outside

Inside

6 mm diameter 
beam aperture

11.994 GHz X-band
100 MV/m
Input power ≈50 MW
Pulse length ≈200 ns
Repetition rate 50 Hz

Micron–precision disk

25 cm

HOM damping
waveguide



Existing and planned Xband infrastructures
CERN XBox-1 test stand 50 MW Operational

Xbox-2 test stand 50 MW Operational

XBox-3 test stand 4x6 MW Commissioning

KEK NEXTEF 2x50 MW Operational, 
supported in part by 
CERN

SLAC ASTA 50 MW Operational, one 
structure test 
supported by CERN 

Design of high-efficiency 
X-band klystron

30 MW Under discussion

Trieste Linearizer for Fermi 50 MW Operational

PSI Linearizer for SwissFEL 50 MW Operational

Deflector for SwissFEL 50 MW Planning

DESY Deflector for 
FLASHforward

50 MW Planning (note first 
two may share power 
unit)

Deflector for FLASH2 50 MW Planning

Deflector for Sinbad 50 MW Planning

X-band	test	stands	at	KEK	and	SLAC	

Nextef	at	KEK	 ASTA	at	SLAC	

Tsinghua	University	and	
SINAP	have	both	ordered	
50	MW	X-band	klystrons.	

CPI	50MW	1.5us	klystron	
Scandinova	Modulator	
Rep	Rate	50Hz	
Beam	test	capabili es	

Xbox-1	

Previous	tests:	
2013 	TD24R05	(CTF2)	
2013		 	TD26CC-N1	(CTF2)	
2014-15 	T24	(Dogleg)	

Ongoing	test:	

Aug2015- 	TD26CC-N1	(Dogleg)	

OPERATIONAL	

Xbox-2	

CPI	50MW	1.5us	klystron	
Scandinova	Modulator	
Rep	Rate	50Hz	

Previous	tests:	
2014-15 	CLIC	Crab	Cavity	

Ongoing	test:	

Sep2015- 	T24OPEN	

OPERATIONAL	

Xbox-3	

4x	Toshiba	6MW	5us	klystron	
4x	Scandinova	Modulators	

Rep	Rate	400Hz	

Medium	power	tests	(Xbox-3A):	
2015		3D-printed	Ti	waveguide		
2015			X-band	RF	valve	

COMMISSIONING	Spring	2016	

Major	increase	in	tes ng	capacity!	

Xboxes	



Australia Test stand 2x6 MW Proposal, loan 
agreement from CERN

Eindhoven Compact Compton source 6 MW Proposal, request for 
loan from CERN

Uppsala Test stand 50 MW Proposal, request for 
loan of spare 
klystron from CERN

Tsinghua Deflector for Compton 
source

50 MW Ordered

Linearizer for Compton 
source

6 MW Planning

SINAP Linearizer for soft X-ray 
FEL

6 MW Ordered

Deflectors for soft X-ray 
FEL

3x50 MW Planning

Valencia S-band test stand 2x10 MW Under construction

STFC Linearizer 6 MW Under discussion

Deflector 10 MW Under discussion

Accelerator tbd Under discussion

Existing and planned Xband infrastructures

Background (Shanghai Photon Science Center) 

Compact XFEL SXFEL 

580m 



Original test structure geometry.

Accelerating gradient summary

Baseline geometry, CLIC-G.
Newly optimized geometry, based on 
these results, 
CLIC-G* now in production pipeline.

Walter Wuensch



European National/Institute Ambitions

Stockholm/Uppsala FEL centre: X-ray & THz radiation

Eindhoven University of Technology: Smart*Light 

University of Groningen: FEL-NL

UK FEL Strategy 

& Timeline 

towards Hard X-

ray FEL

Andrea Latina



CompactLight – EU Horizon2020 proposal

• From previous application: 
– ST Elettra - Sincrotrone Trieste, Italy.
– CERN CERN Geneva, Switzerland.
– STFC Daresbury Laboratory, UK
– SINAP Shanghai Institute of Applied Physics, Shanghai, China.
– VDL VDL ETG T&D B.V., Eindhoven, Netherlands.
– OSLO University of Oslo, Norway.
– IASA National Technical University of Athens, Greece.
– UU Uppsala University, Uppsala, Sweden.
– ASLS Australian Synchrotron, Clayton, Australia.
– UA-IAT Institute of Accelerator Technologies, Ankara, Turkey.
– ULANC Lancaster University, Lancaster, UK.

• New, additional, participants:
– TU Eindhoven Technical University, Netherlands
– LNF Frascati National Laboratory, INFN, Italy
– Kyma Undulators production, Italy-Slovenia  
– PSI Paul Scherrer Institute, Switzerland
– RUG University of Groningen, Netherlands
– IFIC CSIC/Valencia, Spain
– ALBA CELLS, Spain
– LAL CNRS, France
– KIT Karlsruhe, Germany

• Discussing with: Singapore, CIEMAT, DESY, Milan, ENEA

to be 
submitted 
March 2017

Andrea Latina



43

Aim to:

• Present CLIC as a credible post-LHC option for 

CERN 

• Provide optimized, staged approach starting at 

380 GeV, with costs and power not excessive 

compared with LHC, and leading to 3 TeV

• Upgrades in 2-3 stages over 20-30 year horizon

• Maintain flexibility and align with LHC physics 

outcomes

Outlook  European Strategy



CLIC roadmap
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Key deliverables:

Project plan: physics, machine parameters, cost, 

power, site, staging, construction schedule, 

summary of main tech. issues, prep. phase (2020-

2025) summary, detector studies

Preparation-phase plan: critical parameters, status 

and next steps - what is needed before project 

construction, strategy, risks and  how to address 

them

Outlook  European Strategy





CERN Courier article
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“CLIC steps up to the TeV challenge”
by Philipp Roloff and Daniel Schulte 
(November 2016)

http://cerncourier.com/cws/article/c
ern/66567

http://cerncourier.com/cws/article/cern/66567
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Backup slides



49

ATF/ATF2 (KEK)



CLIC + ATF/ATF2
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Demonstration of nanometer-scale beam (~41nm achieved)

Beam stabilisation at nanometre level

Also:

Beam tuning techniques

Beam jitter characterisation and amelioration

Beam feedback + feed-forward

Magnet development (hybrid QD0, PM octupoles)

Beam instrumentation: BPMs, transverse beam size …

DR extraction kicker tests …



Ground-motion sensor array
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FONT5 ‘intra-train’ feedbacks



Stabilising beam near IP

1. Upstream FB: monitor  beam at IP

2. Feed-forward: from upstream BPMs  IP kicker

3. Local IP FB: using IPBPM signal and IP kicker



Upstream FONT5 System

Analogue Front-end

BPM processor

FPGA-based digital 

processor Kicker drive amplifier

Stripline BPM with 

mover system

Strip-line kicker

Beam

Meets ILC requirements: BPM resolution

Dynamic range

Latency
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FONT5 system performance

Bunch 1:

input to FB

FB off

FB on

Bunch 2:

corrected

FB off

FB on
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Predicted jitter reduction at IP

Predict position stabilised 

at few nanometre level…

How to measure it?!
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Beam tuning at FACET (SLAC)

Before	correc on	 A er	1	itera on	

Beam	profile	measurement	
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Dispersion-free steering



FACET measurements of wakefields

Transverse offset deflected orbit

Downstream BPMs

e-, NRTL

e+, SRTL

Dump

e+

e-
CLIC-G TD26cc

DipoleDipole

e+, Driven bunch

e-, Witness bunch



AC power 
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LEP-SLC

LEP II

CEPC goal, 
2x10^34

ILC, 1.8x10^34 

ILC  1TeV

CLIC 1.5, 3.3x10^34 

CLIC 3, 6x10^34 
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AC power (1.5 TeV) 
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Energy consumption 
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CERN 2012



D. Schulte, CLIC Rebaselining, February 2015 62

Structure design fixed by few 
parameters

a1,a2,d1,d2,Nc,f,G

Beam parameters derived 
automatically to reach specific 
energy and luminosity

Consistency of structure with RF 
constraints is checked

Repeat for 1.7 billion cases

Design choices and specific studies

• Use 50Hz operation for beam stability

• Scale horizontal emittance with charge to keep the same risk in damping ring

• Scale for constant local stability in main linac, i.e. tolerances vary but stay above CDR 
values

• BDS design similar to CDR, use improved bx-reach as reserve

Simplified	Parameter	Diagram	

Drive	Beam	Genera on	Complex	
Pklystron,	Nklystron,	LDBA,	…	

Main	Beam	Genera on	Complex	
Pklystron,	…	

Two-Beam	Accelera on	Complex	
Lmodule,	Δstructure,	…	

Idrive	
Edrive	
τRF	
Nsector	
Ncombine	

fr	

N	

nb	
ncycle	
E0	
fr	

Parameter	Rou ne	
Luminosity,	RF+beam	constraints	
Lstructure,	f,	a1,	a2,	d1,	d2,	G	

Ecms,	G,	Lstructure	

D.	Schulte,	CLIC	Rebaselining	Progress,	February	2014	

‘Automatic’ parameter determination



Cost / power model
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Simplified	Parameter	Diagram	

Drive	Beam	Genera on	Complex	
Pklystron,	Nklystron,	LDBA,	…	

Main	Beam	Genera on	Complex	
Pklystron,	…	

Two-Beam	Accelera on	Complex	
Lmodule,	Δstructure,	…	

Parameter	Rou ne	
Luminosity,	…	

Cinestment,	
Copera on,P	

Variable	 Meaning	

Cinvestment	 Investment	cost	

Copera on	 Opera on	cost/year	

P	 Power	consump on	

D.	Schulte,	CLIC	Rebaselining	Progress,	February	2014	

Cinestment,	
Copera on,P	

Cinestment,	
Copera on,P	

Infrastructure	and	Services	
Controls	and	opera onal	
infrastructure	

Cinestment,	
Copera on,P	

Power Model
• Does not contain BDS and experiments
• Main beam injector power scaled with charge 

per train
• Some improvement is possible (e.g. drive 

beam turn-around magnets, booster linac, …)



Luminosity goal impacts 
minimum cost
For L=1x1034cm-2s-1 to 
L=2x1034cm-2s-1 :

Costs 0.5 a.u.
And O(100MW)

Po
w

er
 [

M
W

]

Cost [a.u.]
5

350

150
3

L=1.0x1034cm-2s-1

L=1.25x1034cm-2s-1

L=1.5x1034cm-2s-1

L=2.0x1034cm-2s-1

S=1.1

Cheapest machine is close to lowest power 
consumption => small potential for trade-off 

Example output (360 GeV)



CLIC detector concept
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ILC concepts adapted to a single 

detector for CLIC:

• Highly-granular, deep calorimeter

• 4T solenoid

• Low-mass Si tracking system

• Precision vertexing close to IP

• 10ns time-stamping



Drive beam quadrupoles (40 MW @ 3 TeV) 
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High energy quad – Gradient very high

Low energy quad – Very large dynamic range



Permanent Magnet solution
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High energy quad – Gradient very high

Low energy quad – Very large dynamic range

High Energy 

Quad

Low Energy 

Quad



PM engineering concept

Steel

Non-magnetic 

support

PM Block

Steel Pole



Permanent Magnet prototypes 

High 

Energy 

Quad 

Low 

Energy 

Quad 

Team now focussed on 

PM Dipoles

Patent granted to 

cover both designs

BJA Shepherd et al, 

Tunable high-gradient 

permanent magnet 

quadrupoles, 2014 

JINST 9 T11006



Now looking at PM dipoles
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Type Quantity Length 

(m)

Strength 

(T)

Pole 

Gap 

(mm)

Good Field 

Region 

(mm)

Field 

Quality 

Range 

(%)

MB 

RTML

666 2.0 0.5 30 20 x 20 1 x 10-4 ± 10

DB TAL 576 1.5 1.6 53 40 x 40 1 x 10-4 50–100 

– Drive Beam Turn Around Loop (DB TAL)

– Main Beam Ring to Main Linac (MB RTML)

Total power consumed by both types: 15 MW

Several possible designs considered:



Now looking at PM dipoles
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Type Quantity Length 

(m)

Strength 

(T)

Pole 

Gap 

(mm)

Good Field 

Region 
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Range 
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RTML

666 2.0 0.5 30 20 x 20 1 x 10-4 ± 10
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– Drive Beam Turn Around Loop (DB TAL)

– Main Beam Ring to Main Linac (MB RTML)

Total power consumed by both types: 15 MW

Several possible designs considered:



Lucie Linssen, March 5th 2015 72

Recently installed 2-beam acceleration module in CTF3
(according to latest CLIC design)

drive beam

main beam
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Module mechanical characterisation test stand: 

active alignment, fiducialisation + stabilisation (PACMAN)



Walter Wuensch, CERNCLIC Project Review, 1 March 2016

Assembly – towards industrialization



Walter Wuensch, CERNCLIC Project Review, 1 March 2016

Symmetry plane structures

Structures in parts along symmetry planes have significant potential advantages -
cost, joining, heat and chemical treatment, materials. Does require 3-D micron 
precision milling which is now possible.
Early tries with quadrants yielded unsatisfactory results, but don’t believe this was 
end of story. We’re back!

vs.


