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CLIC Introduction

CLIC: Compact Linear Collider

<

CLIC aims to provide multi-TeV electron-positron collisions with high luminosity at affordable cost and power

consumption

2013 - 2019 Development Phase

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

Development of a Project Plan for a
staged CLIC implementation in line with

CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

LHC results; technical developments with
industry, performance studies for
accelerator parts and systems, detector
technology demonstrators

A MULTI-TEV LINEAR COLLIDER
BASED ON CLIC TECHNOLOGY

2012 CDR:
Shows feasibility

of 3 TeV design 2019 - 2020 Decisions

Update of the European Strategy for
Particle Physics; decision towards a next
CERN project at the energy frontier
(e.g. CLIC, FCC)
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2020 - 2025 Preparation Phase

Finalisation of implementation
parameters, preparation for industrial
procurement, Drive Beam Facility and
other system verifications, Technical
Proposal of the experiment, site
authorisation

2025 Construction Start

Ready for construction;
start of excavations

2035 First Beams

Getting ready for data taking by
the time the LHC programme
reaches completion
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CLIC Collaboration
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@ Accelerator+ Detector collaboration
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@

CLIC Staged Scenario @

Plenty of physics at low centre-of-mass
energies

Energy and luminosity targets from Physics

Study Group
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CLIC Staged Scenario @

Plenty of physics at low centre-of-mass Top above threshold

energies

Energy and luminosity target

Stage /5 (GeV) %, b hH Higgs via Zh and WW fusion

This is being reviewed
* Review of effective operation time for luminosity per  Study top at threshold

Study Grou :
y ¥ year showed increase from 1.08 x 107 s to 1.2 x 107
— « Consider some extra years at full luminosity To be updated with more
L g o g o 0.0
' C [ Lienmcsty pes vear => Likely increases integrated luminosities '
£ 1000 ty pery y g input from LHC and stage 1
= [|—  Total = Could further improve physics results
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CLIC at 380 GeV

446 klystrons A

circumferences I I I 20 MW, 48 s
.. ; delay loop 73 m :
Developed optimised first energy stage CR1293 m drive beam accelerator
Upgrade to higher energies included CR2439m —— e S—
) 2.5 km i

4 delay loop

time delay line

1.9km 1.9km
TA e~ main linac, 12 GHz, 72 MV/m, 3.5 km IP e* main linac TA

™ /7
11 km

decelerator, 4 sectors of 878 m

<
e

>,
>

CR combiner ring
TA turnaround
DR dampingring |

booster linac
2.86 to 9 GeV

PDR predamping ring

BC bunch compressor
BDS beam delivery system
IP  interaction point

B dump

e~ injector
2.86 GeV

et injector
2.86 GeV
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Key Parameters @

Parameter Symbol Unit Stage 1 Stage2  Stage3
Centre-of-mass energy /S GeV 380 1500 3000
Repetition frequency frep Hz 50 50 50
Number of bunches per train np 352 312 312
Bunch separation At ns 0.5 0.5 0.5
Accelerating gradient G MV/m 72 72/100 72/100
Total luminosity Z 10 em 257! 1.5 3.7 5.9
Luminosity above 99% of /s Lo.01 10°*cm=2s~! 0.9 1.4 2
Main tunnel length km 11.4 29.0 50.1
Charge per bunch N 10° 5.2 3.7 3.7
Bunch length (o um

I[P beam size Oy/0y  nm 149/29 ~ 60/1.5
Normalised emittance (end of linac) &/&, nm — 660/20
Normalised emittance &/ € nm 950/30 —

Estimated power consumption P MW

Gradient is optimised for luminosity and cost
Installed modules can be reused at higher energies
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Reminder: CLIC Test Facility (CTF3) 5

= Combiner ring
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Reminder: Drive Beam Scheme Performance @
é )

& CR.STBPMOL155S i s it E E

. 0 .
CTF3 measurements: . Measured 145 MV/m gradient
* RF to drive beam efficiency > 95% -5 - S B
 Current multiplication factor 8 10- | o
* Most of beam quality < .|
* 145 MV/m X-band acceleration o ——— L_‘ !

o camentsignal - 204 208 212 216 220 22 Drive beam ON
led simulations of drive b o T

performance In CLIC 50'00 52|00 54I00 56I00 58ll]0 60'00 62'00 64100 ﬁﬁlﬂﬂ

-10

Arrival time with feedback Current stability affected by very

80 Drive beam OFF

W PFF Off low CTF3 energy, 3 x larger beam
- BEPFF On) | and delay loop design different pin et - st
0 from CLIC
z 0 Arrival time 50 fs 50 fs
Current after linac  0.75 x 103 0.2-0.4 x 103
0, P 4 0 | 5 , Energy 1.0 x 1073 0.7 x 103

Phase [degrees]
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CTF3 measurements: " — - e dient
* RF to drive beam efficiency > 95% -5 CTF 3 stopped operation 2
* Current multiplication factor 8 10 New facility is online: CLEAR
* Most of beam quality < 15 CERN Linear Electron Accelerator for Research
° 1‘/| r N A\ 7/ AV A | 1 | [
ive beam ON
Deta Correctors tev
perfc Probe Beam BPMs |
(to module) / - 3 ) X
80 Eg? \_/ DH} l ive beam OFF
-_ LY 8/ et
Spectrometer Quadrupoles Accelerating Structures Buncher Gun 226
60
@ Figure 1: The current CALIFES beam line. The length of the facility (as shown) is ~20m.
DE-_ 0 CLIC goal | CTF3 measured
o
< 20 | Arrival time 50 fs 50 fs
Current after linac  0.75 x 103 0.2-0.4 x 103
0, > y 0 | 5 , Energy 1.0x 103 0.7 x 1073

Phase [degrees]
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CLIC Structure Development @]

Several klystron-based test stands = TIaKEKKEK - E,
. TD24-KEK-KEK
exist that test structures (X-boxes) TD24705%4-KEK-KEK ® Foscaledto 180 ns
TD26ccN1-CERN-CERN X E, scaled to 180 ns & BDR = 3x1077
B T240pen-SLAC-CERN
@ TD24r05K1-KEK-KEK
® TD24r05K2-KEK-KEK &
B TD26ccN3-CERN-CERN —~—
® TD26ccN2-CERN-CERN A >
— @ TD24RO5SiIiC-CERN-CERN E
E T24-PSI-CERN (]
) =
= 5e-05 | ~— .
— Structure performance = _
~ 1e-05} is reproducible i
g o ]
;. ----o
1e-06 | e .
3e.07 LELIC BDR Criteria ¢ = SR 4
le-07 t | i

40 G [MV/m] 80 100 120

Further optimisation ongoing of structure
production for industrialisation
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Main Linac Module and Impertection Mitigation @
=

Overlapping wires

Components are provide accurate

mounted accqrately position information
on movable girders

Cl]] ey e —— "

Magnets are stabilised
mechanically to nm
against ground motion
and vibrations

Wake monitors
in each structure
measure beam
offset (3.5 pm)

In addition to high accuracy optimisation for cost

Daniel Schulte CLIC, Higgs Hunting, Paris, July 2018



Q!b Klystron-based Alternative @

Develop klystron-based alternative
Expect comparable cost for first energy stage S Novel high

) . . 366 kV, 265 A
But increases faster for high energies / efficiency klystrons

2x 68 MW

1.625 psec 2 x Klystron
7 s ] Novel pulse
strons Load#1
6 drivg beam CompreSSOFS
s O o Tt sl N e
> Load#2
2 4 o Novel
@ I chaln 5 . .
S, 3| distribution
D)
system
S 2} 2 x BOC y
1 . f
0 : : : : : 8 x42.5 x 325 ns
0 0.5 1 1.5 2 2.5 3 2x213 MW

E 325ns . 1 1 1 1 1 | 1 1 |

8 xCLIC_ASx0.25m x 75MV/m

Optimised structure

Daniel Schulte CLIC, Higgs Hunting, Paris, July 2018



Beam Quality for Luminosity @)

« Production of low-emittance beams in damping ring Dssersten Free Stearng Tesi o FACET BLAC)
« Similar to existing light sources

100 ' . — .
 Quality preservation in transport o
* Minimisation of imperfections =
«  Optimised lattice design o 10
* Sophisticated beam-based tuning = ——
O]
c
* Focusing of beam in beam delivery system g ——
. . o e
« Advanced lattice design =
c Ll
« Advanced tuning . _ ‘ | | _
« Testat FFTB and ATF2 T 2 3 4 5 6 7
500 ATF2 at KEK iteration
o Beam size (41 nm) is
E -
£ 350] close to target (37nm)
& 300} ° ]
g 250 1 Skew Sextupole Installed Orbit Stabilization
% 2007 @ 4 Skew Sextupole Installed ik’;Fv:es);iutZ:Ze Modification—
'(é 150 e @ 4 FF Sextupoles @
2 100¢ ° o @ 43nm
0f *% iom 4
0 2010 l 2011 I 2012 ‘ {—} 2013 ‘ 2014 I ‘ ﬁ20n1n;
2015 . . . .
eoxtupole Smanped s Initial beam 3 iterations
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CLIC Technology Development and Applications

CLIC technology for CLIC and different applications

Z

* Recent EU co-funded FEL design study
« SPARC at INFN-LF
e Electrons to SPS for dark matter searches?

{85

INFN Frascati advanced acceleration facility
EuPARXIA@SPARC_LAB

- f Quadrupole bivole bendi
ichti — i focusing ipole bending
;* RF potogun Solenoid X-band LINAC
‘ — triplet magnet
Science and Techno-

q accelerator <
Karls o @ 5MeV . 45 MeV
Karlsruhe Institut: — = X-ray beam

2]
logy Facilities Coum:ilEIE
4 fiir Technologie
" IPauI Scherrer
Institute n

T %
Centre National de la I I| GERN n
Recherche Scientifique q Elotta Smerotrone N
Trieste SCPA il Ly "

S X-band LINAC
Italian National Agency for I I R ’ N decelerator Q
New Technologies, Energy and Australian Nuclear Science ' 2}
i — Sustainable Economic Develoment Aakaralinstifutalot and Technology Organisation &8 |
VI AT '8 g W e | py Bean
= : dump

Instituto Nazionale —
' O « | diFisica Nucleare I I o .

e (L 07 iR OV WECE [universty of Metbourne R Eindhoven University led
_RGSCh Counul_/_vwﬂ N f Ilnstitule oc::eleu_'atir]g = L/VPPN Yj SMART*L I G HT CO m ptO n SO urce
< — prt

n
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Note: Dark Matter Searches

<

Basic Concept & Bearrl !{eguirements s i, 3.5 GeV Linac
- 12 GHz CLIC

2008 (27 km)

LHC ot e technology

Transfer to SPS

SPS

TE2% AWAKE

4+ Electron beam impinging on target: HiRadMat .
e multi-GeV electrons — D Acceleratlon tO
* 1-200 MHz bunch spacing ™} BOOSTER about 16 GeV
e Ultra-low O(1-5) electrons per bunch y p IE in SP S

East Area

4+ Measure recoiling low-energy-fraction electron & its pr
— Forward tracking in (small) B-field

+ Reject events with visible particles carrying remaining

L5+« | Extraction

LINAC 2

LEIR

energy : umcsiz
— Deep, highly segmented calorimeter s

13 p ion P neutrons P P (@ntiproton) P electron - /antiproton conversion

Basically all tunnels and infrastructure exist
Need 3.5 GeV linac with CLIC technology
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@ Comment: Increased L™ for Detectors

Detailed studies show great experimental
conditions

« Background acceptable
« Luminosity spectrum useful

New BDs design increases L” from 3.5 to 6 m
= Focusing magnets now outside of detector
= Better angular coverage
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@

Cost and Power @

Goals bring cost and power consumption down:

“reasonable cost”: O(6 GCHF)
Reasonable power < O(200 MW)

CERN energy consumption
2012: 1.35 TWh

§ 3L ‘ossTev '15Tev ' 3Tev -
o ]
> I
0) -
o |
s
=L
> -
(@) 1+ -
2 ’J i
- I
L C
0_ | | L | |
0 5 10 15 20

Year

k

Intial Estimate 252
MW

ORCANISATS -
CERN 1020MAN ORGANIZATION FOR NUCLIAR RISEARCH

Initial value for 380 GeV

(MCHF of Dec 2010)

Main beam production 1245
Drive beam production 974
Two-beam accelerator 2038
Interaction region 132
Civil engineering etc. 2112
Control & operation 216

TOTAL | 6690

Improvement of cost and power is ongoing
Detailed bottom up estimate
Already savings, seems we meet goal
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CLIC Site and Upgrade to 3 TeV

<

540 klystrons . 540 klystrons
: _omwsps | | | [ Drive Beam L) 20Mmw,148ps
Can re-use preVIous systems and Components drive beam accelerator Generation Complex drive beam accelerator
e —— e e e

- - >

) ) 25km g 25km
Just add more linac and drive beam pulse length delay loop [ @ e | delay loop
@ @ decelerator, 25 sectors of 878 m

At 3 TeV add one drive beam m
BC2
e* main linac %

N [ -

e- main linac, 12 GHz, 72/100 MV/m, 21 km

Compact Linear Collider (CLIC) ) ) 50 km

biner rin
B 380 GeV - 11.4 km (CLIC380) around 9

ping rin i
@ 1.5 TeV - 29.0 km (CLIC1500) " "?pinggring booster linac _Main Begm
[ 3.0TeV-50.1 km (CLIC3000) h compressor 2.86t0 9 GeV Generation Com P lex

- T - delivery system
- g 47 action point
e-injector e* injector
2.86 GeV 2.86 GeV

= limestone
® shaft
= machine tunnel

5.000
Chainage (m)

+ fE _
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i

Conclusion

Important progress toward the EU strategy

Daniel Schulte

Much improved technical maturity

Light sources are prototypes of damping rings

Normal conducting FELs are prototypes, e.g. Swiss FEL
Further optimising 380 GeV first energy stage

Work on further stages, including considerations of novel
technologies

Writing of Project Implementation Plan is well advancing, ready by
end of 2018

Many thanks to L. Evans,
S. Stapnes, W. Wuensch,
Ph. Burrows, I. Syratchev

and the CLIC team
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Reserve
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Main Linac Imperfection Mitigation

Components are
mounted accurately
on movable girders

Overlapping wires
provide accurate
position information

TTWFT TT®TT

Straight references

n;_- SU— o_|“

Wake monitors bilised
in each structure Magnets are stabilise

measure beam mechnically to nm

™' offset (3.5 um against ground motion
ofiset (3.5 um) and vibrations

Optimised lattice design
Sophisticated beam-based alignment, e.g.
dispersion free steering (i.e. different energy beams)
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&!b Other CLIC Technology Development E

Redesign CLIC modulators and klystrons
Aim: increase efficiency from 62% to 90% | Vyotal = 0.9
= Less power consumption A

= Also important cost saving
Shorter tubes, no oil in modulator, ...
= |mportant cost saving

New module design
Reduce cost of
mechanical system
and control

Permanent magnets

Use tunable permanent

magnets where possible

* Drive beam quadruoles

« Strongest permanent
magnet developed in

UK

Main beam injector
e.g. halved power for
positron production
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