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Qﬂ%ﬁcw World consensus about a Linear Collider
as the next HEP facility after LHC

« 2001:ICFA recommendation of a world-wide
collaboration to construct a high luminosity e+/e- Linear
Collider with an energy range up to at least 400 GeV/c

« 2004:International Technology Recommendation Panel
selecting the Super-Conducting technology for an
International Linear Collider (ILC) Linear Collider In

the TeV energy range

« 2004:CERN council support for R&D addressing the
feasibility of the CLIC technology to possibly extend
Linear Colliders into the Multi-TeV energy range.



@Eﬁfﬁ CERN Council Strategy Group
The European strategy forparticie physics (I— I S b on Ju Iy 2 OO 6)
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the advanced accelerator R&D programme; a grdmated

1. European particle physics is founded on strong national pr should be intensified, to develop the CLIC techmology
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Qﬂ““_,wc ) General Physics Context ,',I,‘:

 New physics expected in TeV energy range
— E.g. motivated by particle astrophysics (dark matter)
— Higgs, Supersymmetry, extra dimensions, ...?

e LHC will indicate what physics, and at which energy
scale (is 500 GeV enough or need for multi TeV?)

« Even if multi-TeV is final goal, most likely

CLIC would run over a range of energies (e.g. 0.5-3.0
TeV)

http://www.cern.ch/lcd Lucie Linssen, CLIC'09 12/10/2009 8



Qﬂmﬂ_.wc ) How? Context

In several aspects the CLIC detector will be more challenging than ILC case,
due to:

 Energy 500 GeV => 3 TeV

 More severe background conditions
* Due to higher energy
e Due to smaller beam sizes

e Time structure of the accelerator

Nevertheless, most of the R&D currently carried out for the ILC is most relevant
for CLIC.

Many years of investment in ILC e*e” physics/detector simulations, hardware
R&D and detector concepts

No need to duplicate work.

http://www.cern.ch/lcd Lucie Linssen, CLIC'09 12/10/2009
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@ CLIC two beam scheme [@]

© High chargeDrive Beam(low energy)
© Low chargeMain Beam(high collision energy)
© => Simple tunnel, no active elements
. CLIC TUNNEL
© => Modular, easy energy upgrade in stages CROSS-SECTION

) | * "#
quad, l D% * (x —
Fupgle
n

4.5 m diameter — =

Frank Tecker Page 11 John Adams Institute



© CLIC scheme @)

© Very high gradient$>100 MV/m) possible with NC accelerating structur
at high RF frequencies

<« Extract required high RF power from extiensee- “drive beam

© Generate=fficiently long pulse and compress it
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D Fully loaded operation  [@]

« efficient power transfer from RF to the beam needed

E unloaded gradient

“Standard” situation:

& smallbeam loading
© power at structure exit lost in load

RF in no RF out " . o s .
. T Efficient” situation:

beam i) T i) i)
N « high beam current

< highbeam loading

< no power flows into load

€ Vacc 1/2 Vunloaded

Frank Tecker Page 14 John Adams Institute



@ Beam-based pulse compression

« basic principle ofirive beangeneration

« transform very long pulses into short pulses with
higher power and higher frequency

© USeRF deflectorgo interleavebunches

«® double power
® double frequency

Po. Vo
Transverse
RF Deflector, v,

Deflecting
Field

Frank Tecker Page 15 John Adams Institute



@ RF injection in combiner ring  [@]]

< combinatiorfactorsup to 5 reachable in a ring

= 1
Cring (n + /4)/
. injection line
15t turn °._ septum ‘0. 2nd
e N
1stdeflector — ____ < 2nd deflector "~
- - - — ‘\.\\
< e o—B-0------ ®------- o—eo
local A~ ___________ -
inner orbits
I
RF deflector /.\ /.\ 0 /’\ / /
fed N N N\ ~

Ciing has to correspond to the distance of pulses from the previmlsraiion stage!
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CLIC —overall layout —3 TeV [@]]

326 klystrons Drive , 326 klystrons
3BMW,130ps | || Beam circumferences | | | 33MW,139s
: : delay loop 73.0 m ;
drive beam accelerator Generation CR1146.1 m drive beam accelerator
L Ay S — Complex CR24383m

Y

- L
-« >

1km

1 km

delay loop »

AL e e
- = _ BDS BDS M
N 2.75km P 2.75km

e~ main linac, 12 GHz, 100 MV/m, 21.02 km

™\ 7 -

48.3 km

CR combiner ring

TA  turnaround

DR damping ring

PDR predamping ring

BC bunch campressor
BDS beam delivery system
IP  interaction point

booster linac, 6.14 GeV

® dump e injector, e* injector, Main Beam
2.86 GeV 2.86 GeV Generation
Complex

Frank Tecker Page 17 John Adams Institute



__ Beampowerbeam (MWatts) | 49
. ——







e 10 CLIC Feasibility Issues

« Two Beam Acceleration:
 Drive beam generation
« Beam Driven RF power generation
« Two Beam Module

RF Structures:

 Accelerating Structures (CAS)
« Power Production Structures (PETS)

Ultra low beam emittance and beam sizes
 Emittance preservation during generation, accelerat lon and focusing
« Alignment and stabilisation

Detector

 Adaptation to short interval between bunches
« Adaptation to large background at high beam collisi on energy

Operation and Machine Protection System (MPS)



© CTF 3 @]

© demonstrateemainingCLIC feasibilityissues, in particular:

© Drive Beam generatioffully loaded acceleration,
bunch frequency multiplication)

# CLIC accelerating structures

© CLIC power production structurédBETS)

0*345 1" 6 # &( : | #7&

89 /
\ 4A— 1.2y ——
150 MeV i b
=

/ S 5 32A— 140ns&‘\

2 150 MeV .

Frank Tecker Page 21 John Adams Institute



CTF3 completed, operating 10 months/year, unde
commissioning:Drive Beam Generation demonstrat

3) _ 1 A

Fully loaded acceleratia
RF to beam transfer:
95.3 % measured

1[A]

COMBINER
RING

Smadmmaal CRIVE BEAM -~
RF pulse at structure inp LIN AC A !2‘%?2?:[‘@! &

1.5 usbeam pulse B4 S T i v
/. RFpulse at oUtpte’ 01 ' i

w7 CLIC Experimental ===
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R. Corsini - 7th CLIC/CTF3 Collaboration Board - 5 February 2010

e ) Delay loop & combiner ring: THE recombination
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(EEC7 T oJCTE3/CLEX (CLIC Experimental Area)

Test beam line (TBL) to study RF
power production (1.5 TW at 12
GHz) and drive beam decelerator

dynamics , stability & losses

- Two Beam Test Stand to study

probe beam acceleration with high
fields at high frequency and the

o ibility of Two Beam modules

N

A\ 4

/ 425 m !

Two Beam Test Stand Probe Beam

Construction during 2006/beg 2007 _
installation of equipment from Beam in CLEX from June 2008 onwards

2007 - 2009



\
CLIC €

TBTS, PETS conditioning

c=o (@] lap

UPPSALA
UNIVERSITET

Max beam current through PETS ~ 12 A
Aggressive, fast conditioning - well beyond CLIC nominal power

Pulse shortening in splitter and phase shifter

-

variable
phase shifter

variable
splitter
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@ﬁfiﬁg Two Beam Module tests in CTF3/CLE>

COOLING CIRCUITS
ACCELER. STRUCTURE

RF DISTRIBUTION (BRAZED DISKS)

VACUUM MANIFOLDS

BEAM
INSTRUMENTATION

GIRDER

CRADLES

ALIGNMENT
SYSTEM

«—1odule type &—» «—Module type 0—» «—Module type I—»




W_. CorSini i 7th CLIC/CTF3 Co"aboration Board ) 5 February 2010
\
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TBL

* Full'line installed
* Upto 8 PETS should be installed before the end of the year
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1. CPI: VKL-8301B (6 beam): 10.2 MW, 66.3 %, 49.3 dB gain
2. Thales: TH 1801 (7 beam): 10.1 MW, 63%, 48 dB gain
3. Toshiba: E3736 (6 beam): 10.4 MW, 66 %, 49 dB gain
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) Drive Beam Phase Tolerance

===——CLIC*



Drive beam phase jitter leads to luminosity drop.
at 1 GHz causes 12 at 12 GHz!

Requirement at 1GHz (order of magnitude):
drive beam phase jitter <0.02°(3.5E-4, 50 fs)
drive beam energy jitter < (1E-4)

(With a feed-forward, this may be relaxed by a factor 10!)

Requirement at 12GHz (order of magnitude):
drive beam phase jitter <0.2°(3.5E-3, 50 fs)
drive beam energy jitter < (1E-4)

See: Erk Jensen, 4th CLIC Advisory Committee (CLIC-ACE)







Characterisation commercial devices

" # $%&

Instrument Noise determination

Sensitivity and resolution testing
Cross axis sensitivity

, && 21 C. Collette
( " Ref. Talk C. Hauviller 4 th CLIC-ACE
! "k K Qr " " + STABILISATION WG
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feet actuator
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S. Janssens

m Preliminary result

Will be improved : \

» Optimise controller design Expected
(Tuning, Combine feedback with feedforward)

* Improve resolution (actuator, DAQ)

 Avoid low frequency resonances in structure and

contacts

» Noise budget on each step,
ADC and DAC noise CF =Y



o s Final Quadrupole Stabilisation
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P "‘”’) Conceptual Design Report

Coordinator/editor: H.Schmickler

Contribution/Authors by CLIC collaborators
https://edms.cern.ch/nav/CERN-0000060014/AB-003131

3 volumes: similar to ILC CDR:
« Voll: Executive Summary
* Vol2: The CLIC accelerator and site facilities
* Vol3: The CLIC physics and detectors
Including detailed value Estimate

specific contribution in vol. 2&3; summary in vol. 1.

Editorial Board for Volume 2:

H.Schmickler (chair), N.Phinney/SLAC, N.Toge/KEK

Outline with Abstract and suggested main author dis tributed
Presentation and discussion at Collaboration Board (05/02/10)

Vol 3 under responsibility of LCD project (L.Linssen)

37
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i fﬁ"*’i%j CLIC Organisational Chart

Representatives of e
Collaborating Institutes =71
(including CERN) CLIC Advisory

Committee
T.Raubenheimer/SLA
C

A4

Collab. Board Chairman
Accelerator Experts
Detector&Physics experts
ILC representative

Conceptual Design

Report . CLIC meeting
Editorial Board: G.Geschonke
H.Schmickler

Technical Design Phase  __| Physics & Detectors
R.Corsini meeting




W i CLIC Site and Documentation

« CLIC web site:
http://clic-study.web.cern.ch/CLIC-Study/

« CLIC Committees and Working Groups reflecting the CLIC
organization:
http://clic-study.web.cern.ch/CLIC-Study/Mtgs WKkg Grp.htm

« CLIC Collaborations:
http://clic-study.web.cern.ch/CLIC-Study/Collaborations.htm

« Documentation on EDMS:
https://edms.cern.ch/nav/CERN-0000060014




