Linear Colliders

H ' n (high-energy e+/e- colliders)
JLF

Frank Tecker — CERN

© Physics motivation

© Generic Linear Collider Layout

© [LC (International Linear Collider)
© CLIC (Compact Linear Collider)
© CTF3 (CLIC Test Facility)

® Conclusion
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,’,’E Preface @b

© Complex topic --- but: DON’T PANIC!

© Approach:

« Explain the fundamental layout of a linear collider and
the specific designs based on SuperConducting (SC)
and normal conducting (NC) technology

© [ will not go much into technical details
© Try to avoid formulae as much as possible
© Goal: You understand
© Basic principles
© Some driving forces and limitations in linear collider design
© The basic building blocks of CLIC

® Ask questions at any time! Any comment 1s useful! (e-mail: tecker@cern.ch)
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e ~ Path to higher energy (L)

‘ « History: Storage Rings

= THE ENERGY FRONTIER ; :
S (Discoverics) © Egerg}/ constantly increasing
S with time
Hadron Colliders .
S © Hadron Collider at the energy
Lﬁ (top quark) Tevatron )’EEP . ﬁ'Ol’l tier
@ (W Z bosons) SppS .(/ ) o
S 100 g s Lep (=) « Lepton Collider for precision
5 /STRISTAN hvsi
: .;.':’PETRA, PEP (gluon) physics
S /4 CESR
9 & .
5 L ek < oo «© LHC physics results soon
> /7 \charm quark, T lepion
= SADONE . . .
2 ‘ , © Consensus to build Lin. Collider
8 ete~ Colliders .
with E__ > 500 GeV to
complement LHC physics

1960 1970 1980 1990 2000

(European strategy for particle physics
by CERN Council)

Year of First Physics

SoTALY
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,,’,‘: Lepton vs. Hadron Collisions AR

LHC: H— ZZ — 4p

(#30 minimum bias eyents)

« Hadron Collider (p, ions):

o — 9
|:> ‘\07—.4—7‘\—1.,0/ C:l
© Composite nature of protons

« Can only use p, conservation

© Huge QCD background

© Lepton Collider:

) °<l_-

ALICE:

Ion event © Elementary particles
© Well defined initial state
© Beam polarization
© produces particles democratically
LEP event: © Momentum conservation eases
Z°— 3 jets decay product analysis
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ile TeV ete- physics

© Higgs physics

© Tevatron/LHC should discover
Higgs (or something else)

© LC explore its properties in detail
© Supersymmetry

© LC will Complement the HYSICS ATTHE CLIC MULTI-TeV
LHC particle Spectrum INEAR COLLIDER

« Extra spatial dimensions
© New strong interactions

© ...
=> a lot of new territory to discover
beyond the standard model

© “Physics at the CLIC Multi-TeV Linear Collider”
CERN-2004-005

uuuuuuuuuuuuu

Physics at the L

© “ILC Reference Design Report — Vol.2 — Physics at the ILC” B«
www.linearcollider.org/rdr O
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il The LEP collider ah

© LEP (Large Electron Positron collider) was installed in LHC tunnel
« ¢+ e- circular collider (27 km) with E_ =200 GeV

< Problem for any ring:
Synchrotron radiation

< Emitted power:
scales with £4 !!
and 1/m,* (much less
for heavy particles)

© This energy loss
must be replaced
by the RF system !!

« particles lost 3% of
their energy each turn! ,
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,,’,': The next lepton collider @

© Solution: LINEAR COLLIDER
© avoid synchrotron radiation

«© no bending magnets, huge amount of cavities and RF

damping ring

source \ main linac

beam delivery

Fin RF out

[/ —

'—'—'—'—'—'—'—D—'—'—'—'—l particles "surf” the

electromagnetic wave
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,,'E Linear Collider vs. Ring Qb

the accelerating cavities

2
I = nbN frep
\ - * %k
the same beams for collision 472'(7x0'y
© Storage rings: © Linear Collider:
« accelerate + «® one-pass acceleration + collision
collide every turn => need
© ‘re-use’ RF + «© high gradient

3 o 1
re- 1cl ; i
e-use” particles © small beam size ¢ and emittance

. : L ¢ rat
© => efficient to reach high luminosity L (event rate)
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,",’,‘_',' What matters 1n a linear collider ? &b

Energy reach E., =2F fill L..Gpe . © High gradient

nbN frep XH e nbeam PAC 5

Luminosity D 7
4ro, 0' £ Ecm
N 1/‘Fr‘e
o o, = lransverse
beam size
© Acceleration efficiency 7
« Generation and preservation damping rings, alignment,
of small emittance & stability, wake-fields
© Extremely small beam spot beam delivery system,
at collision point stability
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ile Generic Linear Collider @b
C.Pagani
— I
Main Linac
Accelerate beam to IP energy \
without spoiling DR emittance  Collimation Final Focus

System Demagnify and collide

|> Clean off-energy and beams

< «—— Bunch Compressor off-orbit particles
Reduce o, to eliminate
<] hourglass “offect at IP

[—

AVVA

Damping Ring

Reduce transverse phase space
(emittance) so smaller transverse
IP size achievable

I;\ Electron Gun Positron Target — j:@

Deliver stable beam Use electrons to
current pair-produce positrons

Frank Tecker Linear Colliders — CAS Chios — Slide 10 22.09.2011



ile First Linear Collider: SLC ﬂb

SLC — Stanford Linear Collider B gui o study the 20

and demonstrate
e linear collider
teasibility

A Energy = 92 GeV
A7 Boitronine &

QO
. \ Electrons A%

o

Luminosity = 2e30

Has all the features
of'a2nd gen. LC
except both e+
and e- used the
same linac

A 10% prototype!

T.Raubenheimer
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il Linear Collider projects ﬂb

© [LC (International Linear Collider) <« CLIC
(Compact Linear Collider)

© Technology decision Aug 2004
«© Superconducting RF technology « normalconducting technology
© 1.3 GHz RF frequency © multi-TeV energy range

® ~31 MV/m accelerating gradient (nom. 3 TeV)
© 500 GeV centre-of-mass energy

« upgrade to 1 TeV possible
~35 km total length

Electrons Detectors Electron source Positrons
Undulator R

S Beam delivery system

Main Linac Damping Rings Main Linac
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e
o

Parameter comparison

SLLC | TESLA ILC J/NLC | CLIC
Technology NC Supercond. | Supercond. NC NC
Gradient [MeV/m] 20 25 31.5 50 100
CMS Energy E [GeV] 92 500-800 500-1000 | 500-1000 | 500-3000
RF frequency f [GHz] 2.8 1.3 1.3 11.4 12.0
Luminosity L [10%3 cm2s] 0.003 34 20 20 21
Beam power P, [MW] 0.035 11.3 10.8 6.9 5
Grid power P, . [MW] 140 230 195 240
Bunch length 0,* [mm] ~1 0.3 0.3 0.11 0.03
Vert. emittance YE, [10-3m] 300 3 4 4 2.5
Vert. beta function g,* [mm] ~1.5 0.4 0.4 0.11 0.1
Vert. beam size oy* [nm] 650 5 5.7 3 2.3

Parameters (except SLC) at 500 GeV

Linear Colliders — CAS Chios — Slide 13 22.09.2011

ILC Global Design Effort é[@

Frank Tecker

e
o

© ~700 contributors
from 84 institutes
in the RDR

© Web site:

.

www.linearcollider.org

-

ILC-REPORT-2007-01
AALPUB-2007.002
CHEP AD7-001 (CHEP/KNU) FOR | For | FoR FOR
c“:i:il',’;: COLLABORATORS } THE PRESS | COMMUNICATORS ‘ STUDENTS AND EDUCATORS

oc I

o

INTERNATIONAL LINEAR COLLIDER

REFERENCE DESIGN REPORT

From Daily Herald 31 July 2007 ILC NewsLine 2 August 2007

2007
Getting peopke to understand, support Fermilab's effort

"A quest to bring a multibilion-dollar high-energy physics lab to
Batavia could pump millions of doliars into the localand state
economy as wellas pave the way for new manufacturing and
technology jobs across the country. But few people realize that..."

APRIL, 2007
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,",',‘: ILC Schematic (e,

e-/e+ DR ~6.7 Km

RTML RTML

rad [t

30m radius | 30m radius

UNDULATOR  geamiine

e- Linac e+ Linac

~1.33 Km 11.3 Km + ~1.25 Km ~4.45 Km 11.3 Km ~1.33 Km

Schematic Layout of the 500 GeV Machine

© Two 250 Gev linacs arranged to produce nearly head on e+e- collisions
© Single IR with 14 mrad crossing angle
© Centralized injector

« Circular 6.5/3.2 km
damping rings

penetrations

« Undulator-based
positron source

« Dual tunnel configuration
for safety and availability
(single tunnel recently)
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,,,_, ILC Super-conducting technology @3 G!b

The core technology for the ILC is 1.3GHz superconducting RF cavity intensely developed in
the TESLA collaboration, and recommended for the ILC by the ITRP on 2004 August.
The cavities are installed in a long cryostat cooled at 2K, and operated at gradient 31.5MV/m.

(14560 cavities

support

1680 modules

damping
ring \

2.2 K forward
%

5 K forward
linac

module 80 K refurn
s

transportation
system

beam transfer 8 K return
lines

f :
cool down/ - o 2 K 2-phase

: warmup
RF wave \ HV pulse

cables
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ile ILC Main Linac RF Unit

560 RF units each one composed of:

* 1 Bouncer type modulator

* 1 Multibeam klystron (10 MW, 1.6 ms)
* 3 Cryostats (9+8+9 = 26 cavities)

* 1 Quadrupole at the center

[ \ I v I \
mmmmmmmmm mmmm —mmm-«m mmmmmwmmm
i U U U U B U U - U U U i U U : U U i [ U U | 1
beam bne
Linear RF Power distibution " =" ONEvLine splitter \drcul-or bamp | v
with circulator & stub or EH tuner for every stub tuner coymodue
cavity input
Bouncer Modulator )
Front end electronics
10MW Multi-beam
Klystron,

socket assembly

1:12 Pulse Trans
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,,’,': SC Technology ﬂb

«© In the past, SC gradient typically 5 MV/m
and expensive cryogenic equipment

© TESLA development: new material specs,
new cleaning and fabrication techniques,
new processing techniques

/”/""/“»Ii‘,“,"" “' "’ " 4
' e ol "

© Significant cost reduction

© Gradient substantially increased
© Electropolishing technique has reached ~35 MV/m in 9-cell cavities

« Still requires essential
work

© 31.5MV/mILC
baseline

Chemlcal pohsh Electropolishing
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il Achieved SC accelerating gradients @

© Recent progress by R&D program to systematically
understand and set procedures for the production process

« reached goal for a 50% yield at 35 MV/m by the end of 2010

© 90% yield foreseen later

2nd EP processing 20 1 O
[
t 90% TDP/R&D plan release 5 TDP-2 gOEll
09 ] ;
08 ""‘*\ 1 e
\ 70 -
07 % H j
S %\ ILC design ol
g o LY ' 50% | TDP-1 goal
2> 05 \ 1 i,
o 04 N\ ]
o 03 *\\\ i "7
- 2007 \N \ | 0 :
0.1 A . ool
0 i i \\ + >10 »15 20 »25 »30 >§_5 »40
20 25 30 35 40 max gradient [MVim]
Linac Gradient (MV/m) Nick Walker
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,,',': Accelerating gradient @b

© Superconducting cavities:
fundamentally limited in gradient by critical magnetic field
=> become normal conducting above

< Normal conducting cavities:
limited in pulse length + gradient by
© ‘“Pulsed surface heating” => can lead to fatigue
© RF breakdowns (sparks, field collapses => no acceleration, deflection of beam)

© Normal Conducting g z:: | e Accelerating fields in Linear Colliders
cavities: 5 achieved
higher gradient with € s cLic
shorter RF pulse length £ achioved

© Superconducting § 100+ WARM | g SC—
cavities: £ 5 N Jocc] [ TESLA 800|
lower gradient with 2 I ILC 500] 3ﬁlm
long RF pulse 0 ‘ ‘

1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
RF pulse duration (nanosec)
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e Multi-TeV: the CLIC Study

« Develop technology for linear e+/e- collider
with the requirements:

< FE_ should cover range from ILC to LHC maximum reach
and beyond == E_ =0.5-3 TeV

cm

« Luminosity > few 10** cm? with acceptable background and energy spread

«F_ and L to be reviewed once LHC results are available

© Design compatible with maximum length ~ 50 km
© Affordable

«» Total power consumption < 500 MW

© Present goal: Demonstrate all key feasibility issues and
document in a CDR by 2011
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,',’,‘: World-wide CLIC&CTF3 Collaboration (@M

= i+

CLIC multi-lateral collaboration
>4( Institutes from 21 countries

5

Aarhus University (Denmark) ¥,

Ankara University (Turkey) Fitd John Adams Institute/RHUL (UK) Polytech. University of Catalonia (Spain)
Argonne National Laboratory (USA) ﬁ Helsinki Institute of Physics (Finland) jINR (Russia) PSI (Switzerland)

Athens University (Greece) IAP (Russia) Karlsruhe University (Germany) RAL (UK)

BINP (Russia) TIAP NASU (Ukraine) KEK (Japan) RRCAT / Indore (India)
CERN IHEP (China) LAL/ Orsay (France) SLAC (USA)

CIEMAT (Spain) INFN / LNF (Italy) LAPP/ ESI;\ (France) Thrace University (Greece)
Cockeroft Institute (UK) Instituto de Fisica Corpuscular (Spain) NIKHEF/Amsterdam (Netherland) Tsinghua University (China)
ETHZurich (Switzerland) IRFU / Saclay (France) NCP (Pakistan) University of Oslo (Norway)
FNAL (USA) Jefferson Lab (USA) North-West. Univ. Illinois (USA) Uppsala University (Sweden)
Gazi Universities (Turkey) John Adams Institute/Oxford (UK) Patras University (Greece) UCSC SCIPP (USA)



,",',‘: CLIC — basic features ﬂb

« High acceleration gradient CLIC TUNNEL
« “Compact” collider — total length < 50 km | 4.5m diameter | | CROSS-SECTION
© Normal conducting acceleration structures =7 '
« High acceleration frequency (12 GHz)

© Two-Beam Acceleration Scheme

« High charge Drive Beam (low energy)

© Low charge Main Beam (high collision energy)
© => Simple tunnel, no active elements

© => Modular, easy energy upgrade in stages

Quadrupole
\( quadrupole Power-extraction and
%( (PETS)
C

9

Main beam — 1 A, 156 ns

Drive beam - 101 A, 240 ns
from 2.4 GeV to 240 MeV

from 9 GeV to 1.5 TeV 8py, T~
Frank Tecker Linear Colliders — CAS Chios — Slide 23 22.09.2011
| |
i

it CLIC Layout at various energies @b

Linac 1 IP. Linac?2

0.5 TeV Stage —\[ I ],_
Injector Complex
.‘4 km'ﬂ .‘4 kmﬂ
f ~14km }
1 TeV Stage Linac 1 IP. Linac 2

=
Injector Complex

| }4—7.0km—>\ ‘(—Tokm—){ |

I ~20 km |

3 TeV Stage
Linac 1 IP. Linac 2

%

Injector Complex

20.8 kmy } 3 km } 3km ;‘ 20.8 kmy 5

A
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e

CLIC — overall layout 3 TeV

797 klystrons Drive Beam . ¢ 797 klystrons
15 MW, 139 ps | | | Generation ;'éf:ynfoirs%% m | | | 15MW,139ps
drive beam accelerator Complex CR12922m drive beam accelerator
2.38 GeV, 1.0 GHz CR24383m 2.38 GeV, 1.0 GHz

2.5km
Drive Beam |

M _ BDS BDS
2.75 km-IP 2.75 km

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

2.5km

e* main linac

N\ [
48.3 km
(ansean ) \/

| booster linac, 6.14 GeV

CR combinerring
TA  turnaround

DR damping ring
PDR predamping ring

e” injector, e* injector, BC bunch compressor
Main Beam 2.86 GeV e 2.86 GeV BDS beam delivzry system
Generation ;92':1 IP  interaction point
Complex E  dump
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e
o

CLIC main parameters

Center-of-mass energy 3 TeV
Peak Luminosity 6:-10%* cm=2 s
Peak luminosity (in 1% of energy) 2-103%4 cm2 s
Repetition rate 50 Hz
Loaded accelerating gradient 100 MV/m
Main linac RF frequency 12 GHz
Overall two-linac length 42 km
Bunch charge 3.7-10°
Beam pulse length 156 ns
Average current in pulse 1A
Hor./vert. normalized emittance 660/ 20 nm rad
Hor./vert. IP beam size before pinch 45/ ~1 nm
Total site length 48.3 km
Total power consumption 415 MW

Frank Tecker

Linear Colliders — CAS Chios — Slide 26

22.09.2011



ile - CLIC drive beam scheme &

© Very high gradients possible with NC accelerating structures at high
RF frequencies (30 GHz — 12 GHz) and short RF pulses (~100 ns)

« Extract required high RF power from an intense e- “drive beam”

© Generate efficiently long beam pulse and
compress it (in power + frequency)

Klystrons Power stored in Power extracted from beam
Low frequency electron beam in resonant structures  Accelerating Structures
High efficiency High Frequency - High field

Long RF Pulses Electron beam manipulation Short RF Pulses
Po Vo, To Power compression PA = Po X N1
Y Frequency multiplication Ta =T/ N,
Va= voX N3
Frank Tecker I Linear Colliders — CAS Chios — Slide 27 I 22.09.2011
.’P ° ° .
in Drive beam generation basics |

® Efficient acceleration
RF in No RF to load

Full beam-loading 11 1T
acceleration in
traveling wave sections

I
14

High beam Most of RF power
current (>95%)
“short" structure - low Ohmic losses to the beam

© Frequency multiplication

. . . Po . Vo
Beam combination/separation

by transverse RF deflectors

Transverse
RF Deflector, v,

ZXPO,2XVO

/\./;\/o\/ Deflecting
Field
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,,’,‘: Beam combination by RF deflectors @

Transverse
RF Deflector, v o

2 xP, ,2 x v,

Deflecting
,//.\\.//.\\.//.\\./// Field
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,,'{,' Beam separation by RF deflectors @b

Po/2, vyl 2
K

Transverse
RF Deflector, v, /2

<
Pyl 2, vyl 2

Deflecting
//’\\o//.\\o//.\\o//, Field
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,,’,': Delay Loop Principle @!b

<« double repetition frequency and current
« parts of bunch train delayed in loop

©® RF deflector combines the bunches

Acceleration Delay Loop
3 6Hz

ANANAANR
JVVV VYV VU

180° phase switch in
Deflection ¢ — SHB

even
buckets

15 GHz
JANRVAN /A PR
o uckets
\’/ \‘/ NS RF deflector
156Hz
140ns odd buckets 20 cm 140ns oddreven 10cm
sub-pulse length even buckets between pulse length 1;10 ns buckets between
<> / bunches «—>  Pyse gap/ bunches
LR LS S LTI ‘ (S TS // IR
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,',’E RF injection in combiner ring (factor 4) &

< combination factors up to 5 reachable in a ring

Cring - (l’l + 1A‘) )L

¢ injection line
1stturn °. septum o 2nd
™ el
1st deflector 2nd deflector Tl
- _—e.
— e <—@--o0------- 0 ------- oll—eo
local ; ____________ -7
inner orbits
A
RF deflector /’\ /‘\ 0 /’\ / ya
fied /N N\ V4
C,,;,, has to correspond to the distance of pulses from the previous combination stage!
3rd ‘~\\\ .~~\\ 4rd
e e
— \\°‘~ —\ \‘
H"’.“M cooflo—o--0--o--o ifleces
_____ - ~~_____.___— -
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,,’,‘: CLIC Drive Beam generation @

Delay Loop x 2

gap creation, pulse
compression & frequency
multiplication

Drive Beam Accelerator
efficient acceleration in fully loaded linac

® RF Transverse
Deflectors Combiner Ring x 3
pulse compression &

Combiner Ring x 4 frequency multiplication

pulse compression &
frequency multiplication

CLIC RF POWER SOURCE LAYOUT

Drive Beam Decelerator Section (2 x 24 in total)

\

: Power Extraction

Drive beam time structure - initial Drive beam time structure - final
240 ns 240 ns
LU L L L =) — o8 us
140 us train length - 24 x 24 sub-pulses -, i M .
4.2 A-24GeV - 60 cm between bunches 24 pulses - 101 A - 2.5 cm between bunches
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ile CTF 3 @

© demonstrate Drive Beam generation
(fully loaded acceleration, bunch frequency multiplication 8x)

© Test CLIC accelerating structures

© Test power production structures (PETS)

Bunch length

30 GHz "PETS Line" Delay Loop - 42m  Combiner Ring - 84m

chicane
RF deflector / TL1
Injector Linac I
\4A— 1.2us
150 MeV |

1

L¢ | 1
Se 7
Laser
16 l =14 == =1
Wil = 32A—140ns \ =
30 GHz test area 0 MeV

CLEX TL2
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,,’,': CTF3 Delay Loop

RF DEFLECTOR

S
INFN
o mmns
4_:
o i . -
- SIM 14-11-2005 A.ZOLLA
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,','E Delay Loop — full recombination Qb

_» CT.STBPMO515S
o CT.STBPMO430S

|

beam before the DL

beam after the DL

-6.0

| y

5400 5500 5750 6000 6250 6500 6750 7000 7250 7400
SK02({ns)

© 3.3 A after chicane => < 6 A after combination (satellites)

demonstrated in CTF3
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,'.,I,‘: Demonstration of frequency multiplication ‘,_'L

Combination factor 5

CTF3- PRELIMINARY PHASE

sty Streak camera image of
. .‘\.\\ AJ5 (2 cm) M beam time structure evolution
o._ vol~ A= .
PR < Successful low-charge demonstration of 15t turn
M—;—"@" “‘°‘szloo.0.o_ electron pulse combination and bunch
D frequency multiplication by up to factor 5
o/.\o o/'\o b/.\q ( streak camera RF deflectors
o g

) I g )5 \.\- 3 ) measurement / :
> 7 & y
W‘;
5532

Ao =10 cm & %
-t
A Ot o 5 — 9 Al omocn—mio @S 4

in linac Bunch spacing
333 ps
(111 (L1 (L1 (111 (L1
—
420 ns Beam Current 0.3 A
\ (ring revolution time)
Bunch spacing
— BN o Beam structure
Beam Current 1.5 A after combination time
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l'lll': CTF3 preliminary phase (2001-2002) A

RF injection in combiner ring Combination factor 4

A X

S?ps

—+ VY

Streak camera images of the beam, showing the bunch
combination process

A first ring combination test was performed in 2002, at low current and short pulse, in
the CERN Electron-Positron Accumulator (EPA), properly modified
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ile Factor 8 combination (DL+CR) Qb

< combined operation of Delay Loop and Combiner Ring (factor 8 combination)

© ~26 A combination reached, nominal 140 ns pulse length

< = Full drive beam generation achieved (in 2009)

@ @ 5'0
30A
—| 0.0 ‘ \
1 \ ]
-5.0 ¢ |
-10.0 o CL.SVBPMOS02S
k ||+ o svmasas
. CT.SVBPI04875
-15.0 Current from _o- CD.SVBPI04655
Linac . CT.SVBPMO515S
_e CT.SVBPIO758S
0.0 Current after . CR.SVBPI01305
' Delay Loop /
-25.0 . . .
Current in the ring |
-30.04, | | | ! . ! . : v
5500 5600 5800 6000 6200 6400 6600 6800 7000 71

SK02(ns)
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i ~ Lemmings Drive Beam »

Alexandra

Andersson

Frank Tecker I Linear Colliders — CAS Chios — Slide 41 ZW
,',’,': Power extraction structure PETS AR,

« must extract efficiently >100 MW power from high current drive beam

«© passive microwave device in which bunches of the drive beam interact with
the impedance of the periodically loaded waveguide and generate RF power

« periodically corrugated structure with low impedance (big a/A)

© ON/OFF e
mechanism )

The power produced by the bunched
(wp) beam in a constant impedance
structure:

Design input parameters PETS design

t t
P=1’I’F w, RIQ
V4

P - RF power, determined by the
accelerating structure needs and
the module layout.

I - Drive beam current

L - Active length of the PETS

Fy, - single bunch form factor (% 1)
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,,’,‘: Simulation of RF Power Transfer &!@

time: EEI ns Accelerating structure

« The induced fields travel
along the PETS structure
and build up resonantly

\

Low group velocity
requires simulations with

100k ti
PETS structure 00k time steps

- p
T3P models realistic, complex A%D

accelerator structures with ADVANCED COMPUTATIONS
unprecedented accuracy

Arno Candel, SLAC
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,-,’E RF structures: transverse wakefields @

© Bunches induce wakefields in the accelerating cavities
« Later bunches are perturbed by the Higher Order Modes (HOM)

« Can lead to emittance growth and instabilities!!!

« Effect depends on a/A (a iris aperture) and structure design details
« transverse wakefields roughly scale as W, ~ f

«© less important for lower frequency:
Super-Conducting (SW) cavities suffer less from wakefields

© Long-range wakefields minimised by structure design
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,',',‘: Accelerating structure developments

Damping
waveguide

« Structures built from discs ,

© Slight detuning between cells makes Test results
HOMs decohere quickly ! —
18.1 GHZ‘—\_' scillation Frequency

« Each cell damped by 4 radial WGs .
« terminated by SiC RF loads

Wy [VipC/m/mm]
=)

© HOM enter WG I
© Long-range wakefields T M—— | L
4 00 05 10 15 20 25 30 35 40 45 50
efficiently damped Time [ns]
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,",',': Accelerating Structure Results

© RF breakdowns N
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=> no acceleration
and deflection
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,',’,‘: Crucial for luminosity: Emittance

© CLIC aims at smaller beam size than other designs

© Implications: R.M.S. Beam Sizes at Collision in Linear

® Generate small emittance Colliders
in the Damping Rings 1000
«© Transport the beam to 'g sLcls
the IP without significant | 3 100 FFTB
blow-up & JATF2
£
©® Wakefield control g 10 ce] s / P
m 3TeV
: - ILC
© Very good alignment R — Gl 500
.. : £
« Precise intrumentation 9
0.1 !

© Beam based corrections
and feed-backs 10 100 1000

Horizontal Beam Size (nm)
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it Beam Delivery System

« reduce the beam size to a few x a few tens of nanometers
© many common issues for ILC and CLIC
« diagnostics, emittance measurement, energy measurement, ...

« collimation, crab cavities, beam-beam feedback, beam extraction,

beam dump Diagnostics Energy [Transverse;  Final
600 collimation collimation|Focus syste(r)n45
' ' 12 ' '
B — 104
500 1 By — 1035
o 400 " 108
S 414025 —
E 300} 102 £
Sﬂ {1015 ©
200 + 101
100 | 1005
410
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il CONCLUSION A

© World-wide Consensus for a Lepton Linear Collider as the next HEP facility to
complement LHC at the energy frontier

© Presently two Linear Collider Projects:

- International Linear Collider based on Super-Conducting RF technology
with extensive R&D in world-wide collaboration:

« First phase at 500 GeV beam collision energy, upgrade to 1 TeV

< in Technical Design phase

© CLIC technology only possible scheme to extend collider beam energy
into Multi-TeV energy range

© Very promising results but not mature yet, requires challenging R&D
© CLIC-related key issues addressed in CTF3 by 2011

® Possible decision from 2012 based on LHC results

» Looking forward to get interesting LHC results
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il Documentation about ILC/CLIC éa

© Int. Linear Collider Workshop 2010 (most actual information)

« General documentation about the ILC:
« General documentation about the CLIC study:
© CLIC scheme description:

© CERN Bulletin article:

© CLIC Physics
© CLIC Test Facility: CTF3
© CLIC technological challenges (CERN Academic Training)

© CLIC ACE (advisory committee meeting)

© CLIC meeting (parameter table)
© CLIC parameter note
« CLIC notes
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