Qﬂf’/% CLIC = Compact Linear Collider D)

The CLIC study for a future e* e linear collider

Louis Rinolfi / CERN




Qﬂ%’;‘?@ A very short history for CLIC

1985: CLIC = CERN Linear Collider

CLIC Note 1: “Some implications for future accelerators” by J.D. Lawson => first CLIC Note

1995: CLIC = Compact Linear Collider
» 7 Linear colliders studies (TESLA, SBLC, JLC., JLCy, NLC, VLEPP, CLIC)

2004: International Technology Recommendation Panel selects the Superconducting RF
technology (TESLA based) versus room temperature copper structures (JLC/NLC based)

=> International Linear Collider study (ILC) at 1.3 GHz for the TeV scale
CLIC study at 30 GHz continues for the multi-TeV scale

2006: CERN council Strategy group (Lisbon July 2006) => *“... a coordinated programme
should be intensified to develop the CLIC technology ... for future accelerators....”
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2007: Major parameters changes: 30 GHz => 12 GHz and 150 MV/m => 100 MV/m
First CLIC workshop in October

2008: Successful test of a CLIC structure @ 12GHz (designed @cern, built @kek, RF tested @slac)

20009: Preparation of the Conceptual Design Report (CDR) for the end of 2010

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi
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CLIC

Qﬂf%@ General Physics context D)

LHC expectation:

LHC will indicate what physics should be investigated and at what energy scale:
Is 500 GeV (c.m.) enough ? Do we need multi-TeV energy ?

LHC results would establish the scientific case for a Linear Collider

CLIC expectation:

CLIC nominal energy study is 3 TeV.

However the present design is done in order to run over a wide energy range: 0.5 to 3 TeV
(studies have been performed up to 5 TeV).

http://clic-study.web.cern.ch/CLIC-Study/Design.htm
Physics motivation:

"Physics at the CLIC Multi-TeV Linear Collider”:

report of the CLIC Physics Working Group, CERN report 2004-5

http://clic-meeting.web.cern.ch/clic-meeting/CLIC_Phy_ Study Website/default.html
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wa% One or two detectors ? EN

CLIC < )

5 good arguments for 2 detectors: K. Peach / JAI

Last week at the
CLI1C09 workshop

1. Sociological argument
Too many physicists for 1 detector
2. Moral argument
Two detectors keep us honest
3. Risk argument
If one breaks, we have another
4, Systematic error argument
2 detectors with different systematic errors
when combined give much reduced systematic error
5.  Statistics argument

low statistics regions of phase space
need 2 detectors to separate signal from noise

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂ:’/% CLIC R&D prospects

Present R&D proceeds with the following requirements::

» Energy center of mass E,, = 0.5 - 3 TeV, and beyond

» Luminosity L > few 1034 cm-2 s 1 with acceptable background and energy
Spread

» Design should be compatible with a maximum length ~ 50 km
» Total power consumption < 500 MW

» Affordable (CHF, €, $, £,...... )

Present goal:

Demonstrate all key feasibility issues and write a Conceptual Design Report
(CDR) by December 2010

CLIC seminar at JAI Oxford 22 October 2009
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Qw’c:uc‘“

e Circumference : 27 km

 Power consumption (1998):

LPT (LIL + EPA) @ 0.5 GeV:
PS @ 3.5 6GeV:

SPS @ 450 GEV :

LEP @ 100 GeV :

4 Detectors:

e Cost: ~ 3.5 BCHF

CLIC seminar at JAI Oxford

Some figures for LEP

LEP = Large Electron Positron collider

1 MW
12 MW
52 MW
120 MW

CERN's Chain of Accelerators

aa ARE.
LEP/LHC

138 proton/antiproton conversion LIL : Linear Injector for LEP
EPA : Electron-Positron Accumulator
PS : Proton Synchrotron

52 MW (Aleph, Delphi, L3, Opal)

e*e~linacs

AD (In preparation)

SPS : Super Proton Synchrotron
LEP : Large Electron-Positron Collider
LHC: Large Hadron Collider

22nd October 2009
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http://clic-meeting.web.cern.ch/clic-meeting/CTF3_Coordination_Mtg/Table_MoU.htm
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World-wide CLIC&CTF3 Collaboration

Aarhus University (Denmark)
Ankara University (Turkey)
Argonne National Laboratory (USA)
Athens University (Greece)

BINP (Russia)

CERN

CIEMAT (Spain)

Cockcroft Institute (UK)

Gazi Universities (Turkey)

> 33 Institutes involving 21 funding agencies and 18 countries

FIRY

Helsinki Institute of Physics (Finland)
IAP (Russia)

IAP NASU (Ukraine)

INFN / LNF (lItaly)

Instituto de Fisica Corpuscular (Spain)
IRFU / Saclay (France)

Jefferson Lab (USA)

John Adams Institute (UK)

JINR (Russia)

Karlsruhre University (Germany)
KEK (Japan)

LAL / Orsay (France)

LAPP / ESIA (France)

NCP (Pakistan)

North-West. Univ. lllinois (USA)
Oslo University (Norway)

Patras University (Greece)

Polytech. University of Catalonia (Spain)
PSI (Switzerland)

RAL (UK)

RRCAT / Indore (India)

SLAC (USA)

Thrace University (Greece)

Uppsala University (Sweden)



International Linear Collider (ILC) (&N

» 11km SC linacs operating at 31.5 MV/m for 500 GeV

- Centralized injector
- Circular damping rings for electrons and positrons
- Undulator-based positron source

- Single IR with 14 mrad crossing angle
» Dual tunnel configuration for safety and availability

~31 Km

Reference Design — Feb 2007

Not to Scale

¢
e-lfe+ DR ~6.7 Km

RTML

O e

30m radius

RTML

' m

Beamine e+ Linac

UNDULATOR  geamiine

e- Linac
Keep-alive or

~1.33 Km
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Qw’c:uc‘“

ILC/CLIC Collaboration Working Groups
CLIC ILC
Physics & Detectors L.Linssen, F.Richard, S.Yamada
D.Schlatter
Beam Delivery System | L.Gatignon B.Parker, A.Seriy
(BDS) & Machine D.Schulte,

Detector Interface (MDI)

R.Tomas Garcia

Civil Engineering & C.Hauuviller, J.Osborne,

Conventional Facilities |J-Osborne. V.Kuchler

Positron Generation L.Rinolfi J.Clarke

Damping Rings Y.Papaphilipou M.Palmer

Beam Dynamics D.Schulte A.Latina, K.Kubo,
N.Walker

Cost & Schedule P.Lebrun, K.Foraz, |J.Carwardine,

G.Riddone P.Garbincius, T.Shidara
B. Barish 12-Oct-09 Global Design Effort

CLIC Worksho

CLIC seminar at JAI Oxford
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Qﬂf*“% The basic layout for a Two-Beam scheme D)

CLIC < )

Drive Beam decelerator From Drive Beam generation

m\:mﬁmm O

BDS -
4 m 2.75 km 2.75 km
P & main linac *~ =" : &" main linac

— / N\ E——
From Main Beam generation
Main Beam accelerator complex

> High acceleration gradient and high frequency
» “Compact” collider
» Normal conducting accelerating structures

»Two-Beam Acceleration Scheme

» Simple tunnel, no active elements

* Modular, easy energy upgrade in stages

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



O s The CLIC tunnel in October 2009

CV - Extraction 1m2
CV - Air supply 1m2

Drive beam

Electronic racks + Shielding
Fire fighting water DN8O [
. Q
Inner Telescope - . =N 02 5 Main beam
: - \ ©
EL - 3 Cable trays 520mm ﬁ —t H00 .
: \
Spreader (120mm) — | . . | {7%7m47 B T R
- 0 [Te]
Compressed air DN150 L . e ; «
. ) 797 - =+ o
CV pipes - Sector B ! : I w| ©
" = =
. I o
- o
L ©
y
. Q Q
. Y
60 % i (DB. i (%)
d)?« \“‘ gb | @%‘ ¢)
Drive beam ‘“\.\ ! } ! “_,”' EL - 3 Cable trays 520mm
Main beam T | ---- o Safe passage

Demineralized water DN40

Transport train

CV pipe + Damping material - Sector A

Drainage CV Pipe + Damping material - Sector A

CLIC - Typical Cross Section - Diameter 4500mm - Junction with Turnaround - 1:25
Draft - J.Osborne / A.Kosmicki -October 12th 2009

e e e
CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi
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Qﬂ%’;‘?@ Why CLIC parameters changed in 2007 ? D)

» Close to maximum Performance and minimum Cost

> Very close to the NLC and JLC frequency: 11.4 GHz
Use the wide expertise at SLAC and KEK

» Stand alone power sources available
> Easier fabrication (tolerances, vacuum)

» Nominal accelerating gradient already demonstrated at low breakdown rate

Structure T18 vg4.2

» designed by CERN

* built at KEK,

» assembled and bonded in SLAC
» tested at SLAC (NLCTA).

100 MV/m, 240 ns,
107 m1 brkdwn rate

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂ:ﬁﬁi General CLIC layout for 3 TeV

Drive Beam Generation

326 klystrons i 326 klystrons
33MW,139ps | | | drcumferences | | | 33MW,139ps
. delay loop 72.4 m :
drive beam accelerator CR1 1448 m drive beam accelerator
CR2 4343 m
) 1km - ) 1km ]

delay loop »— 4 delay loop

decelerator 24 sectors of 876 m

BDS -
45 m 2.75 km 2.75 km
TAr=120m € main linac, 12 GHz, 100 MV/m, 21.02 km IP e* main Ilnac TA radlus —120m
[ —\ - >
48.3 km
CR combiner ring
TA turnaround
DR damping ring

PDR predamping ring

BC bunch compressor
BDS beam delivery system
IP  interaction point

B dump

I booster linac, 6.14 GeV

e~ injector,

e* injector,
2.86 GeV

2.86 GeV

Main Beam Generation

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂmuc(ﬂ CLIC nominal parameters at I.P. D)

Center-of-mass energy 3 TeV October 2009
Peak Luminosity 5.910%% cm=2?st
Peak luminosity (in 1% of energy) 2-10%% cm=2 st
Repetition rate 50 Hz
Loaded accelerating gradient 100 MV/m
Main linac RF frequency 12 GHz
Overall two-linac length 42 km
Bunch charge 3.72-10°
Bunch separation 0.5ns
Beam pulse duration 156 ns
Beam power/beam 14 MW
Horizontal / vertical normalized emittance 660 /20 nm rad
Horizontal / vertical beam size before pinch 40/ 1 nm
Total site length 48 km
Wall plug to beam transfer efficiency 6.8 %
Total power consumption 415 MW

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



CLIC Two-Beam module D)

Drive beam - 100 A, 240 ns
from 2.4 GeV to 240 MeV

QUAD

QUAD
POWER EXTRACTION

STRUCTURE (PETS)

ACCELERATING
STRUCTURES

12 GHz with 2 x 64 MW

Main beam — 1 A, 156 ns
from 9 GeVto 1.5 TeV

BPM

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



CLIC Two-Beam Module

PETS (OCTANTS, MINI-TANK) DB QUAD PETS ON-OFF
= MECHANISM

RF DISTRIBUTION

COOLING CIRCUIT

MB QUAD

CRADLE

CHOKE-MODE
FLANGE

GIRDER

/ ALIGNMENT
SYSTEM

ACCELER. STRUCTURE
(BRAZED DISKS)

/RF LOAD_ i

VACUUM
MANIFOLDS

BEAM
/ INSTRUMENTATION

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



CLIC Two-Beam Module

< 2010 >
< 324 < Qam—-l <o
WS — 231 —— 8
1
[Orivebeam ] /Y|  PETS |} PETS |i[—i| Q PETS | PETS |§[i| Q
- R |
’J €30
|
- ac. ac. ac. ac. | [ ac. ac. ac. ac.
structure == structure == structure == structure || structure - structure == structure == structure %
30— ple—— 50— » |
2010
Girder For the 2 x 21 km linacs
20760 CLIC modules of 2.010 m each
71460 Power Extraction and Transfer Structures (PETS) for the Drive Beams
143010 CLIC Accelerating Structures (CAS) for the Main Beams
CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂf%@ CLIC Main Beam Injector complex

45T N 275 k[ N 2.75 A 5
TAradius=120m & main linac, 12 GHz, 100 MV/m, 21.02 km e* main linac TA radius = 120 m
- N\ [/ -

48.3k m
| booster linac, 9 GeV

BC1

e~ injector, 2.4 GeV e’ injector, 2.4 GeV

Main Beam
generation complex

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



e- Main Linac

et Main Linac

Q
£ 3 TeV

1 -

Unpolarized e* - _
e Base line
@ : .
configuration
2.86 GeV 2.86 GeV
2.86 GeV 2.86 GeV
Q
e
=
S
2
. ely y/et . = .
Primary beam Tardet  Taraet Pre-injector Pre-injector | aser
Linac for e arge arge = Linac for e* Linac for e % DC gun
|y 5GeV —— Polarized e
€ gun 2 GHz 2 GHz
9 2 GHz AMD
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Qﬂfgjﬁ.ﬂ Flux of e*
SLC CLIC ILC LHeC

e*/ bunch 3.5 x 1010 0.67x10% 2 x 1010 1.5x1010
Bunches / 1 312 2625 20833
macropulse
Macropulse 120 50 5 10
Rep. Rate.
e* / second 0.042 x 104 | 1 x 104 2.6 x 1014 | 31 x 1014

CLIC seminar at JAI Oxford
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The challenge of the small beam emittances

@

Normalized rms emittances at the Damping Ring extraction

Horizontal Emittance (urad-m)
0.1 1 10 100
10.000
SLC
£ 1.000
©
o
2
(<]
O
c
S 0.100 ILC
5 CLIC 1 | Gev 50
= GeV 500
2 CLIC ¢
g 0010 TeV 3 *
. ATF
CLIC DR achieved
00047 design F
0.001
01 0370 1 10

10
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Beam sizes at collisions

Vertical Beam Size (nm)

R.M.S. Beam Sizes at Collision in Linear

1000

-
-

=
-

O

Colliders
SLC ‘
FFTB

L

¢ ATF2

. 0/:

ILC
CLIC CLIC 500
3000 500
\
40
10 100 1000

Horizontal Beam Size (nm)
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The challenge of stability

Stability requirements (> 4 Hz) for a 2% loss in luminosity

QDO

Magnet Horizontal Vertical
jitter jitter

Linac (2600 quads) 14 nm 1.3 nm

Final Focus (2 quads) 4 nm 0.15 nm

CLIC seminar at JAI Oxford

22nd October 2009

H,O molecule
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CLIC *

326 klystrons
33 MW, 139 us I | |

drive beam accelerator 2.38 GeV, 1.0 GHz

CLIC Drive Beam complex

Drive Beam
generation complex

[ |
1 km
delay loop »
S
N,
BC2 TTL01 madyld) L ddy ma Lyl o

CLIC seminar at JAI Oxford

22nd October 2009

circumferences
delay loop 72.4 m
CR1 144.8m
CR2434.3m

326 klystrons
33 MW, 139 us

drive beam accelerator 2.38 GeV, 1.0 GHz

1 km

[
4 delay loop

-
nn NRRR

decelerator, 24 sectors of 876 m

s
r

; BC2
RURA R Lo o Lo .

Y
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Qﬂ,wc@ What does the RF power source do ? D)

5 A

The CLIC RF power source can be described as a “black box”, combining very long beam
pulses, and transforming them in many short pulses, with higher intensity and with higher
frequency

Accelerator Power stored in Power extracted from beam Decelerator
Linac electron beam in resonant structures Linac

Long beam pulses

l, Aty, T, Electron beam Short beam pulses
manipulation l;=1,x N
At; = Aty /' N
f,=f,xN

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂf?ﬁb The Drive Beam generation

CLIC *
i,. h,‘
: - - Delay loop x 2
. _Drlve Bea_m Accelerator_ ‘,‘ \'gap creation, pulse compression
efficient acceleration in fully loaded linac . e & frequency multiplication
R4 N,
'\’l—l Q,‘
yemiE— 0 imy, ® Transverse RF Deflector, <
'\’ “/‘ i ‘

’ N .{_' } Combiner ring x 3
i ‘ ‘ ! pulse compression &
= Combinerring x4 3 \, &  frequency multiplication
: : -~ -

- pulse compression & =
‘ frequency multiplication '
N\, R 4
~, a1 \ ; i
\ Drive Beam Decelerator Sector (24 in total)
L Sul
Power Extraction
Drive beam time structure - initial Drive beam time structure - final
240ns 240 ns
L P PP PP L - ‘ > e >
140 ps total length - 24 x 24 sub-pulses - 4.2 A _, mi T —
2.4 GeV - 60 cm between bunches 24 pulses — 100 A — 2.5 cm between bunches

CLIC seminar at JAI Oxford 22 October 2009
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Qﬂmuc(ﬂ A very short overview of the CTF stages D)

5 A

1988-1995: CTF = CLIC Test Facility 1

First Test Facility with a single beam making demonstration of acceleration with high gradient
based on 30 GHz RF power

1995-2002: CTF 2= CLIC Test Facility 2

Second Test Facility for demonstration of the two beams acceleration concept

High gradient tests in single cells 30 GHz cavities

2001-2003:

Third Test Facility for demonstration of the RF frequency multiplication by a factor 4

2003-2010: CTF 3 =CLIC Test Facility 3

Demonstration of the fully loaded linac and all CLIC technology-related key issues initially listed
in the ILC-TRC 20083 report and reviewed by the CLIC Advisory Committee in May 2009

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂf”“% Recombination of electron beam pulses

streak camera

measurement
Transverse RF deflectors
Recombination tests (or RF frequency T7\
multiplication) were performed in 2002, at :L / \
low current and short pulse. : - R

LIL

Beam structure Beam structure

in linac — 4 pulses after combination
(factor 4)
Bunch spacing Bunch spacing
6.6 ns 420 ns 333 ps 83 ps
T L1111 T L1111 —
= P Pulse Length 6.6 ns
total length 1.3 ms - Peak Beam Current 0.3 A Beam Peak Current 1.2 A

e e
CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi




QM»ET?«; Streak camera images 7

Recorded during the CTF 3 Preliminary phase

~—~t

4t turn

Showing the bunch combination process or RF
frequency multiplication by a factor 4

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂ:ﬁﬁi} CTF3 evolution @)

o Ay

DL = Delay Loop CR = Combiner Ring

2003 (factor 2) (factor 4)
2004 TL1 2006
Injector with 2005 / i

thermipnic gun :
/ Drive Beam Accelerator L

] [ 1

[ —— (B

TL2
2007/2008
30 GHz production _
(PETS line) TL1and TL2 = Transfer Lines
and Test Stand for CLIC structures CLEX = CLIC Experimental area

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi
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Delay Loop

: ]
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CLIC seminar at JAI Oxford

Delay Loop Injection area
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Qﬂ;ﬁ‘f@ Beam recombination in the Delay Loop @)

- factor 2 combination — O/ cr

- current about doubled, from ~3.5 A to ~6.5A =
(0.5 A in satellites)

o CL.SVBPMO402S
— CL.SVBPMOS02S

Current in | . El;.svnpmgg:
1.9 the Delay =

Current
after Delay

.0, Current from

o Linac

5000 5500 6000 6500 7000 7500
SE02(ns)

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Combiner Ring

1 ﬂlll S T
Septa

RF deflector

CR

Kicker

Dipoles

suNy - X cx.skey02 X/ cx.erFp02 Xl cx.Teuw X | SETUP[1] SPECT_CT
).00000 | 0.00000 7300.00000 | 7150.00000 | 2007 Nov 29 13:58:28
|[MOZISS - CT.SVEPMUS1SS - CT.SVBEMDIISS - CT.SVBPTOS225 - CT.:X

CL . SVBPML5905

.
_+ CT.SVBEMOZ15S
o CT.SVBPMOS15S
_+ CT.SVBEMO3355
o CT.SVBPIOG22S
_+ CT.SVBPIO7585
_o CR.SVEPI01305
0.
2.0
1.0
A 6786
-6.0
-8.0
. SBUN
-10.
5600 5800 6000 6200 6400 6600 6800 7Fooo

SK02(ns)

Quadrupoles Extraction line ® CcC

First combination with a factor 4
(November "07)
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s v Beam recombination in the Combiner Ring

D)

CLIC * 7
< factor 4 combination achieved with 15 A, 280 ns @
- - ~ /
(without Delay Loop) —
— Current from
4.0 Linac
o CL.SVBPMO402S
o 1% turnof 1% o e
A pL”SG 6794 _s CL.SVBPM15905
o o FR.S‘E'BPII]IEI]S
CL . SVBPMO4025 -4. 56877
0 2nd turn of 1st pu|5e and CL . SVBPMDS025 -4.03190
1st turn of 2nd pulse e —
_12.0 } C:R SYBPI01305 —lé 09200
d .
3 turn of 1% pulse, Current in the
-14.0 2" turn of 2" pulse, f ring
» 15t turn of 3" pulse «— | All4

5200

CLIC seminar at JAI Oxford

5500 5750 6000 6250 6500
SE02({ns)

6750

7000 7200 pu Ises
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Beam recombination in both rings G

5 A

© factor 8 combination achieved with 26 A, 140 ns
(Delay Loop + Combiner Ring))

0.0

-5. 01

-10. 04

o CR.SVBPMO155S
o CT.SVBPIO758S
o CL.SVBPMOS02S

Current
from

-15. 01 )
Linar
Current !

-20. 04 af-l-eru / '

Delay Loop !
el Current in the

ring
-28. 0 : i r ' r T T
EEI]I] LS00 6000 6200 6400 6600 6800 F000
SED2(ns)
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Beam recombination with better pulse shape

D)

5 A

2009 oct 01 19:16:55

"’ wa .t f

e . T i — — —— | . —— ] . e e e e S e e

-10. 0
L
A CL . SVEPMOS025
_15. [ CL . SVBPMO4025 SVEPMDS025 -4.04012 1
CT.SVBPMD5155 SVBEMO4025 _4.65195
CT.SVBPIO7SES
_2[' r I]' m. S‘FBPII]IEI]S S‘FBP}'{I]EIES _5 - 3324[' .
CL . SVEPMI5905 SYBPIOTSES _6.82660
s CD. SYBPTO4145 SVEPT01305 _97.60800
' SYEPMI5905 _3.89040 "qhh"q_h‘"q_h‘""‘“‘*—-=~___,ﬂ_ﬁ;
_3I] = I]- T T T T T T T T T T
5200 5400 5600 L8000 6000 6200 6400 6600 6800 7000
SED2ins)
eSS e
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__C-“C;_) Injection region in the Combiner Ring

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂ%’:ﬁ; Coherent Diffraction Radiation (CDR) experiment

~_ Royal Holloway
University of London

0 1 2 3 4 5
Frequency (Hz) x 10"

Diffraction radiation when a charged particle moves close to a medium
Interferometric measurements extract information on longitudinal beam profile

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



I
797/ COMBINER
RING

recombination
X 4

DRIVE BEAM
LINAC

recombination

10 m X 2
CLIC Experimental Area

fully loaded

acceleration
two-beam

acceleration
phase-

coding
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CLIC - CTF3 infrastructures D)

}'-,d.:-

CLEX hall ¥ 201 O

CLEX

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



CLEX Layout

Test Beam Line (TBL)
decelerator

Two-Beam
Test Stand
(TBTS,

Probe beam

Space reserved for
Instrumentation Test Beam line
(ITB)

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



CLIC seminar at JAI Oxford

Two Beams in CLEX

- Probe Bea

22nd October 2009
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o)

Probe Beam CALIFES

180 MeV

bunch charge 0.6 nC
number of bunches 1 or 32 or 226

10

RF pulse compression

2 x 45 MW (H

VU

e
:T

20 25 25 beam dump
[ I quadrupdles
17 MV/m 17 MV/m
acceleration acceleration

1]
C’J‘l 15 MV/m
compression

|

rf gun cavity focusing coils

CALIFES=Concept d’Accéelerateur Linéaire pour Faisceau d’Electrons Sonde

CLIC seminar at JAI Oxford
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Qﬂf% Problem with RF deflecting cavity CALIFES ? (@)

CLIC < )

15t May 09: The conditioning of the deflecting RF
cavity experiences too high reflected power (-13 dB).
After many investigations, we suspected an obstacle
in the long waveguide line (~80 m) from the klystron
MKS14 to the deflecting cavity.

Reflectometric method allows to spot this waveguide.

IO O
0 1 2 3 4 s

RUNMOLD

Cavity OFF Cavity ON
Gy = 0.24 mm Gy = 1.47 mm

Object found inside the RF wave guide. It was a device = Electron bunch length ¢, = 1.42 ps

used in the brazing oven ]
with a laser pulse o, =7 ps
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Variable
phase shifter

Drive PETS input

beam

RF power produced by PETS D)

To the Load

Variable Splitter

' (coupling: 0—1)

PETS output

CLIC seminar at JAI Oxford

> achieved 125 MW @ 266ns
In RF driven test at SLAC

> Max power reached ~140 MW (peak)
< with a total pulse length ~ 200 ns
at CTF3 (6A e- beam current with
recirculation) in TBTS line:

*no flat top
* still RF breakdowns

22nd October 2009 L. Rinolfi



Beam up to 10 A through PETS ==> 20 MW max produced

at a pulse length of 280 ns

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



I @)
From CTF3 to CLIC

CTF3 CLIC
Energy GeV 0.15 2.4
Current A 32 100
Normalized (geom) emittance mm mrad 100 (0.3) 100 (0.02)
Pulse length ns 140 240
train length in linac us 1.2 140
RF Frequency GHz 3 1
Compression factor 2 x4 2x3x4

CLIC seminar at JAI Oxford
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Longitudinal section on CERN site
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Pﬂssible sit for
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(1@%’2‘5@ CLIC in HEP context Y_

Complementary to LHC

ILC CDR ILC "I'DRl ILC TDR2

CLIC CDR CLIC TDR
2008 \ | 2009 [}2010 | 2011 | 2012/| 2013 | 2014 | 2015[ | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

2007

LHC LH@ Operation + LHC upjrade

I---“I--..=-.l-
-_-_----l.=--------

SLHC Operation

EUROCARD
| | | | CN

RED, ConceptualDesign & Cost Estimafion Commissioring & Operaton

Project approval & final cost

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Qﬂ:’gﬁ@ Final remark @)

5 A

B. Barish / GDE

Last week at the
CLICO09 workshop

The central frontier of particle physics is and will continue to be the
energy frontier!

The LHC will open a new era at that frontier and its discoveries will
motivate the next machine --- a lepton collider.

That machine could be the ILC or CLIC (or maybe a muon collider).
Science must dictate the choice of machines, informed by the
realities of technical performance, readiness, risk and cost for each
option.

It is our jobs (ILC and CLIC design teams) to make sure our R&D
and design work will enable the best informed decision for our field.

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi



Conclusion D)

CLIC technology is today the only possible scheme to extend Linear Collider into
Multi-TeV energy range

Although very promising results have been achieved with the various tests
facilities, CLIC technology is not yet mature

Novel ideas are necessary in order to tackle the challenging CLIC R&D
The world-wide collaboration is certainly a major asset

A CLIC Conceptual Design Report (CDR) with cost estimate is expected by
2010 and a Technical Design Report (TDR) by 2015

Your participation is warmly welcome
to the CLIC and ILC studies

CLIC seminar at JAT Oxford 22nd October 2009 L. Rinolfi
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