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J.P.Delahaye for

The Compact LInear Collider Study Team

The CLIC study is a site independent feasibility study aiming at
the development of a realistic technology at an affordable cost
for an ex Linear Collider in the post-LHC era for Physics in the
multi-TeV center of mass colliding beam energy range.

http://clic-study.web.cern.ch/CLIC-Study/
CERN 2000-008, CERN 2003-007, CERN 2004-005

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 7



B 7Y Outline
pe— a1 ﬂCLIC—

* Linear Colliders: The world landscape

* The CLIC scheme

* Main challenges of novel technology
 What has been achieved so far

 What remains to be demonstrated

» CTEK3, the facility to address the key issues
* Plans and schedule

 Possible facilities at low energy

* Conclusion
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11 — _Worldwide CLIC collaboration
——"—""—>CLIC |
Ankhara University (Turkey): CTF3 beam studies & operation

BERLIN Technical University (Germany): Structure simulations 6dfidL
BINP (Russia): CTF3 magnets development & construction

CIEMAT (Spain): CTF3 kickers, septa, correctors & power supplies

CERN (Switzerland): Study coord., Structures devel., CTF3 const.&com.
DAPNIA (France): CTF3 probe beam generation, acceleration & meas.
Finnish Industry (Finland): Sponsorship of a mechanical engineer

INFN / LNF (Italy): CTF3 delay loop, transfer lines & RF deflectors
JINR & IAP (Russia): Surface heating tests of 30 GHz structures

KEK (Japan): Low emittance beams in ATF

LAL (France): Electron guns and pre-buncher cavities for CTF3

LAPP/ESIA (France): Stabilization studies

LLBL/LBL (USA): Laser-wire studies

North Western University (Illinois): Beam loss studies & CTF3 equipment
RAL (England): Lasers for CTF3 and CLIC photo-injectors

SLAC (USA): High Gradient Structure design&tests, CTF3 drive beam inj.
UPPSALA University (Sweden): Beam monitoring systems for CTF3
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Beam power radiation N

e — . . =
CLIC In storage ring

P = Plosses+ P

Beam Synchrotron Radiation

P Synchrotron Radiation Usk I beam
with Uy, =4n/3 r,m,c? (Jy)*/p : voltage by turn
= 88.5 kV X E [GeV]¥ p[m]
e.g. LEP: p=3096 m, |, , =2 X3 mA, L =10"cms!
Vs [GeV] 100 200 500

For comparison
Ugr [GV] 0.18 2.9 113 | Linear Collider

L =103 cm-2s-!
Py, [MW] 1.1 17 664 LTI

i90Cu_ e
Pl [MW] 16 Cu 11sC | Peeam= 24 MW
0.3 SC

—> Circular collider is too power consuming at high energy
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—Luminosity in SLD (1992-1998)

="/ 7>CLIC
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Broad range exploration

7

—
of technologies (1988 - 2005)
500
TESLA | SBLC | JLC-S | JLC-C | JLC-X | NLC VLEPP | CLIC
GeV
Techno Super | Norm | Norm. | Norm. | Norm. | Norm. | Norm. Two
" | Conduct | Cond. | Cond. | Cond. | Cond. | Cond. Cond. | Beams
f
[GHz] 1.3 30 2.8 5.7 114 114 14.0 30.0
33
&40 6 4 4 9 5 7 9 1-5
[cm-2s1]
’Dbea ~1-
[MV\”}] 16.5 7.3 1.3 4.3 3.2 4.2 2.4 1-4
Pac
(MW] 164 139 118 209 114 103 57 100
VE
[Xﬁo_gm] 100 50 4.8 4.8 48 5 75 15
G*
4 64 28 3 3 3 3.2 L 7.4
[nm]

J.P.Delahaye
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11.4 GHz - Warm

95 MW/m*400ns @ 50 MV/m

1.3 GHz - Cold

350 kW/m*1.3ms @ 35 MV/m

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 9



~““World consensus about a Linear Collid

e —— e ———
— CLIC asthe 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

-+ 2003: ILC-Technical Review Committee to assess the
technical status of the various designs of Linear Colliders

+ 2004: International Technology Recommendation Panel
down-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.
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T (|| @ «—Super-conducting technology .
for TeV Linear Colliders(1LC)
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Overall layout for a center
of mass energy of 3 TeV/c

J.P.Delahaye

- High acceleration gradient (150 MV/m)

¥

- “Compact” collider-overall length=33 km

* Normal conducting accelerating structures
- High acceleration frequency (30 GHz)

- Two-Beam Acceleration Scheme

¥

(4

- RF power generation at high frequency
 Cost-effective & efficient (~ 10% overall)

- Simple tunnel, no active elements
* "modular” design, can be built in stages

- Easily expendable in energy

CERN SUMMER STUDENT LECTURE 27-07-05 1z



1000

100

10

J.P.Delahaye

Loaded accelerating gradients in the TLC designs

Dark Current capture

Accelerating gradient (MV/m)

Surface heating
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CLIC Two-Beam scheme  |@]]

Drive beam - 150 A, 130 ns
from 2 GeV to 200 MeV

QUAD

POWER EXTRACTION
STRUCTURE

CLIC TUNNEL
CROSS-SECTION

ACCELERATING >

STRUCTURES

30 GHz - 230 MW

1 [d
Main beam -1 A, 100 ns ello
from 9 GeV to0 1.5 TeV BPM
CLIC MODULE o
(6000 modules/linac at 3 TeV) | @
3.8 m diameter O O
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NLC TUNNEL
CROSS-SECTION

TESLA TUNNEL
CROSS-SECTION
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327 km

13.75 km 5.2 km

FROM MAIN BEAM

13.75 km

Main Beams - 9 GeVie

154 bunches of 4 10 "¢+ ¢-
20 em between bunches

e

INJECTOR COMPLEX
3 _’J k\
¢ MAIN LINAC (30 GHz -150 MV/m) FINAL c e
FOCUS £

| — = o
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DRIVE BEAM DECEL FRAT[’)R
BUNCH COMPRESSION
624 m
1248 m 39m _ zvi:l :
INJECTOR  DRIVE BEAM ACCELERATOR 39m T e
937 MHz - 2 GeV - 3.8 MV/m _/'\ COMBINER
1 RINGS
) A | ) DELAY - 92 ps
22 drive beams of 1952 bunches ot 2 GeV
: | - 224 modulators / klystrons Charge 19 pC / beam - Energy 38 kJ / beam
O MW - 100 ps
5 M TEm 3% m
= ] ) between bunches
92 us
Mean current 4.6 A 352 trains of 122 bunches a1 2 GeV
92 us 64 cm between bunches Total cnergy 842 kI

42944 bunches up to 9.8 nC/bunch at 50 MeV
Total charge 420 nC

3 TeV CLIC LAYOUT WITH DRIVE-BEAM GENERATION

J.P.Delahaye
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171 S 'he CLIC main parameters
=e—=—=>CLI|C

J.P.Delahaye

Center of mass Energy (TeV) 0.5 TeV 3TeV
Luminosity (1034 cm-s1) 2.1 8.0
Mean energy loss (%) 4.4 21
Photons / electron 0.75 1.5
Coherent pairs per X 700 6.8 108
Rep. Rate (Hz) 200 100
10° ¢t/ bunch 4 4
Bunches / pulse 154 154
Bunch spacing (cm) 20 20
H/V ¢, (103 rad.m) 200/1 68/1
Beam size (H/V) (nm) 202/1.2 60/0.7
Bunch length (Lm) 35 35
Accelerating gradient (MV/m) 150 150
Overall length (km) 7.7 33.2
Power / section (MW) 230 230
RF to beam efficciency (%) 23.1 23.1
AC to beam efficiency (%) 9.3 9.3
Total AC power for RF (MW) 105 319
Total site AC power (MW) 175 410

CERN SUMMER STUDENT LECTURE 27-07-05
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171 ——Performances of Lepton Colliders
""" CLIC
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> CLIC

0.42 TeV Stage

CLIC Layout at various energies

Linac 1 IP. Linac 2

Injector Complex

%1.9 km’\“’\“’\‘l.g kmﬁ

1.5km 1.5km

1 TeV Stage Linac 1 IP. Linac 2
=
Injector Complex
F;S.O km*)lel.S km’lel.S km’h(;S.O km*%
%( 13.0 km ‘%
3 TeV Stage
Linac 1 IP. Linac 2
=
Injector Complex
%‘ 14.0 knm % 2.6 km ‘H’ 2.6 km JF 14.0 km %
% 33.2 km %

J.P.Delahaye
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L uminosity Scalino

N —)
CLIC Scaling laws for et+/e- Linear Colliders
(J.P.Delahaye et al: NIM A421-1999-p 369-405)

energy loss wall-plug to beam
by beamstrahlung efficiency wall-plug

2 \ ‘ / power
1/2

kb Nb frep 3 5 aneamx P

ArUem oy Oy P U gzylf\z

center-of-mass .
energy l! Ve-r"rlccﬂ
emittance

| =

- Vertical beam emittance at I.P. as small as possible
- Wall-plug to beam efficiency as high as possible
- Beamstrahlung energy spread increasing with c.m. colliding energies
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Edh Beam emittances at Damping Rings
CLI C
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Ultra low beam emittances

IS S—
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Ired and achieved magnet Stabilit)@

Stability requirements (>4 Hz) for a 2% Magnet Ix Ty
loss in luminosity
» Need active c.iamping of Linac (2600 quads) 14 nm 1.3 nm
4 vibrations

Final Focus (2quads) 4 nm 0.2 nm

Achieved stability CLIC tolerances

on CERN vibration test stand T 10g ety
= E
Test made in noisy environment, active oE o [ Linac folerance
damping reduced vibrations by a factor 2 E
about 20, to rms residual amplitudes of: £ - FF tolerance
IS 01 3
Vert. 09+0.1nm g : .
1.3 + 0.2 nm with cooling water ® - N
E o001p Table top =3
. ® C ]
Horiz. 0.4+0.1 nm 2 ] |
2 0.001 i Ll
. . 1 10 100
Big step towards believing that nanobeams can be Minimal frequency f... [Hz]

made colliding on sites with CERN-like stability
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Nanometer stabilisation  [©}

="/ 7>CLIC

L atest stabilization technology applied to the accelerator field
The most stable place on earth!!!

5 I ur 4 I'.
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S

. *

Stahilizing quadrupoles to the 0.5 MM level!
(up to 10 times better than supporting ground, above 4 Hz)

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 24



nnnnnnn ] —

17 ZERS Beam sizes at Collisions
RS S o _>CLIC<—
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0.95 1

0.5 Tt— — .
1 TeV ——
3 TeV — -
5 TeV
= 0.1
= ;
@
o
=
—
— 0.01
0.001 : :
0.8 0.85 0.9
E/EC
Energy (TeV) 0.5 1 3 5
Lin1% E_, 71% | 56% | 30% | 25%
Lin5% E., 87% 71% | 42% | 34%

J.P.Delahaye

Momentum spread after
collision increases with
colliding beam energy.
Substantial luminosity
from particles within small
momentum spread.
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~ 7 CLICPHYSICSSTUDY GROUP
= = = [ —

CLIC (Convener: A.De Roeck)
From April 2000 - in response to a growing interest in the physics potential of a
multi-TeV e+e- collider - a CLIC Physics Study Group has been set-up in order to:

1) Identify and investigate key processes that can help to optimize the
machine design:
luminosity spectrum,
accelerator induced background,
beam-beam background

2) Explore the physics program for CLIC and define a concept of the
detector

3) Make a comparative assessment of the CLIC physics potential

http://clicphysics.web.cern.ch/CLICphysics/

Report summarizing the physics potentials of a facility operating at a centre-of -
mass energy from 1 to 5 TeV with luminosities in the order of 103 cm-! sec-2.
"Physics at the CLIC Multi-TeV Linear Collider”: CERN-2004-005

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 27



The CLIC main challenges 8}

COMMON TO MULTI-TEV SPECIFIC TO THE
LINEAR COLLIDERS CLIC TECHNOLOGY
- Accelerating gradient * - 30 GHz components with

manageable wakefields:
- Generation and preservation of

ultra-low emittance beams - Efficient RF power production

- Beam Delivery & IP issues: by Two Beam Acceleration

GancaiRielsizejueans + Operability at high power (beam
Sub-.r!ano.mefer‘ component losses) and linac environment*
stabilisation * (RF switch)

- Physics with colliding beams in high
beamstrahlung regime

* = addressed in Test Facilities

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 28



e —) C
Drive Beam Accelerator

efficient acceleration in low frequency fully loaded linac
powered by 450 low frequency high efficiency klystrons

50 Mwatts/100 us

Delay Loop x 2
gap creation, pulse
compression & frequency

multiplication

Combiner Ring x 4

pulse compression &
frequency multiplication

Combiner Ring x 4

pulse compression &
frequency multiplication

Beam frequency multiplication and
bower compression by 32

Drive Beam Decelerator Section (22 in total)

30 GHz RF Power Extraction Return Arc
Bunch Compression

68 GeV/c energy gain - 624 m long

Drive beam time structure - initial Drive beam time structure - final
130 ns
\H\H\H\\\\\H\HH\H(HHH)\HHHH (130n.<; 42 s
< >
100 ps frain length - 32 x 22 sub-pulses - 4.6 A 9’ R .
2 GeV - 64 cm between bunches 22 pulses - 147 A - 2 cm between bunches




nnnnnnn

A

) at does the RF power Source do 4%
—— ﬁ)CLIC

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

450 MBK Klystrons Power stored in Power extracted from beam 43000
Low frequency electron beam in resonant structures  Accelerating Structures
High efficiency High Frequency - High field
Long RF Pulses Electron beam manipulation Short RF Pulses
Py, Vo, To Power compression Ps=PoxN;
Y Frequency multiplication T, =T/ N,

Vi = VoxX Nj

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 30



T ~~Power flowfromthegridtothebeam

—>CLIC

Wall Plug
Wall Plllg > TO8E MW |

My = 050 [Power Supplies Compressor Beam Linac
Ng = 0.65 Klystrons Rings Transport Optics
v 174 MW (.5 MW .5 MW 1 MW
937 MHz RF , 005
Drive Beam | "a = M7 ﬁ”‘r -‘Q%
Acceleration | g™ 098 nplug.-"RF — 4[}3 {}—E.
Beam
b 162 MW 29 MW
. — L]
T e g2 Dive Beam ) ’nRFJ'Imﬂin — 24_4 0
Power Extr. Dumps
133 MW ‘
30 GHz RF — 005
h tansier IR S _
N ¢ | NpETs T.t — 9‘8 ﬂ“
N Structures Nypamsg ™ 0,95 ot
\A :h%— j
120 MW

(2 I.‘:[IE kel 100 Ha)

Main Mg mmain ~ 0-244
24000 pulses of Linac inchuding 8% BNS 29 4 MW i Beam

250 MWatts *100 nsec averhead)
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| mproving the efficiency
e —] CLI C ee——————————————————
Wall plug: 300 MW Wall plug: 230 MW

- " New klystron - "
Wall Plug & 30 GHz RF 1 G6HzKlystron: 65% | | development.~ 1 GHz Klystron: 807%
. & &
power in CLIC Modulator: 90% Modulator: 95%
drive beam acceleration,
N o manipulation S 4

30 GHz: 120 Mw/|  #30ZHZERF Power 34 oLz 120 MW

CLIC MBK Why Multi Beam?
< 30 beams, 50 MW,|O.937 GHz
80 (proposal) ‘ » Low perveance (A/V3/2) favor
Toshiba MBK E-3736 klystron efficiency.
o > | 6 beams, 10 MW, 1.3
52 o GHz . .
N % o (project) * Multi Beam devices keep
s o0 o \ single beam perveance small
& °0 @ to provide high efficiencies
v for high RF power output
° % (tens of MW).
o 40 g\ State-of-the-art klystron
Thales MBK THI8O1 ‘ efficiencies vs. perveance for
ales H
6 beams, 10 MW, 1.3 GHz s'"ﬁ'.e;’e“m °
(measured) 0 05 2 multi-beam
Perveance (A E\,/3/ 2) x1
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1 — " CLICTest Facility (CTF2)
> CLIC

1996-2002

to demonstrate feasibility of CLIC two-beam acceleration scheme
to study generation of short, intense e-bunches using laser-illuminated PCs in RF guns

to demonstrate operability of u-precision active-alignment system in accelerator environment
to provide a test bed to develop and test accelerator diagnostic equipment

to provide high power 30 GHz RF power source for high gradient testing ~90 MW 16 ns pulses

CTF2 goals :

All-but-one of 30 GHz two-beam modules removed in 2000 fo create a high-gradient test stand.

48 bunches
o CTF2
RF gun 3:008 GHz 2.992 GHz ‘dier compressor

four 30 GHz power extracting
TWS TWS  cavity 4>-32 Mev structures
0=0.6 mm QZQ

, /

spectrometers

- m} T .

N 1 bunch 0.6 nC
RFgun s 3 GHz TW structure 45 MeV five 30 GHz accelerating structures
“ 6=0.9mm
- - .- - ? configuration of 1999
laser train generator
|< 22.3 m >|
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Main beam
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> CLIC

Broadband
RF load

Quarter geometry of C-PETS

ower ExTraction Structure

(PETSI@]

« Circularly-symmetric

» Large aperture (25 mm)

- Very shallow sinus-type corrugations
+ Eight 1 mm-wide damping slots

Table 1. Parameters of the C-PETS.

Beam chamber diameter, mm 25
Synch. mode frequency, GHz 29.9855
Synch. mode B 0.85c
Synch. mode R'/Q, /m 244
Synch. mode Q-factor 12000
Peak transverse wakefield V/pC/m/mm 0.83
Transverse mode Q-factor (damped) <50

80 cm length of this structure produces about
560 MW of 30 GHz RF power = enough to drive
two CLIC accelerating structures

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05
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CONTROL OF TRANSVERSE WAKEFIELDS

* short-range wakes < BNS damping
long-range wakes < damping and detuning

TF ~—Accelerating structure devel '

+ beam-based trajectory correction, € bump

E

For wake suppression - work still focused on here. # : '

Each cell is damped by 4 radial WGs terminated by ' 15 GHz model tested in ASSET
waveguide-damped structures of type shown discrete

SiC RF loads. Excellent agreement obtained between

theory and experiment - believe we can
solve damping problem

Silicon Carbide

10°
ASSET test results
10"
P = 18.1 GHz Oscillation Frequency
N E
= 7.6 GHz
W6 E . .
£
/ =,
N -
-ff o ~ ¥ g
LI |
[Damping @ i
waveguide I
N 2
10 1 1 1 1 1 1 1 1
J. MMER STUL 00 05 1.0 15 20 25 30 35 40 45 50

Time [ns]



~ §tructure breakdown and damaoles

High-power tests of copper accelerating structures indicates that for RF pulses >10 ns, the
maximum surface field that can be obtained with copper is always around 300-400 MV/m.

dﬂiﬁ)CLl

At these field levels structures with large apertures (or rather with large a/A ratios) seem to
suffer severe surface damage. |

Microscopic image of damaged iris Damaged iris - longitudinal cut

The CLIC study group is adopting a two-pronged approach to solving the breakdown problem
e Modify the RF design to obtain lower surface field to accelerating field ratio (Es/Ea ~ 2)

e Investigating new materials that are resistant to arcing - tungsten looks promising
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Irises after high-gradient testing to
about the same field level

o per' - damaged

Test structure in external vacuum can,
with clamped coupler cell

/ ‘I I N
EO  E—— = ..... 1 I A b ’__
Z 2 % %

Copper iris replaced by Tungsten iris
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T - _Achieved acceleratin fieldsﬁ
~T T cLc in CTF2 Cl-H

High gradient tests of new structures with molybdenum irises reached 190 MV/m
peak accelerating gradient without any damage well above the nominal CLIC
accelerating field of 150 MV/m but with RF pulse length of 16 ns only (nominal 100 ns)

200

=
a1
o

|

|

|

|

|

|

—&— 3.5 mm tungsten iris
—A— 3.5 mm tungsten iris after ventilation
—6— 3.5 mm copper structure

—8— 3.5 mm molybdenum structure

—  CLIC goal loaded
— - CLIC goal unloaded

Peak Accelerating field (MV/m)

0 0.5 1 15 2 25 3
No. of shots 6

x 10
A world record i
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| ccelerating fieldsin Linear Collider
——>CLIC

250

Accelerating fields in Linear Colliders

N

o

o
\

L 2

150

CLIC
achieved

CLIC

* . I
nomlnall

Mean accelerating field (MV/m)

100
NLC
50 | . JLC—CI TESLA 8OOI
: |
= SLC TESLA 5oo|
0 I I I I I
1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

RF pulse duration (hanosec)
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=~ RF pulse heating experiment

T —>CLIC .
The fatigue limit of cooper surface due to cyclic pulsed heating is being tested
with an experimental setup based on 30 GHz FEM in Dubna, JINR.

RF accessories designed and manufactured in Nizny Novgorod, IAP.

-
i Chil Max
| 9.40 V

il Ch1 +Width
199.9ns

| ch2 Max
| B4.3mv

| ch2 +width

orimegend | 129.1D5

. 1 Low
Chl 2.00v 100mvY M 100ns A Ext % —-500mV

24 Jul 2002
i+~ 336.000ns 15:43:35

P o™

General views of the experimental setup Test Hy,, cavity

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 41



] ﬁ’CL'@ | Review commitiee

| nternational Technical @)

S

Review of the various Linear Colliders studies
requested by ICFA (February 2001)

ILC-TRC Report (2003)

eStatus of various studies (TESLA, JLC-C/X, NLC, CLIC)
eRanking of R&D topics still to be made for each study

v R1:

v R2:

v R3:

v R4:

J.P.Delahaye

R&D needed for feasibility demonstration
R&D needed to finalize design choices
R&D needed before starting production

R&D desirable for technical/cost optimisation
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“~=—Strateqy to address key issues €]

- Key issues common to all Linear Collider studies
independently of the chosen technology in close
collaboration with:

» International Linear Collider (ILC) study

* The Accelerator Test Facility (ATF@KEK)

* European Laboratories in the frame of the Coordinated
Accelerator Research in Europe (CARE) and of a "Design
Study” (EUROTeV) funded by EU Framework Programme (FP6)

- Key issues specific to CLIC technology:
* Focus of the CLIC study

» All R1 (feasibility) and R2 (design finalisation) key issues
addressed in test facilities: CTF@CERN

except the Multi-Beam Klystron (MBK) which does not require
R&D but development by industry (feasibility study already done)

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 43



nnnnnnn 1 /

T EU supported (OMEuros) <)
o CLIC ™ inear Colliders Desian Study

EUROTEV [m — J About common
(2005 -2007) L.C. Key issues
A7 mamr )
Steering m:l:m L
Committee t{;;ﬂ;;:m:? :

\‘_ H. Walker, DESY (depuly) _,f‘l
L [ Wi WP3 WPE W WPl
BDS DR PPS DIAG BOYN METSTE GAN
Beam Dedvery System Camping Rings Palariged Pasilron Saurce DOiapnostics Luminasily Slabilisation Studies | | Metrology & Mech. Sfabileation Global Asoalerastor Malwork
WP-Leader: 5. Smith, CCLRC ViP-Liarder: 5, Guiduncl, INFHLWF WP-Leader: &, Stahl, DESY WeLeader: . Blair, RHUL WiP-Leader: D Sohute, CERN WP-Loader: . Kanyotaks, LAPF | | WesLeader: F. Wiliese, DESY (acl.)
{ WP2 Tasks ] [ WP Tasks J [ WPd Tazks ] [ WPS Tasks ] [ WPE Tasks J [ WPT Tasks ] [ WP Tasks ]
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7 CLIC technol ogx—rel ated k

eyissu

‘ Covered by C'TF3‘
~

R1: Feasibility
« R1.2: Validation of drive beam generation scheme with fully loaded linac operation
« R1.1: Test of damped accelerating structure at design gradient and pulse length
« R1.3: Design and test of damped ON/OFF power extraction structure

R2: Design finalisation
« R2.1: Developments of structures with hard-breaking materials (W, Mo...)

« R2.2: Validation of stability and losses of drive beam decelerator;
Design of machine protection system

* R2.3: Test of relevant linac sub-unit with beam

+ R2.4: Validation of drive beam 40 MW, 937 MHz Multi-Beam Klystron with long RF pulse
Drive beam acc. struct. parameters can be adapted to other klystron power levels

~

/

« R2.5: Effects of coherent synchrotron radiation in bunch compressors
« R2.6: Design of an extraction line for 3 TeV c.m.

=Ll -
as pointed out by | LC-TRC 2003

Covered by EUROTelV ‘
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i All R1 and R2 CLIC key issues [@]
o CI='%ddressed|n CLIC Test Facility (CTF3)

Test of Drive Beam Generation, Acceleration & RF Multiplication by a factor 10
Two Beam RF power generation & component tests with nominal fields & pulse length

PULSE COMPRESSION
FREQUENCY MULTIPLICATION

FULLY LOADED 3.5A-1.4yps
3 GHZ ACCELERATION —
DELAY LOOP |
DRIVE BEAM INJECTOR DRIVE BEAM ACCELERATOR R\‘JE _ _ — e

=  \ L L/
T Ry

| 1 | I_| ] | ,.-'; )I.-f 5 - M
MAT/DREIVE BEAM  HIGH POWER  MATN BEAM f [—
MODTULES TEST STAMND INIECTOR. TEANSFEE LINE & BUNCH COMPRESSOR.
30 GHz - > 200 MW - 140 ns o
30 GHZ POWER EXTRACTION 35 A~ 140 ns

& COMPONENTS TEST
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= CLIC Test Facility (CTF3) <)

== cLIC

Collaboration CERN —INFN —-LAL -NWU —-RAL -SLAC -Uppsala

ﬂﬁ
—] 1

= "
= s

/

10m 30 GHz stand =
I T
and laser room CLEX 2007-2009 TL2: 2007  Combiner Ring: 2006
2004 - 2009
N From 2005: Accelerating structures (bi-metallic) Development& Tests (R2.1)
<(<D 2007- 2008: Drive beam generation scheme (R1.2)
g' 2008- 2009: Damped accelerating structure with nominal parameters (R1.1)
= ON/OFF Power Extraction Structure (R1.3)
e Drive beam stability bench marking (R2.2)

CLIC sub-unit (R2.3)
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cLEX) ]

g \7//‘ .
> CLIC h

-Test beam line (TBL) to study RF power production (5 TW at 30
GH2) and drive beam decelerator dynamics, stability & losses

- Two Beam Test Stand to study probe beam acceleration with high
fields at high frequency and the feasibility of Two Beam modules

N

AN 6m

|13—m| TestsEan d

DUMH Vv Instrumentation Testbeam

Layout for CLEX floor space
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| cLie Beam power gndfrecuency
multiplication

CTF3 - PRELIMINARY PHASE :
Streak camera image of

low-charge demonstration of electron pulse beam time structure evolution
combination and bunch frequency
multiplication by up to factor 5

streak camera RF deflectors
measurement

Beam time structure

in linac Bunch spacing
m3 ps
L L1 L1 L1 1L
420 ns Beam Current 0.3 A

(ring revolution time)

Bunch spacing

2 (2 Beam structure
Beam Current 1.2 A after combination time
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TA Thermlonlc Gun (LAL- SLAC)

Novel RF power
1 compression with

S Barrel Open Cavity
(BOO)

Bunch length adjustment Accelerating structure with full beam loading
with magnetic chicane
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T CLICT

Nominal Beam parameters reached

Nominal Achieved Full Beam Loading demonstrated:
I 35A 45 A >9S5 % efficiency ! More than with
T, 15 us 15 us Superconducting systems
E 20 MeV 20 MeV (when including cryogenics)!
I
€ nrms 100 © mm mrad 60-90 © mm mrad Beam stable !
Tbunch,r‘ms 5 pS <6.5 pS
First demonstration of full beam loading
- Damped DBA
Qutput pawer.. g \Ml structure
from 3 . ..
3 ceam or1
e e
1 .6 us ,F : CTF3 Drive Beam Accelerator
A comp'rgessed I Beam on <% 3GHz "SICA" structure o,
\ RF PU|se J % MW L% (Slotted Iris Constant Aperture)
\ // 20305 exit
\_/
e - — - — = &(______ -__b_--é-—___
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17m waveguide with 5 bends
but low-loss (85% transmission)
(Russian collaboration)

vacuum tanks containing Power
Extraction Transfer Structure

15-Now-2004, 22:50:45, 3e-005 1.1e-007 3.2e-007 1.5e-007 mbar

140 : : : : :
ol Expectedfrom |~ i |
input curregnt
T N N 78 S L s S—
ol oo R AR RFipower |
i i . | #in CTF2
1] I— S LY. 7% '¢ ........... power out - rectangular WR34
j j j - = to circular (overmoded) HO1
]| L eerrerrers e e j
Expec¢ted frd 5 ;
20|---output-curreT i f 4o R 1L —
-QSD —150 —SID 0 a0 . 160 150

Time (hs)
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Delay Loop layout in the building

1 _. ' ~.

Chicane Layout

PACO5 Commissioning and First
Measurements on the CTF3 Chicane
Andrea Ghigo, David Alesini, Gabriele Benedetti,
Caterina Biscari, Michele Castellano, Alessandro
Drago, Daniele Filippetto, Fabio Marcellini, Catia
Milardi, Barbara Preger, Mario Serio, Francesco
Sgamma, Angelo Stella, Mikhail Zobov
(INFIN/LNF)

Roberto Corsini, Thibaut Lefevre, Frank Tecker
(CERN)
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=== CLIC

WP 2.1 AL
) Combiner Ring and
30 GHz WP 4 Transfer Lines —
High Gradient Probe Beam A—[ 3 ] LJ

Test Stand . \ .
=T =) 77
S N, }>

=K [\ =

10 — o - = [
Re'iﬁ%’;’;#"“ Two-beam CLEX Building
test stand
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Plea for collaboration <)

nnnnnnn ] /

2
="/ 7>CLIC

- World-wide Institutes have been invited to contribute
to this programme by:
v taking full responsibility for part, complete of one
or several work-packages
v' providing voluntary contributions “a la carte” in
cash, in kind and/or in man-power

- Multilateral collaboration network of volunteer institutes

(from which CERN is one of them) participating jointly to
the technical coordination and management of the

project.

CTF3 collaboration meetings held at CERN
on 19/05/04 and 28/01/05
MoU under discussion
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Drive Beam Accelerator
30 GHz power test stand in Drive Beam accelerator
30 GHz power testing (4 months per year)

Delay Loop
Combiner Ring

R1.2 feasibility test of Drive beam generation
CLIC Experimental Area (CLEX)

Probe Beam

R2.2 feasibility test representativeCLIC linac section

Test beam line

J.P.Delahaye

-
———>CLIC

—Schedule with extra resources

2004 2005 2006 2007 2008 2009

R1.1 feasibility test of CLIC structure

R1.3 feasibility test PETS

R2.1 Beam stability bench mark tests

CERN SUMMER STUDENT LECTURE 27-07-05
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N 7 Tentative long-term CLIC scenario
CLIC Shortest and technically limited schedule

Feasibility issues R1 (TRC

R&D Issues R2 (TRC)
and Conceptual Design

R&D Issues R3& R4 (TRC
and Technical Design

Engineering Optimisation
and Project Approval

Construction

(possibly in stages)

J.P.Delahaye

2007] 2008 2009 10] 2011] 2012 2013] 2014] 2015 2016] 2017] 2018 2019 2020
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“——>CLIC

» CLIC only possible scheme to extend Linear Collider energy into
the Multi-TeV range

» CLIC technology not mature yet, requires challenging R&D

> A development:

v complemen’rarg to Super-Conducting Technology recently
down-selected by ITRP for a TeV Linear Collider

v'necessary in order to extend energy range of LC in the
future

> Very promising performances already demonstrated in CTF2
» Remaining key issues clearly identified (ILC-TRC)

»>L.C. Key-issues independent of the 1echnologB studied bJ 2008
in a wide collaboration of European Institutes (Design Study
submitted to EU FP6 funding)

» CLIC-related key-issues addressed in CTF3 (feasibili'rg by 2007
and design finalisation by 2009) if extra resources can be found
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CONCLUSION <)

2
="/ 7>CLIC

> Provides the High Energy Physics community with the information
about the feasibility of CLIC technology for Linear Collider in due
time when Physics needs will be fully determined following LHC
results

» Safety net to the Super-Conducting technology in case sub-TeV
energy range is not considered attractive enough for Physics

> Possible construction in stages starting with low energy
applications

> A lot still to be done before the CLIC technology can be made
operational;

> Novel Ideas and Challenging work in world-wide collaborations
needed

> YOU ARE ALL WELCOME to participate and make the CLIC
scheme and technology a realistic tool in the best interest of
Physics
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> CLIC

- Scaling laws for e+/e- Linear Colliders: NIM A421
(1999) p 369-405

- A 3 TeV e+/e- Linear Collider based on CLIC
technology: CERN 2000-008

- CTF3 Design Report: CERN/PS 2002-008

- CLIC contribution to the Technical Review

Committee on a 500 GeV e+/e- Linear Collider:
CERN 2003-007

+ Physics at the CLIC Multi-TeV Linear Collider:
CERN 2004-005
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T CLIC

Possible low energy Physics facilities
which could be built with CLIC

technology on the way towards a
Linear Collider
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171 — A sngle CLIC section: 68 GeV
> CLIC

- Drive Beam Accelerator
efficient dcceleration in low frequency fully loaded linac

Delay Loop x 2
gap creation, pulse
compression & frequency

multiplication

Combiner Ring x 4

pulse compression &

Combiner Ring x 4 frequency multiplication

pulse compression &
frequency multiplication

Beam frequency multiplication and
bower compression by 32

Drive Beam Decelerator Section (22 in total)

30 GHz RF Power Extraction Return Arc
Bunch Compression

68 GeV/c energy gain - 624 m long

Drive beam time structure - initial Drive beam time structure - final
130 ns
\\H\\\\\H\\\\\HHHH(HHH)\HHHH ‘130“5; 4.2 us
< >
100 ps frain length - 32 x 22 sub-pulses - 4.8 A 9’ R .
1.2 GeV - 64 cm between bunches 22 pulses - 150 A - 2 cm between bunches




LHC-CLIC1

e —_— T
CLIC™(Ade Roeck, D.Schulte, F.Zimmermann)

I CMS
5
g ]

"l |
[k

T -.-.- E}
a0 == e

C’Eﬂnfngs P

5P5

2 @
ALICE "

CLICI ? iz s
| ] TIS

Installation shaft
I Future constructions ATLAS

EZE3 existing underground buildings

Ol e PR - O T
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LHC Project Wote 333
CLIC Note 589
5.01.2004

QCD Explorer Based on LHC and CLIC
. Schulte, F. Zimmermann

Keyvwords: Linac-Ring Collider, Superbunches, Laminosity,
Beam-Beam Interaction, Disruption

7  Summary

We have described a novel scheme for an ultimate QCD explorer based at CERN, where a por-
tion of the 7-TeV LHC proton beam is repeatedly collided with 75-GeV electron bunch trains
zenerated by a single CLIC drive-beam unit. This concept is attractive, since it exploits and
fosters a large number of possible synergies between the LHC upgrade and the CLIC develop-
ment in addition to its complementary physics-discovery potential. The estimated luminosity
is in excess of 103 em~2s~!. If the nominal CLIC bunch spacing and train length were to
be reduced in the future, the length and the total charpe of the proton superbunch could be
decreased as well for the same total luminosity.

Finally, the collider concept outlined in this note strongly encourages further research in
wide-band rf techmologies required to create and maintain intense proton superbunches in the
LHC. We note that first machine experiments with suitable novel rf units are underway at the

KEK PS [7].
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L N QCDE main parameters 7_
- CLIC

electrons protons
energy 75 GeV 7 TeV
bunch population 4x10° 6.5x1013
Rms bunch length 35 um 9m
#bunches 154 1
effective pulse density 2x1010 m-! 2x1012 m-t
IP beta function 0.25 m 0.25 m
IP spot size 11 um 11 um
Interaction length 2 m
Normalized emittance 73 um 3.75 um
Collision frequency 100 Hz
luminosity 1.1x1031 cm-2 s-!
beam-beam tune shift N/A 0.004

J.P.Delahaye
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LoN

Possible layouts

1 module + arc

drive beam accelerator

2 modules

detector

Latter is presently
preferred

- L
drive beam accelerator 12
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- Electron to positron collisions at 90 GeV (Z) up to 160
GeV (W) with two linacs made each by one CLIC section
with an overall length of about 2 km

*9 GeV fom injector and 68 GeV by linac at nominal gradient

+ 36 GeV by linac for Z at reduced gradient of 80 MV/m

- 71 GeV by linac for W at increased gradient of 157 MV/m

(possibly two CLIC sections and an overall length of 3.5 km)
- Luminosity (L1%) of 8 1033 cm-?2 s-! at Z and 1.3 1034
cm-2 s~ at W if accelerating structures can be powered
at 200 Hz repetition rate (to be demonstrated)

- Complete injector complex of electrons and positrons
required with possible polarisation of electrons but not
of positrons

» Half of power source injector complex powering
alternatively both linacs
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Y CLICHIGGS Eerri ment

T cLc (CLICHE)

Laser y deteictor Laser v

main linac M, L~ main linac
™ -
N ——
C R

{ Y drive beam decelerator™

-+—
>
drive beam

.~
.k
drive beam

delay loop
)]

!

-— combiner rings

drive beam accelerator
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BNL-HET-01/32
CERN-FS-2001-062 (AE)
CERN-SL-2001-055 (AT

CERN-TH-2001-235
CLIC-Note 500
HEP-PH,/0111056
NUHEP-EXT? /01-050
UCRL-JC-145G02
Nov. 16, 2001

Higegs Physics with a v Collider Based on CLIC 1

D. Asner!, H. Burkhardtz, A. De Roeck®, J. EllisZ, J. Gronberg!, 5. Heinemeyver”,
M. Schmitt!, ID. Schulte?, VL. Velasco! and F. Zimmermanns

I Lawrenoee Livermore National Laboratory, Livermore., California ©4550, TTSA
2 CERN, CH-1211 Genova 23, Switserland
¥ Brookhsoeen National Laboratory, Upton, New York., USA
+ Northwestern University, Evanston, Dlinois GO0l USA

Abstract

We present the machine parameters and physics capabilities of the CLIC Higess Experi-
ment (CLICHE), a lovw—energy vy collider based on CLIC 1. the demonstration project for the
higher-energy two-b=oain accelerator CLIC, CLICHE is conceivesd as a factory capalble of pro-
ducing around 200000 heht Higes bhosons per vear. Vve discuss the requirernents for the CLIC 1
beams and a laser backscattering svstemn capable of producing a v~ total (peak) luwnanositoy of
2.0 (0.36) =< 10 cm— 25! with Fear () ~ 115 GeV. We show how CLICHE could be used
to measure accurately the mass, Wb, W and ~~ decays of a ight Higes boson. We illustrate
how these measurements may distinguish betweesn the Standard Model Higegs boson and those
1n supersyvinmetric and more general two-Higes<doublet models, compleamenting the measure—
ments to e made with other acoelerators. Ve also comment on other prospects im v and ey
rhy=ics with CLICHE.
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) [entative CLICHE parameters gy

variable svinbol value
total power consumption for RF I’ 150 MW
beam energy E Th GeV
beam polarization I 0,80
bunch population N 4 % 107
number of bunches per train Ty 154
number of trains per rf pulse 0 11
repetlitlon rate Srep 100 Hz
rms bunch length - 30 jm
CTOSsIIg angle o, > 20 mrad
normalised horizontal emittance € 1.4 pum
normalised vertical enuttance €y 0.05 pm
nominal horizontal beta function at the II? 3 2 mi
nominal vertical beta function at the I 2y 20 pn
e~e~ geometric luminosity L 0.9—L8 % 10% ¢m—2g—1

+ E-/E- geomeftric luminosity of 9 1033 cm? s! envisageable
if accelerating structures shown to be able to handle 200

Hz repetition rate
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variable svinbol value

Laser beam parameters

Wavelength AL 0.351 pm
Photon energy op 353 eV =5.65x107 ]
Number of laser pulses per second Ny 1694005~

Laser peak power Wi 2.9%Gx102 W /m?

Laser peak photon density

5.24x 10" photons/m? /s

Photon beam

Number of photons per electron bunch N,y 9.6 % 107
Ay luminosity Loy 2.0 x 10* e~
Ay luminosity for E.., > 0.6Eqy, Lpek 3.6 x 10% g~

Parameters above assume unrealistic 11*100 e- beam
repetition rate and 154*1100=169400 laser pulses /sec

vy luminosity of 3.8 1033 cm-2? s-1 (6.8 1032 cm-2 s-! for
E vy > 0.6 Ecm) envisageable if accelerating structures
shown to be able to handle 200 Hz repetition rate and
laser with 30000 pulse/sec developed

J.P.Delahaye
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10 — Performances of CLIC based facilities
e ﬁ)CLIC<—

1.E+35 TESLA -
CIGAW % cLIC
G LEve GIGAZ[s ¥
8 - -
3 cLicHe| .~ NLC
e LE+33 1
> LEP*yZ
= LE+32 2
o
S / LEP QCDE
3 1.E+31 X o
®SLC HERA
1.E+30 | |
0.01 0.1 1 10
Energy (TeV)
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Cost (arbitrary scale

Energy (arbitrary scale)

J.P.Delahaye

CERN SUMMER STUDENT LECTURE 27-07-05

74



J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 75



nnnnnnn

sw NE
1
Départemant de |"Ain Canton de Genéve Deépartement de I'Ain Canton de Vaud
P01 F1.02bis  P1.03 P1.04bis P1.05 P1.06 P1.07 P1.08 P1.00 P1.1D P11 P1.12his P1.13bis
T RN £ EREEN

R
500 . "

a0 n apo
50 Eeal \amd
l g | L |
00 " ; Ewhssmem 0
|
250 ! —-ﬁ—— 1 | 250
1 £ i i B Chavenrnen Ecil sl H
Crbmpes E- Limgram: Clsalas Dby Badapry Bk e Pt E£ Onrmn CL St et ] | = H il B I‘E ‘E-.t Eymrn i M [T P
: : i 24 5 il 3= 5 3 i

-
Maraines =
- e s oo
i - i = Projet horizontal

Molasse e — E‘:‘;’;‘::“ == Prg jet pente min. 0.6 %

PROJET CLIC - Variante 1

J.P.Delahaye CERN SUMMER STUDENT LECTURE 27-07-05 76



