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Introduction



Several activity domains
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CLIC layout
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Main parameters
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Layout



Standard module
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Quadrupole type modules
Type 1 (x 286)

Type 2 (x 1328)
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Quadrupole type modules

Type 3 (x 948)

Type 4 (x 1440)
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CLIC module
Type 1 quadrupole module
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Standard module

Main beam

8 accelerating 
structures

Drive beam

4 PETS (1x 2 acc str )4 PETS (1x 2 acc. str.)
2 quadrupoles
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Module cross-section
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Module top-view
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Main components



Main components: structures
Accelerating structure (A. Grudiev)

ON: 20 sec
PETS (I. Syratchev)

OFF: 
20 msec

PETS parameters:PETS parameters:
Aperture = 23 mm
Period = 6.253 mm (900/cell) 
Iris thickness = 2 mm 
R/Q = 2258 ΩR/Q = 2258 Ω
V group= 0.453
Q = 7200
P/C = 13.4
E surf (135 MW)= 56 MV/m
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E surf. (135  MW)= 56 MV/m
H surf. (135 MW) = 0.08 MA/m
(∆T max (240 ns, Cu) = 1.8 C0)



Main components: Quadrupoles

Aperture radius: 13.0 mm
d d /

Drive beam 

Integrated gradient: 14.3 Tm/m
Nominal gradient: 67.1 T/m
Total length:270 mm
Magnet width: 390 mm

h 80 kMagnet weight: 180 kg
Distance between opposite coils: 118 mm
Water cooling

Aperture radius: 4.00 mm

Main beam 

Integrated gradient:  70 (170, 270, 370 ) Tm/m
Nominal gradient: 200 T/m
Total length: 420 (920, 1420, 1920) mm
Magnet width: < 200 mm
Magnet height: < 200 mm
Magnet weight: ~ 75 (110, 135, 270) kg
Water cooling 
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Main components

• Waveguide connection between PETS 
d l ti t tand accelerating structures:

–Choke mode flanges (see talk D. Carrillo)g ( )

• High power loads 
W id• Waveguides

• External supportspp
• Vacuum equipment

Ali t i t• Alignment equipment
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Systems



System specification

– Structure fabrication and assembly 
– RF network definitionRF network definition 
– Alignment/supporting system (close 

collaboration with beam dynamics working 
group)

– Stabilization system 
V t– Vacuum system 

– Cooling system
BPM definition and beam instrumentation– BPM definition and beam instrumentation 

These activities have to be developed in close 
collaboration with integration study

t l i t ti t t d i t ll ti
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tunnel integration, transport and installation



Tolerances

Tolerances of the structures:

4 kinds of tolerances:
Machining (Δx, Δy, Δz) (see talk of M. Predictable: operational 
Taborelli)
Assembly (Δx, Δy, Δz)
Alignment (Δx, Δy, Δz)
O ti [C li ] (ΔT (t) t i ΔT ( ))

p
temperature, longitudinal 
elongation, transverse elongation

Operation [Cooling] (ΔT (t) water in, ΔT (z))

3 kinds of problems
Ali t ( k fi ld ff t )

Unpredictable: water 
temperature instability RFAlignment (wakefield effects)

Bookshelf (transverse kick)
RF matching (reflected power, phase 
errors)

temperature instability, RF 
power variation

errors)
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Alignment system

Transverse 
tolerances

Special module an
d

Standard module

Special module
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Stabilisation system 

• Performance will be limited by vibration of the focusing 
quadrupoles

• More stringent requirement in vertical direction (CLIC note• More stringent requirement in vertical direction (CLIC note 
530)
Stability requirements (> 4 Hz) for a 2% loss in luminosity

er
em

ie

Magnet Ix Iy

Linac (2600 quads) 14 nm 1.3 nm

Final Focus (2 quads) 4 nm 0.2 nm

Need active damping of 
vibrations

• Resistive quadrupoles they incorporate water cooling 
circuits, which will increase the vibration level of the 
quadrupoles cooling induced vibration k 

of
 A

. J
e

quadrupoles cooling induced vibration
– preliminary promising tests done (CLIC NOTE 578) 
– But detailed study and dedicated development required Se

e 
ta

lk

CERN vibration test stand
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Vacuum system

• Main beam and drive beam: same vacuum via waveguide 
interconnections

• Requirement dictated by beam dynamics• Requirement dictated by beam dynamics
– 10-10 mbar for transfer lines
– 10-8 mbar could be accepted for main beam 

• Pumping t, to• Pumping
– during nominal operation 
– during breakdown

P recovery between breakdowns (main beam 8 m2 surface to be. 
H

ill
er

et
os

ta
-P

in
t

– P recovery between breakdowns (main beam 8 m2 surface to be 
pumped) 

• Pre-evacuation: Mobile TM stations (access needed)
• Holding pumps: Ion+ Sublimation pumps al

ks
 o

f N
.

na
, P

. C
o

• Holding pumps: Ion+ Sublimation pumps

• Sectorisation length of sector determined by
Operation: in case of failure or modification all the length

Se
e 

ta
A

. L
at

in

– Operation: in case of failure or modification all the length 
vented=> reconditionning. Failure rate?

– Additional space required (~ 20 cm)
– Additional cost 
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Supporting system
• Mechanical and thermal stability required
• Main beam

– Accelerating structures on girders

F.
 T

or
al

Accelerating structures on girders
• Girder attached to cradles at the 

two extremities
• Alignment system integration

si
ai

ne
n,

 F• Alignment system integration 
(pre- and beam based alignment)

– Main beam quadrupole on 
dedicated supports

R
. N

ou
sdedicated supports

• Stabilisation and alignment 
system integration

• Drive beam

e 
ta

lk
 o

f • Drive beam
– PETS and quadrupoles on the 

same girders

Se
e

– Pre-alignment system integration 
• Cradles mechanically attached to a 

girder and linked by rods to the 
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Cooling system

• Water cooling for accelerating structures, 
quadrupoles and loads enq p

• Water cooling for PETS to be confirmed
• Different operation modes to be taken into 

N
ou

si
ai

ne

account
• More stringent requirement: cooling of the acc. 

structures (~ 600 W/as) lfi
n,

 R
. N

structures (~ 600 W/as)
– Different cooling configurations according to  under study 

consequence on the needed volumetric flow ni
go

-G
ol

• Temperature 
stabilisation +/- 0.1 K
Temperature drop ks

 o
f J

. I
n

• Temperature drop 
across acc. structure: 1.5 K
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Beam instrumentation
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Tunnel integration



CLIC tunnel cross section

See talks of 
B. Jeanneret and 

L. Rinolfi 

Transport: 
see talk of 
K KershawK. Kershaw
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Drive beam return loop

Special zone: 
to be carefully studied 
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Conclusions

• Dedicated development programs of systems including, micron 
precision pre-alignment, nanometer stabilization, cooling, vacuum, p p g , , g, ,
beam instrumentation, active alignment and beam dynamics, etc. 
are needed

• An important issue is the integration of these various systems into 
the CLIC module which will be repeated over twenty thousandthe CLIC module which will be repeated over twenty thousand 
times along the length of CLIC optimization, reliability, 
scheduling (see talk of M. Gastal) and cost

• The module study raises feasibility issues, identifies areas needing 
t d d d i dd i t t t f t d idstudy and design, addresses important aspects of cost and provides 

basic parameters for other areas of the study 
• Test module in CLEX from 2008 (see talks of K. Alam and F. Toral 

[TBL]):[ ])
– System integration
– Alignment system
– Stabilization systemy
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CLEX layout

TL2

TBL – decelerator

two-beam
test stand

CALIFES
probe-beam 

linac

Space reserved for ITB –
Instrumentation Test Beam line
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Instrumentation Test Beam line
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