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Outline

• The CLIC scheme
• Main challenges
• What has been achieved so far
• What remains to be demonstrated
• CTF3, the facility to address the key issues
• Plans and schedule
• Conclusion
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World wide CLIC collaboration
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Overall layout for a center 
of mass energy of 3 TeV/c

Basic features of the CLIC scheme
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CLIC Two-Beam scheme
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General layout
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The CLIC main parameters
Center of mass Energy (TeV) 0.5 TeV 3 TeV
Luminosity (1034 cm-1s-1) 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
109  e� / bunch 4 4
Bunches / pulse 154 154
Bunch spacing  (cm) 20 20
H/V  �n   (10-8 rad.m) 200/1 68/1
Beam size (H/V)  (nm) 202/1.2 60/0.7
Bunch length  (�m) 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



C L I CC L I C

������������ �	
��
���������������
������������������������������������������� ���!"���������������������������#$������������������������������)

Performances of Lepton Colliders

LEP

SLC

TESLA

JLC-C
NLC

CLIC

1.E+30

1.E+31

1.E+32

1.E+33

1.E+34

1.E+35

0 1 2 3 4 5

Energy (TeV)

L
u

m
in

o
si

ty
 (

cm
-2

 s
ec

-1
)



C L I CC L I C

������������ �	
��
���������������
������������������������������������������� ���!"���������������������������#$������������������������������$

��$��,���
B�
!$�
�����
$�!&B�B)C

� ��� /0�1��2����"��3�"4�
����5���-��3������-)��

� ����1���"�&6�2�3���2��),1"����
�7�$3��8�����11�-���"��� �

� 
2�����-�"7��"�4�54�2�3���*�����
-�����.���)�-���1 ����������"�
*&6��3�"14.

�B;;B&�
B�;'�
� 
$"�
��&$1%��B����$%�

� �11�-���"��5�5��)���"��

�  �����"������)�2�������"�������
,-"���-�3����""��1� �����

� 8������-����7�9��:����,��;
� ������������3�������
� ��� ��������������������

������������� �

� :47��1��3�"4�1�--�)��5����������4�54�
�����"��4-,�5 ��5���

� ⇒ �))�����)����$��"�6�1�-�"���

The CLIC main challenges
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Luminosity Scaling
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Beam sizes at Collisions
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The CLIC RF Power Source
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What does the RF power Source do?
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Power flow from the grid to the beam
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Two Beams set-up in CTF2
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Table 1. Parameters of the C-PETS. 
 

Beam chamber diameter, mm 25 
Synch. mode frequency, GHz 29.9855 
Synch. mode  βg 0.85 c 
Synch. mode R’/Q, Ω/m 244 
Synch. mode Q-factor 12000 
Peak transverse wakefield V/pC/m/mm 0.83 
Transverse mode Q-factor (damped) < 50 
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Power ExTraction Structure (PETS)
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Accelerating structure developments
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Structure breakdown and damages
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Tests of tungsten iris in CTF2 
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Achieved accelerating fields
in CTF2 
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3.5 mm tungsten iris
3.5 mm tungsten iris after ventilation
3.5 mm copper structure
3.5 mm molybdenum structure
CLIC goal loaded
CLIC goal unloaded
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Accelerating fields in Linear Colliders

Accelerating fields in Linear Colliders
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RF pulse heating experiment
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Latest stabilization technology applied to the accelerator field
The most stable place on earth!!!

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

Nanometer stabilisation
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On magnet top:
without cooling water.

HORIZONTAL: 
(0.4 ± 0.1) nm

VERTICAL:
(0.9 ± 0.1) nm

(0.3 nm on table top)

LONGITUDINAL:
(3.2 ± 0.4) nm

Big step towards believing that nanobeams can be 
made colliding on sites with CERN-like stability

CLIC tolerances

Beam-based 
feedbacks

Achieved stability performances
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International Technical 
Review Committee
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Key issues common to all 
Linear Colliders studies

��)�2��)��"-7����"4��14�����"�14��-�57
R1: Feasibility:  None

R2: Design finalisation (11)
• Generation of ultra low emittances in Damping-ring (4)

�Electron cloud effects (also ATF, LHC)
� Fast ion instability
� Stability to < 10-3 of extraction kickers
� Emittance correction

• Low-emittance measurement and transport (3)
�Static tuning, including dynamic effects
� Beam instrumentation (intra-train L monitors, laser-wire profile monitors)
� On-girder sources of vibration

• Reliability (2)
� Evaluation of the reliability of critical subsystems, acceptable failure rate
� Beam based tuning procedures to align magnets and structures, in presence of beam and components errors

• Multi-TeV operation (2)
� Effects of coherent synchrotron radiation in  bunch compressors
� Design of an extraction line of the beam delivery system with large momentum spread
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CLIC technology-related key issues

R1: Feasibility

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

R2: Design finalisation

�R2.1: Validation of stability and losses of drive beam decelerator;
Design of machine protection system

�R2.2: Test of relevant linac sub-unit with beam 
�R2.3: Validation of Multi-Beam Klystron with long RF pulse

This list covers all of the CLIC-specific TRC Ranking 1 and 2 items except  the two below which are valid 
for any multi-TeV Collider:

• Effects of coherent synchrotron radiation in CLIC bunch compressors (TRC R2)
• Design of an extraction line for 3 TeV c.m. (TRC R2)
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Strategy
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Coordinated Accelerator 
Research in Europe (CARE)

•CARE submitted by European Steering Group for Accelerator 
R&D (ESGARD: Chairman R.Aleksan/Saclay) to the EU 6th 
Framework Programme.
• Requested 29 M��- Granted 15.2 M��

3 Network activities - 4 Joint research activities

N2: Coordination of studies and technical R&D for electron 
linear accelerators and colliders (ELAN) - EU:0.67M��������
Coordinator: F. Richard (CNRS-IN2P3-Orsay)

Deputy: D.Schulte (CERN)

JRA3: Charge production with photo-injector(PHIN) - EU:3.54M��
/5.88M�
Coordinator: A. Ghigo (INFN-LNF)

Deputy: L. Rinolfi (CERN)
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The Photo-Injector
a performing e- source for CTF3

CERN
Photocathodes

+
Timing

RF power
Laser beam transport

Installation
Monitoring …

LAL (F)
3 GHz RF gun

RAL (GB)
High power

Laser

2004 - 2006 : construction and installation of the photo-injector
included in the European program CARE (FP6)

E.U. funding: 90 % of the request � 2 MCHF

2332 e- pulses distant from 667 ps ;  � = 4 ps ;  Qpulse = 2.33 nC
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Proposal for EU supported 
Linear Colliders Design Study

EUROTEV
(2005 –2007)

About common
L.C. key issues
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27 collaborating institutes
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All R1 and R2 CLIC key issues 
addressed in CLIC Test Facility (CTF3)
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INFN

CLEX

2004 2005

2006

2007

Damped accelerating structure (R1.1)

Drive beam generation scheme (R1.2)
ON/OFF PETS (R1.3)Stability bench marking (R2.1)

CLIC sub-unit (R2.3)

CLIC Test Facility: CTF3

Collaboration CERN –INFN –LAL –NWU –RAL –SLAC -Uppsala
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Preliminary phase with 
LEP Pre-Injector (LPI)

LPI during LEP operation

LPI in 2003
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Beam power and frequency 
multiplication
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CTF3 Injector installation

7A Thermionic Gun (LAL-SLAC)

Bunch length adjustment
with magnetic chicane

Bunchers(LAL)&Solenoids(SLACstudy)

Novel RF power
compression with 

Barrel Open Cavity
(BOC)

Accelerating structure with full beam loading
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Novel method of RF pulse 
compression with flat pulse 
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CTF3 injector
Achieved performances in 2003

8����1,����" >��
8����2,-���-��5"4 ����µ�
:�3�����2,"<�"�,1",��� ����E

4��1 -������*�������. ��+��E
&6�2�3���"��-��)�*�������.� ��>��E
&6�"�����������1���17� G�#>F
:4���������"�����-��5�2,-�� J>K

#������������M #�;�E2D

E�1

9�:���

������

Demonstration of 
full beam loading

RF Power at output
of accelerating structure
Beam off
Beam on

Beam Pulse length

Nominal Beam parameters reached

94% RF to Beam
transfer efficency

(better than 
Superconducting 

Cavities!)

A world
premiere
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Two beam test stand
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Bunch Compressor and Delay Loop
(design, construction, resources by INFN-LNF)
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Combiner Ring design
(INFN-LNF)
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M&P resources
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Schedule with extra resources

2004 2005 2006 2007 2008 2009
Drive Beam Accelerator
30 GHz power test stand in Drive Beam accelerator
30 GHz power testing (4 months per year)

R1.1 feasibility test of CLIC structure
Delay Loop
Combiner Ring

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

R1.3 feasibility test PETS
Probe Beam

R2.2 feasibility test representativeCLIC linac section
Test beam line

R2.1 Beam stability bench mark tests
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CLIC  key issues

• CLIC technology-related key issues in CTF3
�Feasibility issues: 2007

Assuming extra resources (8.2 MCHF and 45 M-y) are available early 
enough (3 MCHF to be committed in 2004), the installations needed can be 
completed by 2006 and the tests with beam by 2007

�Design finalisation issues: 2009
Assuming additional extra resources (9 MCHF and 50 M-y) are available, 

the installations needed can be completed by 2008 and the tests with beam 
by 2009

• Key-issues common to Linear Collider: 2008
Assuming approval of Design study by EU within the 6th EU Framework 

Programme (FP6), studies in collaboration with European Institutes can be 
completed by 2008. 
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Plea for collaboration

• Institutes are invited to contribute to this programme by:
� taking full responsibility for part, complete of one or 
several work-packages
� 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.

�������������������������������������$%&����9G-2:-2E
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CONCLUSION

� ��������	���������������������A��������������������
�����	����������������;���� 
�" ������
� ��������������	���7������������������%0�
� "��	��������������
�������� ������	�����������������
�
,D
� %���������>�	��������������	�������
����(��� 
%�*
� 4�	 ��������������������
��������������	 ���������	�
D22J������5�������������������
�$�������������������
(�����������	��������������$'�,�K�
������*
� ���� ��������>�	 ���������������������
,.
(
���������	��	�D22H������������
�������������	�D22G*��
�
�A���������������������
����



C L I CC L I C

������������ �	
��
���������������
������������������������������������������� ���!"���������������������������#$������������������������������&�

CONCLUSION

� 1�������������������������8���������������������������������
���5��>�(
����5������$%&���������
�����*��	���>����
����
�������������	��
�5��>����>����/�������������������������
����������������������������8�����	������������������
�������������0�������������
��������8����

� ������������!����$����	���	�������������	�5��������
��
�������������������
���������	��
���������������	�
���
��������������� ����������� 5������	�����������5�������

���	������������
����5�����!����������


