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Cross Sections at CLIC

one year at 1035 cm-2 s-1

Very low SM cross sections………             1fb-1 one year at 1032 cm-2 s-1

TO BUILD CLIC..…..WE NEED  EVIDENCE for NEW PHYSICS !



LHC: GOOD NEWIn CMSSM C: GOO N WIn CMSSM

LHC gluino
mass reach

Corresponding sparticle 
thresholds @ LC

LHC will tell LC
where to lookwhere to look

1 ‘year’ @ 10341 ‘year’ @ 1033‘month’ @ 1033‘month’ @ 1032

Blaising, JE et al: 2006



Spectra at Best Fit PointsSpectra at Best-Fit Points

Accessible
To CLIC

Accessible

To CLIC

A ibl

to ILC 1000

Accessible
To ILC 500

A lot for CLIC to study! Energy Scan for CLIC?



Conclusions b J EllisConclusions by J.Ellis
CLIC ill id i h i @ f ti• CLIC will provide unique physics @ energy frontier

• Beamstrahlung and backgrounds not• Beamstrahlung and backgrounds not 
insurmountable problems

• Can exploit fully high c.o.m. energy

• Added value for light Higgs, heavy Higgs, 
supersymmetry, extra dimensions, …

• Whether light or heavy!

….so, what are we going to do……..



WE HAVE TO PREPARE THE TECHNOLOGY

TO PROPOSE THE APPROPRIATE ACCELERATORTO PROPOSE  THE APPROPRIATE ACCELERATOR

AT THE RIGHT TIMEAT THE RIGHT TIME



New CLIC

Center-of-mass energy 3 TeV
Peak Luminosity 7·1034 cm-2 s-1

main parametersPeak luminosity (in 1% of energy) 2·1034 cm-2 s-1

R titi t 50 HRepetition rate 50 Hz
Loaded accelerating gradient 100 MV/m
Main linac RF frequency 12 GHzMain linac RF frequency 12 GHz
Overall two-linac length 42 km
Bunch charge 3 72·109Bunch charge 3.72·109

Bunch separation 0.5 ns
Beam pulse duration 156 nsBeam pulse duration 156 ns
Beam power/beam 14 MWatts
Hor./vert. normalized emittance 660 / 20 nm radHor./vert. normalized emittance 660 / 20 nm rad
Hor./vert. IP beam size bef. pinch 40 / ~1 nm

Total site length 48 km
Total power consumption 322 MW



• Energy reach High accelerating gradient

energy loss 
by beamstrahlung wall-plug 
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CLIC RF power source

CLIC overall layout 
for E = 3 TeV

Main Beam 
Generation 
Complex

for ECM = 3 TeV

Complex



The small beam size challenge

Adapded from S. Chattopadhyay, K. Yokoya, Proc. Nanobeam `02



The small emittance challenge



It is not a big tunnel

70 MWBeam powers 

326 klystrons
33 MW, 139 μs

3 MW

0.8 MW

Paverage 
on different beamlines

drive beam accelerator
2.4 GeV, 1.0 GHz  

delay

14 MW

CR1
CR2

delay
loopDBR MBR

IP1 TA
BDS

BC2

IP1 TA

9 GeV, main
beam return line

4.5 m diameter



It is modular

Module studies (EU-FP7 LED proposal...)
main beam

CLIC linac module with one quadrupole including

• vibration damping for quadrupole
• active pre-alignment system with sensors
• structure BPM
• test with beam in CTF3 TBTS

drive beam

Q Q

Q



CLIC Layout at various energies

Linac 1 Linac 2I P

Expandable

0.5 TeV Stage
Linac 1 Linac 2

Injector Complex

I.P.

12.0 km
3.5 km

2.5 km 2..5 km

3.5 km

GigaZ  ?

Linac 1 Linac 2

Injector Complex

I.P.

19.5 km

1 TeV Stage

Injector Complex
2.75 km2.75 km7.0 km 7.0 km

3 TeV Stage
Linac 1 Linac 2I.P.

Injector Complex

3 km21 km 21 km3 km

48 km



CTF3 issues

Adressed – ongoing - future

recombination x 2
recombination 

x 4

bunch length 
bunch

fully loaded 
acceleration

control bunch 
compression

PETS

structures 
12 GHzphase-coding

PETS 
on-off

two-beam
acceleration

structures 
30 GHz

deceleration 
stability



CTF3 li l ti t tCTF3 linac accelerating structures

Dipole modes suppressed by slotted iris 
damping (first dipole’s Q factor < 20)
and HOM frequency detuning

• 3 GHz 2π/3 TW constant aperture 

• Slotted-iris damping + detuning with nose cones

damping 
slot

and HOM frequency detuning
• More than 4 A – 1.4 μs beam pulse accelerated – no BBU

SiC loadSiC load



PETS parameters:
Aperture = 23 mm
Period = 6.253 mm (900/cell) In its final configuration, PETS

CLIC Power Extraction and Transfer Structure 
(PETS)

( )
Iris thickness = 2 mm 
R/Q = 2258 Ω
V group= 0.453
Q = 7200

In its final configuration, PETS 
comprises eight octants 
separated by the damping slots. 
Each of the slots is equipped 
with HOM damping loads. This 
arrangement follows the need toQ

P/C = 13.4
E surf. (135  MW)= 56 MV/m
H surf. (135 MW) = 0.08 

MA/m   (∆T max (240 ns, Cu) 

arrangement follows the need to 
provide strong damping of the 
transverse modes. 

= 1.8 C0)

E-field
H-field

To reduce the surface field concentration in the presence of 
the damping slot, the special profiling of the iris was adopted.  

I. Syratchev



Full beam-loading acceleration in CTF3Full beam-loading acceleration in CTF3
no power flows into load

VACC ≈ 1/2 Vunloaded

Measured RF-to-beam efficiency : 95.3 %
Theory :  96% (~ 4 % ohmic losses)

Time resolved beam energy 
spectrum measurement in CTF3
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First combination test factor 2
(June `07)

Multiturns – June 07



Summary of CTF3 Achievementsy

• Production and stable acceleration of 4 A beam with full pulse length 
without significant emittance growth. Wake-fields kept under control with 
HOM damping+detuning. Consistent with predictions from beam dynamics 
simulations.

• Measured RF power to beam energy transfer efficiency of 95% in fully• Measured RF power to beam energy transfer efficiency of 95% in fully 
loaded operation for normal conducting linac

• Demonstration of bunch frequency multiplication with delay loop using RF 
deflector cavities and phase coding with fast phase switch. Key ingredient 
to achieve bunch train compression. 

• First circulating beam in combiner ring and test of factor 2 combinationFirst circulating beam in combiner ring and test of factor 2 combination.

• Routine 24h, 7 days a week operation of fully loaded linac for 30 GHz 
production ⇒ fully loaded operation can be very reliable and stable. 



What are the main problems?….to my understanding….

• 1) Geometry

• 2) RF reliability  at 100MeV/m  for  240ns    at 10-6 level



Quadrupole position   0.8 nm
Structure position      0.7 nm
Structure angle          0.55 μrad

GEOMETRY
g μ

Re-alignement every few days…….

Beam-beam vertical stability 0.3 nm -2% in luminosity

Quadrupole stability  0.14-0.18 nmQuad upo e stab ty 0 0 8



CRAB CAVITY PHASE STABILITY



Th f db k l t l t t f th i l tiThe feedback on accelerator elements must come from their relative 
position with respect to the beam line !!



Other R2 key issues- common to all projects - as pointed out by 
ILC-TRC 2003

Damping Rings
• electron cloud effects 
• fast ion instability 
• extraction kicker stability
• emittance correction

Low emittance transport
• static tuning studies, dynamic effects during correction
• beam instrumentation (luminosity monitor, laser-wire profile monitor)
• prototype of the main linac module (on-girder sources of vibration)

Reliabilityy
• detailed evaluation of critical subsystem reliability
• performance of beam based tuning procedures by complete simulations

…….but also validation  of the simulations by measurements in the laboratory



ACCELERATION   STRUCTURES  RELIABILITY

CTF II experiment
Mo iris – clamped structure, 
identical to the one tested in CTF II

CTF3 High-gradient test results – 30 GHz

CLIC l
Reached (old) nominal CLIC values : 

CLIC goal

E ~ T 1/6

150 MV/m  - 70 ns

ie
nt

E ~ T 1/4

G
ra

di

Pulse Length



CTF3 High-gradient test results – 30 GHz

• Breakdown-rate slope for Mo (and W) in general less steep than Cu

• Mo slope & conditioning limit not consistent in different tests…

Cu

Mo



CTF3 + SLAC High-gradient test results – 30 & 11.4 GHz

• Structures with scaled geometries at different frequencies have same performance

• Scaling introduced in a parametric model (taking into account RF structure & beam 
dynamics constraint) used to study optimum cost & efficiencydynamics constraint), used to study optimum cost & efficiency



Recent SLAC High-gradient test results – 11.4 GHz

NLC structure
T53vg3

60 cells 2π/3 TW
no dampingno damping

CLIC requirements



C L I CC L I C
Field emission and rf power flowField emission and rf power flow

∫
<≈Δ rfloss PPT

Ploss Prf ∫ ⋅=
V

FNloss dvEJP

∫ ×=rf dsHEP
S

1. Field emission currents JFN heat a 
(possible) breakdown site up to a

This scenario can explain:
• Dependence of the breakdown rate(possible) breakdown site up to a 

temperature rise ∆T on each pulse.
2. After a number of pulses the site 

is modified so that J increases so

• Dependence of the breakdown rate 
on the gradient (Fatigue)

• Pulse length dependence of the 
radient (1D÷3D heat fl w fr m ais modified so that JFN increases so 

that ∆T increases above a certain 
threshold.

3 Breakdown takes place

gradient (1D÷3D heat flow from a 
point-like source)

2 Oct. 2007Alexej Grudiev, High-power rf constraint.

3. Breakdown takes place.



C L I CC L I C
Field emission and power flowField emission and power flow
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C L I CC L I C
Fatigue by RF experiments

Fatigued zoneg

RF breakdown zonesRF breakdown zones

Samuli Heikkinen CLIC Workshop 16-18 October 2007 17 October 2007



C L I CC L I C
Surface distributions for low vSurface distributions for low vgg

Es EsEss sEs

T53vg3 H75vg4S18 HDS4_tk

Sc Sc Sc

Surface distribution is similar to the electric field one

2 Oct. 2007Alexej Grudiev, High-power rf constraint.

Surface distribution is similar to the electric field one



Conditioning curves of pure metals

CLIC Workshop – CERN, October 2007



High Gradient Research at SLAC
• As the host, we tried to unify the on going efforts:

– take advantage of the available resources at SLAC for building 
and manufacturing accelerator structures

– coherent theoretical modeling efforts

– efforts with MIT, ANL, … on novel structures.

– Colaboration with CERN, LANA and SNS on material 
characterizations with our novel cavities

– New test facilities for acceleration structures at CERN, PSI, 
LNF, Trieste and may be others 



Present X-band high-gradient R&D for CLIC relies heavily on collaboration 
with SLAC & KEK 

Current structure testing program

Apr-Jun Jul-Sep Oct-Dec

C30 vg2.6

Jan-Mar2008

CTF3 – CERN

30 GHz

NLCTA SLAC

_ g

C30_vg8.2
C30_vg2_TM02

C10 2 9 [2 ]

HDS11_vg2

NLCTA - SLAC

Station 1

11.4 GHz

NLCTA SLAC

C10vg2.9 [2x]
C10vg0.6 [2x] C10vg2.4_thick [2x]TD18_vg2.4_quad

C10vg1.5 [2x]

NLCTA - SLAC 

Station 2 

11.4 GHz

T18_vg2.4_disk TD18_vg2.4 PETS 11.4 GHzT28_vg2.9

NEXTEF - KEK 

11.4 GHz
T18_vg2.4_disk [2] TD18_vg2.4_quad [2]C10_vg1.5 TD18_vg2.4 [2]

CLEX – CERN

12GHz
T18_vg2.4_diskPETS 12 GHz



Backgrounds 
CLIC  3 TeV e+e- collider with a luminosity ~ 1035cm-2s-1 (1 ab-1/year)  

To reach this high luminosity: CLICg y
has to operate in a regime of high 

beamstrahlung 
5.9
2.0

50
311311
0.6
70.4
44

Expect large backgrounds
# f ph t ns/b m p ti l

44
0.66
0.02
53 # of photons/beam particle

• e+e- pair production
• γ γ events

b k d

53
1
31
2.0

• Muon backgrounds
• Neutrons
• Synchrotron radiation

45
2.7

y
Expect distorted lumi spectrum



e+e- Pair Production
Coherent pair production
• number/BX   3.8 108

• energy/BX 2 6 108 TeV

Disappear in the beampipe 
Can backscatter on machine elements• energy/BX    2.6 108 TeV

Can be suppressed by strong magneticIncoherent pair production:  
b /BX 3 0 105

Need to protect detector with mask

pp y g g
field in of the detector• number/BX   3.0 105

• energy/BX    2.2 104 TeV

hits/mm2/bunch trainhits/mm /bunch train

20mm and 4T ⇒O(1) hit/mm2/bunch train 



γγ Background

Neutral and charged energy 

γγ → hadrons:   4 interactions/bx with WHAD>5 GeV

g gy
as function of cosθ per bx

ParticlesParticles 
accepted
within 
θ > 120mrad

For studies: take 20 bx and overlay events



Muon Background

Muon pairs produced in 
electromagnetic interactions

t f th IPupstream of the IP

Geant simulation, taking into
account the full CLIC beam 
d liv r s st mdelivery system

Rate: ~ 20 muons/BX with help ~20 muons p
of tunnel fillers 

2003 Studies show that:

20 muons
per bx

2003 Studies show that:
⇒ OK for (silicon like) tracker
⇒ Calorimeter?



Detector ParametersDetector Parameters

the TESLA
TDR detector

adapted to CLIC environment

Or an all silicon detector
ith 5 T fi ldwith 5 T field  



A Detector for a LC
ILC Detector

CLIC: Mask covers region up
t 120 m d (2003 d si n)to 120 mrad (2003 design)
Energy flow measurement 
possible down to 40 mrad

d f⇒ New ideas from ILC
⇒ Needs to new optimization

for CLIC













Conclusions   (DeRoeck)

• Specific needs for CLIC need to be addressed: E g Fast• Specific needs for CLIC need to be addressed: E.g. Fast 
time stamping, high particle density, forward region…

• Low repetition rate- Electronics and On-line computing• Low repetition rate- Electronics and On-line computing

• Physics benchmark studies have to be carried out to• Physics benchmark studies have to be carried out to 
study detector performance (e.g optimized calorimetry, 
particle flow, pixel-size,…)p , p , )

• Several R&D project proposals are in the pipeline & p j p p p p
(vertexing, TOF, calorimeter). More details in WG6 this 
afternoon.

Detectors vs energy?



Baseline program until CDR (2010)

• RF Structure & PETS development
• CTF3 – Drive beam generation & use 
• Civil Engineering and tech. infrastructure studiesg g
• Cost Study 
• Two Beam module design 
• Active pre-alignment systemsct e p e a g e t syste s

• Beam physics

• Dynamic effects during alignment 
L i it t i it

To be extended …

• Luminosity tuning monitor
• Ring to ML & BDS alignment
• Integrated feedbacks
• Fast beam ion instability (DR+LET)
• Intra beam scattering (DR) EU EUROTeV• Intra beam scattering (DR)                                  EU EUROTeV
• Electron cloud (DR+LET)
• Impedances (DR+LET)
• DR lattice optimisation, tolerances, correction algorithms
• BDS optimisation and participation in ATF2 commissioningS op sa o a d pa c pa o co ss o g
• Return line design
• Machine Protection System concept



VERY INTERESTING R&D PROGRAMS ON

DETECTORS
ELECTRONICS

ACCELERATOR COMPONENTS
ACCELERATOR SYSTEM controls

WHAT WE ARE DOING IG GOOD 
SPIN OFF

Many other applications



CLIC/CTF3 Multi-Lateral Collaboration of Volunteer Institutes
Organized as a Physics Detector Collaboration

13 countries

G.Geschonke and J.P. Delahaye  and CERN DG 

* India participating through a special agreement with CERN for the development of novel accelerator technologies



Participants: 200 (registered) from 49 Inst. of 19 countries 

• China: Tsinghua University
• Finland: Helsinski Univ.- HIP

F CNRS/IN2P3/LAL LAPP

• Russia: IAP—BINP-JINR
• Spain: CIEMAT-IFIC-UPC• France: CNRS/IN2P3/LAL-LAPP

LPNHE-LPSC, THALES, 
CEA DAPNIA

• Germany: DESY-ANKA/FZK

Spain: CIEMAT IFIC UPC
• Sweden: Uppsala Univ.
• Switzerland: CERN-ETHZ-Germany: DESY ANKA/FZK

• Greece: Athens NTU-IASA-
PATRAS

• India: BARC-RRCAT

IPP-PSI
• Turkey: Ankara U-Dumlupinar U 

TOBB U i E &T h• Iran: IPM
• Italy: INFN/LNF-Napoly Fed.II
• Japan: KEK

N NTNU

TOBB Univ Eco&Tech
• UK: COCKROFT-J.ADAMS-

Lancaster Univ-Oxford-• Norway: NTNU
• Pakistan: NCP

Lancaster Univ Oxford
RHUL

• Ukraine: IAP-NAS
• USA: LBNL-Northwestern U.-

TJNAF-OHMEGA-
Okl h U i SLACOklahoma Univ-SLAC



CLIC/CTF3 collaboration observers

Discussion with possible future collaboration partners: 

Visiting Scientist: MoU being finalized

MoU being finalized

Visiting Scientist: MoU being finalized

Present collaboration with RAL on Laser development for PHIN in EU FP6 CARE

If you wish to join …you are welcome…we need ideas and in “kind” contributions



CTF3 near future

• The CTF-3 beam will be directed to an experimental area that is The CTF 3 beam will be directed to an experimental area that is 
presently under construction.  It is planned that there will be two 
sections: 

• (1) an rf power generation section where the drive beam is passed 
through 16 Power Extraction Structure (PETS) to generate over 2 GW 
of 12 GHz rf power and extract roughly 50% of the energy from the 
beambeam

• (2) a two-beam accelerator section where rf power from a single PETS 
will be directed to one or two CLIC accelerator structures which willwill be directed to one or two CLIC accelerator structures which will 
accelerate a probe beam.  

• There is also space for a 3rd experiment an instrumentation beam line• There is also space for a 3rd experiment, an instrumentation beam line, 
but this is not presently funded.



CLEX hall

TBL – Test Beam Line
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TBTS – Two Beam Test Stand CALIFES -
Probe Beam injector

ITB – Instrumentation Test Beam

What do we learn from an 800MeV CLIC?



What should we do?

C l t CTF3Complete CTF3 program

Aim at CTF4 :  build an 800 MeV CLIC

Design and test in the best possible way the feedback 
systemsy

Design the experiments adapting the ILC proprosals and on 
the basis of the future R&Dthe basis of the future R&D



CONCLUSION

– CLIC technology the ONLY possible scheme to extend linear 
collider beam energy into Multi-TeV energy rangecollider beam energy into Multi TeV energy range

– Very promising results BUT CLIC technology not mature yetVery promising results BUT CLIC technology not mature yet

– novel Ideas and Challenging R&D in world-wide collaboration

Nevertheless CLIC Conceptual Design with cost estimate by 2010

Your participation to the CLIC study during and after the 
workshop warmly welcome and appreciatedworkshop warmly welcome and appreciated



We are sailing in the open ocean

we need fantasy and hard workwe need fantasy and hard work

…..and also we hope to be lucky…..p y

….to find the new physics at LHC…..
…….and the corresponding technology for CLIC……

YOU ARE WELCOME ON BOARDYOU ARE WELCOME ON BOARD

ASK to  G.Geschonke and J.P. Delahaye  and the CERN DG 



CTF3   Technical meeting  in January 08

CLIC08 WORKSHOP S t b /O t b tCLIC08  WORKSHOP  September/October next year


