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Cross Sections at CLIC
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Very low SM cross sections.........
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TO BUILD CLIC....... WE NEED EVIDENCE for NEW PHYSICS |




LHC: GOOD NEW
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Spectra at Best-Fit Points
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A lot for CLIC to study! Energy Scan for CLIC?




Conclusions wy J.Ellis

CLIC will provide unique physics @ energy frontier

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!

....S0, what are we going to do........



WE HAVE TO PREPARE THE TECHNOLOGY

TO PROPOSE THE APPROPRIATE ACCELERATOR

AT THE RIGHT TIME



Center-of-mass energy

3 TeV

Peak Luminosity

7-10%% cm=2s?

Peak luminosity (in 1% of energy)

2-10%* cm= s

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 MWatts
Hor./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

New CLIC
main parameters



- Energy reach Ecm =2 Fﬁ” Lﬁnac GR . ‘ High accelerating gradient
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CLIC RF power source
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The small beam size challenge
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The small emittance challenge

Normalised r.m.s. Emittances at Damping Ring Extraction
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It is not a big tunnel

P

average
on different beamlines

10707
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It is modular

CLIC linac module with one quadrupole including

main beam

* vibration damping for quadrupole

* active pre-alignment system with sensors _
* structure BPM b4
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Expandable

0.5 TeV Stage

1 TeV Stage

3 TeV Stage

Linac 1

CLIC Layout at various energies
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CTF3 issues

— ongoing

recombination
x4

structures
30 GHz




CTF3 linac accelerating structures

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




CLIC Power Extraction and Transfer Structure

PETS parameters: (PETS)

= Aperture = 23 mm

= Period = 6.253 mm (90 cell) In its final configuration, PETS

» Tris thickness = 2 mm comprises eight octants

= R/Q=2258 N separated by the damping slots.

= V group= 0.453 Each of the slots is equipped

= Q= 7200 with HOM damping loads. This

«P/C =134 arrangement follows the need to
S provide strong damping of the

= E surf. (135 MW)= 56 MV/m transverse modes.

= H surf. (135 MW) = 0.08
MA/m (AT max (240 ns, Cu)
= 1.8 €°)

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

S-parameters, dB

B W W U W O U

|. Syratchev



Full beam-loading acceleration in CTF3
no power flows into load
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First combination test factor 2
(June "07)
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Summary of CTF3 Achievements

« 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
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 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 GEOMETRY
Structure angle 0.55 prad

Re-alignement every few days.......

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

Quadrupole stability 0.14-0.18 nm
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CRAB CAVITY PHASE STABILITY

2.15
¢ Required phase stability 21t
can be easily calculated 205 |
e What matters is relative — 2T
phase of electron and o 195}
positron crab cavity £ 19}
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Feedback Strategy

e Retuning
e Intra-pulse beam feedback - €.9. beam waist at collision
- beam-beam feedback at the interaction EEE
point e Complex beam-based alignment and tun-
- feedforward at turn-arounds ing
o Pulse-to-pulse feedback - not in normal running conditions
- e.g. fast beam-beam feedback at inter- ¢ Other feedback
action point - not beam-based
- slower orhit feedback in BDS - element stabilisation
- slower main linac orbit feedback - alignment system

- - tunnel temperature

e Independent feecbacks on the same property will have to share the overall feed-
back bandwidth

= fry to combine as much as possible

- but need to know response

The feedback on accelerator elements must come from their relative
position with respect to the beam line !!



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)

Reliability

+ 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

CTF3 High-gradient test results — 30 GHz

Mo iris — clamped structure,

CTF Il experiment identical to the one tested in CTF Il
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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...

log, , (BDR)
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Ey o M)

HODS B0 @& T=70ns
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Circular Mo @ T=61ns




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 & efficiency
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Recent SLAC High-gradient test results — 11.4 GHz
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cLiIC

Ploss

Prf

Field emission currents Jg\ heat a

(possible) breakdown site up to a
temperature rise AT on each pulse.
After a number of pulses the site
is modified so that Jgy increases so
that AT increases above a certain
threshold.

Breakdown takes place.

Alexej Grudiev, High-power rf constraint.

Field emission and rf

power flow
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This scenario can explain:
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on the gradient (Fatigue)

Pulse length dependence of the
gradient (1D+3D heat flow from a
point-like source)

2 Oct. 2007



;7%7% Field emission and power flow
cLic o
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Alexej Grudiev, High-power rf constraint. 2 Oct. 2007
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Conditioning curves of pure metals
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High Gradient Research at SLAC

 Asthehost, wetried to unify the on going efforts.

— take advantage of the availableresourcesat SLAC for building
and manufacturing accelerator structures

— coherent theoretical modeling efforts
— effortswith MIT, ANL, ... on novd structures.

— Colaboration with CERN, LANA and SNS on material
characterizationswith our nove cavities

— New test facilitiesfor acceleration structuresat CERN, PSI,
LNF, Trieste and may beothers



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

with SLAC & KEK

Current structure testing program

2008 Jan-Mar Apr-Jun Jul-Sep Oct-Dec
C30_vg2.6
CTF3 - CERN
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30 GHz C30_vg8.2
NLCTA - SLAC C10vg2.9 [2x]
Station 1 = TD18 vg2.4 quad C10vg0.6 [2x] C10vg2.4_thick [2X]
11.4 GHz C10vg1.5 [2x]
NLCTA - SLAC
Station 2 = T28 vg2.9 T18 vg2.4 disk TD18 vg2.4 PETS 11.4 GHz
11.4 GHz
NEXTEF - KEK
= C10_vg1.5 T18_vg2.4 disk [2] TD18_vg2.4_quad [2] TD18_vg2.4 [2]
11.4 GHz
CLEX — CERN

12GHz

PETS 12 GHz
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Backgrounds

CLIC 3 TeV e+e- collider with a luminosity ~ 103°cm-2s-1 (1 ab-!/year)
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To reach this high luminosity: CLIC
5.9 has to operate in a regime of high
beamstrahlung
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2502 Expect large backgrounds

1 of photons/beam particie
3 /e+e- pair production

20 Y Y events

45 /: Muon backgrounds

2.7 e Neutrons

e Synchrotron radiation
Expect distorted lumi spectrun




e+e- Pair Production

Coherent pair production
e number/BX 3.8 108
e energy/BX 2.6 108 TeV

Incoherent pair production:

e energy/BX 2.2 10% TeV

1000

100

o
=
v
=,
&

10 ¥

0.01 0.1 1

Disappear in the beampipe

Can backscatter on machine elements
Need to protect detector with mask

Can be suppressed by strong magneti
* number/BX 3.0 10° field in of the detector

hits/mm2/bunch train
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vy Background

vy — hadrons: 4 interactions/bx with W ,,5>5 GeV

Neutral and charged energy
as function of cos6 per bx

GeV/BX

0.8 0.6z 0.84 0.86 0.a8 03 0.32 0.34 0.36 0.98

Particles
accepted "
within
6> 120mrad | .

0.8 0.62 0.64 0.66 0.8a 03 0.3z 0.34 0.98 0.98

Theta- Meutrals

0.8 0.62 0.54 0.86 0.88 (IR} 0.3z 0.34 01.36 0.96

For studies: take 20 bx and overlay events s

Most activity at small angles
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HotonS

Muon Background

Muon pairs produced in
electromagnetic interactions
upstream of the IP

Geant simulation, taking into
account the full CLIC beam
delivery system

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

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




small angle tagger

Omin = 40 mrad

Natartnryr Daramaontare
L/CLTCULULUI TaAalalliTLTl o
Detector CLIC the TESLA
Vertexing 15pm & E;ﬁiﬁiﬁ : TDR detector
15um @ P adapted to CLIC environment
Solencidal Field B=4T
Tracking :’f* 5. % 107° met i
- T IrST [deds.
E.m. Calorimeter T = (. 10‘/1_ 4 0.01 — —
Had. Calorimeter F(GeV) — = 0. 4(}\/— £ 0.04 __ cm L |
15-80 cm | Silicon /forward disks
1 Detector Instrumented Fe yoke 80240 em | TPC
5
3 = 30% at 100 GeV/e 240-280 cm | ECAL (30 X,)
Energy Flow e = 037 280-400 cm | HCAL (6))
Acceptance lcosB] < 0.98 400-450 cm  Coil (4T)
mask 190 mrad 450-800 cm | Fe/muon
beampipe 3cm

Or an all silicon detector
with 5 T field




ILC Detector

A Detector foraLC

Background at the IP enforces use of a mask

- 2m

vertex detector *%J"l nstr. tungsten
- raphite

— B raphiter— 4cm

= -6 f

_ S

interaction point

guadrupole

tungsten

CLIC: Mask covers region up

to 120 mrad (2003 design)

Energy flow measurement

possible down to 40 mrad

— New ideas from ILC

— Needs to hew optimization
for CLIC




CHAPTER 1. DESCRIFTION OF THE COXTEPT

1.5
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B EM Calorinetes T Muon Desactor
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The largest detector with a 2m tracker radius and a 3T field

16m x 15.3m
The innermost detectors are similar in the different concepts

but for the inner radius of the Vdet dictated by the field

A TPC for tracker

A large yoke to provide an adequate B field in the TPC

and a small stray field at the level of the quads.

A granular calorimetry in scintillator by fear of the silicon cost
for such a size W then Pb for 5.7 A

Henri Videau ~Ecole polytechnique CLIC 2007 CERN, October 2007



LDC

A large detector with
1.6 m tracker radius and 4T
12.4m x 12m

A TPC for tracker

A highly granular W-Si 25 mm?  80M ch
electro-magnetic calorimeter

and hadronic calorimeter read
analogically 9cm? or digitally 1cm?

in iron or brass

A HCAL in the very forward

Henri Videau ~Ecole polytechnique



SiD
muon system

a detector of equivalent global size

tracker radius 126.5cmand 5T
11.8m x 12.9m

solenoid

A full silicon tracker

providing 5 precise points f 'M

A highly granular W-Si 12 mm?

electro-magnetic calorimeter
and hadronic gas calorimeter read

digitally in iron

Henri Videau ~Ecole polytechnique CLIC 2007 CERN, October 2007



4™ concept

A 3.5 T inner field
ina -1.5T outer field
with coil walls

149m x 12m

An inner part like the others
with a TPC (R=1.4m) for tracker

Calorimetry: a crystal component for ECAL, a triple readout
fiber system for HCAL for computing the compensation.

Henri Videau ~Ecole polytechnique CLIC 2007 CERN, October 2007



Conclusions

The ILC detector concepts,

even though they borrow largely from their ancestors,
LEP detectors, SLD, or
LHC detectors and singularly CMS

have very distinctive goals and features like granularity

and are the object of a strong and interesting
R&D and design effort.

Entering the Lol and EDR phase will develop a strong effort
of performance optimisation versus the cost.

Henri Videau ~Ecole polytechnique CLIC 2007 CERN, October 2007




Conclusions (DeRoeck)

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

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

Several R&D project proposals are in the pipeline
(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 studies
Cost Study

Two Beam module design

Active pre-alignment systems

Beam physics

* Dynamic effects during alignment

* Luminosity tuning monitor

* Ring to ML & BDS alignment

* Integrated feedbacks —
* Fast beam ion instability (DR+LET)

* 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 commissioning
* Return line design

* Machine Protection System concept

To be extended ...




VERY INTERESTING R&D PROGRAMS ON

DETECTORS
ELECTRONICS
ACCELERATOR COMPONENTS
ACCELERATOR SYSTEM controls

WHAT WE ARE DOING IG GOOD
SPIN OFF
Many other applications
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Participants: 200 (registered) from 49 Inst. of 19 countries

China: Tsinghua University

Finland: Helsinski Univ.- HIP

France: CNRS/IN2P3/LAL-LAPP
LPNHE-LPSC, THALES,
CEA DAPNIA

Germany: DESY-ANKA/FZK

Greece: Athens NTU-IASA-
PATRAS
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Russia: IAP—BINP-JINR

Spain: CIEMAT-IFIC-UPC

Sweden: Uppsala Univ.

Switzerland: CERN-ETHZ-

IPP-PSI
Turkey: Ankara U-Dumlupinar U
TOBB Univ Eco&Tech
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CLIC/CTE3 collaboration observers

Discussion with possible future collaboration partners:

Countn’cs Func!ing Agcncif_'ﬁ ]_aboratorg chrc&cntativc& & Advi&ors Mc:-u . Aclclcncla
CHINA Tsinghua Univ H. Chen, H. Wenhui
RAN E{ﬂ Theoretical Phys and Math 1 Arfaci
UNITED- Ryt G. Hirst, H. Hutchinson
KINGDOM = / fod&croﬂ Institute \ S. Chattopadhyay, J. Dainton

/
Visiting Scientist: MoU being finalized

Present collaboration with

S

MoU being finalized

L 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
presently under construction. It isplanned that there will be two
sections:

(1) an rf power generation section wherethe 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
beam

(2) atwo-beam accelerator section whererf power fromasingle PETS
wiil be directed to one or two CLIC accelerator structureswhich will
accelerate a probe beam.

Thereisalso spacefor a 3rd experiment, an instrumentation beam line,
but thisisnot presently funded.



CLEX hall

TBL — Test Beam Line

22 m

CALIFES Probe beam injector

TBTS — Two Beam Yest Stand CALIFES -

Probe Beam injector
I'TB — Instrumentation Test Beam

What do we learn from an 800MeV CLIC?




What should we do?
Complete CTF3 program
Aim at CTF4 : build an 800 MeV CLIC

Design and test in the best possible way the feedback
systems

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



CONCLUSION

— CLIC technology the ONLY possible schemeto extend linear
collider beam energy into Multi-TeV energy range

—Very promising results BUT CLI1C technology not mature yet

—nove ldeas and Challenging R& D in world-wide collaboration

Nevertheless CL1C Conceptual Design with cost estimate by 2010

Your participation tothe CLIC study during and after the
wor kshop war mly welcome and appreciated




We are sailing in the open ocean

we need fantasy and hard work

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

VN1 ADEC W/ MO NME NNTDNOADD
TUU ANNLC VWV LLUUIVIEE UVIN DUAND

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



CTF3 Technical meeting in January 08

CLIC08 WORKSHOP September/October next year



