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CLIC Status and PerspectivesCLIC Status and Perspectives

 multi-jet event 
at s = 3 TeV

 e+e- -> WW -> qqqq  
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ILC and CLIC TechnologiesILC and CLIC Technologies

ILC

•Based on superconducting RF cavities 

(cold cavities)

•Gradient 32 MV/m

•Energy: 500 GeV, upgradeable to 1 TeV 

•Detector studies focus mostly on 500 GeV

Luminosities: few 1034 cm-2s-1

CLIC

•Based on 2-beam acceleration scheme 

(warm cavities)

•Gradient 100 MV/m

•Energy: 3 TeV, though will probably start 

at lower energy (~0.5 TeV)

•Detector study focuses on 3 TeV

technology proven and available

feasibility still to be demonstrated
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The CLIC Two Beam SchemeThe CLIC Two Beam Scheme

 No individual RF power sources 

->

CLIC itself is basically

a ~50 km long klystron...

Two Beam Scheme

Drive Beam supplies RF power
•  12 GHz bunch structure

•  low energy (2.4 GeV - 240 MeV)

•  high current (100A)

Main beam for physics
•  high energy (9 GeV – 1.5 TeV)

•  current 1.2 A

Drive beam - 100 A
from 2.4 GeV -> 240 MeV

(deceleration by 
extraction of RF power)

Main beam - 1.2 A 
from 9 GeV -> 1.5 TeV

QUAD

QUAD

POWER EXTRACTION
STRUCTURE

30 GHz - 230 MW

BPM

ACCELERATING
STRUCTURES

12 GHz – 68 MW
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Low Mass  
SUSY 

High Mass 
 SUSY 

~1 TeV e+e- Linear Collider 

Physics Motivation for LC @ 3 TeVPhysics Motivation for LC @ 3 TeV

High Mass SUSY scenarios with masses at ~TeV scale, e.g.

~1 TeV e+e- Linear Collider 

~3 TeV e+e- Linear Collider 
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ILC + CLIC ParametersILC + CLIC Parameters
Luminosity at
500 GeV similar to ILC
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Energy Scans at < 3 TeVEnergy Scans at < 3 TeV

Threshold scan or peak scan of new resonances is a non-
trivial operation mode at CLIC

machine optimized for 3 TeV (luminosity)

running at lower energy -> significantly lower luminosity

Bypass tunnel(s) costly and exact energy range likely unknown at 
construction time

Luminosity drop can be
partially compensated
by longer bunch trains

more studies ongoing
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Breakdown RateBreakdown Rate

Major problem over 
last years

breakdown and damage 
of accelerating structure 
at high gradients and 
long pulse length

need to keep breakdown 
rate (damage) as low as 
possible
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BeamstrahlungBeamstrahlung

e+

γ
γ

γ
e-

unavoidable at Linear 
Colliders in general:
small beam sizes -> 
large beamstrahlung

CLIC 3 TeV beamstrahlung E/E = 29% (~10 x ILC at 500 GeV)
3 x 105 incoherent pairs per BX (suppressed by strong solenoid field)

3.3 hadronic events per BX (from   -> hadrons)

more severe at CLIC 
because of higher 
energy and smaller 
beamsizes

luminosity spectrum:
only 1/3 of luminosity in top 1%
centre-of-mass energy bin
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Non Perfect Beam collisionsNon Perfect Beam collisions

Animation of colliding 
bunches with 10nm offset 
(note: different y- and z-
scale)

Due to jitter in accelerator, 
BDS, QD0 not all collision 
happen perfectly head on 
(though should be much 
smaller than 10nm)
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Main CLIC – ILC Detector differencesMain CLIC – ILC Detector differences
Higher energy -> more dense particle jets (independent on machine concept)

need tracker with better double track resolution
TPC with good double hit resolution (GEMs, MicroMegas) reconsidered again as CLIC 
main tracker as alternative to full Si tracker

need calorimeters with larger thickness and higher granularity
Particle Flow concept requires to identify individual calorimeter EM and hadronic 
clusters

Much shorter bunch spacing: 0.5 ns (CLIC) vs 337 ns (ILC)

need “time-stamping”: identification of tracks from individual bunch 
crossings

if no time-stamping -> overlay of physics events with hadronic background from 
beamstrahlung

general time structure also has consequences for pulsed electronics 

Higher E (dominating) + Smaller beam sizes  -> more (severe) 
background

need to move innermost layers of Vertex Detector further out
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Time StampingTime Stamping

About 3   -> hadrons per BX at CLIC

hadrons confuse particle flow + jet resolution if not resolved

Study with heavy Higgs doublet H0A0 at ~1.1 TeV mass

e+e- -> H0A0 -> bbbb

Signal + full standard model background 
+ background from   -> hadrons

Zero bunch crossings
MA mass resol. 3.8 GeV

20 bunch crossings
MA mass resol. 5.6 GeV

40 bunch crossings
MA mass resol. 8.2 GeV

 perfect BX resolution          time resolution 10 ns           time resolution 20 ns 
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Jet MultiplicitiesJet Multiplicities

 multi-jet event 
at s = 3 TeV

 e+e- -> WW -> qqqq  

LEP1          LEP2          ILC           ILC           CLIC
90 GeV       200 GeV    500 GeV   800 GeV   3 TeV
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Distance of Leading Particles in JetsDistance of Leading Particles in Jets



KET Strategie-Workshop 2010 – CLIC Status and Perspectives                 Michael Hauschild - CERN,  25-Oct-2010,  page 15

Summary of (some) CLIC ChallengesSummary of (some) CLIC Challenges

Accelerator

high gradient 100 MV/m
damage of accelerating structures, break down

small accelerating structures (due to 12 GHz RF)
machining of many parts down to µm level, adjustment at µm level

final focus (very small beam size)
beam size 40 nm x 1 nm, stabilization issues, fast feedback

Detector

“time stamping” at 0.5 ns bunch crossing rate
resolve correct bunch crossing of an event or of tracks, reject   -> hadrons

Hadron calorimetry + particle flow
need dense absorbers to limit radial size (e.g. tungsten), particle flow at high energies

machine background
innermost layer of vertex detector needs to move out further, forward calorimeter, 
shielding against muon background more difficult at higher E
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CLIC Detector StudyCLIC Detector Study
Early CLIC Detector Study finished in 2004

very basic detector studies only (Toy MC)

not much progress until ~2008

Study relaunched to deliver the
CLIC Conceptual Design Report in 2011

starting point: use existing ILD and SiD software

create “CLIC flavours” of both ILC detector concepts 
“ILD-like detector” @ CLIC @ 3 TeV = CLIC_ILD

“SiD-like detector” @ CLIC @ 3 TeV = CLIC_SiD

CLIC detector = “90% ILC detector” + “10% CLIC specifics”

CLIC is profiting a lot from ongoing ILC detector R&D and design studies

but ILC also profits from CLIC studies
CLIC detector = “extreme” ILC detector -> win – win situation for both communities

e.g. common work on Particle Flow Algorithms

W-HCAL, test beams, TPC hit splitting, engineering studies (push – pull)
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LCD Group at CERNLCD Group at CERN

Established January 2009

http://cern.ch/LCD

Mandate

“The Linear Collider Detector project at CERN focuses on physics and 
detector issues for a future e+e- collider at the TeV-scale. The work is 
carried out in collaboration with several study groups from across the 
globe, addressing physics and detectors at either the International 
Linear Collider (ILC) or the Compact Linear Collider (CLIC).”

Leading the CLIC Physics and Detector Study and CDR effort

contributing people ~50% CERN staff+fellows, ~50% from outside CERN

 The CERN-LCD group is NOT limited to only CLIC.
 However, present focus are preparations on physics and 
 detectors for the CLIC-CDR in 2011.

http://cern.ch/LCD
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CLIC Conceptual Design ReportCLIC Conceptual Design Report

CLIC-CDR to be delivered in second half of 2011

3 Volumes

Executive Summary

Accelerator and site facilities

Physics and Detectors
4 main editors, representing 3 regions + CERN

chapter editors representing ILD, SiD, CLIC
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CDR BenchmarksCDR Benchmarks

5 benchmarks at 3 TeV

to study and optimize detector performance

Higgs + SUSY

1 benchmark at 500 TeV

same as ILC for comparison

− e+e-→Hν
e
ν

e   
H→bb, µµ (m

H
=120 GeV)

− e+e-→H+H- →tbtb e+e-→HA→bbbb  (m
H,H+,A

=900 GeV)

− e+e-→q
R
q

R   
m

qR
= 1.1 TeV

− e+e-→l+ l-        m
l
=423,696 GeV

− e+e-→ χ+χ-, χ0χ0   mχ0=340 GeV

− e+e-→tt 
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CLIC CollaborationCLIC Collaboration
40 institutes, 21 countries40 institutes, 21 countries
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German CLIC ActivitiesGerman CLIC Activities

CTF3 Collaboration (U Karlsruhe)
development and test of mock-ups for CLIC SC damping wigglers

halo simulations for CLIC drive beam

Physics and Detector Study

Detector simulations including machine background studies
U Bonn, HU Berlin (both through Gentner PhD students)

W-HCAL + beam tests (in collaboration with CALICE)
DESY Hamburg, U Heidelberg, U Wuppertal, MPI Munich

Forward Calorimetry
DESY Zeuthen

Polarization
U Hamburg, DESY Hamburg + Zeuthen

5 German financed CDR Chapter Editors

CLIC has profited enormously from work done for ILC

large synergies in BOTH directions
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CLIC Feasibility StatusCLIC Feasibility Status

Plan to solve missing individual feasibility issues (w.r.t. 
design parameters) until 2012

 55 MV/m
 achieved 
 in 2-beam 
 acceleration 



KET Strategie-Workshop 2010 – CLIC Status and Perspectives                 Michael Hauschild - CERN,  25-Oct-2010,  page 23

CLIC Tentative Schedule until 2016CLIC Tentative Schedule until 2016

Final CLIC CDR and
proposal next phase

@ CERN Council (Dec 2011)

European Strategy
for Particle Physics

@ CERN Council (Jun 2012)

Project Implementation 
Plan (PIP) and

proposal for next phase

2010 2011  2012  2013  2014  2015   2016  2017  2018

Feasibility issues (Accelerator&Detector) 

Conceptual design & preliminary cost estimation

Engineering, industrialization & cost optimization ?

Project Preparation 

Project Implementation ?

Draft Conceptual
Design Report

(CDR)
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CLIC zeroCLIC zero

Possible injector for CLIC drive beam generation complex 
after 2016
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General Construction ScheduleGeneral Construction Schedule

11-9 9-7 7-5 5-3 2-4 4-6 6-8 8-103-1 1-2
Exp

.
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Commissioning @ 500GeV

Comm.

Comm.

Comm.

Commissioning @ 3.TeV

Comm.

Comm.

Comm.

CLIC 500 GeV (1st stage): 6-7 years

CLIC 3 TeV: 9-10 years

year
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CLIC Tentative Time ScaleCLIC Tentative Time Scale

CDR on accelerator, physics and detector end of 2011

Solve remaining feasibility issues until 2012

2011 – 2016: project preparation phase

project implementation plan in 2016

After 2016: project implementation (several years)

finalization of CLIC technical design

possible construction of “CLIC zero”

produce all documents for CLIC construction start-up
will be basis for staged or full approval

Time between approval and start of construction?

9-10 years construction time

 First collisions at 3 TeV not before ~2030 at the earliest 
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