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CLIC Detector R&D @ CERN
History, Status + plans

•  2004 CLIC Study group report:
•"Physics at the CLIC Multi-TeV Linear Collider“

• 2006-2009 EUDET R&D

• Oct 2007, CLIC07@CERN,  first Workshop on CLIC accelerator
and physics aspects → goal: feasibility demo by mid 2010 (CDR)

• Feb 2008 CLIC/ILC Collaboration meeting
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Time Structure of the Beams

100 Hz
CLIC

1 train = 
311 bunches
0.5 nsec apart
~ 15 cm

                                        ILC
                ⇒       5 Hz  1 train 2625 bunches   369 ns apart

Experimenting at CLIC similar to the “NLC”    

Bunch identification?
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Experimental Issues: Backgrounds
CLIC  3 TeV e+e- collider with a luminosity 5.1034-1035cm-2s-1 (>0.5 ab-1/year)  

To reach this high luminosity: CLIC
has to operate in a regime of high 
             beamstrahlung 

Expect large backgrounds
# of photons/beam particle
• e+e- pair production
• γ γ events
• Muon backgrounds
·  Neutrons
·  Synchrotron radiation
Expect distorted lumi spectrum

Report →Old values
New values close to those used in the report
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e+e- Pair Production
Coherent pair production
• number/BX   3.8 108

• energy/BX    2.6 108 TeV

Can be suppressed by strong magnetic
field in of the detector

Disappear in the beampipe 

Incoherent pair production:  
• number/BX   3.0 105

• energy/BX    2.2 104 TeV

Can backscatter on machine elements
Need to protect detector with mask

hits/mm2/bunch train

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

CLIC Report 2004:
Starting point: the TESLA
TDR detector adapted to
CLIC environment

- Detailed studies performed for 
previous CLIC parameters
- Larger need for time-stamping
of events
- No significant difference in 
 performances  expected between old 
and new multi-TeV parameters

hep-ph/0412251 ; CERN-2004-005
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CLIC Benchmark Processes studied

Processes with up to 14 jets…
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 Track Density @ CLIC

ee→bb

Average number of additional tracks in a cone of given radius
500 GeV : 10% prob. to have 1 extra track within 1cm cone at 40cm radius
3 TeV     : 10% prob. to have 1 extra track within 1cm cone at 1 m radius

500 GeV
4T field

3 TeV
6T field
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What has happened in the last 8 months
• CLIC 07 workshop (October 07)

– Important milestone: We had ~200 registered participants, of which ~100
from 54 external institutions

– Large interest from both CERN and outside
– Several ideas on detector R&D being presented/ contact with the ILC

detector community. Recognized that CLIC needs stronger detector R&D
involvement

• Since February: Startup engagement in PH department for LC
detector studies (available from September ‘08 onwards)
– 2 PhD students
– 1 Fellow
– 1 Scientific associate
– (+ ≥4 part time PH staff )
– Some resources available for visitors for LC detector studies
– Collaboration with several other institutes

• Note: CERN involved in EUDET and DEVDET proposal



10

What has happened in the last 8 months

• Interests
– At start: simulation studies to identify critical areas

• Fast tracking (time stamping), in connection with pixel group
• TPC studies: usable @CLIC?
• MDI/FCAL studies. Redesign the MDI area
• Calorimetry/particle flow, especially for high densities

• Grand plan
– CLIC CDR by 2010, including a section on detector options

• TDR for the machine by 2014
– Capitalize on working with ILC Detector groups
– Start with some stdies with SiD (ILD)  detectors

• Since February 08: ILC/CLIC collaboration (machine and
detectors)
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CERN Participation in LC: EUDET 2006-2009

• MICELEC: microelectronics user support
• VALSIM: optimisation of hadronization process in

GEANT4
• Magnet: magnetic field map of PCMAG magnet at

DESY test beam
• Timepix: development of pixel chip for TPC pixelised

readout
• TPC electronics: development of TPC pad readout

(aiming for combined analog/digital readout fitting
behind 1×4 mm2 pads)
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OUTPUTS

INPUTS

7 standard channels5 versions

TPC pad readout, programmable
amplifier 130 nm technology

PCMAG field map campaign at DESY
2007

Timepix chip
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ILC-CLIC working groups

First working group meeting, 13/5/2008
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Topics for CLIC/ILC Detector R&D
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Topics for CLIC/ILC Detector R&D
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Machine Detector InterfaceMachine Detector Interface
• General layout and integration

– Common meeting/review required
– Common engineering tools for detector design in preparation (DESY, CERN,

IN2P3, FP7)
• Background and luminosity studies

– Strengthen support
• Masking system

– Constraints on vertex detector
• Detector field

– Need a field for CLIC
• Magnet design
• Common simulation tools for detector studies

– Need to review what is available
• Low angle calorimeters
• Beam pipe design (LHC)
• Vacuum etc. (LHC)
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Background and Luminosity Studies

• Common simulation tools
– BDSIM ()

• Integration into GEANT?
– FLUKA (CERN)
– Halo and tail generation (CERN)
– Common formats etc

• Study of machine induced background
– In particular, neutrons, muons and synchrotron radiation
– Mitigation strategies

• e.g. tunnel fillers against muons
• Study of beam-beam background and luminosity spectrum
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Support, Stabilization and Alignment

• LAPP, Oxford, CERN, FP7, BNL, SLAC, …
– Room for more to join

• Low-noise design
– Noise level measurements (DESY, CERN)

• Among others, measurements at LHC
– Component design

• Mechanical design of quadrupole support
• Final quadrupole design
• Stabilization feedback design

– Sensors
– Actuators
– Interferometers
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Experimental Area Integration

• Common definitions
• Infra-structure

– Work is quite generic
• No large differences expected for CLIC detector to some

ILC detector
– Collaboration has started
– LHC expertise

• Push-pull
– Is an option for both projects
– A collaboration has started
– Brings ILC/CLIC/LHC expertise

• Crossing angle
– Investigate requirements
– Then study benefits to find a common crossing angle
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CLIC Simulation with SiD

Marco Battaglia, CLIC workshop and follow-up

• Include CLIC γγ background (50 bunch crossings)
• Include CLIC luminosity spectrum
• Study ee→ννH, ee →H+H- and  ee→smuon pair production
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M. Battaglia, submitted to J. Phys G

For 5 ab-1
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SiD detector at 3 TeV
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Muons from smuon pair production

Smuon production Benchmark point K, 2 ab-1

M(smuon) = 1100 GeV, M(neutralino) = 550 GeV 

Effect of the 
beamstrahlung
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Vertex Detector/Tracker at CLIC

P. Jarron
LCW07

Idea: use a coarse pixel planes (300x300 µm) for timing in addition to precision 
position pixels. Following developments for the NA62 Gigatracker. 
Aim for 100ps or better time resolution. Based on 0.13µm CMOS.
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Tracking for CLIC

K. Dehmelt
CLIC ‘07

Discussion indicates
that it seems possible

Silicon tracking…    TPC?



28

“Unit cell”

• Detected both total and EM
component of shower via detection
of scintillating light and cerenkov
light, ie the approach of the DREAM
concept

• Use instead quasi-homogeneous
(scintillating and Cerenkov) fibres of
the same heavy material to suppress
sampling fluctuations ⇒ fibres are at
the same time absorber and
detector medium.

• Adequate meta-materials exist
• Additional neutron sensitive fibers

can be incorporated
• Simulation studies needed!

Ideas for Calorimetery
P. Lecoq et al.

DREAM

Interested groups from Crystal Clear, DREAM and 
a growing number institutes



29

ALICE Time of Flight (MRPCs)
C. Williams CLIC’07

Multigap-RPC→ 150 m2 with 160000 channels
Timing better than 100 ps
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Alain Herve, CERN, et al

Push-Pull studies for two detectors
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Conclusions

• CLIC physics/detector studies resumed as a result of the
CLIC07 workshop. Some dedicated manpower for studies
being put in place

• Synergy with ILC detector studies → ILC-CLIC
collaboration starting

        - CERN has very recent expertise with very large
          detectors
        - MDI expert exchange de facto happening
• Good exchange and collaboration with ILC experts is vital

and is underway…..
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From: F. Richard, Sendai

Lucie Linssen, Krakow FCAL meeting 6/5/2008           slide 32
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Calorimetery: Multi-readout proposal

P. Lecoq et al.

“Unit
cell”

DREAM

Interested groups from Crystal Clear, DREAM and a number of  
growing institutes

Here: use 
Meta-materials



34

DG to CERN staff
Jan 08
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A Detector for a LC

~TESLA/NLC detector qualities: Excellent tracking and jet energy resolution,
jet flavour tagging (b,c), lepton identification, hermeticity, small-angle
detection...
Particle identification?

CLIC: Mask covers region up
to 120 mrad (2003 design)
Energy flow measurement 
possible down to 40 mrad
⇒ New ideas from ILC
Þ Needs to new optimization
    for CLIC

ILC Detector
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Tracking Detectors

• Silicon detectors/TPC  (→K. Dehmelt WG6)
• Many developments for Pixel detectors at the ILC (→M. Winter WG6) e.g. new

sensor technologies.
– To be evaluated for CLIC purpose
– Dedicated R& D for CLIC, → C. Da Via, M. CampBell WG6

• Remember that for CLIC
– Time between buch crossings: 0.6 nsec
– Number of bunches/train: 311

• Time stamping/time slicing of the bunch train?
⇒ fast sensors and electronics
    Idea (→ P. Jarron WG6): use a coarse pixel planes (300x300 µm) for timing

in addition to precision position pixels. Following developments for the
NA62 Gigatracker. Aim 100ps or better time resolution. Based on 0.13µm
CMOS.

• ALICE TOF proposal (→ C. Williams talk WG6): Large scale  TOF with 40ps
time resolution
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Lucie Linssen, Krakow FCAL meeting 6/5/2008           slide 37

CERN contribution to LC tasks in FP7 proposal
DevDet

http://project-fp7-detectors.web.cern.ch/project-FP7-detectors/Default.htm

• Test beam for combined linear collider slice tests (providing beam, large magnet, general infrastructures etc.)

• Continued support for TPC electronics

• Participation in Project office for linear collider detectors (engineering tools for project office; design support for
test beam set-up)

• Test-case of LC project tools on CLIC forward region example (together with DESY and ILC forward study teams)

• Software tools (geometry and reconstruction tools)

• Microelectronics user support
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R&D: Integrating Pixel Detector readout

•• P. P. JarronJarron, J. , J. KaplonKaplon, K. , K. PoltorakPoltorak
•• Integrate during pulse train (~200ns) readout during gapIntegrate during pulse train (~200ns) readout during gap

(20ms)(20ms)
•• Very low noise (10Very low noise (10’’s e-) possible thanks to soft resets e-) possible thanks to soft reset

featurefeature
•• Pixel dimensions 10Pixel dimensions 10’’s of s of mmmm
•• Very high spatial resolution Very high spatial resolution –– but no timing info but no timing info

K. Poltorak

M. Campbell
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•• Derived from Medipix3 workDerived from Medipix3 work
•• Pulse processing front-end like LHCPulse processing front-end like LHC
•• Clean pattern recognition (noise 100 Clean pattern recognition (noise 100 ee--rmsrms, threshold 1500e, threshold 1500e--))
•• 10-20ns time tag10-20ns time tag
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R&D: Charge Summing Pixel Detector readout
M. Campbell
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Michael Campbell

R&D: Timepix-like readout

Micromegas

50um

A novel approach for the readout of a TPC at the future linear A novel approach for the readout of a TPC at the future linear collidercollider is is
to use a CMOS pixel detector combined with some kind of gas gain gridto use a CMOS pixel detector combined with some kind of gas gain grid
Using a Using a nakednaked photon counting chip Medipix2 coupled to  photon counting chip Medipix2 coupled to GEMsGEMs or or
MicromegasMicromegas demonstrated the feasibility of such approach demonstrated the feasibility of such approach

M. Campbell
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R&D: 3D Detectors
C. Da Via
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R&D: 3D Detectors
C. Da Via
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Multi-Gap RPC for TOF

→ C. Williams

multigap-RPC→ 150 m2 with 160000 channels


