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Physics/Detector studies

• 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 studies with SiD (ILD)  detectors

• Since February 08: ILC/CLIC collaboration (machine and
detectors)
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ILC benchmarks

originated from the work of the ILC WWS Benchmark
Panel, reported in Battaglia et al, hep-ex/0603010.
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…the full list
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CLIC Benchmark Processes studied
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Benchmark
• Similarly: we need to select benchmark processes for the detector

performance
– Single particles, jets,…
– WW production with structure in the TeV range
– Top production or heavy charged Higgs (multi-jets)
– Smuons/SUSY particle reconstruction (neutralino

reconstruction? Special DM regions?)
– Higgs rare decays / Higgs self coupling
– Resonance (Z’) reconstruction/scan
– B’s, Taus related events? ee→ ff

• Performance studies for the physics case
– Study of new channels  (unparticles, Quirks, …)
– Precision cross sections, asymmetries,..
– Precision of mass determinations
– Precision of couplings
– Spin information
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Strategy (CDR timescale)

• Take a ILC detector and check performance for CLIC
physics program
– Current choice to take SID for full simulation
– Keep an eye on ILD

• Modify ILC detector: use fast parametrization?
– Marlin framework would allow to add CLIC module

• Setting up tools & computing for the CDR studies (~as in
2001)
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A few comments

• The detector size (ECal radius and main tracker length).
The usual scaling law of 0.15 BR^2/pT, which gives the
distance of a charged particle with pT wrt a neutral at
radius R dictates an increase in radius but much of the
CLIC physics will have multi-jet final states, so it requires
to be looked into.

• The number of layers in the main tracker. Five, as in the
SiD, seems a bit marginal already at 0.5 TeV.

• Forward calorimetry. Spiraling charged particles will give a
spatially decorrelated background to neutral detection
which needs to be assessed.

• Other issues: machine-related backgrounds and the radius
of the innermost Vertex layer (with Daniel).
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 Issues: 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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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



11

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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Conclusion

• In order to contribute to the CDR of CLIC in 2010,
detector/physics studies need to be performed in the next 2
years

• Some manpower (students, fellow, SA, guests) will become
available in the next 2 months @ CERN. But not just CERN!
Collaboration with other institutes/groups!!

• Basic tools can be set up centrally (full/fast simulation)
• Regular (bi-weekly) 1 hr meeting planned from September

onwards
• We need to select a few benchmark processes to get started
• Additional PH input/manpower will be needed (fraction of time)
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Backup
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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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…the full table
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Priorities
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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

 3
5.9
2.0
  50
311
0.5
0.4
44
0.66
0.02
53
 1
31
2.0
45
2.7
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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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Topics for CLIC/ILC Detector R&D
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Topics for CLIC/ILC Detector R&D
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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?
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“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
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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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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
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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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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


