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Introduction

2/25

CDR studies [arXiv:1202.5940] were based on two detector concepts derived from ILC 
CLIC_ILD (featuring a TPC) 

CLIC_SiD (all-Silicon tracking system) 
Further optimization studies led to a new single model, suited for high-energy collisions: CLICdet

The talk is divided in the following sessions: 

1. DETECTOR DESIGN 

2. OBJECT RECONSTRUCTION 

3. DETECTOR PERFORMANCES 

4. THE CLICdet AS A DELPHES CARD
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SECTION 1: DETECTOR DESIGN

The CLICdet model features the following components 
Silicon pixel vertex detector 

Silicon tracker 
Silicon-tungsten ECal 
Scintillator-steel HCal 
Superconducting solenoid interleaved with RPC 
muon chambers 
Forward LumiCal and BeamCal

CLICdet design is optimized for the 3TeV environment 
Crossing angle = 20 mrad 
Magnetic field = 4 T
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Detector layout and main parameters
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5 Silicon Tracker

Table 4: Main parameters of the tracker barrel
layout, radius R and half-length L/2.

Layer No. Name R [mm] L/2 [mm]

1 ITB1 127 482
2 ITB2 340 482
3 ITB3 554 692

4 OTB1 819 1264
5 OTB2 1153 1264
6 OTB3 1486 1264

Table 5: Main parameters of the tracker disks.

Disk No. Name Z [mm] Rin [mm] Rout [mm]

1 ITD1 524 72 404
2 ITD2 808 99 551
3 ITD3 1093 131 554
4 ITD4 1377 164 542
5 ITD5 1661 197 544
6 ITD6 1946 231 548
7 ITD7 2190 250 552

8 OTD1 1310 618 1430
9 OTD2 1617 618 1430
10 OTD3 1883 618 1430
11 OTD4 2190 618 1430

Table 6: Material budget of the tracker barrel
layers - total per barrel layer, as im-
plemented in the simulation.

Layer Name X0 [%]

ITB1 - 3 0.89

OTB1 - 3 1.02

Table 7: Material budget of the tracker disks -
total per disk, as implemented in the
simulation.

Disk Name X0 [%]

ITD1 - 7 1.02

OTD1 - 4 1.02
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Figure 16: Total material budget of the vertex plus tracker system, including beam pipe, supports and
cables, as a function of the polar angle.
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Total material budget 
[vertex+tracker]

The vertex and tracker

Vertex detector  
Silicon pixels 25x25 μm2 

single point resolution = 3 μm 
3 barrel double layers 
3 sets of double spirals 
material budget: 0.2%X0 per layer

Tracker detector 
Silicon pixels and microstrips 
inner tracker 
3 barrel layers, 7 disks 

outer tracker 
3 barrel layers, 4 disks 

single point resolution:  
1st inner disk: 5 μm x 5 μm 
all others: 7 μm x 90 μm 

material budget: 
detector: ~1%X0 per layer 
support&cables: ~2.5%X0

26cm

4.4m

3m

5 Silicon Tracker

5 Silicon Tracker

The tracking systems considered for the two CDR detector models were a TPC for CLIC_ILD and an all-
silicon tracker for CLIC_SiD. Occupancy studies using the CLIC 3 TeV beam conditions [7, 8] found an
occupancy of about 30% in the TPC pads (without safety factors), caused mainly by the long readout time
and the fact that background hits are integrated over the full CLIC bunch train. Moreover, it turned out
that the contribution of the TPC to an accurate momentum measurement is limited [3]. It was therefore
concluded that the next CLIC detector model should feature an all-silicon tracker. As a result, the vertex
and tracker are regarded as one unified tracking system in the reconstruction process. (The dimensions
of the cells in vertex and tracker, as presently envisaged, are given in Appendix I 13.)

A conceptual design for supporting the vertex detector and beam vacuum tube inside a support cylinder
had been proposed for the CDR detector models [21]. This support cylinder had a diameter just large
enough to fit around the conical vacuum pipe. However, such a layout prevents the forward tracker disks
to cover the smallest possible angles, thus penalising tracking in a region which is already suffering from
the small

R
B dl. A support tube at a larger radius, as chosen for CLICdet, helps avoiding this issue.

The overall layout of the silicon tracker in CLICdet is shown in Figure 11. The tracking volume has
a radius of 1.5 m and a half-length of 2.2 m. The main support tube has an inner and outer radius of
0.575 and 0.600 m, respectively, and a half-length of 2.25 m. This support tube effectively divides the
tracker volume into two regions: the "Inner Tracker" and "Outer Tracker". The Inner Tracker contains
three tracker barrel layers (ITB1-3) and, on each side of the barrel, seven inner tracker disks (ITD1-7).
The Outer Tracker is built from three large barrel layers (OTB1-3) complemented on either side by four
outer tracker disks (OTD1-4).

When compared to CLIC_SiD, CLICdet has a much larger tracking system, in particular extending
the forward region acceptance. The number of expected hits in CLICdet as a function of polar angle q is
shown in Figure 12.

Figure 11: Overall layout of the tracking system: the area in darker red illustrates the main support tube
for the inner tracking region, the vertex detector and the vacuum system. The central grey
area is the envelope for the air cooling of the vertex detector.
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The ECal and HCal

ECal 
Si-W sampling calorimeter 
cell size 5 x 5 mm2 

40 layers (1.9mm thick W plates) 
22X0

HCal 
Scintillator-steel sampling calorimeter 
cell size 30 x 30 mm2 

60 layers (19mm thick steel plates) 
7.5λI

Particle flow calorimetry requires high-granularity calorimeters

7 Hadronic Calorimeter

Table 14: Parameters for the HCAL segmentation as implemented in the simulation model, with a total
of 60 Fe-Scintillator layers.

Function Material Layer thickness [mm]

Absorber steel 19

Space air 2.7
Cassette Steel 0.5
PCB mixed 0.7
Conductor Cu 0.1
Scintillator Polystyrene 3
Cassette Steel 0.5

Total between steel plates 7.5

Total Fe-scint. layer 26.5

 [deg]θ

I
λ#

0

2

4

6

8

10

12

0102030405060708090

ECal
HCal
Full Calorimetry
Coil

Figure 25: Nuclear interaction lengths lI in the calorimeters with respect to the polar angle q . The in-
teraction length corresponding to the material of the superconducting coil is shown for com-
pleteness.

the background events were taken from the worst case scenario, i.e. generated for CLIC operating atp
s = 3 TeV. The kt algorithm of FastJet was used to reconstruct exclusively two jets on the same side

of the detector (after optimisation, the FastJet parameter R=0.5 and the "default" criterion for PFOs
were used throughout to estimate the relative performance of the models) . The Rin = 240 mm model
provides an improved di-jet invariant mass, without significantly increasing the acceptance to background
compared to the Rin = 360 mm case. The Rin = 120 mm case, considered not feasible from an engineering
perspective, is included for comparison.

While the advantage of a better HCAL forward coverage is evident even including the overlay of
gg ! hadrons background, detailed studies for CLIC_ILD revealed a too high occupancy in the inner
regions of the HCAL endcap. As a remedy, a thick shielding (polyethylene and tungsten) inside the
support tube was proposed [29]. In CLICdet, a shielding of this type would have to be placed inside the
HCAL endcap and would therefore reduce its forward acceptance. For first physics studies with the new

27

Total thickness 
[ECal+HCal]
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The magnet and muon system

The magnet system 
superconducting coil 
4T field 

return yoke 
barrel: 1.5T field 
endcap: no field

The muon system 
RPC chambers 
6 layers 
additional possible 7th layer as close as 
possible to the coil, as tailcatcher for 
hadron showers 
cell size 30 x 30 mm2

8 Magnet System

8.2 Yoke and Muon Detectors

The iron return yoke is structured into three rings in the barrel region and the two endcaps, as shown in
Figure 28. The outer radius of the yoke is reduced w.r.t. the CDR detector models, since the external
constraints (stray magnetic field, shielding) are relaxed in a scenario with only one detector. The yoke
endcaps are much thinner than in the CDR to allow for an L⇤ of 6 m, with the QD0 outside of the detector
region.

Figure 28: The iron return yoke of CLICdet. The end coils are not shown in this illustration.

In order to close the magnetic flux, a set of 4 concentric end coils is foreseen4, as shown schematically
in Figure 4. An earlier version of end coils is presented in [31], where the feasibility is demonstrated by
a comparison with the coils used at the LHCb experiment. The main design parameters of the new end
coils are given in Table 17. The effect of these end coils on the magnetic field outside of the detector
region is shown in Figure 29. The peak value of the field decreases outside of the detector region (z > 6 m)
when end coils are included, e.g. from about 0.5 T to 0.08 T at z = 6.5 m.

Table 17: Main design parameters of the four end coils per endcap. The dimensions of the coils are
shown in Figure 4.

Coil # turns Copper mass [ton] Resistance [mW] Voltage drop [V] Power [kW]

RC1 4 ⇥ 12 5.6 2.7 16.5 101
RC2 3 ⇥ 20 13.3 6.4 39.1 240
RC3 4 ⇥ 24 46.7 22.4 137.6 844
RC4 4 ⇥ 18 45.8 22.0 135.1 829

In the design of the yoke, mechanical constraints impose steel plate thicknesses of at least 100 mm.
This implies that, in a thinner yoke, the number of muon detection layers needs to be reduced with respect
to the CDR. Fewer muon layers are not expected to impair the performance of the muon identification
at CLIC. This had already been anticipated in the note describing the design studies [32], which states
that the "muon identification algorithm within PANDORAPFANEW leaves room for improvement". A

4Note that these end coils are not part of the detector simulation model.

30
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FCal: LumiCal and BeamCal

LumiCal 
Si-W calorimeter 
40 layers (3.5mm thick W plates) 
transverse segmentation 

64 radial 
48 azimuthal 

θ coverage: (39,134)mrad 

BeamCal 
Diamond-W calorimeter 
40 layers (3.5mm thick W plates) 
cell size 8x8 mm2 
θ coverage: (10,46)mrad 
100mm thick graphite layer on the side 
facing the IP

Emilia Leogrande|BSM direct searches Meeting,  CERN - 21/02/2018 8/25



SECTION 2: OBJECT RECONSTRUCTION

Calorimeter clusters 
Pandora Particle Flow Algorithm (PFA)

Tracks 
Conformal mapping for pattern recognition

Flavour tagging 
Vertex finding + Jet Clustering Algorithm
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Track reconstruction: conformal mapping

u =
x

x2 + y2
v =

y

x2 + y2

Conformal mapping applies a geometry transform that maps circles in the x,y plane passing 

through the origin into straight lines in the u,v plane

Cellular automaton used to perform straight line search
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Calorimeter clusters reconstruction: Pandora PFA

The Pandora PFA is based on tracing the 
paths of individual particles through the 
detector 
The energy and momentum for each 
particle can then be extracted from the 
subdetector system in which we expect the 
measurement to be most accurate  

Typical jet composition: 62% charged hadrons, 27% photons, 10% long-lived neutral hadrons, 1% neutrinos 
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Flavour tagging

Vertex finder reconstructs primary and 
secondary vertices 
Jet clustering algorithm (Valencia) is 
applied  
Jets and vertices are fed into a BDT to get 
the flavourness of each jet  
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SECTION 3: DETECTOR PERFORMANCES

Tracking performances 
pT and impact parameter resolution 
single particle efficiency (prompt and displaced)

PFO performances 
jet energy resolution 
W/Z mass separation

Detector performances are studied in full simulation with the iLCSoft (Linear Collider community software)

Flavour tagging 
misidentification efficiency for beauty 
misidentification efficiency for charm 

Forward Calorimeter  
LumiCal angular resolution 
BeamCal reconstruction efficiency
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Transverse momentum and impact parameter resolutions
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CLICdp Work in progress CLICdp Work in progress

Achieved transverse momentum 
resolution 2x10-5 GeV-1 for high 
energy muons in the barrel

Achieved d0 resolution 2μm for 
high energy muons in the barrel 

to identify heavy-flavor quark 
states and tau leptons

From Higgsstrahlung

From BSM



Tracking efficiency for single muons
Efficiency = fraction of reconstructed particles out of the reconstructable MC particles
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CLICdp Work in progress

Major strategy change 
broader search angle than for prompt tracks 
inverted order search: from tracker to vertex hits

Conformal mapping turns circles through the origin in (x,y) into straight lines in (u,v) 

=> quadratic terms to include displaced tracks, but eventually χ2 breaks down

Efficiency = fraction of reconstructed particles out of the reconstructable MC particles



Jet energy resolution

Resolution per single jet (_j) = (no jet reconstruction at this stage)
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CLICdp work in progress
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Ideal W/Z mass separation 
requires σm/m = 2.5%, which 
t r a n s l a t e s i n t o j e t e n e r g y 
resolution σE/E = 3.5%



W/Z mass separation
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Dijet mass (four exclusive jets) helps to reduce the low-mass bump



b-tagging

Energy dependence

Polar angle dependence
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CLICdp Work in progress CLICdp Work in progress

CLICdp Work in progress CLICdp Work in progress

dijets distributed in 10-90deg angle

dijets events at sqrt(s) = 200GeV



c-tagging
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CLICdp Work in progress CLICdp Work in progress

CLICdp Work in progress CLICdp Work in progress

Energy dependence

Polar angle dependence

dijets distributed in 10-90deg angle

dijets events at sqrt(s) = 200GeV



Forward Calorimeters performances
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LumiCal 
LumiCal clustering not feasible for 
γγ->hadrons overlay 
=> BeamCal reconstruction applied 
to LumiCal

BeamCal 
1.5TeV electrons with 40BX incoherent 
pairs (e+e-) overlaid

CLICdp Work in progress

CLICdp Work in progress



SECTION 4: THE CLICdet AS A DELPHES CARD

CLICdet as a Delphes Card 
validation and performance 

inputs: tracking resolutions and efficiency,  
calorimeter segmentation and resolutions, 
single particle PFOs efficiency and isolation, 
b,c,tau tagging 

current status, documentation and links

Fast detector simulation using a parametrization of the detector geometry, detector response and 
reconstruction of composite objects including efficiencies
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Derived observables performance – all events
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• Using N=4 jets clustering, mqq(H) is the invariant mass of the two jets
remaining after assigning the two jets with mjj closest to mZ as Z jets

• No selection ! M(µµ) includes H ! ZZ ! µµxx and other muons
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Validation and performance of the CLICdet Delphes Card
Derived Observables performance - all events
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• m(Z) is determined as:
• N=3,4,5 jet clustering
• pick the two jets with mjj closest to mZ

) Difference in mZ up to 5 % in area close to Z peak; up to 15 - 20 % further
away

• Recoil mass calculated from this Z candidate
• Up to ⇡ 5 % differences in peak and reflection peak
• 10 - 20 % difference in tails
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Derived Observables performance - all events
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full sim

Derived observables performance – all events
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Validation: HZ with Z → qq, H → inclusive at 350 GeV 



Status, documentation and useful links

Documentation and links

• My fork on github: https:// github.com/uschnoor/delphes

• Documentation: https:// cp3.irmp.ucl.ac.be/ projects/ delphes/wiki/WorkBook

• How to use the current code with MadGraph (CLICdet adjustments not yet
shipped with official code):
https:// twiki.cern.ch/ twiki/ bin/ view/CLIC/DelphesMadgraphForBSMReport

• Existing ILD card:
https:// cp3.irmp.ucl.ac.be/ projects/ delphes/ browser/ git/ cards/ delphes card ILD.tcl

• Delphes for e+ e- Collider Studies: http:
// ias.ust.hk/ program/ shared doc/2017/201701hep/HEP 20170116 Chris Potter.pdf

• Intro to Delphes http:

// indico.ihep.ac.cn/ event/ 2813/ session/5/ contribution/7/material/ slides/ 0.pdf

• How to run: ./DelphesSTDHEP cards/delphes card CLICdet.tcl

out 2556 1.root hzqq gen 2556 1.stdhep

Ulrike Schnoor (CERN) CLICdet Delphes Card 3/35

from Ulrike Schnoor (ulrike.schnoor@cern.ch)
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Current status of the CLICdet Delphes Card 
good performance for jets and observables based on multiple jets kinematics 
work in progress for improving the lepton performances 
invariant masses are well reproduced  
widths are still under investigation 
impact of γγ->hadrons at higher center of mass to be investigated 
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If you want to know more…

…about the detector model:  

CLICdet: the post-CDR CLIC detector model 
https://cds.cern.ch/record/2234145/files/CLICdp-Draft-2016-025.pdf?version=1

…about the object reconstruction & detector performances: 

Tracking 
https://indico.cern.ch/event/656356/contributions/2845846/attachments/
1587763/2511105/CLICWorkshop2018.pdf 

Calorimeters 
https://indico.cern.ch/event/656356/contributions/2855848/attachments/
1589352/2514491/180125_CLIC2018_PandoraPFA_Weber.pdf 

Flavour tagging 
https://indico.cern.ch/event/656356/contributions/2845847/attachments/
1587769/2511115/Flavour_tagging_CLICdet_IGarcia.pdf 

Forward calorimeters 
https://indico.cern.ch/event/656356/contributions/2845848/attachments/
1587779/2511136/180123_CLICWeek_Fcal.pdf 

Note in preparation 

Emilia Leogrande|BSM direct searches Meeting,  CERN - 21/02/2018 25/25

Special thanks to Philipp Roloff, Andre Sailer, Ulrike Schnoor and Matthias Weber

https://indico.cern.ch/event/656356/contributions/2845846/attachments/1587763/2511105/CLICWorkshop2018.pdf
https://indico.cern.ch/event/656356/contributions/2845846/attachments/1587763/2511105/CLICWorkshop2018.pdf
https://indico.cern.ch/event/656356/contributions/2855848/attachments/1589352/2514491/180125_CLIC2018_PandoraPFA_Weber.pdf
https://indico.cern.ch/event/656356/contributions/2855848/attachments/1589352/2514491/180125_CLIC2018_PandoraPFA_Weber.pdf
https://indico.cern.ch/event/656356/contributions/2845847/attachments/1587769/2511115/Flavour_tagging_CLICdet_IGarcia.pdf
https://indico.cern.ch/event/656356/contributions/2845847/attachments/1587769/2511115/Flavour_tagging_CLICdet_IGarcia.pdf
https://indico.cern.ch/event/656356/contributions/2845848/attachments/1587779/2511136/180123_CLICWeek_Fcal.pdf
https://indico.cern.ch/event/656356/contributions/2845848/attachments/1587779/2511136/180123_CLICWeek_Fcal.pdf


BACKUP  
SLIDES



vertexR [mm]
0 200 400 600

Tr
ac

ki
ng

 e
ffi

ci
en

cy

0

0.5

1

1.5
 = 500 GeV

Z
 (q = u,d,s),mqq→Z

No background, truth tracking

No background, conformal tracking

hadrons, truth tracking→γγWith 

hadrons, conformal tracking→γγWith 

Tracking efficiency for displaced tracks: Zuds @ 500 GeV

20/26
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CLICdp work in progress
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Tracking efficiency for displaced tracks: tt, bb @ 3 TeV
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