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This is not th
e only option for CERN...
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CLIC
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CLIC detector and physics (CLICdp)

30 institutes from 18 countries

Collaborations

CLIC accelerator collaboration

53 institutes from 31 countries

http://clic.cern/
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Status of the CLIC project

Based on the reports presented at CLIC Week 2019,

recent CLIC and CLICdp publications

and CLICdp presentations at ICHEP’2018 

https://indico.cern.ch/event/753671/overview
https://twiki.cern.ch/twiki/bin/view/CLIC/ICHEP2018


15/03/2019A.F.Żarnecki                             Status of the CLIC project

Outline

● Accelerator design

● Detector concept

● Physics Program

● Status of the project
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Accelerator
design



CLIC 380 GeV layout and power generation

140 ms train length - 24 ´ 24 sub-pulses 
4.2 A - 2.4 GeV – 60 cm between bunches 

240 ns 

 24 pulses – 101 A – 2.5 cm between bunches 

240 ns 
5.8 ms 

Drive	beam	 me	structure	-	ini al	 Drive	beam	 me	structure	-	final	

Baseline electron 

polarisation ±80%
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CLIC layout – 3TeV

Baseline electron 

polarisation ±80%
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Updated CLIC Staging

Baseline polarisation scenario adopted:

electron beam (–80%, +80%) polarised in ratio 

(50:50) at √s=380GeV ; (80:20) at √s=1.5 and 

3TeV

increased 
from 

0.5+0.1ab–1

1.5ab–1

3ab–1

Staging and live-time assumptions following guidelines consistent with other future projects: Machine Parameters and 

Projected Luminosity Performance of Proposed Future Colliders at CERN arXiv:1810.13022, Bordry et al.

Electron polarisation enhances Higgs production at 

high-energy stages and provides additional 

observables
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Accelerator challenges
Drive beam quality 

• Produced high-current drive beam bunched at 12 GHz

28A

3 GHz

x2

x3

12 GHz

Arrival time 

stabilised to 

50 fs

Four challenges: 

High-current drive beam 

bunched at 12 GHz

Power transfer + 

main-beam acceleration

~100 MV/m gradient in 

main-beam cavities

Alignment & stability

Drive beam quality 

• Produced high-current drive beam bunched at 12 GHz

28A

3 GHz

x2

x3

12 GHz

Arrival time 

stabilised to 

50 fs

Drive beam arrival time 

stabilised to CLIC 

specification of 50fs28A

Drive beam quality:

Produced high-current drive beam bunched at 12GHz

Current in combiner ring

Examples of measurements from CLIC 

Test Facility, CTF3, at CERN.  

CTF3 now the ‘CERN Linear Electron 

Accelerator for Research’ facility, CLEAR
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Accelerator challenges

• Demonstrated two-beam acceleration

31 MeV = 145 MV/m

Two beam acceleration 

• Demonstrated two-beam acceleration

31 MeV = 145 MV/m

Two beam acceleration 

• Demonstrated two-beam acceleration

31 MeV = 145 MV/m

Two beam acceleration 

31MeV = 145MV/m

Demonstrated 2-beam acceleration
Four challenges: 

High-current drive beam 

bunched at 12 GHz

Power transfer + 

main-beam acceleration

~100 MV/m gradient in 

main-beam cavities

Alignment & stability
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X-band technology base now very wide 
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• X-band activities and studies in 
institutes and industry (intensity linked 
to resources, publications … ) 

• Similar maps possible to draw for Asian 
and US activities (and for other 
technologies than X-band) 

• X-band used as part of machines 
(linearizers, deflectors) or as main RF 



CLIC week 823 January 2019 W. Wuensch, CERN

EU funded design study for a 
compact and low-cost XFEL.

Target - SwissFEL performance at 
half the cost, to bring XFELs to 
national and regional facilities.

Based on advances in:

• Injectors

• X-band linac technology

• Undulators 
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CLIC main achievements

Key technologies have been demonstrated

CLIC is now a mature project ready for implementation 
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Energy

From running model and power estimates at various states 

– the energy consumption can be estimated

CERN is currently consuming ~1.2 TWh yearly (~90% in 

accelerators) 
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CLICdet

Detector Concept for CLIC



Introduction

Detector Requirements

Track momentum resolution: σ1/p < 5 · 10−5 GeV−1

Impact parameter resolution: σd < 5µm ⊕ 10µm 1 GeV

p sin
3/2

Θ

Jet energy resolution: σE/E = 3− 4% (highest jet energies)

Hermecity: Θmin = 5 mrad

Three detailed LC detector concepts:

ILD SiD CLIC

A.F.Żarnecki (University of Warsaw) Top-quark physics at the first CLIC stage July 7, 2018 17 / 17
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Experimental Conditions
● CLIC operates in bunch trains,

repetition rate of 50 Hz
● Low duty cycle
● Possibility for power pulsing:

switch detector components off between trains to reduce heat dissipation
● 312 bunches within train (at 3 TeV), separated by 0.5 ns
● Bunch separation & cross-section of background events drive timing 

requirements for detector
● 1 ns time resolution for calorimeters
● 5 ns single-hit resolution for vertex/tracking detectors
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CLICdet – the CLIC detector Concept
● Low-mass all-silicon vertex and tracking 

detectors, R = 1.5 m
● High-granularity calorimeters:

● ECAL: 22 X0 + 1 λl

40 layers Si sensors, W plates
● HCAL: 7.5 λl

60 layers plastic scintillator/SiPM, steel
● 4T superconducting solenoid
● Return yoke, 

Muon detectors interleaved
● Optimized for Particle Flow Analysis
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Vertex Detector
Design driven by flavor tagging

● Minimal scattering
● High-resolution

Requirements
● Low mass

0.2% X0 per layer
● Low power consumption

50 mW/cm−2 for air-flow cooling
● High single-point resolution

σSP ~ 3 μm
● Precise time stamping ~ 5 ns

 600 mm 

Current design:
● Hybrid pixel detectors in double layers
● 50+50 μm sensor+ASIC, 25 μm pitch
● Surface area of ~ 0.84 m2

● Three barrel layers, 2x three spiral disks
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Tracking Detector
Design optimized for good 
efficiency & momentum resolution

● Many layers
● Large lever arm

Requirements
● Low mass, high rigidity

1 – 2% X0 per layer
● Good single-point resolution

σSP ~ 7 μm
● High granularity

few % occupancy from backgrounds

Current design:
● Monolithic detector with (elongated) pixels
● 200 μm sensor, including electronics
● Surface area of approx. 140 m2

● Leakless water cooling

 4.4 m 

 3 m
 



23/01/2019S. Spannagel - CLIC Week 2019 - The CLIC detector and physics study32

Calorimeters
● Jet energy resolution of σE/E ~ 5 − 3.5%

● Highly granular calorimeters required
● Electromagnetic Calorimeter: Si-W

● 2 mm tungsten plates, 500 μm  silicon sensors
● 40 layers 22 X0 or 1 λl, 5 × 5 mm2 cell size
● ~2500 m2 silicon, 100 million channels

● Hadronic Calorimeter: Scint-Fe
● 19 mm thick steel plates, interleaved with 3 mm thick plastic scintillator + SiPMs
● 60 layers: 7.5 λl, 30 × 30 mm2 scintillator cell size
● ~ 9000 m2 scintillator, 10 million channels / SiPMs
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Forward Instrumentation: BeamCal & LumiCal
● Very forward electromagnetic sampling calorimeters

● LumiCal for luminosity measurement via Bhabha scattering (few per mille accuracy)
● BeamCal for very forward electron tagging (for beam tuning)

● e and γ acceptance down to small angles
● Compact design, small Molière radius

● Current design: BeamCal: GaAs, LumiCal: Si
● Talk by M. Idzik on LumiCal tests & ASIC

e- DESY Testbeam

https://indico.cern.ch/event/753671/contributions/3277881/
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CLICdet Tracking Performance
● Achieved momentum resolution 2 x 10-5 GeV-1 for high energy muons in the barrel
● Tracking efficiency very high, negligible impact of background particles > 1 GeV
● High efficiency for displaced tracks within acceptance (min. 5 tracker hits required)
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Flavor Tagging Performance
● Several studies on flavor tagging efficiencies 

performed, to be found in performance note
● LCFIPlus package is used for flavor tagging

● Charm tagging performance 
● Using di-jet samples, ECM = 500 GeV
● With and without background (3 TeV, 30 BX)
● At 80% charm identification efficiency, 

beauty/light-flavor misidentification is
● 25% without backgrounds
● 30% with 3 TeV background overlay

https://arxiv.org/abs/1812.07337
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Jet Reconstruction & Particle Flow Algorithm
● Calorimeter clusters reconstructed via particle flow by PandoraPFA

● Uses reconstructed tracks and muon hits to match calorimeter hits

       → → 

● Requires highly granular calorimeter detectors
● Talk on Software compensation by F. Simon

● Jets formed using VLC algorithm with R = 0.7
● Dedicated note:

“Jet performance at CLIC” (CLICdp-Note-2018-004)

https://indico.cern.ch/event/753671/contributions/3278129/
https://cds.cern.ch/record/2648827?ln=de
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AHCAL Prototype Test Beam Results
● Many test beam campaigns in 2018 at SPS H2 beam line

● Calibration with muons, energy scans for e-, π
● Prototype can resolve spatial and temporal development 

of hadronic showers in detail

e-

hadron

μ

10 20

30 GeV
40 GeV

50 GeV electrons
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Jet Energy & Missing ET Resolution
● Jet energy resolution from Z/γ* → qq, compare reconstructed and MC truth jets

● Impact from 3 TeV backgrounds especially for low-energy jets, resolution 6-8%
● W/Z mass: 2σ separation with VLC7 jets, including 3 TeV backgrounds
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Background suppression @ 3 TeV
● Fully-hadronic tt event
● Background suppression by

● Defining reconstruction window
10 ns before, 30 ns after event

● Building physics objects
● Suppression via

● Timing requirements
● Particle type and pT

● Retaining high-pT objects 

● Cuts adapted per detector region

full event
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Background suppression @ 3 TeV
● Fully-hadronic tt event
● Background suppression by

● Defining reconstruction window
10 ns before, 30 ns after event

● Building physics objects
● Suppression via

● Timing requirements
● Particle type and pT

● Retaining high-pT objects 

● Cuts adapted per detector region

background suppressed
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Physics Program
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CLIC Physics Program – in 3 Stages
● Dedicated CLICdp Physics session in this workshop 

(Wed. & Thur.)
● Talk by F. Riva in this session: 

“Precision Physics and motivations for a high energy LC”

Stage 1: √s = 380 GeV (1.0 ab-1)
● Higgs/top precision physics
● Top mass threshold scan

Stage 2: √s = 1.5 TeV (2.5 ab-1)
● Focus: BSM searches
● Higgs/top precision physics

Stage 3: √s = 3 TeV (5.0 ab-1)
● Focus: BSM searches
● Higgs/top precision physics

S1 

S2 

S3 

https://indico.cern.ch/event/753671/sessions/285294/
https://indico.cern.ch/event/753671/contributions/3272998/
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Higgs Physics
● Initial stage: study of Higgs boson production in 

● Higgsstrahlung (e+e− → ZH)
● WW-fusion (e+e− → H 𝜈e𝜈e)
● Precise measurements of cross sections, 

decay width 𝛤H, couplings (model-independent)

● High-energy stages: 
● High-statistics WW-fusion samples constrain Higgs couplings
● Studies of rarer processes (e+e− → ttH, e+e− → HH 𝜈e𝜈e) to measure top 

Yukawa coupling, 
● CLIC only proposed lepton collider for direct meas. of Higgs self-coupling

● Talk on Higgs boson self-coupling by U. Schnoor

● Detailed paper published: 
“Higgs physics at the CLIC electron-positron linear collider”

S1 

S2 

S3 

https://indico.cern.ch/event/753671/contributions/3273078/
https://link.springer.com/article/10.1140/epjc/s10052-017-4968-5


Matthias Weber 
CERN 

Higgs Session, July 7 
ICHEP 2018 

] 

Hàbb/cc/gg at √s = 350 GeV 

7 

Simultaneous extraction: 

•  Three decay modes bb/cc/gg 
      à precise flavour tagging 

•  Production Mode: ZH or WW fusion 
     àHiggs pT spectrum 
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Figure 5: Precision of the model-independent Higgs couplings and the self-coupling as a function of
particle mass. The line shows the SM prediction that the Higgs coupling of each particle is
proportional to its mass.
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Figure 6: Comparison of the model-dependent Higgs couplings with projections [8] for HL-LHC.
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CLICdp-Note-2018-002
26 November 2018

Updated CLIC luminosity staging baseline and Higgs
coupling prospects

A. Robson1)∗, P. Roloff†

∗ University of Glasgow, United Kingdom, † CERN, Geneva, Switzerland

Abstract

An updated luminosity staging baseline for CLIC is presented. Assuming accelerator ramp-
up and up-time scenarios that are harmonized with those of other potential future colliders,
CLIC will deliver 1ab−1 at

√



Higgs self-coupling in the Standard Model

In the SM
I Higgs potential in SM: V = −m2

H |φ|
2 + λ|φ|4

⇒ Self-coupling λ determines shape of the potential

I Relation of mass mH and self-coupling λ:
m2

H = 2λv2

⇒ Relation of mass and self-coupling indicates if the
H(125) boson originates from the Higgs field
responsible for electroweak symmetry breaking

I Interaction Lagrangian: trilinear self-coupling
gHHH = 6λv

⇒ measure gHHH as effective coupling to
check for deviations of λ from the SM:

modification of the vertex  
defined as κHHH := gHHH

gSM
HHH

Ulrike Schnoor Higgs self-coupling - 23 January 2019 9 / 22

W-boson fusion HHνe

←− e+

Processes producing two
Higgs bosons:

Double Higgsstrahlung ZHH

https://clic.cern
https://home.cern


Higgs pair event numbers

Eur. Phys. J. C77, 475 (2017)

Three energy stages of CLIC –
Expected numbers of events with two Higgs bosons:

380GeV 1.4TeV 3TeV
1 ab−1 2.5 ab−1 5 ab−1

ZHH ≈20 170 140
HHνeνe ≈2 550 4400 with beam polarisation
HHνeνe ≈1 370 3000 without beam polarisation

I No HH production channel accessible below 500GeV in e+e−

I ZHH production starts to be accessible at √s & 500GeV
I HHνeνe production grows with energy
I Beam polarisation P(e−) = -80% (+80%): multiply HHνeνe rate by factor 1.8 (0.2)

Ulrike Schnoor Higgs self-coupling - 23 January 2019 5 / 22

https://clic.cern
https://home.cern


Event selection for 3 TeV HHνeνe

I Signal and background samples produced with CLIC_ILD detector simulation and
reconstruction

I Event selection based on multivariate analysis (BDT), b-tagging of jets

BDT response
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Signal = 766 events
Background = 4527 events

Ulrike Schnoor Higgs self-coupling - 23 January 2019 15 / 22
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Conclusions

I Unique capability of CLIC:
measuring the Higgs
self-coupling to -7%, + 11%
accuracy

I Direct accessibility of HH
production at 1.4 and 3TeV

I Challenging measurements:
small cross section, forward
b-quarks

I Benefits from excellent heavy
flavor tagging, jet energy
resolution of CLIC detector

CLIC double Higgs and Higgs self-coupling programme:
1.4TeV 3TeV
3.6 σ > 5 σ for L ≥ 1100 fb−1

σ(HHνeνe) ∆σ

σ
= 28% ∆σ

σ
= 7.3%

EVIDENCE OBSERVATION
σ(ZHH) 5.9 σ

OBSERVATION
1.4TeV: 1.4 & 3TeV:

gHHH/gSM
HHH -34%, +36% -7%, + 11%

rate only analysis differential analysis

+ Global EFT fit (→ Francesco’s talk)
+ BSM interpretation (e.g. Baryogenesis)

⇒ Together with the high-precision Higgs and top physics programme at CLIC, this
measurement will clarify the nature of the electroweak symmetry breaking mechanism

Ulrike Schnoor Higgs self-coupling - 23 January 2019 21 / 22

https://clic.cern
https://home.cern
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Top-Quark Physics
● Initial stage: focus on

● top-quark pair production
● tt pair production threshold scan at 350 GeV 

● Precise measurement of top-quark mass in 
well-defined theoretical framework

● Higher-energy stages: 
● top-quark pairs in association with other particles
● ttH production, top Yukawa coupling
● Vector boson fusion (VBF) production
● Combine measurements in global fits

● Detailed paper in journal review:
“Top-Quark Physics at the CLIC Electron-Positron Linear Collider”

S1 

S2 

S3 

https://arxiv.org/abs/1807.02441


Top quark mass

Top quark pair production events
Reconstructed invariant mass for the hadronic top-quark decays for 1000 fb−1 at 380 GeV

Hadronic tt selection
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Semi-leptonic tt selection
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But the systematic uncertainties (JES and theory) are much larger!

A.F.Żarnecki FCNC top quark decays - summary of results 1 / 5

https://clic.cern
http://www.fuw.edu.pl


Top-quark mass

Threshold scan
Top pair production cross section around threshold
is very sensitive to top-quark mass, width and other model parameters
The dependence is smeared by ISR and CLIC luminosity spectra.
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A.F.Żarnecki (University of Warsaw) Top-quark physics at the first CLIC stage July 7, 2018 5 / 17



Search for t → cγ

Signal-background discrimination

Pre-selection based on the reconstructed
photon energy.
Require Eγ > 50 GeV
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A.F.Żarnecki FCNC top quark decays - summary of results 2 / 5
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Search for t → cγ

Final results

Reconstructed cγ invariant mass
For BDT selection cut, BDT > 0.29
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380 GeV CLIC
calculated using the CLs approach

BR(t → cγ) < 2.6 · 10−5

A.F.Żarnecki FCNC top quark decays - summary of results 3 / 5
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Search for t → ch

Multivariate analysis
Used for final signal vs background discrimination

Hadronic sample
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Expected limit 95% CL, 1000 fb−1 collected at 380GeV
CLs method applied to BDT response distributions

BR(t → cH)× BR(H → bb) < 8.8 · 10−5
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Search for t → c+ missing energy

Results
Expected limits for 1000 fb−1 collected at 380 GeV CLIC
calculated using the CLs approach
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Beyond-Standard-Model Physics
● Indirect searches through precision observables

● Allow discovery of new physics beyond the center-of-mass energy of the collider
● Direct production of new particles

● Possible up to the kinematic limit
● Precision measurements
● Complements the HL-LHC program

● EFT fits combining measurements,
talk by F. Riva

● Comprehensive report published: “The CLIC Potential for New Physics”

https://indico.cern.ch/event/753671/contributions/3272998/
https://arxiv.org/abs/1812.02093
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Without lepton universality Correlations

χ2/dof = 32.6/27 mZ ΓZ σ0
had R0

e R0
µ R0

τ A0, e
FB A0, µ

FB A0, τ
FB

mZ [GeV] 91.1876± 0.0021 1.000
ΓZ [GeV] 2.4952 ± 0.0023 −0.024 1.000
σ0

had [nb] 41.541 ± 0.037 −0.044−0.297 1.000
R0

e 20.804 ± 0.050 0.078−0.011 0.105 1.000
R0

µ 20.785 ± 0.033 0.000 0.008 0.131 0.069 1.000
R0

τ 20.764 ± 0.045 0.002 0.006 0.092 0.046 0.069 1.000
A0, e

FB 0.0145 ± 0.0025 −0.014 0.007 0.001−0.371 0.001 0.003 1.000
A0, µ

FB 0.0169 ± 0.0013 0.046 0.002 0.003 0.020 0.012 0.001−0.024 1.000
A0, τ

FB 0.0188 ± 0.0017 0.035 0.001 0.002 0.013−0.003 0.009−0.020 0.046 1.000

With lepton universality Correlations

χ2/dof = 36.5/31 mZ ΓZ σ0
had R0

ℓ A0, ℓ
FB

± 0.0021 1.000
± 0.0023 −0.023 1.000
± 0.037 −0.045−0.297 1.000

20.767 ± 0.025 0.033 0.004 0.183 1.000
0.0171 ± 0.0010 0.055 0.003 0.006−0.056 1.000

Table 2.13: Combined results for the Z parameters of the four sets of nine pseudo-observables
from Table 2.4. The errors include all common errors except the parametric uncertainty on mZ

due to the choice of mH.

mass effects. Figure 2.11 shows the corresponding 68 % confidence level contours in the R0
ℓ–A

0, ℓ
FB

plane.
Imposing the additional requirement of lepton universality in the nine-parameter combina-

tion leads to the results shown in the second part of Table 2.13.4 Note that R0
ℓ is defined for

massless leptons. The value of χ2/dof of 36.5/31 for the combination of the four sets of nine
pseudo-observables into the five parameters of Table 2.13 corresponds to a χ2 probability of
23 %. The central ellipse in Figure 2.11 shows the 68 %-CL contour for the combined values of
R0

ℓ and A0, ℓ
FB determined from all three lepton species.

While the errors on most of the pseudo-observables are dominated by independent experi-
mental or statistical errors, the combined errors on mZ and σ0

had have large contributions from a
single, common systematic error. The dominant contribution to the error in mZ arises from the
uncertainty in the calibration of the energy of the beams in LEP, and amounts to ±1.7 MeV.
The uncertainty on σ0

had arising from the theoretical error on the small-angle Bhabha cross-
section amounts to ±0.025 nb, the total contribution of common systematic errors is ±0.028 nb.
The systematic error on ΓZ, ±1.2 MeV, is dominated by the uncertainty of the beam energy.
Common systematics on R0

ℓ amount to ±0.007 and contribute ±0.0003 to A0, ℓ
FB.

4Performing the average at the level of the five-parameter results leads to slightly different values for R0
ℓ due

to weight shifts originating from the common t-channel error on R0
e , which is not treated properly in this case.
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<latexit sha1_base64="x2tXjfef/ZPkf73QZH3bnmHi0PE=">AAAB9XicbVDLSsNAFJ34rPVVdelmsAiCUBIRdFl047KifUAby2R6W4dOJmHmRimhn+BWV+7Erd/jwn9xErPQ1rM6nHMv99wTxFIYdN1PZ2FxaXlltbRWXt/Y3Nqu7Oy2TJRoDk0eyUh3AmZACgVNFCihE2tgYSChHYwvM7/9ANqISN3iJAY/ZCMlhoIztNIN3B33K1W35uag88QrSJUUaPQrX71BxJMQFHLJjOl6box+yjQKLmFa7iUGYsbHbARdSxULwfhpHnVKDxPDMKIxaCokzUX4vZGy0JhJGNjJkOG9mfUy8T+vm+Dw3E+FihMExbNDKCTkhwzXwnYAdCA0ILIsOVChKGeaIYIWlHFuxcSWUrZ9eLPfz5PWSc2z/Pq0Wr8omimRfXJAjohHzkidXJEGaRJORuSJPJMX59F5dd6c95/RBafY2SN/4Hx8A4mMkgs=</latexit><latexit sha1_base64="x2tXjfef/ZPkf73QZH3bnmHi0PE=">AAAB9XicbVDLSsNAFJ34rPVVdelmsAiCUBIRdFl047KifUAby2R6W4dOJmHmRimhn+BWV+7Erd/jwn9xErPQ1rM6nHMv99wTxFIYdN1PZ2FxaXlltbRWXt/Y3Nqu7Oy2TJRoDk0eyUh3AmZACgVNFCihE2tgYSChHYwvM7/9ANqISN3iJAY/ZCMlhoIztNIN3B33K1W35uag88QrSJUUaPQrX71BxJMQFHLJjOl6box+yjQKLmFa7iUGYsbHbARdSxULwfhpHnVKDxPDMKIxaCokzUX4vZGy0JhJGNjJkOG9mfUy8T+vm+Dw3E+FihMExbNDKCTkhwzXwnYAdCA0ILIsOVChKGeaIYIWlHFuxcSWUrZ9eLPfz5PWSc2z/Pq0Wr8omimRfXJAjohHzkidXJEGaRJORuSJPJMX59F5dd6c95/RBafY2SN/4Hx8A4mMkgs=</latexit><latexit sha1_base64="x2tXjfef/ZPkf73QZH3bnmHi0PE=">AAAB9XicbVDLSsNAFJ34rPVVdelmsAiCUBIRdFl047KifUAby2R6W4dOJmHmRimhn+BWV+7Erd/jwn9xErPQ1rM6nHMv99wTxFIYdN1PZ2FxaXlltbRWXt/Y3Nqu7Oy2TJRoDk0eyUh3AmZACgVNFCihE2tgYSChHYwvM7/9ANqISN3iJAY/ZCMlhoIztNIN3B33K1W35uag88QrSJUUaPQrX71BxJMQFHLJjOl6box+yjQKLmFa7iUGYsbHbARdSxULwfhpHnVKDxPDMKIxaCokzUX4vZGy0JhJGNjJkOG9mfUy8T+vm+Dw3E+FihMExbNDKCTkhwzXwnYAdCA0ILIsOVChKGeaIYIWlHFuxcSWUrZ9eLPfz5PWSc2z/Pq0Wr8omimRfXJAjohHzkidXJEGaRJORuSJPJMX59F5dd6c95/RBafY2SN/4Hx8A4mMkgs=</latexit><latexit sha1_base64="x2tXjfef/ZPkf73QZH3bnmHi0PE=">AAAB9XicbVDLSsNAFJ34rPVVdelmsAiCUBIRdFl047KifUAby2R6W4dOJmHmRimhn+BWV+7Erd/jwn9xErPQ1rM6nHMv99wTxFIYdN1PZ2FxaXlltbRWXt/Y3Nqu7Oy2TJRoDk0eyUh3AmZACgVNFCihE2tgYSChHYwvM7/9ANqISN3iJAY/ZCMlhoIztNIN3B33K1W35uag88QrSJUUaPQrX71BxJMQFHLJjOl6box+yjQKLmFa7iUGYsbHbARdSxULwfhpHnVKDxPDMKIxaCokzUX4vZGy0JhJGNjJkOG9mfUy8T+vm+Dw3E+FihMExbNDKCTkhwzXwnYAdCA0ILIsOVChKGeaIYIWlHFuxcSWUrZ9eLPfz5PWSc2z/Pq0Wr8omimRfXJAjohHzkidXJEGaRJORuSJPJMX59F5dd6c95/RBafY2SN/4Hx8A4mMkgs=</latexit>

<latexit sha1_base64="VBzx1BWYouNXSK0bFvuhSSHaplo=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESHRENkICcoIGsogyENKTHS+bMIp57N1twZFVj6BFio6RMv3UPAvnI0LSJhqNLOrnZ0glsKg6346C4tLyyurpbXy+sbm1nZlZ7dlokRzaPJIRroTMANSKGiiQAmdWAMLAwntYHyZ+e0H0EZE6hYnMfghGykxFJyhlW7g7rhfqbo1NwedJ15BqqRAo1/56g0inoSgkEtmTNdzY/RTplFwCdNyLzEQMz5mI+haqlgIxk/zqFN6mBiGEY1BUyFpLsLvjZSFxkzCwE6GDO/NrJeJ/3ndBIfnfipUnCAonh1CISE/ZLgWtgOgA6EBkWXJgQpFOdMMEbSgjHMrJraUsu3Dm/1+nrROap7l16fV+kXRTInskwNyRDxyRurkijRIk3AyIk/kmbw4j86r8+a8/4wuOMXOHvkD5+MbjKqSDQ==</latexit><latexit sha1_base64="VBzx1BWYouNXSK0bFvuhSSHaplo=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESHRENkICcoIGsogyENKTHS+bMIp57N1twZFVj6BFio6RMv3UPAvnI0LSJhqNLOrnZ0glsKg6346C4tLyyurpbXy+sbm1nZlZ7dlokRzaPJIRroTMANSKGiiQAmdWAMLAwntYHyZ+e0H0EZE6hYnMfghGykxFJyhlW7g7rhfqbo1NwedJ15BqqRAo1/56g0inoSgkEtmTNdzY/RTplFwCdNyLzEQMz5mI+haqlgIxk/zqFN6mBiGEY1BUyFpLsLvjZSFxkzCwE6GDO/NrJeJ/3ndBIfnfipUnCAonh1CISE/ZLgWtgOgA6EBkWXJgQpFOdMMEbSgjHMrJraUsu3Dm/1+nrROap7l16fV+kXRTInskwNyRDxyRurkijRIk3AyIk/kmbw4j86r8+a8/4wuOMXOHvkD5+MbjKqSDQ==</latexit><latexit sha1_base64="VBzx1BWYouNXSK0bFvuhSSHaplo=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESHRENkICcoIGsogyENKTHS+bMIp57N1twZFVj6BFio6RMv3UPAvnI0LSJhqNLOrnZ0glsKg6346C4tLyyurpbXy+sbm1nZlZ7dlokRzaPJIRroTMANSKGiiQAmdWAMLAwntYHyZ+e0H0EZE6hYnMfghGykxFJyhlW7g7rhfqbo1NwedJ15BqqRAo1/56g0inoSgkEtmTNdzY/RTplFwCdNyLzEQMz5mI+haqlgIxk/zqFN6mBiGEY1BUyFpLsLvjZSFxkzCwE6GDO/NrJeJ/3ndBIfnfipUnCAonh1CISE/ZLgWtgOgA6EBkWXJgQpFOdMMEbSgjHMrJraUsu3Dm/1+nrROap7l16fV+kXRTInskwNyRDxyRurkijRIk3AyIk/kmbw4j86r8+a8/4wuOMXOHvkD5+MbjKqSDQ==</latexit><latexit sha1_base64="VBzx1BWYouNXSK0bFvuhSSHaplo=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESHRENkICcoIGsogyENKTHS+bMIp57N1twZFVj6BFio6RMv3UPAvnI0LSJhqNLOrnZ0glsKg6346C4tLyyurpbXy+sbm1nZlZ7dlokRzaPJIRroTMANSKGiiQAmdWAMLAwntYHyZ+e0H0EZE6hYnMfghGykxFJyhlW7g7rhfqbo1NwedJ15BqqRAo1/56g0inoSgkEtmTNdzY/RTplFwCdNyLzEQMz5mI+haqlgIxk/zqFN6mBiGEY1BUyFpLsLvjZSFxkzCwE6GDO/NrJeJ/3ndBIfnfipUnCAonh1CISE/ZLgWtgOgA6EBkWXJgQpFOdMMEbSgjHMrJraUsu3Dm/1+nrROap7l16fV+kXRTInskwNyRDxyRurkijRIk3AyIk/kmbw4j86r8+a8/4wuOMXOHvkD5+MbjKqSDQ==</latexit>

<latexit sha1_base64="hmojbSvNcoInCrE8yBJTg2wdEE4=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrsCuCNkLQxjKCeWA2hNnJTRwyM7vO3BXCEvArbLWyE1t/xcJ/cXfdQhNPdTjnXu65J4iksOi6n87C4tLyympprby+sbm1XdnZbdkwNhyaPJSh6QTMghQamihQQicywFQgoR2MLzO//QDGilDf4CSCnmIjLYaCM0wl37f3BhM7PVf9236l6tbcHHSeeAWpkgKNfuXLH4Q8VqCRS2Zt13Mj7CXMoOASpmU/thAxPmYj6KZUMwW2l+SZp/QwtgxDGoGhQtJchN8bCVPWTlSQTiqGd3bWy8T/vG6Mw7NeInQUI2ieHUIhIT9kuRFpGUAHwgAiy5IDFZpyZhgiGEEZ56kYp+2U0z682e/nSeu45qX8+qRavyiaKZF9ckCOiEdOSZ1ckQZpEk4i8kSeyYvz6Lw6b877z+iCU+zskT9wPr4BNzWWaw==</latexit><latexit sha1_base64="hmojbSvNcoInCrE8yBJTg2wdEE4=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrsCuCNkLQxjKCeWA2hNnJTRwyM7vO3BXCEvArbLWyE1t/xcJ/cXfdQhNPdTjnXu65J4iksOi6n87C4tLyympprby+sbm1XdnZbdkwNhyaPJSh6QTMghQamihQQicywFQgoR2MLzO//QDGilDf4CSCnmIjLYaCM0wl37f3BhM7PVf9236l6tbcHHSeeAWpkgKNfuXLH4Q8VqCRS2Zt13Mj7CXMoOASpmU/thAxPmYj6KZUMwW2l+SZp/QwtgxDGoGhQtJchN8bCVPWTlSQTiqGd3bWy8T/vG6Mw7NeInQUI2ieHUIhIT9kuRFpGUAHwgAiy5IDFZpyZhgiGEEZ56kYp+2U0z682e/nSeu45qX8+qRavyiaKZF9ckCOiEdOSZ1ckQZpEk4i8kSeyYvz6Lw6b877z+iCU+zskT9wPr4BNzWWaw==</latexit><latexit sha1_base64="hmojbSvNcoInCrE8yBJTg2wdEE4=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrsCuCNkLQxjKCeWA2hNnJTRwyM7vO3BXCEvArbLWyE1t/xcJ/cXfdQhNPdTjnXu65J4iksOi6n87C4tLyympprby+sbm1XdnZbdkwNhyaPJSh6QTMghQamihQQicywFQgoR2MLzO//QDGilDf4CSCnmIjLYaCM0wl37f3BhM7PVf9236l6tbcHHSeeAWpkgKNfuXLH4Q8VqCRS2Zt13Mj7CXMoOASpmU/thAxPmYj6KZUMwW2l+SZp/QwtgxDGoGhQtJchN8bCVPWTlSQTiqGd3bWy8T/vG6Mw7NeInQUI2ieHUIhIT9kuRFpGUAHwgAiy5IDFZpyZhgiGEEZ56kYp+2U0z682e/nSeu45qX8+qRavyiaKZF9ckCOiEdOSZ1ckQZpEk4i8kSeyYvz6Lw6b877z+iCU+zskT9wPr4BNzWWaw==</latexit><latexit sha1_base64="hmojbSvNcoInCrE8yBJTg2wdEE4=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrsCuCNkLQxjKCeWA2hNnJTRwyM7vO3BXCEvArbLWyE1t/xcJ/cXfdQhNPdTjnXu65J4iksOi6n87C4tLyympprby+sbm1XdnZbdkwNhyaPJSh6QTMghQamihQQicywFQgoR2MLzO//QDGilDf4CSCnmIjLYaCM0wl37f3BhM7PVf9236l6tbcHHSeeAWpkgKNfuXLH4Q8VqCRS2Zt13Mj7CXMoOASpmU/thAxPmYj6KZUMwW2l+SZp/QwtgxDGoGhQtJchN8bCVPWTlSQTiqGd3bWy8T/vG6Mw7NeInQUI2ieHUIhIT9kuRFpGUAHwgAiy5IDFZpyZhgiGEEZ56kYp+2U0z682e/nSeu45qX8+qRavyiaKZF9ckCOiEdOSZ1ckQZpEk4i8kSeyYvz6Lw6b877z+iCU+zskT9wPr4BNzWWaw==</latexit>

f(0)
<latexit sha1_base64="M4AmXDLzHRio55wnROefatVk64I=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBIg8psaL1ZZOccn7obo2IrPwCLVR0iJbfoeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubpa3y9s7u3n7l4LBtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON73J/M4DaiPD4J5mEbo+jAM5kgIok0Y1+2xQqdp1OwdfJk5BqqxAc1D56g9DEfsYkFBgTM+xI3IT0CSFwnm5HxuMQExhjL2UBuCjcZM865yfxgYo5BFqLhXPRfy9kYBvzMz30kkfaGIWvUz8z+vFNLpyExlEMWEgskMkFeaHjNAyLQH5UGokgiw5chlwARqIUEsOQqRinLZSTvtwFr9fJu3zupPyu4tq47popsSO2QmrMYddsga7ZU3WYoJN2BN7Zi/Wo/VqvVnvP6MrVrFzxP7A+vgGpCCSDg==</latexit><latexit sha1_base64="M4AmXDLzHRio55wnROefatVk64I=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBIg8psaL1ZZOccn7obo2IrPwCLVR0iJbfoeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubpa3y9s7u3n7l4LBtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON73J/M4DaiPD4J5mEbo+jAM5kgIok0Y1+2xQqdp1OwdfJk5BqqxAc1D56g9DEfsYkFBgTM+xI3IT0CSFwnm5HxuMQExhjL2UBuCjcZM865yfxgYo5BFqLhXPRfy9kYBvzMz30kkfaGIWvUz8z+vFNLpyExlEMWEgskMkFeaHjNAyLQH5UGokgiw5chlwARqIUEsOQqRinLZSTvtwFr9fJu3zupPyu4tq47popsSO2QmrMYddsga7ZU3WYoJN2BN7Zi/Wo/VqvVnvP6MrVrFzxP7A+vgGpCCSDg==</latexit><latexit sha1_base64="M4AmXDLzHRio55wnROefatVk64I=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBIg8psaL1ZZOccn7obo2IrPwCLVR0iJbfoeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubpa3y9s7u3n7l4LBtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON73J/M4DaiPD4J5mEbo+jAM5kgIok0Y1+2xQqdp1OwdfJk5BqqxAc1D56g9DEfsYkFBgTM+xI3IT0CSFwnm5HxuMQExhjL2UBuCjcZM865yfxgYo5BFqLhXPRfy9kYBvzMz30kkfaGIWvUz8z+vFNLpyExlEMWEgskMkFeaHjNAyLQH5UGokgiw5chlwARqIUEsOQqRinLZSTvtwFr9fJu3zupPyu4tq47popsSO2QmrMYddsga7ZU3WYoJN2BN7Zi/Wo/VqvVnvP6MrVrFzxP7A+vgGpCCSDg==</latexit><latexit sha1_base64="M4AmXDLzHRio55wnROefatVk64I=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBIg8psaL1ZZOccn7obo2IrPwCLVR0iJbfoeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubpa3y9s7u3n7l4LBtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON73J/M4DaiPD4J5mEbo+jAM5kgIok0Y1+2xQqdp1OwdfJk5BqqxAc1D56g9DEfsYkFBgTM+xI3IT0CSFwnm5HxuMQExhjL2UBuCjcZM865yfxgYo5BFqLhXPRfy9kYBvzMz30kkfaGIWvUz8z+vFNLpyExlEMWEgskMkFeaHjNAyLQH5UGokgiw5chlwARqIUEsOQqRinLZSTvtwFr9fJu3zupPyu4tq47popsSO2QmrMYddsga7ZU3WYoJN2BN7Zi/Wo/VqvVnvP6MrVrFzxP7A+vgGpCCSDg==</latexit>

f 0(0)
<latexit sha1_base64="Xssb0Eoz29vOIaS0KkE/XwV+4N4=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBIg8pMdH5sgmnnM/W3RopsiK+ghYqOkTLt1DwL5yNC0iYajSzq52dIJbCoOt+OkvLK6tr66WN8ubW9s5uZW+/baJEc2jxSEa6GzADUihooUAJ3VgDCwMJnWBylfmdB9BGROoWpzH4IRsrMRKcoZV6o7t+rEUINfdkUKm6dTcHXSReQaqkQHNQ+eoPI56EoJBLZkzPc2P0U6ZRcAmzcj8xEDM+YWPoWapYCMZP88gzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzbyXif95vQRHF34qVJwgKJ4dQiEhP2S4FrYLoEOhAZFlyYEKRTnTDBG0oIxzKya2nLLtw5v/fpG0T+ue5Tdn1cZl0UyJHJIjUiMeOScNck2apEU4icgTeSYvzqPz6rw57z+jS06xc0D+wPn4BigUlSs=</latexit><latexit sha1_base64="Xssb0Eoz29vOIaS0KkE/XwV+4N4=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBIg8pMdH5sgmnnM/W3RopsiK+ghYqOkTLt1DwL5yNC0iYajSzq52dIJbCoOt+OkvLK6tr66WN8ubW9s5uZW+/baJEc2jxSEa6GzADUihooUAJ3VgDCwMJnWBylfmdB9BGROoWpzH4IRsrMRKcoZV6o7t+rEUINfdkUKm6dTcHXSReQaqkQHNQ+eoPI56EoJBLZkzPc2P0U6ZRcAmzcj8xEDM+YWPoWapYCMZP88gzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzbyXif95vQRHF34qVJwgKJ4dQiEhP2S4FrYLoEOhAZFlyYEKRTnTDBG0oIxzKya2nLLtw5v/fpG0T+ue5Tdn1cZl0UyJHJIjUiMeOScNck2apEU4icgTeSYvzqPz6rw57z+jS06xc0D+wPn4BigUlSs=</latexit><latexit sha1_base64="Xssb0Eoz29vOIaS0KkE/XwV+4N4=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBIg8pMdH5sgmnnM/W3RopsiK+ghYqOkTLt1DwL5yNC0iYajSzq52dIJbCoOt+OkvLK6tr66WN8ubW9s5uZW+/baJEc2jxSEa6GzADUihooUAJ3VgDCwMJnWBylfmdB9BGROoWpzH4IRsrMRKcoZV6o7t+rEUINfdkUKm6dTcHXSReQaqkQHNQ+eoPI56EoJBLZkzPc2P0U6ZRcAmzcj8xEDM+YWPoWapYCMZP88gzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzbyXif95vQRHF34qVJwgKJ4dQiEhP2S4FrYLoEOhAZFlyYEKRTnTDBG0oIxzKya2nLLtw5v/fpG0T+ue5Tdn1cZl0UyJHJIjUiMeOScNck2apEU4icgTeSYvzqPz6rw57z+jS06xc0D+wPn4BigUlSs=</latexit><latexit sha1_base64="Xssb0Eoz29vOIaS0KkE/XwV+4N4=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBIg8pMdH5sgmnnM/W3RopsiK+ghYqOkTLt1DwL5yNC0iYajSzq52dIJbCoOt+OkvLK6tr66WN8ubW9s5uZW+/baJEc2jxSEa6GzADUihooUAJ3VgDCwMJnWBylfmdB9BGROoWpzH4IRsrMRKcoZV6o7t+rEUINfdkUKm6dTcHXSReQaqkQHNQ+eoPI56EoJBLZkzPc2P0U6ZRcAmzcj8xEDM+YWPoWapYCMZP88gzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzbyXif95vQRHF34qVJwgKJ4dQiEhP2S4FrYLoEOhAZFlyYEKRTnTDBG0oIxzKya2nLLtw5v/fpG0T+ue5Tdn1cZl0UyJHJIjUiMeOScNck2apEU4icgTeSYvzqPz6rw57z+jS06xc0D+wPn4BigUlSs=</latexit>

and at same order
(dimension-6 EFT)

<latexit sha1_base64="tigPgbuVrU1VDmqW7uHYZjhLWQ8=">AAACA3icbVA9TwJBEN3DL8QPUEubjcTEitwZEy2JNpaYyEcEQuaWATfs7V12Z03IhdJfYauVnbH1h1j4XzyQQsFXvbw3k3nzwkRJS77/6eVWVtfWN/Kbha3tnd1iaW+/YWNnBNZFrGLTCsGikhrrJElhKzEIUaiwGY6upn7zAY2Vsb6lcYLdCIZaDqQAyqReqdjpoyLgw15619Fu0iuV/Yo/A18mwZyU2Ry1Xumr04+Fi1CTUGBtO/AT6qZgSAqFk0LHWUxAjGCI7YxqiNB201nwCT92FijmCRouFZ+J+HsjhcjacRRmkxHQvV30puJ/XtvR4KKbSp04Qi2mh0gqnB2ywsisEeR9aZAIpsmRS80FGCBCIzkIkYkuq6iQ9REsfr9MGqeVIOM3Z+Xq5byZPDtkR+yEBeycVdk1q7E6E8yxJ/bMXrxH79V7895/RnPefOeA/YH38Q2WGZej</latexit><latexit sha1_base64="tigPgbuVrU1VDmqW7uHYZjhLWQ8=">AAACA3icbVA9TwJBEN3DL8QPUEubjcTEitwZEy2JNpaYyEcEQuaWATfs7V12Z03IhdJfYauVnbH1h1j4XzyQQsFXvbw3k3nzwkRJS77/6eVWVtfWN/Kbha3tnd1iaW+/YWNnBNZFrGLTCsGikhrrJElhKzEIUaiwGY6upn7zAY2Vsb6lcYLdCIZaDqQAyqReqdjpoyLgw15619Fu0iuV/Yo/A18mwZyU2Ry1Xumr04+Fi1CTUGBtO/AT6qZgSAqFk0LHWUxAjGCI7YxqiNB201nwCT92FijmCRouFZ+J+HsjhcjacRRmkxHQvV30puJ/XtvR4KKbSp04Qi2mh0gqnB2ywsisEeR9aZAIpsmRS80FGCBCIzkIkYkuq6iQ9REsfr9MGqeVIOM3Z+Xq5byZPDtkR+yEBeycVdk1q7E6E8yxJ/bMXrxH79V7895/RnPefOeA/YH38Q2WGZej</latexit><latexit sha1_base64="tigPgbuVrU1VDmqW7uHYZjhLWQ8=">AAACA3icbVA9TwJBEN3DL8QPUEubjcTEitwZEy2JNpaYyEcEQuaWATfs7V12Z03IhdJfYauVnbH1h1j4XzyQQsFXvbw3k3nzwkRJS77/6eVWVtfWN/Kbha3tnd1iaW+/YWNnBNZFrGLTCsGikhrrJElhKzEIUaiwGY6upn7zAY2Vsb6lcYLdCIZaDqQAyqReqdjpoyLgw15619Fu0iuV/Yo/A18mwZyU2Ry1Xumr04+Fi1CTUGBtO/AT6qZgSAqFk0LHWUxAjGCI7YxqiNB201nwCT92FijmCRouFZ+J+HsjhcjacRRmkxHQvV30puJ/XtvR4KKbSp04Qi2mh0gqnB2ywsisEeR9aZAIpsmRS80FGCBCIzkIkYkuq6iQ9REsfr9MGqeVIOM3Z+Xq5byZPDtkR+yEBeycVdk1q7E6E8yxJ/bMXrxH79V7895/RnPefOeA/YH38Q2WGZej</latexit><latexit sha1_base64="tigPgbuVrU1VDmqW7uHYZjhLWQ8=">AAACA3icbVA9TwJBEN3DL8QPUEubjcTEitwZEy2JNpaYyEcEQuaWATfs7V12Z03IhdJfYauVnbH1h1j4XzyQQsFXvbw3k3nzwkRJS77/6eVWVtfWN/Kbha3tnd1iaW+/YWNnBNZFrGLTCsGikhrrJElhKzEIUaiwGY6upn7zAY2Vsb6lcYLdCIZaDqQAyqReqdjpoyLgw15619Fu0iuV/Yo/A18mwZyU2Ry1Xumr04+Fi1CTUGBtO/AT6qZgSAqFk0LHWUxAjGCI7YxqiNB201nwCT92FijmCRouFZ+J+HsjhcjacRRmkxHQvV30puJ/XtvR4KKbSp04Qi2mh0gqnB2ywsisEeR9aZAIpsmRS80FGCBCIzkIkYkuq6iQ9REsfr9MGqeVIOM3Z+Xq5byZPDtkR+yEBeycVdk1q7E6E8yxJ/bMXrxH79V7895/RnPefOeA/YH38Q2WGZej</latexit>
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Global Fit
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Top-quark couplings

EFT interpretation
Possible BSM effects induced by heavy new physics (above the direct reach of CLIC) are universally
described by Effective Field Theory (EFT)

Top-quark measurements at CLIC can be used to constrain 7 operators:
101 TeV102

10−4 10−3 10−2 10−1 TeV−2

CLICdp
semi-leptonic t t̄

single-operator limits

380GeV+1.4TeV+3TeV

380GeV

0.0035

0.0044

0.0034

0.0054

0.0077

0.057

0.056

0.0002Clq,B

0.00017Clq,W

0.00016Clt,B

0.004
CtB

0.0054
CtW

0.047C−

ϕq

0.046Cϕt

First CLIC stage crucial for constraining 4 operators
A.F.Żarnecki (University of Warsaw) Top-quark physics at the first CLIC stage July 7, 2018 11 / 17



Heavy neutral spin-0 appear in many BSM scenario

Heavy Scalar Singlets

inherit Higgs couplings
𝜙-h mix: 

reduce Higgs couplings

Direct Searches
Indirect Searches

Buttazzo,Redigolo,Sala,Tesi’18

0.009

0.0024

CLIC (380)
Indirect Searches

CLIC (3000)
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Wiersz

Filip
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Inert Doublet Model

One of the simplest extensions of the Standard Model (SM).
The scalar sector consists of two doublets:
I ΦS is the SM–like Higgs doublet,
I ΦD (inert doublet) has four additional scalars H, A, H±.

ΦS =
(

G±
v+h+iG0
√

2

)
ΦD =

(
H±
H+iA√

2

)

We assume a discrete Z2 symmetry under which
I SM Higgs doublet ΦS is even: ΦS → ΦS (also other SM→SM)
I inert doublet ΦD is odd: ΦD → −ΦD .

⇒ Yukawa-type interactions only for Higgs doublet (ΦS).
The inert doublet (ΦD) does not interact with the SM fermions!

⇒ The lightest inert particle is stable: a natural candidate for dark matter!
We assume the neutral scalar H is the dark matter particle.

mH < mA, mH±

A.F.Żarnecki IDM @ CLIC - summary of results 1 / 3

https://clic.cern
http://www.fuw.edu.pl


Search strategy

Same flavour lepton pair production can be considered a signature of the AH production
process followed by the A decay:

e+e− → HA → HHZ (?) → HHµ+µ−

while the production of the different flavour lepton pair is the expected signature for H+H−
production:

e+e− → H+H− → HHW +(∗)W−(∗) → HH`+`′−νν̄′

e−

e+

Z

A

H

Z

H

l

l
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Z,γ

H+

H−

W+

H

W−

H
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ν
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CLIC prospects for IDM discovery

BDT selection and signal significance analysis performed for 41 benchmark scenarios

Results for: 1000 fb−1 at 380GeV, 2500 fb−1 at 1.5TeV and 5000 fb−1 at 3TeV
AH signature (µ+µ−)
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H+H− signature (µ±e∓)
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Visible increase in discovery reach for 1.5 TeV:
I neutral scalar production: mA + mH < 550GeV (290GeV @ 380GeV)
I charged scalar production: mH± < 500GeV (150GeV @ 380GeV)

A.F.Żarnecki IDM @ CLIC - summary of results 3 / 3

https://clic.cern
http://www.fuw.edu.pl
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CLIC next phase



CLIC reports 

2 Aidan Robson 

The CLIC 2018 Summary Report 
The CLIC Potential for New Physics 
The CLIC Project Implementation Plan 

  –> all published  
       as 2018 CERN Yellow Reports 

 

 

 

 

25 January 2019 

CERN-2018-005-M 
http://dx.doi.org/10.23731/CYRM-2018-002 

CERN-2018-009-M 
http://dx.doi.org/10.23731/CYRM-2018-003 http://dx.doi.org/10.23731/CYRM-2018-004 

CERN-2018-010-M   
 



CLIC reports 

2 Aidan Robson 

Two formal European Strategy Update 
submissions made on 18th December 

 
25 January 2019 



7 21 January 2019 Aidan Robson 

CLIC schedule: 
TDR 2025, start construction 2026 

Cost of stage 1: CHF 5.9B 
             stage 2: + CHF 5.1B 

      stage 3: + CHF 7.3B 



8 21 January 2019 Aidan Robson 

FCC cost and schedule (from DG’s new year message) 

FCC-ee 

FCC-hh 



Patrick Janot 

q  Same	fit	applied	to	all	Higgs	factories	inputs	(for	unbiased	comparison)	

◆  The	FCC-ee	precision	better	than	HL-LHC	by	large	factors	(for	the	copious	modes)	
●  The	FCC-ee	is	best	on	the	e+e-	Higgs	factory	market	

◆  It	is	important	to	have	two	energy	points	(240	and	365	GeV),	as	at	the	FCC-ee	
●  Combination	better	by	a	factor	up	to	2	(4)	than	240/250	(365/380)	GeV	alone	

Result	of	the	“kappa”	fit	

6 March 2019 
Physics at FCC : CDR Symposium 
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The CLIC project 

2

Physics case   
Technical 
implementation 
and solutions

Organization and 
community

Industrial basis 
and future 
flexibility 

For any next machine the largest challenges are the cost and 

timescales/size involved …. 

Key activities for a CLIC TDR in the Preparation Phase will be: 

1. Prepare technically for industrial production (examples for 

cost and power drivers on next slide) 

2. Pursue large systems tests (not necessarily at CERN) 

3. Final design/parameters, cost/power, schedules, 

CE/site/infrastructure 

25 January 2019 Budget planning 



Thank you!

A.F.Żarnecki (University of Warsaw) Top-quark physics at the first CLIC stage July 7, 2018 17 / 17
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Resources
Compact Linear Collider Portal
http://clic.cern/

CLIC input to the European Strategy for Particle Physics Update 2018-2020
http://clic.cern/european-strategy

CLICdp Publications on CERN Document Server
https://cds.cern.ch/collection/CLIC Detector and Physics Study

http://clic.cern/
http://clic.cern/european-strategy
https://cds.cern.ch/collection/CLIC%20Detector%20and%20Physics%20Study
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Cost - I

Machine has been re-costed bottom-up in 2017-18

• Methods and costings validated at review on 7 

November – similar to LHC, ILC, CLIC CDR 

• Technical uncertainty and commercial uncertainty 

estimated 



28CLIC WS 2019 Steinar Stapnes

Cost - II

Other cost estimates:

Construction:

• From 380 GeV to 1.5 TeV, add 5.1 BCHF (drive-beam RF upgrade and lengthening of ML) 

• From 1.5 TeV to 3 TeV, add 7.3 BCHF (second drive-beam complex and lengthening of ML) 

• Labour estimate: ~11500 FTE for the 380 GeV construction 

Operation: 

• 116 MCHF (see assumptions in box below) 

• Energy costs



23/01/2019S. Spannagel - CLIC Week 2019 - The CLIC detector and physics study49

Cost Estimate for the CLIC Detector
● Based on detector work breakdown structure, aimed at 30% uncertainty
● Main cost driver: silicon sensors for electromagnetic calorimeter

● Example: 25% cost reduction of silicon per unit of surface → overall detector cost reduction by > 10%



Key Parameters

23 January 2019 CLIC Luminosity, Daniel Schulte 46
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