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Abstract

The Compact Linear Collider (CLIC) is a mature option for a future electron-positron col-
lider operating at centre-of-mass energies of up to 3 TeV. CLIC will be built and operated
in a staged approach with three centre-of-mass energy stages currently assumed to be 380
GeV, 1.5 TeV and 3 TeV. This contribution discusses the physics potential of CLIC in the
area of Higgs physics based on benchmark analyses using full detector simulations. The ini-
tial stage of operation allows study of Higgs production in Higgsstrahlung and WW-fusion,
resulting in precise measurements of the production cross sections and the total Higgs-boson
decay width. Operation at high energy will provide high-statistics samples of Higgs bosons
produced in WW-fusion enabling tight constraints on Higgs couplings. High-energy opera-
tion also gives access to the tt̄H process and Higgs self-coupling, through the measurement
of double Higgs production. Global fits of the CLIC Higgs analyses are presented.
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1. Introduction

The Compact Linear Collider (CLIC) is a proposed future high-luminosity linear e+e� col-
lider, which will be operated in a staged approach from a few hundred GeV up to 3 TeV [1, 2]. In
the Higgs physics studies presented [4], the nominal centre-of-mass energies the three stages are
assumed to be

p
s = 350GeV, 1.4 TeV, and 3 TeV. The data from these studies have been scaled

to the latest assumptions on the integrated luminosity [3] of 1 ab�1 for the first, 2.5 ab�1 for the
second, and 5 ab�1 for the third energy stage. The CLIC baseline design includes a ±80% beam
polarisation electrons, and no positron polarisation. A the first energy stage, half of the data are
taken at -80% and half at +80% electron polarisation. At the second and third stage it is foreseen
to divide the running time between -80% and +80% electron polarisation in the ratio 4:1. Unlike
in hadron-hadron collisions no triggers are needed, and all Higgs events will be used. With event
selection efficiencies ranging from about 20-60% hundreds of thousands up to millions of Higgs
bosons are available for analysis. All results shown in the following are based on realistic full
detector simulations including the impact of beam-beam effects.

2. Higgs measurements

At the first stage the dominant Higgs production mechanism is e+e� ! ZH. Sub-leading
at the first stage, the WW fusion production process e+e� ! Hnen̄e becomes the dominant pro-
duction mechanism at the second and third stage. Unlike at the first stage, at both higher energy
stages the Higgs bosons will be produced at polar angles close to the beam line. Unique to lep-
ton colliders is the recoil mass measurement, where the ZH event is identified from the Z recoil
mass m2

rec = (
p

s�EZ)
2 � p2

Z, since the centre-of-mass energy is a known parameter. The recoil
mass analysis is performed both in leptonic and hadronic Z events, where the fine-grained granular
calorimeter allows for high precision measurements through particle flow reconstruction. Combin-
ing both channels provides a model-independent measurement of the coupling of the Higgs boson
to the Z-boson gHZZ with a precision of 0.6%. Possible Higgs decays to invisible final states can
be tested via the recoil mass in Z ! qq̄ decays, and the invisible decay width of the Higgs can be
constrained to BR(Hinv) < 0.69% at 90% confidence level. Due to very precise flavour tagging at
CLIC it is possible to simultaneously extract the branching ratios of H ! bb̄, cc̄ and gḡ using a
maximum likelihood template fit based on the two-dimensional distributions of bb̄ and cc̄ likeli-
hoods. At the second stage the associated production of Higgs and top-antitop pairs is accessible.
The tt̄H cross-section measurement can be translated into a search for a CP-odd contribution to the
tt̄H coupling [5]. Although the cross-section varies as a function of the mixing angle by up to a
factor of 3.5 with respect to the Standard Model value, the sensitivity is almost independent of the
mixing angle sin2 f around a relative accuracy of 7%.

At the high energy stages double Higgs production e+e� ! HHnen̄e can be studied. Double
Higgs production is sensitive to the quartic coupling gHHWW as well as the trilinear Higgs self-
coupling l . The relative accuracy of l can be enhanced by operating with beam polarisation
P(e�) = �80%, as well as using differential distributions. The projected accuracy of the Higgs
self-coupling is Dl/l ⇡ 14% from the total cross-section, and about 10% by including differential
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distributions. This allows to test models of physics beyond the Standard Model, which predict
deviations of the triple Higgs boson coupling of a couple of % up to 25% [6].

3. Combined Fits

The precisions of all Higgs coupling measurements are summarised in Fig. 1, which illustrates
the results of two types of fits based on a c2 minimisation using the MINUIT package [7], including
relevant correlations. The first type is a model-independent fit with minimal theoretical assump-
tions on additional Higgs decays. The second type is a model-dependent fit following a LHC like
strategy, which assumes no non-Standard-Model Higgs decays (e.g. into new invisible particles).
In the model independent fit the results are limited by the relative uncertainty of the total cross
section measurement of ZH. The Higgs width can be extracted with an accuracy of about 4.7%
after the first stage, and 2.5% using the data of all three stages. For the model-dependent fits for
most couplings an accuracy of sub-percent level can be achieved. A comparison with the projected
results after the completion of high luminosity (HL) LHC from ATLAS [8] shows, that the LHC
results can be largely improved for the couplings to WW, ZZ, gg, bb, cc and tt . The accuracies in
those channels are already surpassed after the completion of the first CLIC stage.
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Figure 1: Illustration of the precision of the Higgs couplings of the three-stage CLIC programme determined
in a model-independent (left) and a model-dependent fit (right) without systematic or theoretical uncertain-
ties. The dotted lines show the relative precisions of 1% and 5% for the model-independent and 0.5% and
2.5% for the model-dependent fit.

4. Summary

CLIC is capable to enhance the understanding of the Higgs boson significantly beyond the
precision of the HL-LHC. The Higgs cross section and the total Higgs width are determined in
a model independent measurement. For many Higgs couplings an accuracy better than 1% can
be reached. Double Higgs production measurement profits from running at the highest possible
energies. The projected relative accuracy of the trilinear self-coupling extraction is around 10%.
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Figure 2: Comparison between the projected relative precision of the coupling scale factor of the three-stage
CLIC programme and the projected ATLAS HL-LHC results [8].
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