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The future circular hadron-hadron collider FCC-hh is expected to produce collisions at the
unrivaled center of mass energy of /s = 100TeV and to deliver an integrated luminosity of
% =30 ab~!. The FCC-hh offers the unique opportunity to measure the Higgs self-coupling
with a 5% precision. Billions of Higgs bosons will be produced at the FCC-hh, opening a wide
range of possibilities in the realm of possible precision Higgs measurements. The Top Yukawa
and the Higgs self-coupling can be measured respectively to percent level precision. Final states
involving Higgs bosons can be studied in highly boosted kinematical regimes where the impact
of systematic uncertainties can be reduced, allowing for percent level precision in most decay
chanels including rare decays such as H — u*u~ and H — Zy. In addition, the unitarisation of
the amplitude the longitudinally polarized vector bosons can be directly tested at the FCC-hh.
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1. Introduction

The Future Circular Collider (FCC) is an hypothetical and ambitious accelerator complex in
the CERN area designed for the after LHC era. The first step would consist in an electron-positron
collider (FCC-ee) that would provide a per-mille level measurement of the Higgs coupling to Z
bosons [1]. The second step and main drive on the tunnel and infrastructure design would be a 100
TeV hadron circular collider (FCC-hh). Such center of mass energy can be achieved by means of
a 100 km tunnel and 16 T bending dipole magnets. The FCC-hh would deliver a peak luminos-
ity of .2 =3 10% cm 25! in its ultimate phase which would result in O(15) ab™! of integrated
luminosity per experiment. The FCC-hh machine would allow for a direct exploration of massive
particles up to 40 TeV [2], improving by approximately one order of magnitude the LHC sensitiv-
ity for discovering heavy states. In addition, during its lifetime the FCC-hh is expected to produce
tens of billions of Higgs bosons allowing for a rich standard model precision program [3]. Most
importantly, a 100 TeV machine will be the only machine allowing for a 5% measurement of the
Higgs self-coupling [3]. In this note we will summarise a subset of possible precision measure-
ments of the Higgs sector that can be performed with the FCC-hh. In the studies presented here,
Monte Carlo samples have been generated with the MG5_aMC@NLO 2.5.2 package [4], show-
ered and hadronised with PYTHIA 8.230 [5]. The detector simulation was performed with the fast
simulation framework DELPHES 3.4.2 [6] assuming the FCC-hh detector performance. A detailed
description of the results presented here can be found in [7].

2. The Higgs self-coupling

A precise measurement of the Higgs self-coupling A probes the shape of the Higgs potential
near our vacuum and could provide insights about the electro-weak phase transition (EWPT). The
Higgs self-coupling can be probed via double Higgs production. After the full LHC run at high
luminosity (HL-LHC), the SM sensitivity to the self-coupling will be barely reached. In contrast,
at /s = 100 TeV, the di-Higgs production cross section increases by a factor 50, allowing for a
precise measurement of this fundamental SM parameter.

The Higgs self-coupling can be probed via a number of different Higgs boson decay channels.
Given the small cross-section, typically at least one of the Higgs bosons is required to decay to
a pair of b-quarks. Here, we consider 5 channels: HH — bbyy, HH — bbtt, HH — bbZZ(4(),
HH — 4b+jet, and HH — bbWW. The di-photon invariant mass spectrum of the signal and the
single Higgs and QCD backgrounds obtained in the bbyy channel is shown in Figure 1 (left). Fig-
ure | (right) shows a summary of the achievable precision in the aforementionned decay channels.
The ultimate achievable precision on the self-coupling will be obtained via a combination of the
sensitivities in the various decay channels and has yet to be performed. The highest precision is
achieved in the bbyy channel with 0k =~ 6%. The bbtt channel has been investigated in Ref. [8]
and is expected to provide a 10% measurement on the Higgs self-coupling. The comparison of the
sensitivity that can be achieved in the various decay channels is shown in Figure 1 (right).

3. Single Higgs measurements

Measurements of the Higgs couplings to photons or Z bosons (the latter being performed in the
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Figure 1: Left: Di-photon candidates invariant mass spectrum after applying all selection criteria. Right:
Expected precision on the measurements of the Higgs self-coupling in the various decay channels.

H — ZZ* — 4/ channel) will benefit from very large statistics at the HL-LHC and the achievable
precision in such channels will be limited by systematics [9, 10]. In contrast, rare Higgs decays such
as H— ptu~ or H— Zy will be statistically limited at the HL-LHC [9, 10]. At +/s =100 TeV,
the Higgs production rate increases by a factor 15 for gluon-fusion production (ggF) with respect
to \/s = 14 TeV, and up to a factor 55 for associated production with a 7 pair (ttH) [3]. With a
total integrated luminosity of . = 30 ab~! at the FCC-hh, we expect a factor ~ 100 increase in
the total number of produced Higgs events compared to HL-LHC, leading to an overall reduction
of a factor = 10 of statistical uncertainty in Higgs-related measurements.

We focus here on a subset of Higgs decay channels: H — ZZ* — 4/, H — vy, H — utu~
and H — Zy — ("¢~ vy, where £ = e, .. Abundant statistics can be exploited by explicitly selecting
phase space regions where systematic uncertainties are small and better understood. The expected
precision in these channels has been studied as a function of the minimal requirement on the Higgs
reconstructed transverse momentum which can be fully reconstructed from the visible final state
products. Requiring the Higgs at high momentum presents the advantage of high S/B, as well
as lower systematics. The expected o/ is found to be to 1% up to pr(H) = 200GeV in all
channels [7]. In addition one can measure ratios of couplings thus cancelling out theoretical uncer-
tainties on the production cross-section, luminosity uncertainties and uncertainties on the final state
object reconstruction efficiencies. Estimates for the precision that can be obtained at the FCC-hh on
the ratios BR(H — u*u~)/BR(H — 4u) and BR(H — yy)/BR(H — 2¢2) are shown in Figure 2.
Such relative measurements are particularly interesting since they can be re-interpreted as absolute
measurements, provided that the branching fraction in the denominator (i.e. the H — ZZ coupling)
has been measured previously at high precision.

4. Conclusion and outlook

The FCC-hh 100 TeV pp collider will present a unique opportunity for measuring key standard
model parameters such as the Higgs self-coupling and Higgs rare decay branching ratios. In this
note we have restricted our discussion to a subset of possible measurement of the Higgs sector at
/s = 100 TeV. We have shown that percent level precision is achievable in rare decay channels
suchas H— u*u~ and H — Zy as well as on ratios of Higgs couplings. We have also shown that
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Figure 2: Expected precision on the ratio BR(H — pTu~)/BRMH —4u) (left) and
BR(H — yy)/BR(H — 2e2u1) (right) as a function of the minimal requirement on the Higgs recon-
structed transverse momentum. The expected precision is given for three scenarios: only statistical
uncertainties are included (stat-only), statistical and optimistic (conservative) systematics on the object
reconstruction efficiencies.

5% precision on the Higgs self-coupling can be achieved with .2 = 30 ab~!. Several additional
measurements can be performed in the Higgs sector at the FCC-hh. Percent level accuracy on the
top Yukawa can be obtained from the measurement of the ratio of ttH and ttZ cross-sections [11].
In addition, a measurement of the rate of longitudinally polarized vector bosons can allow for the
first time to directly test the unitarisation of the amplitude of W; Wy, scattering at very high energies.
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