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Future circular collider (FCC) @CERN

— FCC-ee: High-luminosity e+e- circular
collider; machine design for highest
luminosities at Z, WW, ZH and ttbar
working points

— Unprecedented precision
measurements for all SM parameters

— Potential to directly or indirectly
discover BSM physics

— 91 km ring beneath France & Switzerland

= Schedule (and physics) complementary to LHC followed by FCC-hh (reaching energies
up to eight times those of the LHC)

— Eight surface sites for up to four experiments. Feasibility Study Report:

Future Circular Collider Conceptual Design Report Volume 2 2



https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://arxiv.org/pdf/2505.00272

Future lepton colliders luminosities
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Clear advantage in luminosity for circular colliders vs. linear colliders

CLIC has higher energy reach, but less than LHC



Top quark physics at FCC-ee

= Measure total production cross section as a function of Vs
= 345-365 GeV runs

— Compare to standalone theory prediction to extract physical parameters (mass, total

width...) Requires excellent control over beam and luminosity calibration
< Quasi-total order flexibility >
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ECFA report  arXiv:2503.18713

Need for tt threshold scan at FCC-ee

= Measurement of WbWD total rate around the tt production threshold
- Cross section shape depends strongly on top quark mass (m,,), width (I

top)> 0sand

top-Yukawa (y,,)

— Lepton colliders aim to measure as with very high precision (0.1% for FCC-ee, 0.6%

for LC) at Z pole and mw at WW threshold
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— Beam polarisation — interesting for top quark couplings
— Access to higher energies (ttH)

LS: Luminosity spectrum 5


https://arxiv.org/abs/2503.18713
https://cds.cern.ch/record/2920434/
https://link.springer.com/article/10.1007/JHEP11(2019)003
https://arxiv.org/abs/2203.06520

tt threshold scan at FCC-ee

ECFA report  arXiv:2503.18713
Submitted to JHEP

— Measurement of WbWb production cross section at different center-of mass energies
(340-365 GeV) around tt production threshold in e+e- collisions at FCC-ee

- Different center-of mass energy points offer measurements of m,,, I

top? and Ytop

— Even possible to search for new physics indirectly at 365 GeV

my, measurements at FCC-ee: 0.24 MeV— need to measure m,, with < 20 MeV precision
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| = Targeting semi-hadronic and hadronic decay

modes (total branching fractions ~75%)

1= Z.. =41 fb~! per e.c.m @340-355 GeV &

2.65ab~! @ 365 GeV


https://arxiv.org/abs/2503.18713
https://cds.cern.ch/record/2920434/

Detector level studies

= Signal: WbWb production including tt, single top, and non-resonant contributions

- Background contributions from WW, ZZ, WWZ(—bb), and qq
— MC simulation samples from Pythia & Whizard

Expected number of signal events: 2e6 for 41 tbinv

Process Decays  Generator Order Cross section [pb]

340 GeV 345 GeV 365 GeV
WbWb  inclusive @WHIZARD+Pyhtia6 LO 0.1 0.5 0.5
WWZ Z—-bb WHIZARD+Pyhtia6 LO 2.02 x1073 1.46 x10~3 1.32 x1073
qq n.a. WHIZARD+Pyhtia6 LO 26.3 25.6 22.8
17 inclusive Pythia8 LO 0.932 0.916 0.643
WW inclusive Pythia8 LO 12.1 11.9 10.7

— Lepton acceptance (isolated leptons with momentum > 12 GeV) >99% across all
e.c.m. points

— Inclusive jet clustering (generalised anti-kT algorithm with cone size 0.5)

— Variables of interest: Number of jets in different bins of number of b-tagged jets
(0,1,z2)

— Parameterised b-tagging efficiencies

Zero btagged category — WW = 1 btagged category — signal

One btagged category — signal with one unidentified b-tagged jet
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Extremely clean in WW



Theoretical calculation
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— Top quarks form a quasi-bound state — non-relativistic QCD calculation (NR-QCD)

at N3LO
— Initial state radiation (ISR) effectively reduces total cross section (LL precision)
— Calculation convoluted with expected FCC beam energy spread (BES): 0.18% / beam

— Calculation only valid in the vicinity of threshold, where the sensitivity to the
parameters lies



Fit results

- 3D fitof m,,, I’
calibration parameters

top?

and y,,,, with profiled a and

= 10 equally-spaced points with equal luminosity
- Additional sensitivity to y,, from 365 GeV run

Uncertainty source
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Need to reduce the theoretical scale uncertainties to
match the expected experimental precision
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FCC-hh analyses: Motivation
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https://arxiv.org/pdf/2305.13439

Events

FCC-hh 4t & ttZ analyses: Strategy
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electron and ~60% on muon

Only ~2.5% of events pass in the 41 channel

A small increase in the single lepton efficiency would have
great effects in multi-lepton channels!
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FCC-hh 4t & ttZ analyses: Results

Reach of 3.5 TeV in Ht for 4t and of 2.5 TeV in p% for ttZ
Systematics at the 5% level or better

H defined as the scalar sum of transverse
momenta of all visible final objects
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Conclusions

— Rich (and complementary) top-quark physics program at FCC-ee and FCC-hh

= Outlined physics case for a tt threshold run at FCC-ee
= Precision measurement

— Complete study of tt threshold including detector-level, machine-related, and
parametric uncertainties

— Shown that systematic effects are well under control

— Theoretical progress needed to fully profit from physics potential of FCC-ee

— High potential to constrain top quark couplings and BSM decays at the 365 GeV
FCC-ee run

— New opportunities (and challenges) for top physics at FCC-hh starting to be explored
— BSM physics searches

= Outlined physics case for ttZ & 4top production process

— Achieved high-purity ttZ and 4t selection.

— Reduced ttZ-4t correlation compared to LHC

- Reaches visible Ht up to 4.5 TeV for 4t and p% up to 2.5 TeV for ttZ

— Results will significantly benefit from improved lepton identification, with
ongoing work to optimize selection efficiency
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