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The Future Circular Collider (FCC)

@ A 91 km circumference tunnel at CERN.

o FCC-ee: eTe™ collider. Higgs, EW, and Flavor factory (/s : 90 — 365
GeV).
e FCC-hh: ~100 TeV pp collider.

@ Operation of FCC-ee expected to start in late 2040s.
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FCCee: Tera-Z run

e High statistics:

o Operation at the Z pole (/s = 91.2 GeV).

e Production of 6 x 10'? Z bosons.
@ High acceptance and reconstruction efficiencies of the detectors.
e efe  collisions:

o Point-like particle — Well defined initial state and total energy.

o Clean experimental environment.
o Can measure missing energy.
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The IDEA Detector Concept

Innovative Detector for eTe™
Accelerator

@ Vertex Detector: MAPS pixels for
high-resolution vertexing.
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@ Drift Chamber: Ultra-light
gas-filled tracker.
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@ Dual-Readout Calorimeter:
Coil

Excellent energy resolution for jets  orcremicmo
Silicon Wrapper
and EM showers.

@ Muon Chambers: Embedded in
the 2T solenoid return yoke. “ -
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@ PID: Excellent particle separation
using cluster counting.
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Simulation Framework

e Event Generation: Pythia8 used for Z — qg processes at
Vs = 91.2 GeV.
@ DELPHES parametric fast simulation using the IDEA detector card.

DELPHES Simulation Assumptions in Tracking

Min pt threshold | > 0.1 GeV for track reconstruction

Track purity All tracks from charged particles

Track separation | Close tracks are always resolved

Tracks selection | Tracks only considered for stable particles
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Ks Multiplicity

e efe™ =7 —=qqg.

@ More than one Ks per event in Z — s§
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Ks Kinematics and Displacement

@ Soft momentum spectrum of Ks.

o Large lifetime acceptance.
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o Decay of interest: B(Ks — uTp™)sm = (5.18 +1.5) - 10712
e Dominant decay: B(Ks — 77~ ) = 0.6920 + 0.0005

@ Very similar topology — Need good understanding of dominant decay.
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Z — S5

Multiplicity of generated Ks in different vertex positions
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Z — S5

Comparison of all KS multiplicities
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All generated Ks.

Generated Ks — ntn~. Efficiency = 69.33%.

Generated Ks — w7~ within the acceptance of IDEA. Efficiency = 67.84%.
Generated Ks — w7~ with reconstructed tracks. Efficiency = 61.03%

Generated Ks — w7~ with a reconstructed vertex that matches the MC vertex.
Efficiency = 54.66%
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Ks — mtm~

KS reconstruction efficiency KS reconstruction efficiency
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The three curves correspond to increasingly strict selection criteria:
@ MC vertices with a matching reconstructed vertex.
@ MC vertices with a matching reconstructed vertex and good vertex quality.

@ MC vertices that additionally are close to the true vertex.

M. Pando Poblador (CERN & EPFL) Sensitivity Ks — pp at FCC-ee June 2, 2026 12 /22



Ks mass reconstruction

o Generated events forcing the decay Ks — ptpu™.
@ Vg reconstruction.

@ Good mass resolution! ¢ = 0.26 MeV.
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Ks mass reconstruction

Ks — ptpu~ for different vertex decay regions.

Ks - pu fits by region
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Ks mass reconstruction: Background sources

Background | Mis-ID Factor | Kinematic Edge
Ks — mtm— ~ 1078 ~ 463 MeV
Ks — mp ~107% -

Ks — ptp~ - -

M]Tﬂ'mile — \/m%(s _ 4(m2 _ m2)

inv T ”w

@ Need very good mass resolution.

@ 7/ separation is critical.
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Background sources: Ks — wtm—

@ Mis-ID factor: ~ 1078, — Need ~ 10~> mass resolution.
@ Contributions in the signal region from poor resolution tracks.

@ Reducible with displacement cuts.

-7 Ks = (r<1100mm)
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Background sources: Ks — muv

@ Mis-ID factor: ~ 10~%.

Region (Ar) 7 decay | Decay prob. | Requirement

<lcm ~107% Needs 1075 rejection from mass resolution
1—10cm ~ 1073 Few hits: Kink finding efficiency > 10%

10 — 200 cm ~ 1073 Drift Chamber: Kink should be easy to find
210 — 450 cm ~ 1072 -
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Background cases. Studying m — uv

@ Mis-ID factor: ~ 107%.

@ Easy kink finding. Opening angie 8, vs Fion Momentum

Opening angle between the pion and *
muon momentum vectors is

ﬁw i ﬁu
coslr, = —F———
* Bl Bl

In the relativistic regime:
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Conclusions

@ Good reconstruction efficiency in the acceptance of the detector.

@ The FCCee can achieve an excellent mass resolution of ¢ ~ 0.26
MeV.

@ Background Suppression:

e Displaced vertices selection.
e Good quality tracks.
o Kink separation.

@ Signal selection: cuts in momentum.
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Backup: Reconstruction efficiencies

Pion Efficiency 0 < r (mm) < 10000 Pion Efficiency 0 < r (mm) < 10000
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Backup: Reconstruction efficiencies

Select those with:
@ True pr > 0.1 GeV and true |n| < 2.5.

@ Low efficiency: at least one of the pions that come from Ks must have p > 10
GeV and r > 500 mm.

Reconstructed KS efficiency (filtered) Reconstructed KS efficiency (filtered)
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Backup: Reconstruction efficiencies

While our previous focus was solely on the radial vertex position, r = 1/x2 + y2,
we now examine the efficiency as a function of momentum and longitudinal vertex
position (z) across various r windows. In these regions, we expect a flat
distribution rather than a drop in efficiency at higher momenta.
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