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- First quick look at the samples, mainly to check that there’s 
nothing obviously problematic 

- Some gen-level studies and reco-level distributions 
- Basis for developing a proper sensitivity study 

- Starting with (supposedly) most sensitive semileptonic channel 
- Winter 2023 semileptonic samples

Introduction

https://fcc-physics-events.web.cern.ch/fcc-physics-events/FCCee/winter2023/Delphesevents_IDEA.php


Acceptance checks vs ecm
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- Status 1 leptons (what should we do with status 2? See Zohre’s slides) 
- No cuts at reco level

Scenario  Acceptance 
(ecm 345)

Acceptance 
(ecm 350)

Acceptance 
(ecm 355)

1l, pt(l) > 20 0,4697 0,4682 0,4681

+ ngenquarks > 3 0,4667 0,4656 0,4655

+ pt(q) > 10 0,4650 0,4642 0,4642

>1l, pt(l) > 20 0,8362 0,8367 0,8374

>1l, pt(l) > 15 0,8897 0,8906 0,8907

>1l, pt(l) > 10 0,9270 0,9279 0,9276

>1l, pt(l) > 5 0,9572 0,9577 0,9577

- Very small ecm dependence in all cases 
- Will optimise p cuts for next round (also checking backgrounds)



Reco level: lepton momentum
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- At least one isolated lepton with p > 20 and njet =4/5
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- Slightly harder lepton p spectrum at higher ecm as expected



- Seems like gluon radiation is not negligible at higher ecm (gluon 
clustered together with one of the quarks) 

- Should take this into account in reco-level selection 

Ecm dependence of p(j)

- At least one isolated lepton with p > 20 and njet =4/5



Reco level: d_ij variable
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- At least one isolated lepton with p > 20 and njet =4/5
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Reco level: jet momentum

7

- At least one isolated lepton with p > 20 and njet =4/5
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- Everything looks as expected at first glance 
- Unclear what to do with status = 2 particles (see Zohre’s slides) 

- Will look into reco-level selection (including backgrounds) 
- Extend study to fully hadronic final state 

Summary and outlook
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Figure 8: tt production cross section vs the center-of-mass energy near the threshold. The
e↵ects of the top quark mass, width, and the top quark Yukawa coupling and the strong
coupling constant on the theory cross section are indicated by the arrows. The e↵ects of ISR
(green) and the collider luminosity spectrum (LS) (blue) are also shown. The observable
cross section is given by the combination of both e↵ects (red). Figure taken from Ref. [94].

quarks. The Tevatron and LHC did probe the charged-current interaction vertex in top
quark decays and single-top-quark production [96]. The rare associated production pro-
cesses of top quarks with a photon, Z boson, or a Higgs boson observed at the LHC directly
probe the neutral current interactions of the top quark [97]. At the FCC-ee, top quark pair
production e+e� ! �

⇤
/Z ! tt is mediated by a photon or a Z boson. Thus, measurements

of the tt cross section can probe the electroweak couplings tt� and ttZ at the production
vertex.

The sensitivity of e+e� colliders operated above the tt production threshold to anomalous
electroweak couplings of the top quark is well-established [98, 99, 100, 89, 101]. Ref. [102]
has demonstrated that the couplings to the photon and the Z boson can be e↵ectively
disentangled at or slightly above the tt production threshold by measuring the top quark
polarization, using the charged leptons from the top quark decay as polarimeters.

Ref. [102] projects a precision of 1(3)⇥10�3 for the anomalous vector coupling of �(Z), and
of 1(2) ⇥ 10�2 for the anomalous axial coupling. Any deviation of these couplings from the
SM values would signal the presence of new physics. An analysis of a circular-collider-like
scenario in Ref. [100] in the SMEFT confirms that the sensitivity to top quark electroweak
couplings exceeds that of the HL-LHC by an order of magnitude and demonstrates the
added value of e+e� collision data at a center-of-mass energy well above the tt production
threshold to disentangle four-fermion and two-fermion operators.

The precise measurement of top quark couplings to a photon or the Z boson are essential
to precisely determine the top quark Yukawa coupling at the FCC-hh [102]. While the top
quark Yukawa coupling can be determined with high statistical accuracy at hadron colliders,
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We have samples for  
ecm = 345, 350, 355 GeV 
generated with 2*mt = 345 GeV 

Shall we also request a 340 GeV 
sample to check what happens 
below the production threshold?


