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Experimental challenges and prospects for BSM discovery in
heavy-quark pair production above the Z-pole energy
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The precise reconstruction of the AFBq with q being c- or b-quarks poses several challenges.
The experimental input is based on detailed simulations of the ILD at ILC with center-of-mass
energies of 250 and 500 GeV and extrapolated to 1000 GeV. This study highlights the importance
of precise vertexing, high acceptance forward tracker detectors, efficient charged-hadron particle
identification capabilities, high-energy reach and longitudinal beams polarization for the deepest
and most comprehensive scrutiny of the SM and beyond in heavy-quark pair production.

This work was carried out in the framework of the ILD Concept Group



The search for new physics at the LHC and future electron-positron colliders requires a global approach
that includes a detailed study of the heavy-quark production above the Z-pole energy. New resonances
can be probed at these energies with precise measurements of EW -type observables. In Ref. [1] and here,
the prospects to discover benchmark GHU models [2–10] using forward-backwards asymmetry, AFBq , and
observables at the ILC are discussed. In a nutshell, these benchmark models are characterized by:

The A models (A1 and A2) and B models (B±
j with j = 1,2,3 indicating the sign of the lepton bulk masses)

as described in Ref. [1], are adopted as benchmark points:
A1 :→ mZ ′ = 7.19 TeV; A2 :→ mZ ′ = 8.52 TeV,

B±
1 :→ mZ ′ = 10.2 TeV; B±

2 → mZ ′ = 14.9 TeV; B±
3 → mZ ′ = 19.6 TeV;

where Z′ is the first KK Z boson. The masses of the first KK γ and ZR bosons are similar to those of the first
KK Z boson.

The precise reconstruction of the AFBq with q being c- or b-quarks poses several challenges. The experi-
mental input is based on detailed simulations of the ILD at center-of-mass energies of 250 and 500 GeV and
extrapolated to 1000 GeV. The fully differential cross-section dσ/d cosθ reconstruction is studied. With the
current layout of the ILD detector for ILC, the dσ/d cosθ can be well reconstructed, with homogeneous recon-
struction efficiency in −0.9 < cosθ < 0.9. At higher angles, the vertex reconstruction efficiency starts to drop
and large corrections fully dependent on Monte Carlo simulations and detector modelling need to be applied.
Novel geometries or reconstruction algorithms should be considered.

The studies conducted at ILC250 and ILC500 have been completed, demonstrating that a high level of
statistical precision is attainable. In Ref. [1], state-of-the-art LCFIPlus, which relies on traditional Machine
Learning (BDT) algorithms, was utilized for flavour tagging. Additionally, the ILD offers the crucial capability of
providing charged-kaon identification across a broad momentum spectrum using TPC information.

Experimental systematic uncertainties were found to be sub-dominant, attributed to a) the anticipated ex-
cellent vertexing and flavour-tagging capabilities at the ILC, b) the use of fully differential measurements, and
c) employing double-tagging and double-charge measurements that minimize reliance on Monte Carlo tools
to address modelling uncertainties, such as hadronization uncertainties. Accurate estimation of the uncer-
tainties in tagging efficiencies (and mis-tagging rates) can only be achieved at a high level of precision if
perfect detector modelling and Monte Carlo tools with exceptional parton-shower and hadronization descrip-
tions are available. The practical alternative would be to employ data-driven techniques like double-tagging
and double-charge measurement methods.

Figure 1 shows the expected uncertainties for the reconstruction of AFBb and AFBc using full-simulation of
signal and background events in the ILD model of [11], plus two additional scenarios on the detector model or
reconstruction tools. The study was done for the available samples of ILC250 and ILC500.
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Figure 1: Estimated statistical uncertainties on AFBc and AFBb using ILD full simulation and reconstruction
at ILC250 and ILC500. Two alternative scenarios of ILD model and reconstruction are shown.
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Figure 2 discusses the sensitivity to BSM models in different possible running scenarios of ILC. The results
for ILC1000 have been extrapolated from the studies at 500 GeV. The ILC250 case has also been compared
with an ILC250 without beam polarization. For the latter case, it shows that at least a factor of two of integrated
luminosity is required to get similar prospects.

Finally, three scenarios of different reconstruction capabilities are compared in Figures 1 and 2: a de-
tector without charged-hadron particle identification capabilities (i.e., a hypothetical version of ILD without a
TPC-based central tracker); a state-of-the-art ILD detector with reconstruction tools described in Ref. [11]
and cluster counting for the charged-hadron particle identification using the TPC; an improved scenario after
applying modern reconstruction techniques based on advanced Artificial Intelligence models. These latter pro-
spects are obtained by simply extrapolating from the baseline case considering the expected improvements
on flavour-tagging discussed in Ref. [12]. The same improvement is assumed for the charged-hadron particle
identification. It is important to remark the importance of charged-hadron particle identification (PID) specially
for the c-quark case at ILC250, although the benchmark models discussed here show small sensitivity for
ILC250. Detailed studies using full-simulation should be conducted to confirm these expectations.

This study highlights the importance of precise vertexing, high acceptance forward tracker detectors, effi-
cient charged-hadron particle identification capabilities, high-energy reach and longitudinal beams polarization
for the deepest and most comprehensive scrutiny of the SM and beyond.
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Figure 2: Statistical discrimination power between the GHU models described in the text and the SM. Different
running scenarios of ILC are compared: ILC250(no pol.) (hypothetical case with no beam polariza-
tion and 2000 fb−1 of integrated luminosity), ILC250 (2000 fb−1), ILC500 (4000 fb−1), and ILC1000*
(8000 fb−1, not using full simulation studies but extrapolations of uncertainties from ILC500).
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