
  1

Focus Topic: 
2-fermion final states  (√s = MZ and beyond)

2-fermion expert team

Emanuele Bagnaschi, Freya Blekman, Adrian Irles, 
Daniel Jeans, Eram Rizvi, Alessandro Vicini
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e+ e- → f f-bar

“simple” process

theoretically → “precise” predictions

experimentally → “small” exp. systematics

large cross-sections

very large at Z-pole

still one of largest at higher energies
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Z(‘) boson couplings

from the Z-pole, …, 240, …, 1000 GeV

search for effects of other, BSM, interactions

main observable → differential cross-section with scattering angle → AFB

for different fermion flavours (polarisation), at different CM energies
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with the great statistics comes a great responsibility !

on theorists to make similarly precise predictions

on experimenters to squeeze out maximal information,
and to control systematic detector effects
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Higher order calculations of Drell-Yan
QED, QCD, EW corrections and their mixing
development of new tools and methods, applicability at both LHC and HF

A. Vicini
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experimental tools: jet flavour tagging

a few years ago, this meant identification of jets initiated by b- and c-quarks
based mostly on reconstruction of secondary vertices and leptons within jets

several groups have made impressive progress in extension to other jet flavours
more general kinematic observables
identification of Kaons

→ extend 2f measurements to exclusive quark flavours

distinguishing quarks from anti-quarks
→ essential for full (unfolded) 2f scattering angle measurement
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arXiv:2406.08590v3

fast simulation (Delphes) of 
IDEA concept

impact of kaon ID efficiency on s-jet tagging
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ParticleTransformer on ILD full simulation
T. Suehara et al

significant improvements on previous
generation tool (LCFIPlus)

porting to the 
reconstruction framework underway
→ general use in full-sim physics analyses

progress on s-jet tagging,
using fully reconstructed 

particle ID (esp. K)
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separating u- and d-type jet events
based on Final State Radiation

Krzysztof Mękała

dedicated photon matching procedure essential !

assuming 100 fb-1 @ Z-pole
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e+e- → tau+ tau- : final state polarisation is an extra handle

M. Dam



  12excellent and excellently-understood photon and π0 measurement 
are the key to achieving the required precision 
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tau reconstruction and polarisation at higher energies

D. Jeans
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M. Ruan
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AFB – heavy quarks Double Charge Method
▷AFB measured in the continuum (not Z in rest frame)

● Sensitivity to Z, gamma, Z`
▷At least 4 observables for AFB at ILC250 per energy point

● 2 quarks and 2 polarisations (eLpR, eRpL)

►Per mil level statistical uncertainties reachable for the 
nominal ILC250-500 program

● Smaller exp syst. Uncertainties 

● Fragmentation, angular correlations → minimized 
thanks to double tagging techniques and Data Driven 
measurement of efficiencies  à la LEP and SLC

Eur.Phys.J.C 84 (2024) 5, 537
ILD-PHYS-PUB-2023-001

ILD-PHYS-PROC-2023-013
Irles, Marquez, Poeschl, Richard, 

Yamamoto, Namatsu, Saibel

https://arxiv.org/abs/2403.09144
https://arxiv.org/abs/2306.11413
https://arxiv.org/abs/2310.17617
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Gauge Higgs Unification models vs SM discrimination power

Eur.Phys.J.C 84 (2024) 5, 537
ILD-PHYS-PUB-2023-001

ILD-PHYS-PROC-2023-013

m_Z’

19.6 TeV
19.6 TeV
14.9 TeV
14.9 TeV
10.2 TeV
10.2 TeV

m_Z’

8.52 TeV
7.19 TeV

A. Irles et al

https://arxiv.org/abs/2403.09144
https://arxiv.org/abs/2306.11413
https://arxiv.org/abs/2310.17617
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Summary

quite some activity related to the 2f focus topic

- higher order theoretical calculations: QED, EW, QCD

- experimental reconstruction tools

- estimates of physics reach

The 2f expert team is preparing to summarise these studies 
in its section of the ECFA report


