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i Overview : : . . . . . -
Overview The upcoming generation of particle colliders will feature a remarkable improvement in the precision of The upcoming generation of particle colliders will feature a remarkable improvement in the precision of
Timetable experimental measurements across a wide range of observables. The theoretical framework necessary Registration experimental measurements across a wide range of observables. The theoretical framework necessary
o to interpret and exploit this high-quality data will require the development of several complementary Participant List to interpret and exploit this high-quality data will require the development of several complementary

Registration technologies. technologies, which at their core all rely on our ability to tackle the challenging multi-scale calculations
Partidpant List Code of Conduct that are ubiquitous in electro-weak precision physics.

The goal of this workshop will be to survey the current status and expected needs of theoretical
predictions for future lepton colliders. We hope to define clear targets which can help to guide the effort

Practical information

Videoconference This School will review the current status and future prospects in EW precision physics, and provide a

. of the theory community in tackling the formidable challenges that will need to be overcome. .. Accommodation comprehenswg and systematl'c presentation of recent technlgal d.evelopments in t'he.ﬂelds of Amplitude
.. Health insurance, visa and Feynman integral calculations, Standard Model Renormalization and QED Radiation at Lepton
Practical information The workshop will focus, on different dedicated days, on the following topics, each organised with the .. Wi-fi connection Colliders.
e : help of a dedicated session chair: .. Chi : . : : -
- Accommodation P Calllelteale The School is targeted at advanced PhD students and junior postdocs with a background in precision
- Health insurance, visa e the WW threshold and the determination of the W-boson mass (Martin Beneke), P'r%Ct'gE;LO and calculation in high-energy collider physics. Attendance will be limited, and participants will be selected
.. Wi-fi connection e QED corrections and ISR effects (Stefano Frixione), nsiae to ensure that they have the required background to benefit from this advanced School.
L. child care e Bhabha sca_ttering ()’annick L{/rich), . Support '
- e ZH production for Higgs studies (Ayres Freitas), The lecturers will be:
‘Dlr.ectlons to and e Z-pole physics (Fulvio Piccinini). 41 THworkshops.secretaria. .
inside CERN  Josh Bendavid (CERN)
e Alessandro Vicini (Milano)
Support e Simone Badger (Torino)
S THworkshops.secretaria The workshop will be preceded by a school on related topics. More information is available at the e Samuel Abreu (CERN)
’ corresponding indico page. * Stefan Dittmaier (Freiburg)
¢ Stefano Frixione (Genoa)
@ Starts 29 Jun 2026, 09:00 9 CERN @ Starts 22 Jun 2026, 09:00 9 CERN
Ends 3 Jul 2026, 19:00 4/3-006 - TH Conference Room Ends 26 Jun 2026, 19:00 4/3-006 - TH Conference Room
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https://indico.cern.ch/event/1603538/
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Program of the School

Series of lectures on physics potential and state of the art perturbative methods. The lecturers assumed that the
students had a strong prior background, allowing them to discuss topics at the forefront of current research.

-Josh Bendavid —— FCC Physics Potential

c Alessandro Vicini —  Electroweak precision physics
P PTY This edition focused on EW calculations, with

the plan to have future schools on other topics,
e.g. QCD, Monte Carlo, flavour physics, ...

> Simon Badger

l

Scattering amplitudes

- Samuel Abreu —> Feynman integrals
» Stefan Dittmaier —— Renormalization of the Standard Model
—

» Stefano Frixione QED initial state radiation



Mon, 29 Jun

WW
chair: M. Beneke

Program of the Workshop

Tue, 30 Jun Wed, 1 Jul Thu, 2 Jul Fri, 3 Jul

QED and ISR Bhabha ZH Z-pole
chair: S. Frixione chair: Y. Ulrich chair: A. Freitas chair: F. Piccinini

EXP intro for WW
~45min

speaker: Paolo Azzurri
[accepted: remote]

NLO EW and DPA
~ 30min
speaker: S. Dittmaier [accepted]

unstable particle EFT
~45min
speaker: M. Beneke [accepted]

Monte-Carlo for e+ e-
~30min
speaker: Jurgen Reuter [accepte

QED/ISR general overview Bhabha general overview
~ 45min ~ 45min
speaker: S. Frixione [accepted] speaker: Y. Ulrich [accepted]

Z-pole general overview
~ 45min
speaker: F. Piccinini [accepted]

ZH general overview ~ 45min
speaker: A. Freitas [accepted]

ISR v.s. beamstrahlung eD-aalt alatalzaton ZH amplitude calculations L S
. ~30min . ~45min
=20 IR speaxars: D, SChika speaker: Sara Gundogd = =0 ) speaker: Roberto Tenchini
[accepted] P ‘ undogau speaker: Qian Song pe ‘
[accepted] [accepted]

: : .. - : Theoretical considerations and

MC implementations of ISR existing MC and precision Matching f.o. EW & QED PS
) . ) prospects for EWPOs

~30min ~30min ~30min ~30min
speaker: G.Stagnitto [accepted] speaker: C. Calame [accepted] speaker: M.Schonherr speaker: A. Vicini [accepted]
Structure fuctions Feynman integrals and prospects  Status and propects for Higgs decay
~30min ~ 30 calculations
speaker: K. Schonwald speaker: Mastrolia [accepted] ~30min
[accepted] speaker: M. Spira [accepted]

YFS approach
~ 20 + 20 min (split) . . : .
speaker: Z. Was [accepted] / A. One topic / day, focusing on main physics targets at each

Siodmok + A. Price [accepted]

energy point. As for the school, the main focus this time was
on EW physics, with future editions focusing on other aspects




Program of the Workshop

Each session was followed by long discussions to assess the main obstacles and agree on the best path forward. Several
constructive points emerged, together with a lot of optimism and motivation to tackle these challenges. Some highlights:

- WW threshold: Definition of a clear path towards NNLO EW corrections to e*e™ — 4f, using a combination of techniques
such as double-pole approximation and unstable particle EFT. First results in DPA may not be so far (other points such as
the impact of yy, fiducial cuts, or data driven methods to improve theory will be studied). Mixed QCD®EW challenging

o QED ISR: Clear path towards N3LO electron and photon collinear PDFs, ongoing discussions on how to combine resulting
predictions with soft resummation (e.g. EFT factorization/resummation, parton showers, matching with FYS). Some
obstacles emerged: unclear overlap with beamstrahlung simulations (GuineaPig): ongoing discussions with S. Schulte

- Bhabha (and e*te™ — yy): Systematic way to deal with mass effects via leading-power massification + recent three-loop
amplitudes = N3LO prediction within reach. Definition of program to improve parametric uncertainties (e.g. Aa;,.4)-

Open question is the implementation in fully differential Monte Carlo with controlled precision: multiple tools desirable.

- /H: theory in very good shape for inclusive observables (e.qg. cross sections and decays): NNLO EW in production
reachable in the future, and positive prospects for improving H — VV(*) (V = {g, Z, W}). Precision reach for differential
measurements will need to be assessed; obstacles in differential treatment of Higgs hadronic decays

- / pole and EWPOs: debate on feasibility of EWPOs with FCC precision. Campaign to assess theory improvements in their
extraction necessary; other strategies must be explored in parallel. It seems essential to achieve fully differential
predictions at 10-4- 10-> level. Currently this seems extremely challenging, but first steps have been defined



Follow up work and future plans

In the future we will try to:

- Write up a report containing a detailed wish list of calculations as a reference for future theory developments. So
far only a few of the chairs agreed to contribute, hopefully this will change soon

- Future editions of the workshop should also discuss other aspects, such as QCD, Monte Carlo generators, and
theory predictions for flavour physics

- We seek the help/involvement of FCC theory conveners (precision, EW, QCD) to organise and run these workshops;
opportunity to define or align WG activities with the program that emerges from the discussions



