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ILD 2024 meeting @ CERN

Physics Working Group summary

Main Physics WG goals are to

make compelling physics case for ILC
convince decision makers that ILC is worth the investment

and for the e+e− Higgs Factory in general
contribute to the ECFA Higgs/EW/Top factory study in partcular

optimize the ILD detector design for ILC
to make full use of the ILC physics potential

present ILD as a compelling option for other colliders
defined last year as one of our priorities

and explore novel design options, based on new technologies
to remain both “mature” and “modern” design

develop new analysis tools and concepts
make full use of recent ML and AI developments
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ILD 2024 meeting @ CERN

ECFA Focus topics
1 HtoSS – e+e− → Zh: h → ss (

√
s = 240/250 GeV)

2 ZHang – Zh angular distributions and CP studies
3 Hself – Determination of the Higgs self-coupling
4 Wmass – Mass and width of the W boson ...
5 WWdiff – Full studies of WW and eνW
6 TTthres – Top threshold: Detector-level simulation study of e+e− → tt̄ ...
7 LUMI – Precision of the luminosity measurement
8 EXscalar – New exotic scalars
9 LLPs – Long-lived particles
10 EXtt – Exotic top decays
11 CKMWW – CKM matrix elements from W decays
12 BKtautau – B0 → K 0∗τ+τ−

13 TwoF – EW precision: 2-fermion final states (
√
s = MZ and beyond)

14 BCfrag and Gsplit – Heavy quark fragmentation and hadronisation, gluon splitting...
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ILD physics activitis

Few numbers from ILD PSB indico pages

12 contributions from physics studies (19 total) at LCWS’2024
https://agenda.linearcollider.org/event/10372/

18 contribution to the 3rd ECFA workshop (9-11 October 2024)
https://agenda.linearcollider.org/event/10420/

21 contributions submitted to the final ECFA study report
https://agenda.linearcollider.org/event/10484/

11 contributions from physics studies (17 total) at LCWS’2025
https://agenda.linearcollider.org/event/10786/

and many more results presented just at our Software and Analysis meetings...

I had to make a selection, I focused on the studies concluded (published) in 2024-2026...
Apologies for all omissions and mistakes!
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Probing gauge-Higgs unification models at the ILC with
quark–antiquark forward–backward asymmetry at
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Abstract The International Linear Collider (ILC) will
allow the precise study of e−e+ → qq̄ interactions at differ-
ent center-of-mass energies from the Z -pole to 1 TeV. In this
paper, we discuss the experimental prospects for measuring
differential observables in e−e+ → bb̄ and e−e+ → cc̄ at
the ILC baseline energies, 250 and 500 GeV. The study is
based on full simulation and reconstruction of the Interna-
tional Large Detector (ILD) concept. Two gauge-Higgs unifi-
cation models predicting new high-mass resonances beyond
the Standard Model are discussed. These models predict siz-
able deviations of the forward–backward observables at the
ILC running above the Z mass and with longitudinally polar-
ized electron and positron beams. The ability of the ILC
to probe these models via high-precision measurements of
the forward–backward asymmetry is discussed. Alternative
scenarios at other energies and beam polarization schemes
are also discussed, extrapolating the estimated uncertainties
from the two baseline scenarios.

1 Introduction

The Standard Model (SM) is a successful theory, well-
established experimentally and theoretically. With the dis-
covery of the Higgs boson [1,2], the structure of the SM
seems to be confirmed. However, the SM cannot explain
many of its seemingly arbitrary features. An example is
the striking mass hierarchy in the fermion sector. Moreover,
while the dynamics of the SM gauge bosons, the photon,

H. Yamamoto: On leave from Tohoku University, Sendai, Japan.

a e-mail: adrian.irles@ific.uv.es (corresponding author)

W and Z bosons, and gluons are governed by the gauge
principle, the dynamics of the Higgs boson are different and
unique in the SM. The SM does not predict the strength of
the Higgs couplings of quarks and leptons, nor the Higgs
self-couplings. Large quantum corrections must be canceled
by fine-tuning the parameters to match the measured Higgs
boson mass. One possible solution to this issue, achieving
stabilization of the Higgs mass against quantum corrections,
appears when the Higgs boson is associated with the zeroth
mode of a dimension-five component of extensions of the SM
gauge group. These models are referred to as gauge-Higgs
unification (GHU) models.

The two most precise determinations of sin2 θeff by the
LEP and SLC differ by 3.7 standard deviations, and neither
agrees with the SM prediction [3,4]. In particular, the LEP
value was extracted from the forward–backward asymmetry
measurement for b-quarks in LEP1 data, and is nearly three
standard deviations away from the value predicted by the
SM. Clarifying this anomaly and exploring the possibility of
BSM physics motivates the study of quark pair production in
high energy e−e+ collisions at future colliders both at the Z
boson mass and higher energies. In the SM, these interactions
are mediated by the photon, Z boson, and their interference.
Some BSM theories predict deviations of these bosons’ cou-
plings or even sizable new contributions to these processes
from new mediators (such as heavy Z ′ resonances). These
deviations would be accessible experimentally by perform-
ing high precision measurements of e−e+ → qq observ-
ables at different center-of-mass energies (

√
s). The work

presented here is based on the study of such processes at the
ILC.

In parallel to the exploitation of data from the Large
Hadron Collider (LHC), the high-energy accelerator-based
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GHU vs SM (500 GeV)
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Result ILC250 & ILC500
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work in progress

GHU vs SM: discrimination power plots
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Fit to reconstructed signal
▸ Fit constrained to |cosθ| < 0.8 shows good agreement 
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Results (LCF250)
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Prospects for GHU phenomenology
▸ILC with pixel TPC (dN/dx for PID) || ILC with prospects using ParT flavour 
tagging



Probing CPV mixing in the Higgs sector in vector boson fusion at a 1 TeV ILC

N. Vukašinović ,* I. Božović-Jelisavčić , G. Kačarević , I. Smiljanić , and I. Vidaković
“VINČA” Institute of Nuclear Sciences–National Institute of the Republic of Serbia,

University of Belgrade, 11001 Belgrade, Serbia

(Received 10 May 2024; accepted 11 July 2024; published 9 August 2024)

With the current precision of measurements by the ATLAS and CMS experiments, it cannot be excluded
that a standard model (SM)-like Higgs boson is a CP violating mixture of CP-even and CP-odd states. We
explore this possibility here, assumingHiggs boson production in ZZ-fusion, at 1 TeV ILC, with unpolarized
beams. The full simulation of SM background and fast simulation of the signal is performed, simulating
8 ab−1 of data collected with the ILD detector.We demonstrate that theCPmixing angleΨCP between scalar
and pseudoscalar states can be measured with the statistical uncertainty of 3.8 mrad at 68% CL,
corresponding to 1.44 × 10−5 for the CP parameter fCP, for the pure scalar state. This is the first result
on sensitivity of an eþe− collider to measure fCP in the Higgs production vertex in vector boson fusion.

DOI: 10.1103/PhysRevD.110.032011

I. INTRODUCTION

Since the experimentally established CP violation
(CPV) in the quark sector is not sufficient to explain the
baryon asymmetry of the observable Universe, exploring
the possibility that CP is violated in the Higgs sector is an
important part of the physics program both at ongoing
experiments and future Higgs factories. Although a purely
CP-odd state for the Higgs boson is already excluded by
the ATLAS and CMS experiments [1,2], there is still a
possibility that CP symmetry is violated in Higgs inter-
actions with bosons and fermions.
Experiments at the International Linear Collider (ILC)

[3,4] will be able to explore a plethora of Higgs production
and decay mechanisms to probe bosonic and fermionic
vertices for CPV. A tentative list of the processes of interest
at ILC is illustrated in Table I [5]. The CPV effect is
typically weaker in Higgs interactions with vector bosons
(HVV) in comparison to those with fermions (Hff) since
the pseudoscalar state does not directly couple to the
Standard Model (SM) particles, and sensitivity targets to
measure CPV effects in these interactions are thus differ-
ent. In order to provide a common platform for interpre-
tation of the CPV measurements in bosonic HVV and
fermionic Hff vertices, as well as to interpret projections
for different future experiments, a common framework
is defined in [6], based on the CPV parameter fCP.

The parameter fCP quantifies the CP-odd contribution to
a Higgs interaction [6] as:

fhXCP ¼ ΓCPodd

h→X

ΓCPodd

h→X þ ΓCPeven

h→X

ð1Þ

assuming here the Higgs decay to a final state X. In order to
explain the baryon asymmetry of the Universe assuming
the 2HDM model of an extend Higgs sector, a minimal
10% contribution of the CP-odd state is required [6]. This
sets the theoretical target for future colliders to measure fCP
with an absolute precision better than 10−2 (10−6) in Hff
(HVV) vertices. The state-of-the-art projections on fCP
sensitivity at different colliders to measure a pure scalar
state with 68% CL are given in Table II. The projected
precision of measurements in HVVðV ¼ Z;WÞ vertices at
future e−eþ colliders is based on [7] where the estimate is
given for the HZZ production vertex in Higgstrahlung, at
250 GeV center-of-mass energy, assuming 2.5 ab−1 of data.
The study is performed at the generator level and thus

TABLE I. Possible Higgs production and decay modes to probe
CPV at various center-of-mass energies at ILC.

Mode Fermion couplings

Decay H → τþτ− 250þ GeV
Production e−eþ → Htt̄ 500þ GeV

Boson couplings

Production e−eþ → HZ 250þ GeV
Decay H → ZZ 250þ GeV
Decay H → WW 250þ GeV
Production e−eþ → He−eþ 1000þ GeV

*Contact author: nvukasinovic@vin.bg.ac.rs
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2. Perform a local fit around the minimum b/a,
generator 105 events

3, 4. Position of minimum (b/a)/ CP is a linear 
function of CP

 fit for CP=0.1
(b/a)=0.70 0.4

k=-7.9  1.9; m=7.6  0.2 

5. Retrieved vs. true values of CP (generator) +     
uncertainties from fit parameters

(b
/a

)/


C
P

Dissipation of extracted CP around true CP values
 CP=5 mrad for CP =0

9
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5. CP FROM EXPERIMENTAL DATA, SCALAR

 reconstructed, corrected, local fit

CP=0.0009 rad, true-CP=0.9 mrad

Statistical uncertainty - pseudoexperiments 

CP
(stat.)= 7 mrad

 reconstructed, corrected, local fit

CP=0.0016 mrad, true-CP=1.6 mrad

CP
(stat.) = 9 mrad

Statistical uncertainty - pseudoexperiments 



15

Estimating CP-Sensitivity of OO and ∆ϕ  
NLL Scans 

Figure of merit for estimating CP-sensitivity 
● Length of central 68% confidence interval constructed from Negative Log Likelihood (NLL) scans
● Only considering shape of distributions:  

*Note: comb. distributions shown here are just for illustrative purposes; comb. NLL scan uses the three tau decay modes and & their distributions

*
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Summary & Outlook 

To summarize
● Clean e e  events allow precise CP study of H⁺ ⁻ →ττ decays
● Matrix-element based reweighting allows CP-mixing studies

without extra BSM samples
● Truth level, signal-only estimates of CP sensitivity:

OO exceeds Δϕ in CP sensitivity by 16%

Next steps
● Transfer studies to official ILD samples

➔ Include transverse tau spin correlations using TauSpinner
● Include backgrounds
● Transfer studies to reconstruction level

➔ Implement tau ID & reco + decay mode ID 

Many thanks to Jenny List, Daniel Jeans and Yann Stoll for 
their kind support, guidance and provision of resources!

-0.45 0.0 0.45  
CP [rad]

 

 

 

combined

gen. level
-spin corr. sample

(ILC @250 GeV, 2 ab 1)
68% CI length

[-0.426, 0.423] 0.849
[-0.468, 0.473] 0.941

[-0.280, 0.280] 0.560
[-0.324, 0.324] 0.648

[-0.234, 0.234] 0.468
[-0.270, 0.271] 0.541

[-0.160, 0.160] 0.320
[-0.189, 0.190] 0.379

ee ZH  

OO

Lea Kuttler @ LCWS’2025



J
H
E
P
0
2
(
2
0
2
5
)
1
1
2

Published for SISSA by Springer

Received: October 4, 2024
Accepted: January 20, 2025

Published: February 18, 2025

Searching for displaced vertices with a gaseous tracker
for a future e+e− Higgs factory

Jan Klamka and Aleksander Filip Żarnecki on behalf of the ILD concept group
Faculty of Physics, University of Warsaw,
Pasteura 5, 02-093 Warsaw, Poland

E-mail: jan.klamka@fuw.edu.pl, filip.zarnecki@fuw.edu.pl

Abstract: This paper presents results of the first full simulation study addressing prospects
for observation of long-lived particles (LLPs) with the International Large Detector (ILD), op-
erating at the International Linear Collider (ILC) at

√
s = 250 GeV. Neutral LLP production,

resulting in a displaced vertex signature inside the ILD’s time projection chamber (TPC), is
considered. We focus on scenarios interesting from the experimental perspective and perform
a search based on displaced vertex finding inside the TPC volume. Two experimentally
challenging scenarios are explored: the first involving very soft final states due to a small mass
splitting between a heavy LLP and the dark matter particle to which it decays, and the second
with production of a light and therefore highly boosted LLP resulting in almost colinear
vertex tracks. The expected limits on the signal production cross section are presented for a
wide range of the LLP proper lifetimes corresponding to cτ from 0.1mm to 10 km.

Keywords: Beyond Standard Model, e+-e− Experiments, Lifetime, Exotics

ArXiv ePrint: 2409.13492

Open Access, © The Authors.
Article funded by SCOAP3. https://doi.org/10.1007/JHEP02(2025)112
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Overlay events background
At linear e+e– colliders beams are strongly focused and radiate photons, so γγ interactions also occur in detector

overlay

These events are soft, usually important because they overlay on physical events… But occur in each bunch 
crossing (BX) and with ~1011 BXs/yr at ILC can also be a source of a standalone background

Incoherent e+e– pairs Low-pT γγ → hadrons
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Cross section limits

● Tight selection: dashed line, standard selection: solid line
● A wide range of models with heavy scalars with small mass splittings, or light pseudo scalar 

particles, can be excluded down to 0.1 fb

JHEP 02 (2025) 112
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Higgs decays to LLPs

● Current limits: down to 10–4 (low masses), down to 10–3 in s → bb and 10–5 in s → µµ (high masses)
● ILD can improve the current constraints and probe higher lifetimes already @ ILC250 thanks to higher 

TPC acceptance
● The limits could be further improved by dedicated searches using vertex detector and by more data at 

higher energy stages
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The SUSY reach of Higgs Factories in the most challenging
scenario: scalar τ-leptons with lowest cross section and small

mass differences

M.T. Núñez Pardo de Vera∗, M. Berggren∗, J. List∗

∗ Deutsches Elektronen-Synchrotron DESY,
Notkestr. 85, 22607 Hamburg, Germany

Abstract

The direct pair-production of the superpartner of the τ-lepton, the τ̃ , is one of the most
interesting channels to search for SUSY in. First of all, the τ̃ is likely to be the lightest of
the scalar leptons. Secondly the signature of τ̃ pair production is one of the experimentally
most difficult ones, thereby constituting the “worst” possible scenario for SUSY searches.
The current limit on τ̃ production in the general MSSM comes from analyses performed at
LEP, suffering from the limited energy and luminosity of this facility and the need to trig-
ger. Limits obtained at the LHC do extend to higher masses, but they are only valid under
strong assumptions. Future electron-positron colliders will be powerful facilities for SUSY
searches, offering advantages with respect to previous e+e− colliders as well as to hadron
machines. In order to quantify the capabilities of future e+e− colliders, the “worst-case”
scenario for τ̃ searches has been studied, taking into account the effect of the τ̃ mixing
on both τ̃ production cross section and on detection efficiency. To evaluate the latter, the
ILD detector concept, originally developed for the International Linear Collider (ILC), and
the ILC beam conditions at a centre-of-mass energy of 500 GeV have been used for de-
tailed simulations, including for the first time the effect of bunch-crossings containing no
hard e+e− interaction, but only low-PT hadrons from γγ interactions and e+e− pairs from
beamstrahlung. Still, the obtained exclusion and discovery reaches extend nearly up to the
kinematic limit even in the worst-case scenario. This remains true also when the τ̃ and the
lightest SUSY particle are quite close in mass. The results of the detailed simulation study
are extrapolated to centre-of-mass energies, integrated luminosities and beam polarisations
of other proposed Higgs factory projects and discussed in view of their respective experi-
mental environments, in particular addressing the case of FCCee.
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Recast to different energies

ILC-500 to ILC-250 or ILC-1000 comparison

Final result of our study
for ILD at ILC500
... and with recasts to
250 GeV and 1 TeV
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Recast to different colliders

ILC-500 to FCCee-250 comparison

FCCee: Assume
Hypothetical ILC-500, as
before.
Optimise ρ cut for FCCee
hermeticity: optimal S/

√
B

would be for B in the
millions.
So, systematics will
dominate, and to add insult
to injury, the background is
γγ, with important
theoretical uncertainties.
We assumed 15 permil
systematic uncertainty.
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Article

Exploring Hidden Sectors with Two-Particle Angular
Correlations at Future e+e− Colliders
Emanuela Musumeci 1 , Adrián Irles 1,* , Redamy Pérez-Ramos 2,3 , Imanol Corredoira 4 ,
Edward Sarkisyan-Grinbaum 5,6 , Vasiliki A. Mitsou 1 and Miguel Ángel Sanchis-Lozano 1

1 IFIC (Instituto de Física Corpuscular), Universitat de València and CSIC (Consejo Superior de Investigaciones
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Abstract

Future e+e− colliders are expected to play a fundamental role in measuring Standard Model
(SM) parameters with unprecedented precision and in probing physics beyond the SM
(BSM). This study investigates two-particle angular correlation distributions involving
final-state SM charged hadrons. Unexpected correlation structures in these distributions
is considered to be a hint for new physics perturbing the QCD partonic cascade and
thereby modifying azimuthal and (pseudo)rapidity correlations. Using PYTHIA8 Monte
Carlo generator and fast simulation, including selection cuts and detector effects, we study
potential structures in the two-particle angular correlation function. We adopt the QCD-like
Hidden Valley (HV) scenario as implemented in PYTHIA8 generator, with relatively light
HV v-quarks (below about 100 GeV), to illustrate the potential of this method.

Keywords: e+e− colliders; angular correlations; ridge phenomenon; new physics; Hidden
Valley; Higgs factories

1. Introduction
Correlations play a fundamental role in the study of hadronic dynamics since the

beginning of cosmic ray and accelerator physics [1,2]. Recently, the study of angular
correlations has revealed a new phenomenon in heavy-ion collisions at both the BNL
RHIC [3–6] and the CERN LHC [7–11], later also found in smaller system (proton–proton,
proton–nucleus) collisions [12–28].

In particular, long-range near-side (so-called) ridges appear in two-particle angular
correlations, while different theoretical explanations have been put forward to understand
this initially unexpected phenomenon [29–35]. Almost all of those theories require the
existence of an unconventional state of matter at the primary interaction of the collision
(like, for example, quark–gluon plasma), ultimately yielding collective effects among
final-state SM particles. On the other hand, no explicit ridge-like signal was found in the

Physics 2025, 7, 30 https://doi.org/10.3390/physics7030030

MDPI Phys. 7(3), 30 (2025), arXiv:2312.06526

https://arxiv.org/abs/2312.06526
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SIGNAL 
e+e− → γ*/Z0 → DV D̄V → hadrons i)  production with ISR

ii) WW —> 4q

qq̄

s = 250 GeV

SIGNAL VS BACKGROUND
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ANALYSIS AT DETECTOR LEVEL— ILD @ ILC

Yield

Y(Δϕ) =
∫

yinf≤|Δy|≤ysup
S(Δy, Δϕ)dy

∫
yinf≤|Δy|≤ysup

B(Δy, Δϕ)dy

NO CUTS CUTS

estimated from a SM back-to-back sample 



Updates to the ILD Geometry for FCCee — SGV IMPLEMENTATION

Still, the angular correlation observables are very powerful 

∼ 1
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Abstract: Electroweak Precision Measurements are stringent tests of the Standard Model
and sensitive probes to New Physics. Accurate studies of the Z-boson couplings to the first-
generation quarks, which are currently constrained from LEP data to a few percent, could
reveal potential discrepancies from theoretical predictions. Future e+e− colliders running
at the Z-pole would be an excellent tool to improve these constraints. In this paper, we
present a method to extract the values of the Z couplings to light quarks based on up- and
down-quarks’ different contributions to radiative and non-radiative Z boson decays. We
show that systematic uncertainty in the heavy-flavour tagging performance is the key factor
in the analysis, and that reducing it to the sub-permille level is crucial to fully profit from
the high luminosity of future e+e− machines. The measurement could improve the LEP
results by at least an order of magnitude.
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Results – 2 flavours

21assuming int. lumi of 100 fb-1



Results – 5 flavours

22assuming int. lumi of 100 fb-1



Search for dark photons at future e+e− colliders

Mikael Berggren1, Sepideh Hosseini-Senvan1,2

1DESY, Hamburg, 2Universität Hamburg

LCWS2025, Valencia, October 2025

Mikael Berggren (DESY) Dark photons at future e+e− colliders LCWS25 1 / 21



Dark Photons at Higgs factories and beyond

Dark Photons at e+e− beyond SuperKEKB

Signal process:
e+e− →γISRAD → µ+µ−γISR,
where EISR is such that the
recoil-mass against the ISR is
MAD

NB: the production-vertex is
the SM e+e−Z (∗) one !
Both σ and Γ scales with ϵ2.

One could hope to exclude
σ > O(1 fb)
For the corresponding ϵ2,
Γ is O(10 keV) to O(10
MeV).
⇒ detector resolution will
determine the peak-width
⇒ decay is prompt
(cτ < 1 nm).

3 Dark Photon

photons in experiments. The general kinetic part of the Lagrangian of two gauge

bosons described by two gauge groups U(1)Y as the gauge group of the standard

model and U(1)D as the gauge group of the dark is given by:

Lgauge =−1
4BµνB

µν− 1
4F
′
µνF ′µν−

ε

2cosθW
F ′µνBµν (3.1)

where Bµν = ∂µBν−∂νBµ is the field strength tensor of U(1)Y , F ′µν = ∂µA
′
ν−∂νA′µ

is one of U(1)D and the ε in the third term is the kinetic mixing between U(1)Y and

U(1)D which is a free parameter and θW is the weak mixing angle [24].

3.1 Dark-Photon Production and Decays

Dark photon production can be studied in electron-positron collision by their decay

to fermions.

e+e−→ γISR+A′→ γISR+ff̄ (3.2)

e−

e+

f

f̄

γISR

γ A′Dε′

Figure 3.1: Dark Photon Decay

The cross-section of the Dark Photon production depends on the square of the

kinetic mixing parameter (ε2), and follows a relativistic Breit-Wigner distribution:

σ ∝ 1
(s′−m2

A′D
)2− (m2

A′D
Γ2
A′D

) (3.3)

In this process, the Initial state Radiaton (ISR) photon is needed to bring value

(s′ - m2
A′D

) as close as possible to zero where
√
s′ is the mass of the e+e− system

after the ISR emission. In this study, the production of the massive dark photon

9
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Dark Photons in a real detector

Dark Photons in a real detector

Bottom line: None of the
assumptions on the
mass-resolution - the red
curve - used for the EPPSU
curve are valid. The correct
full simulation values are the
blue curve.
The resolution will vary a lot
event-by-event - with angle
and momentum of the muons,
and the angle of the ISR.
⇒ Event-by-event simulation
is essential.

5 Analysis
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Figure 5.8: Overall detector mass resolution as a function of mA′
D

In ILD the track fit uncertainty for charged particles is provided in the form of

covariance matrix. Since the invariant mass of µ+µ− is obtained from muons the

four-momentum of the muons, and the covariance matrices of (E,~p) for these parti-

cles are provided, the mass resolution can be calculated for each pair of µ+µ−s. The

event specific mass resolution propagates the detector resolution to the invariant

mass of µ+µ− and is the correct way to optimizing the search window. However, in

the theory study mentioned in 3.1, there was no access to detector information and

hence to the measurement uncertainty event by event. One could only estimate the

over-all mass resolution of Dark photons using the transverse momentum resolution

of the detector. This over-all resolution as a function of the dark photon mass can

be found as follows. Starting from equation 5.1, and assuming that there is no

correlation between µ+ and µ− and assuming 2(1− cosθ) as a fixed coefficient, the

variance of m2 is obtained by:

Var(m2) = Var(2pµ+pµ−(1− cosθ)) = 4(1− cosθ)2Var(pµ+pµ−)

Var(pµ+pµ−) = Var(pµ+).p2
µ−+ Var(pµ−).p2

µ+

= p2
µ−p

2
µ+(

Var(pµ+)
p2
µ+

+
Var(pµ−)
p2
µ−

)

(5.4)

36

ILD FullSim (prel.)
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Recast to LCF250, LCF550 and LCF1000

Recast to ILC250 to LCF250

More luminosity:
2 ab−1 →3 ab−1. But
1/ 4

√
1.5=0.90 ...

Likelihood-weighting of the
different polarisation samples.

Note that since signal and
the background from
e+e− → µ+µ− has the same
polarisation dependence,
Likelihood-weighting only
helps a lower masses,
where other backgrounds
dominate.
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Motivation

ESPP Briefing Book

As presented at Open
Symposium in Venice,
Leptophilic Z’ model
was selected as one of
the benchmark models.

Only monophoton
results available for ILC,
not competitive with
FCC-ee direct search

Rebeca Gonzalez Suarez  (Uppsala University) -  Open Symposium ESPP, Venice (2025)

Le-Lµ

• Leptophilic Z′ with gauge group U(1) 
Lx−Ly and vector couplings to the SM 
leptons


• g′ and mZ′ are the effective coupling 
of Z′ to leptons and the mass of Z′ 


• New figure, includes: 


• Higgs Electroweak Top factory (HET): 
FCC-ee (4f, µµ 𝛾 + mono 𝛾), ILC 

Delphes (mono 𝛾)


• FCChh (result from 2205.13552 for 
100 TeV rescaled to 85 TeV)


• MuC 2308.12804, 2205.13552 (EFT , 
direct 3 TeV, 10 TeV(TBU))

6

Lepton colliders very effective, 
very strong EFT bounds

Exclusion reach of different colliders on 

the Le-Lµ model parameters 

Another scenario under consideration B3-L3  
(B-L only in the third generation) 

A.F.Żarnecki (University of Warsaw) Leptophilic Z’ at ILC/LCF October 21, 2025 3 / 17



Results

Coupling limits Comparison with Briefing Book results
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Determining Triple Gauge Couplings at
Future e+e− Higgs Factories using Optimal Observables

Leonhard Reichenbach
University of Bonn

Promotionskolloquium
2026-09-01
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Triple Gauge Couplings (TGC)

• SM Lagrangian contains interaction:

γ/Z

W+

W−

• Regularises e+e− → W+W−

cross-section

• Observed and compatible with SM

• Dim.-6 SMEFT: 3 additional operators

• LEP parametrisation: gZ
1 , κγ , λγ

• Anomalous triple gauge couplings (aTGC)
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Extracting the Parameters

• Full final state sensitive to TGC (W-spins)

• W production and decay angles, mℓν ,mjj

• More than narrow-width on-shell WW

• How to perform a fit on a 5–8 dimensions?

• Binned: too many bins

• Unbinned: too slow?

• Alternatives?
WW production and decay angles

L. Reichenbach (University of Bonn) 2026-09-01 / Promotionskolloquium 17 / 25



Effect of Polarised Beams

• Better than none (grey bar)

• Behaviour varies a lot

• In-situ determination not
always good enough*

• *could likely be fixed
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-10.6), (5%,45%,45%,5%), 3 ab±0.8,±P( -10.6), (5%,67.5%,22.5%,5%), 3 ab±0.8,±P(
-10.3), (5%,45%,45%,5%), 3 ab±0.8,±P( -10.3), (5%,67.5%,22.5%,5%), 3 ab±0.8,±P(

-10.8,0), (50%,50%), 3 ab±P( -10.8,0), (72.5%,27.5%), 3 ab±P(
-10.6), (25%,25%,25%,25%), 3 ab±0.8,±P( -10.3), (25%,25%,25%,25%), 3 ab±0.8,±P(

-1P(0,0), 3 ab Free pol.
Constrained pol. Fixed pol.
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Conclusions

Many diverse topics studied within ILD, many interesting results...

We made significant contribution to ECFA study report
and also other submissions to the ESPPU’2026 (LCVision, Briefing Book,...)

It is only a pity this was not seriously taken into account...

I decided to step down as physics coordinator to let younger people to lead ILD in the new era.

I enjoyed these years a lot, I learned a lot,
I would like to thank all of you for you enthusiasm and devotion.

I do not quit ILD, I stay around, please contact me if you need help,
or just like to discuss something.

I like sharing experience with others, that is what university professors are for ...
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Thank you!
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