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Higgs physics RA1

Higgs boson couplings to SM particles

• Focus on H → WW ∗, H → ττ and

measure differential observables at ATLAS for comparison with theory

• New-physics effects captured in
matching coefficients of Effective Field Theories

→ also relevant for FCCee

• Benchmark specific SM extensions

→ also relevant for FCCee

CP structure

• e,g. (cHW̃ v/Λ)H WµνW̃µν , gHττ (cosϕCP + iγ5 sinϕCP)Hf̄ f

• Develop data analyses based on machine learning

• Benchmark models with additional source of CP-violation

→ also relevant for FCCee
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Higgs physics RA1

Higgs self coupling

• λ = m2
H/(2v

2) shapes the Higgs potential

• HH → bb̄ττ

evidence at LHC followed by measurement at HL-LHC

• Identify new-physics models that introduce modifications to λ

→ might be relevant for FCCee

Higgs Physics at future colliders → relevant for FCCee

• H → cc̄, H → ss̄

• Improve on λ and CP-odd admixtures

• e+e− colliders require precision

→ pushing radiative corrections to the next level

Phys. Rev. Lett. 133 (2024)
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SM precision tests RA2

Precision electroweak physics → relevant for FCCee

• HL-LHC and future colliders → significantly higher precision in theoretical predictions

• Include electroweak corrections to SM observables relevant to the HL-LHC :

W boson mass (also in BSM scenarios), electroweak interactions at high energies

• Extend capabilities of calculating electroweak boson production

at HL-LHC and future e+e− colliders

Electric and magnetic dipole moments

• Perform τ measurements at colliders
to complement established µ measurements

• Exploit LHC potential

• Theory advances to increase precision and
to address conceptual interpretation questions
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SM precision tests RA2

Charm physics

• Discovery of CP violation in charm decays 2019

• Explore CP-violation in charm observables with precision

→ Measurements of multibody-charm decays at LHCb

→ Time-dependent analysis of D meson decays

B physics

• Largest CP asymmetries in the SM

• Work on “standard candles” as well as BSM sensitive measurements

• New approaches to elucidate patterns in existing tensions

→ Limited direct overlap but dedicated FCCee flavour studies are being considered.

LHCb PRL (2023)
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BSM Searches RA3

Direct DM searches

• DM scattering off target atoms{
mDM ≳ 3 GeV → XENONnT, XLZD

mDM ≲ 3 GeV → DeLight

• XLZD competitive for 0νββ

→ origin of neutrino masses

Feebly Interacting Particles

• Light or heavy particles with gportal ≪ 1

• Beamdump experiments → SHiP

• Searches for axions, dark photon/scalar, sterile neutrinos

→ no direct overlap but implications?
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Figure 1: Sensitivity of SHiP to various new physics particles: Heavy Neutral Leptons or HNLs (top, left), dark
photons (top, right), Higgs-like scalars S with the trilinear coupling to the Higgs boson fixed by Br(h → SS) =

0.01 (bottom, left), and inelastic dark matter coupled via dark photons (bottom, right). The solid blue lines show
the sensitivities per 15-year running time of SHiP. For HNLs, the dashed blue line corresponds to the sensitivity
per one-year nominal running time as expected in Run 4. In the case of other models, the relation between the
1-year and 15-year sensitivities is qualitatively the same. For Higgs-like scalars, the red line shows the sensitivity
to events with two decaying scalars per event [14]. The light bands around the lines denote the effect of theoretical
uncertainty in the production and decays of FIPs on their sensitivity [15,16]; for dark photons, the light-gray region
indicates the impact of the uncertainty on the existing constraints.

the whole parameter space where HNLs is capable of explaining neutrino oscillations (i.e., the
HNL couplings above the so-called “seesaw limit”.)

– SHiP’s detector for scattering signatures and a possible extension of SHiP with a liquid argon
detector may search for unique signatures and identify classes of FIPs [13]: double-scattering sig-
natures with soft recoil (smoking gun signature for millicharged particles), the combined signature
with scattering and subsequent decay (typical signatures for HNLs coupled via dipole operator and
inelastic dark matter).

2.2 Neutrino physics
Proton interactions on the BDF target produce a very intense neutrino flux of all three flavours. The use
of a long and high-density target is ideal to enrich the neutrino yield of tau neutrinos, since most of the
light long-lived mesons are forced to interact before they decay, thus enhancing the fraction of neutrinos
from the prompt charmed and beauty hadron decays. This feature greatly enhances the tau and the
electron neutrino components over the muon neutrinos, allowing unique studies of their interactions with
matter. More than 90% of the electron neutrinos interacting in the neutrino detector target are expected
to originate from charmed hadron decays. Therefore, systematic uncertainties from the neutrino flux

4
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BSM Searches RA3

DM and new particles at the LHC

• Simplified DM models with and without SUSY

• DM + partner ≡ dark sector

• Single-t̃ production and compressed spectrum, mDM ≃ mt̃

DM and new particles in the early universe

• Robust predictions with QFT at finite temperature{
freeze-out, freeze-in

leptogenesis, electroweak baryogenesis

• Interplay of cosmologically viable parameter space with experiments

→ interplay might be relevant for FCCee

gauge-eigenstates basis (W̃+, H̃+
u , W̃−, H̃−d ) is given by

Mχ± =


 0 XT

X 0


 (8)

with

X =


 M2

√
2sβmW√

2cβmW µ


 . (9)

Here the mass matrix X can be diagonalized by two unitary 2× 2 matrices U and V [55].

When mU3R � mQ3L and µ � M1,2, the lighter stop t̃1 is dominated by right-handed

stop component and the electroweakinos χ̃0
1,2 and χ̃±1 are higgsino-like. Then t̃1 will mainly

decay to bχ̃+
1 with the branching ratio ∼ 50%. As a proof of concept, we focus on a simplified

MSSM framework where the higgsinos and right-handed stop are the only sparticles in our
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FIG. 1. Feynman diagrams of the single stop production process pp→ t̃1χ̃
−
1 at the partonic level.

In Fig. 1, we show the Feynman diagrams of the single stop production process g(pa)b(pb)→
t̃1(p1)χ̃

−
1 (p2), whose amplitudes are given by,

iM(s) = gsgeffT
a
αβ

ū(p2)(sin θeffPR + cos θeffPL)γµu(pb)

(/pa + /pb)−mb + iε
εµ(pa), (10)

iM(t) = gsgeffT
a
αβ

ū(p2)(sin θeffPR + cos θeffPL)u(pb)

(pb − p2)2 −m2
t̃1

+ iε
(p1µ − pbµ + p2µ)εµ(pa), (11)
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ybU

∗
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−g2V11 cos θt̃ + ytV12 sin θt̃
. (12)

Here yb and yt are the bottom and top quark Yukawa coupling, respectively. Ta are the

Gellman-matrices. Then, we can have the partonic cross section in the center-of-mass frame

at the leading order,

dσ̂

d cos θ
=
|~p1|
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|M|2 (13)
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BSM Searches RA3

DM and new particles at the LHC

• Simplified DM models with and without SUSY

• DM + partner ≡ dark sector

• Single-t̃ production and compressed spectrum, mDM ≃ mt̃

DM and new particles in the early universe

• Robust predictions with QFT at finite temperature{
freeze-out, freeze-in

leptogenesis, electroweak baryogenesis

• Interplay of cosmologically viable parameter space with experiments

→ interplay might be relevant for FCCee

gauge-eigenstates basis (W̃+, H̃+
u , W̃−, H̃−d ) is given by

Mχ± =


 0 XT

X 0


 (8)

with

X =


 M2

√
2sβmW√

2cβmW µ


 . (9)

Here the mass matrix X can be diagonalized by two unitary 2× 2 matrices U and V [55].

When mU3R � mQ3L and µ � M1,2, the lighter stop t̃1 is dominated by right-handed
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1,2 and χ̃±1 are higgsino-like. Then t̃1 will mainly
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MSSM framework where the higgsinos and right-handed stop are the only sparticles in our
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Technology RA4

Development of

• silicon detectors

• low-background detectors

• Surround Background Tagger for the SHiP beamdump experiment

• the use of GPUs for triggering, detector alignment,

and event simulation for LHCb

• federated computing infrastructures

→ Limited direct overlap with FCCee
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Conclusion

• RTG3186: Broad search for signposts towards new physics:

Combining different experimental as well as theory activities

→ In large parts: Complementary to an FCCee theory initiative

• Some overlap between research topics of RTG3186 and FCCee theory initiative

→ Link between research efforts
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