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Status of particle physics

Standard Model (SM):
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Open questions:

Examples:

e Dark Matter?

e Matter—antimatter asymmetry
in the Universe?

e Nature of neutrinos?

e Flavour structure?
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Research project:

Open questions:

Electroweak symmetry breaking?

Matter—antimatter asymmetry in
the Universe?

Order in particle spectrum?

Nature of neutrinos?

Dark Matter?
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Research project:

Open questions:

RAL:
Higgs physics Electroweak symmetry breaking?
RA2: Matter—antimatter asymmetry in
SM precision tests the Universe?
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BSM searches
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Dark Matter?
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Research project:

Higgs-boson couplin s]
RAL: gg pling

Higgs physics

Effects of heavy new particles]

RA2:
SM precision tests

CP-violating effects

RA3:
BSM searches

Electroweak precision physics]

$| Searches for rare processes]

RA4:
Technology

Searches for new particles]
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Research project:

Open questions:

Higgs-boson couplings

Electroweak symmetry breaking?
Effects of heavy new particles}\

RAL:
Higgs physics

Matter—antimatter asymmetry in
the Universe?

RA2:
SM precision tests

CP-violating effects
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$| Searches for rare processes Nature of neutrinos?
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Higgs physics

Higgs boson couplings to SM particles

e Focuson H — WW*, H— 77 and
measure differential observables at ATLAS for comparison with theory

e New-physics effects captured in

. . . . . . N [ T T |
matching coefficients of Effective Field Theories g8 L ATLASRun2
RIS
< E
— also relevant for FCCee % Foir-x
K, is a free parameter
o : g 10 SM prediction E
e Benchmark specific SM extensions L E 3
— also relevant for FCCee 102 -
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[ 7T o
10° = = O
E 4 3 o
= Higg 3
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* 4F g ] E
g l t by &
08 e A i 30F

107 1 10 10?
Particle mass [GeV]
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Higgs physics

Higgs boson couplings to SM particles
e Focuson H — WW*, H— 77 and
measure differential observables at ATLAS for comparison with theory

e New-physics effects captured in

matching coefficients of Effective Field Theories gL ATLAS Run 2 ]
x E 3
— also relevant for FCCee % FoErex q
de ol B is a free parameter ]
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E Force carriers ___ Higgs boson -]
e eg (cyyV/NHWH Wy, ghrr(cosdcp + ivs sin gcp) HF f 104 o @ 45
5: 1.4 T T T T ™ '5
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Higgs physics

Phys. Rev. Lett. 133 (2024)

T T

Higgs self coupling Tt aTLAS —oanbined  —— bbyy ]
A TEVS=13Tev, 126—140 M0 henePon T 22

A 2 /(2v2) sh he Hi ial FE HH combinati —— bbit+EFiss —— bbt*T™ J

e A=m v?) shapes the Higgs potentia £ HH combination ]
H/( ) P g8s p 6 All other k fixed to SM —— Obs.: 95% CL [-1.2,7.2]

_ N —=- Exp. (SM): 95% CL[-1.6,7.2] ]

e HH — bbrT sE E
evidence at LHC followed by measurement at HL-LHC a0 E

e |dentify new-physics models that introduce modifications to A 3_ _
— might be relevant for FCCee 2f 1
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Higgs physics

Phys. Rev. Lett. 133 (2024)

T T

Higgs Physics at future colliders — relevant for FCC 1

Higgs self coupling Tt aTLAS —oanbined  —— bbyy ]
A TEVS=13Tev, 126—140 M0 henePon T 22

A 2 /(2v2) sh he Hi ial FE HH combinati —— bbit+EFiss —— bbt*T™ J

e A=m v?) shapes the Higgs potentia £ HH combination ]
H/( ) P g8s p 6 All other k fixed to SM —— Obs.: 95% CL [-1.2,7.2]

_ N —=- Exp. (SM): 95% CL[-1.6,7.2] ]

e HH — bbrT 5F 4
evidence at LHC followed by measurement at HL-LHC 4 =

e |dentify new-physics models that introduce modifications to A 3_ _
— might be relevant for FCCee 2f 1

]

e H— c¢, H— ss
e Improve on A and CP-odd admixtures

e ete™ colliders require precision . @ n

— pushing radiative corrections to the next level
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SM precision tests

Precision electroweak physics — relevant for FCCee

e HL-LHC and future colliders — significantly higher precision in theoretical predictions

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

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

e Extend capabilities of calculating electroweak boson production

at HL-LHC and future ete™ colliders
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SM precision tests

Precision electroweak physics — relevant for FCCee

e 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
e Extend capabilities of calculating electroweak boson production

at HL-LHC and future ete™ colliders

Electric and magnetic dipole moments Pb Pb
. H

e Perform 7 measurements at colliders T Vi

to complement established 1+ measurements v ——< v,

. . T s
e Exploit LHC potential ¥
ST

T

e Theory advances to increase precision and
to address conceptual interpretation questions
Pb Pb
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SM precision tests

Charm physics
e Discovery of CP violation in charm decays 2019

e Explore CP-violation in charm observables with precision

— Measurements of multibody-charm decays at LHCb

— Time-dependent analysis of D meson decays
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SM precision tests

Charm physics LHCb PRL (2023)
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e Largest CP asymmetries in the SM
e Work on “standard candles” as well as BSM sensitive measurements

e New approaches to elucidate patterns in existing tensions

universitatfreiburg 6



SM precision tests

Charm physics
e Discovery of CP violation in charm decays 2019

e Explore CP-violation in charm observables with precision

— Measurements of multibody-charm decays at LHCb

— Time-dependent analysis of D meson decays

B physics

e Largest CP asymmetries in the SM
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e Work on “standard candles” as well as BSM sensitive measurements

e New approaches to elucidate patterns in existing tensions

LHCb PRL (2023)

— Limited direct overlap but dedicated FCCee flavour studies are being considered.
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BSM Searches

Direct DM searches

e DM scattering off target atoms

mpm = 3 GeV — XENONnT, XLZD
mpm < 3 GeV — Delight

e XLZD competitive for Ov33

— origin of neutrino masses
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Direct DM searches

e DM scattering off target atoms

mpm = 3 GeV — XENONnT, XLZD
mpm < 3 GeV — Delight SHiP (sterile neutrinos)

e XLZD competitive for Ov33 104 Excluded, la
— origin of neutrino masses

107
Feebly Interacting Particles e
e Light or heavy particles with gportal < 1 10-10
e Beamdump experiments — SHiP 0
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BSM Searches

Direct DM searches

e DM scattering off target atoms

mpm = 3 GeV — XENONnT, XLZD
mpm < 3 GeV — Delight

e XLZD competitive for Ov33

— origin of neutrino masses

Feebly Interacting Particles
e Light or heavy particles with gportal < 1
e Beamdump experiments — SHiP

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

— no direct overlap but implications?
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BSM Searches

DM and new particles at the LHC

e Simplified DM models with and without SUSY
e DM + partner = dark sector

e Single-t production and compressed spectrum, mpy =~ mg
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BSM Searches

DM and new particles at the LHC

e Simplified DM models with and without SUSY
e DM + partner = dark sector

e Single-t production and compressed spectrum, mpy =~ mg

DM and new particles in the early universe

< 05— e

- . - T FATLA y =

e Robust predictions with QFT at finite temperature 0455 = 1 & E
E o/ ]

. 0.4F & 4 E

freeze-out, freeze-in E & E

. . 0.35¢ Y E

leptogenesis, electroweak baryogenesis 03k & E

e Interplay of cosmologically viable parameter space with experiments 0.25¢ E
0.2 =

— interplay might be relevant for FCCee 0150 E
01 E

2 Vector mediator, Dirac DM J

pr gq=0v07.g‘=0,gx=1 3

i Al limits at 95% CL ]
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Technology

e silicon detectors
e |ow-background detectors

e Surround Background Tagger for the SHiP beamdump experiment

e the use of GPUs for triggering, detector alignment,

and event simulation for LHCb

e federated computing infrastructures

— Limited direct overlap with FCCee
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Conclusion

o 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

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

— Link between research efforts
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