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The SM in a Nutshell
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Everything looks SM-like at LHC

Daniel de Florian

Greatest Of All Theories EPS-HEP 2023
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The Higgs particle

My = (125.20 + 0.11) GeV

ATLAS-CONF-2025-006
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Flavour Puzzles

e Dynamical origin of flavour

e Hierarchy of fermion masses
m,; <0.8eV, Am2, ~ 0.009 eV
me ~1.3-10% eV, me ~ 1.7 - 10" eV

Mixing structure

CP violation
Matter-antimatter asymmetry

Sterile vr 7 v mass scale?

Dirac or Majorana v ?

e B and L conservation

Accidental symmetries of the SM

A. Pich
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FCC - The integrated programme

Project preporafion  Permis il
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Precision Discovery
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FCCee Luminosity
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Expected FCCee
precision for
selected observables

FCC FSR, 2505.00272

These challenging precisions require:

e Tight control of systematic errors
® Appropriate theoretical developments

Higher orders (EW, QED, QCD)
MC generators. ..

A. Pich

Observable present FCC-ee FCC-ee Comment and
value + uncertainty Stat. Syst. leading uncertainty
mz (keV) 91187600 £ 2000 4 100 From Z line shape scan
Beam energy calibration
Tz (keV) 2495500 + 2300 4 2 From Z line shape scan
Beam energy calibration
sin? 6587 (x 10%) 231480 + 160 12 12 From Ajy at Z peak
Beam energy calibration
1/agen(m3) (x10%) 128952 + 14 39 small From Al off peak
08 the From A% on peak
QED&EW uncert. dominate
RY (x10%) 20767 + 25 0.05 005  Ratio of hadrons to leptons
Acceptance for leptons.
as(m3) (x10%) 1196 £+ 30 0.1 I Combined R}, T, al fit
T (x10%) (nb) 414802 + 325 0.03 08  Peak hadronic cross section
Luminosity measurement
(x10%) 20963 + 74 009 012 7 peak cross sections
Luminosity measurement
Ry, (x10°) 216290 + 660 025 03 Ratio of b to hadrons
Apy’ (x10%) 992+ 16 0.04 004 b-quark asymmetry at Z pole
From jet charge
AT (x10%) 1498 + 49 0.07 02 7 polarisation asymmetry
 decay physics
7 lifetime (fs) 2003 + 05 0.001 0.005 ISR, 7 mass
7 mass (MeV) 177693 + 0.9 0002 0.02 estimator bias, ISR, FSR
7 leptonic (yv) BR (%) 1738+ 004 0.00007 0,003 PID, 7 efficiency
mw (MeV) 803602 + 99 018 016  From WW threshold scan
Beam energy calibration
Tw (MeV) 2085 + 42 027 02 From WW threshold scan
Beam energy calibration
as(my) (x10%) 1010 + 270 2 2 Combined R, T}y fit
N, (x10%) 29200 + 50 05 small  Ratioof invis. to leptonic
in radiative Z returns

Migp (MeV) 172570+ 290 42 49 From (T threshold s
QCD uncert, dominate
Tp (MeV) 1420 + 190 10 6 From (T threshold scan
QCD uncert. dominate
Nop/ A 12+ 03 0015 0015 From (T threshold scan
QCD uncert. dominate
47 couplings + 30% small From /5 = 365GeV run
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Determination of a(M2)
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Determination of as(Mg)
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5 Fisinciuding T ang a theory uncertainties for FCC-ee scaled by 1/4.
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Expected FCC precision for Higgs Couplings

Coupling HL-LHC FCC-ee FCC-ee + FCC-hh
FCC FSR, 2505.00272
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The Heaviest Mass Scale

H 2
- Ye = V2 me = 224G’ m, ~ 1 (0.995)
v

The top quark:
¢ Sensitive probe of Electroweak Symmetry Breaking
* Non-perturbative (strong) dynamics?
¢ Very different from other quarks: y, =0.025, y. = 0.007 ...
e Is it really a SM quark?

f b So far, we only know the decay t — W™b
W V| = 1.010 = 0.027



7 Physics @ FCCee
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FCC FSR, 2505.00272
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A New Force has been discovered

Origin of EWSB?
Thermal History of Higgs Portal
T I I I L] s f' I I Universe to Hidden Sectors?
Stability of Universe

e It is not a gauge interaction (J = 0) N ™y
undamental an,
or Composite? Baryogenesis

e Related to many open questions

. .
e We have just started to explore it

Higgs @ Snowmass 2021, 2209.07510

A thorough investigation of the Higgs force should be

a priority goal of current and future HEP experiments

FCCee Physics
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