Quo Vadis Particle Physics?

Status of the Standard Model
Exploring Higgs couplings
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SM Effective Field Theory to scan for new physics
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Where are we now?

Summary of the Standard Model

e Particles and SU(3) x SU(2) x U(1) quantum numbers:
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LHC Measurements

Standard Model Total Production Cross Section Measurements Status: October 2023
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It Walks and Quacks like a Higgs

e Couplings scale ¥ mass, with scale ~ v
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ATLAS & CMS, arXiv:2309.03501

Emerging Decay Mode: H — Zy
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Signal strength u = 2.2 = 0.7 times Standard Model value
Negligible change in NLO QCD [y

Higher-order EW unimportant

Statistics? BSM physics?



An alternative
potential
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Search for Triple-H Coupling
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ATLAS Collaboration, arXiv: 2211.01216

Search for

HHH Coupling -

Limit on double-Higgs production

OggF + vBr(HH) [fb]
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Evidence for VVHH Coupling
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Evidence for VVHH Coupling
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Future Prospects
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... to make an end is to make a
beginning.

The end is where we start from.
T.S. Eliot, Little Gidding
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il * « Empty » space is unstablejize
® » Dark matter LHC

& ° Origin of matter LHC

* Sizes of masses LHC
8 » Masses of neutrinos

* Inflation

* Quantum gravity

, =
dard Model E””’[/qlg_llyli

—




Everything about Higgs is Puzzling
L = yHyY + 2| H]> = \H|' - V;

 Pattern of Yukawa couplings vy:

* Flavour problem
* Magnitude of mass term u:

* Naturalness/hierarchy problem
* Magnitude of quartic coupling A:

* Stability of electroweak vacuum

* Cosmological constant term V.

* Dark energ= : : : :
Higher-dimensional interactions?




What lies beyond the Standard Model?

Supersymmetry?

New motivations
e Stabilize electroweak vacuum from LHC

e Successful prediction for Higgs mass
— Should be < 130 GeV in simple models

e Successful predictions for couplings
— Should be within few % of SM values

* Naturalness, GUTs, string, dark matter, g, — 2?...,



Will the Universe Collapse? )

Should it have Collapsed already?

Not if
infinite barrier:

Fluctuate over barrier
in the early Universe?

We are here

Supersymmetry?

Tunnel through

barrier now?

The Big Crunch

Quantum fluctuations
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Is “Empty Space” Unstable?

® Dependence of instability scale on masses of Higgs
boson and top quark, and strong coupling:

Logjgea = 105—13(——1726)+11(——125 1))+0.6(

ay(my;) —0.1179
0.0009

Buttazzo et al, arXiv:1307.3536;

. NeW LHC value Of mt : Franceschini et al, 2203.17197
m, = 172.52 + 033 GeV [Ty

® |atest experimental values:

my = 125.1 + 0.1 GeV, a,(m,) = 0.1183 £ 0.0009
e Instability scale:

log )= = 10.9+0.8

e Dominant uncertainties those in a, and m,



Survey of SUSY searches in pMSSM

Lines = Exclusions in searches with simplifying assumptions
on spectrum and decay modes
Black = < 10% of pMSSM models excluded
Cream = > 90% of pMSSM models excluded

ATLAS ATLAS
EWKigo scan, Vs= 13TeV, 140 fo! EWKino scan, Vs= 13TeV, 140fb~!
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Many low-mass pMSSM models consistent with constraints
Hope springs eternal!

ATLAS Collaboration, arXiv:2402.01392
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will be needed in order to secure victory....”

“The direct and the indirect lead on to each other in
turn. It is like moving in a circle....”

@2 Who can exhaust the possibilities of their combination?”

Sun Tzu




Effective Field Theories (EFTs)

a long and glorious History

e 1930’s: “Standard Model” of QED had d=4 : :
e Fermi’s four-fermion theory of the weak force
e Dimension-6 operators: form=S,P, V, A, T? ><

— Due to exchanges of massive particles?

e VV-A => massive vector bosons => gauge theory

e Yukawa’s meson theory of the strong N-N force
— Due to exchanges of mesons? = pions

e Chiral dynamics of pions: (0momn)mnmt clue = QCD



Global SMEFT Fit
to Top, Higgs, Diboson, Electroweak Data

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

e Global fit to dimension-6 operators using precision
electroweak data, W+W- at LEP, top, Higgs and diboson
data from LHC Runs 1, 2
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Higgs



SU(3)°: EWPO + Diboson + Higgs
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Single-Field Extensions of the Standard Model

SU(2) | U(1) || Name | Spin | SU(3) | SU(2) | U(1)
1 0 Ay 5 1 2 —3
1 1 As 5 1 2 —3
Spin zero ¥ 5 D 5 1 3 0
3 0 % 5 1 3 -1
3 1 U 5 3 1 2
1 0 D 5 3 1 —3
1 1 Q1 3 3 2 .
3 0 Qs : 3 2 —3
1 3 1 Q7 : 3 2 I
5 1 1 0 Ty 2 3 3 —3
E s 1 1 -1 Ty 5 3 3 2
T 5 3 1 g TB | 3 3 2 .

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779




Single-Field Extensions of the Standard Model

Mass limits (in TeV)
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Quo Vadis SMEFT?

Powerful framework for global analyses of LHC and other data
Systematic way to search for BSM physics

Can be used in principle to identify “interesting” BSM scenarios
Dimension-6 operators are a first approximation

Important to check lesser importance of dimension-8, convergence
towards ultraviolet-complete model

Interesting direct windows on dimension-8 operators
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Higgs couplings

Higgs couplings

Future SMEFT Prospects
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Quo Vadis g, — 27
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® New Fermilab result confirms previous measurements, uncertainty
reduced by factor ~ 2



Hadronic Vacuum Polarization
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Lattice Calculations of
.<o>., Hadronic Vacuum Polarization
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Recent Lattice Calculations
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Updated CMID-3  comparison with previousresut
of HVP =
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CMD-3 Collaboration, arXiv:2309.12910 Consistent with no BSM signal




Higgs physics?
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Ireland in CERN
(finally!)

Sinéad M. Ryan

Trinity College Dublin

&

Co-chair CERN-Ireland Users Group



U.S. DEPARTMENT qf STATE POLICY ISSUES COUNTRIES & AREAS BUREAUS & OFFICES ABOUT

Home > Bureau of Oceans and International Environmental and Scientific Affairs > Remarks & Releases > Joint Statement of Intent between
The United States of America and The European Organization for Nuclear Research concerning Future Planning for Large Research Infrastructure
Facilities, Advanced Scientific Computing, and Open Science

* * X

Joint Statement of Intent between The United States

of America and The European Organization for
Nuclear Research concerning Future Planning for
Large Research Infrastructure Facilities, Advanced
Scientific Computing, and Open Science

OTHER RELEASE

BUREAU OF OCEANS AND INTERNATIONAL ENVIRONMENTAL AND SCIENTIFIC AFFAIRS

APRIL 26, 2024

“Should the CERN Member States determine the FCC-ee is likely to be CERN’s next
world-leading research facility following the high-luminosity Large Hadron Collider,
the United States intends to collaborate on its construction and physics exploitation,
subject to appropriate domestic approvals.”



