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Towards a New Standard Model

Standard Model of particle physics: hugely succesful,
but leaves many foundational questions unanswered

Quarks & Leptons:
Matter particles Forces

| Mediators of
- fundamental
interactions

see also talk from Chris Quigg!



Origin of particle masses?

particle masses are free parameters in the SM, to be measured from data

m ?

mtop—quark = Melectron



Origin of particle masses?

Unexplained, huge differences in the patterns of particle masses and couplings!

~ 10° x m

electron

mtop—quark




Origin of particle masses?

Unexplained, huge differences in the patterns of particle masses and couplings!

~ 10° x m

electron

mtop—quark

see also Keri’s talk




What is Dark Matter?




18% Ordlnary I\/Iatter

82% Dark Matter




Towards a New Standard Model

Standard Model of particle physics: hugely succesful,
but leaves many foundational questions unanswered

Origin of the
particle masses?

What is Dark Matter?

Where is all the
missing Antimatter?

Leptons

see also
Elisabetta’s talk

requires new particles and interactions beyond the Standard Model!



Hunting for New Physics
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Number' of Even‘r.s

Hunting for New Physics

wm= 1+ Standard Model (no Higgs)
=== Standard Model (with Higgs)
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Number' of 'Evemfs

Hunting for New Physics

=== Standard Model
== Standard Model + New Heavy Particle
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Hunting for New Physics

adard Model
odel + New Heavy Particle

Effective
Theories!
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( Model-independent & Data-driven strategy )




A Journey to the Zeptospace

Why Effective Theories?

describe physics exclusively in terms of

the degrees of freedom and dynamics

relevant at every length (energy) scale,
and integrate out everything else




A Journey to the Zeptospace

Ax~ 107> m
Newtonian
Physics




A Journey to the Zeptospace
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A Journey to the Zeptospace

Electron

Nucleus
Neutron

A

Protons

Atom

DoF: electrons +
atomic nucleus
Ax ~ 107" m
Quantum
Electrodynamics



A Journey to the Zeptospace

Electron

Nucleus
Neutron

Protons

DoF: quarks & gluons

Ax~107P m
Quantum
Chromodynamics




A Journey to the Zeptospace

Electron

Nucleus
Neutron

Protons

DoF: all SM particles

the Zeptospace!
Ax~1072'm

Standard Model
Effective Theory
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A Journey to the Zeptospace

105, ultraviolet completion
= of the Standard Model ?  the Zeptospace!
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The Standard Model as an Effective Theory

Assemble a New Standard Model from the bottom up!

The Standard Model Effective Field Theory (SMEFT):

more than 2000!

(Standard Model + Z Cp X New Interactlon)k

complete basis spanning space
extract from data of New Physics theories

rich variety of signals!

constrain all SMEFT interactions from a global dataset



The Standard Model as an Effective Theory

Assemble a New Standard Model from the bottom up!

a A
The Standard Model Effective Field Theory (SMEFT):
o Ny more than 2000!
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own phy extract from data of New Physics theories
q J

rich variety of signals!

constrain all SMEFT interactions from a global dataset



The Standard Model as an Effective Theory

Assemble a New Standard Model from the bottom up!

The Standard Model Effective Field Theory (SMEFT):
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known physics
extract from data

rich variety of signals!

constrain all SMEFT interactions from a global dataset



Matching

Full Theory b+d— P —p+

gint — /13¢2(D




Matching

Full Theory b+d— P —p+
ZLint = /13452(1)

p+d—> P+
Effective Theory
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Matching

Full Theory b+d— P —p+
gint — /13¢2(D
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p+d—> P+
Effective Theory
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Low-energy parameters sensitive to ultraviolet dynamics!



Constraints from low-energy data

¢ Effective Theories can constrain New Physics in global analyses of processes from very
high (above top quark mass) to very low energies (below proton mass)

¢ Correlate persistent anomalies in the low-energy (B-meson) sector with high-energy data
non-universal lepton interactions?

ATLAS (High-Energy) CMS
N e

Standard Model
Effective Theory

S MEFiIT
-~ N

LHCb (Low-Energy) Belle-IT

( SMEFiT: framework for data interpretation in terms of Effective Theories (Hartland et al 19) )




What can EFTs do for me?

( )
& Crucial information to assemble the New Standard Model of particle physics
¢ Marked increase in the potential to discover new particles and interactions

addressing the foundational questions left unanswered by the SM!
\ J

Scattering of Vector Bosons:

WE+ Wt > W+ w*

Constraints from Vector Boson Scattering
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95% Confidence Level Bounds (1/TeV?)
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Toward a global EFT analysis

Combine data from Higgs, top quark, and diboson production at the LHC

| =W EFT Global Data Ny
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bounds on 50+ new interactions!

A global interpretation of particle physics measurements is by
construction the most powerful indirect probe of new UV dynamics




Toward a global EFT analysis

- EFT Global Data EFT Higgs Data
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An Effective Pathway to the New Standard Model

Exciting times for high-energy physics as we enter a precision, data-driven era!

unique opportunity: 90% of LHC data yet to come!

Effective Theories represent a paradigm shift guiding the field towards new discoveries

The ultimate goals:
4 A

[ First global analysis of the New
Standard Model interactions

M Enormous increase in discovery
potential of new particles

[ Pinpoint most promising directions

for experimental searches
- J

Stay tuned for news from the high energy frontier!



