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Is Standard Model enough ?

Standard Model is a perfectly consistent theory, and it

very well describes a wide range of phenomena in collider
and many other experiments

However, it is certainly not the ultimate theory of nature




A number of observations
cannot be explained
within the framework of
the Standard Model:

e Neutrino
Oscillations

e Dark Matter

 Baryon
Asymmetry
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All of them
experimental
facts!
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WHY BSM?

Certain features of the Standard Model

appear ad-hoc or fine-tuned:

Small cosmological constant

Fermion generation structure and mass/mixing hierarchies

Vacuum metastability
Gauge coupling unification
Strong CP problem

Higgs naturalness problem
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What do we know about BSM ?

10742 GeV 100 GeV
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We are not short of ideas
about what could be discovered ;)



More systematic, less ambitious approach o

Locality, unitarity, Poincaré symmetry ‘ s J
| ‘ ! V

2. Mass gap: absence of non-SM degrees of freedom
at or below the electroweak scale

3. Gauge symmetry: local SU(3)xSU(2)xU(1) symmetry
strictly respected by all interactions

If these assumptions are true we can organize the EFT as an expansion in 1/A,

where A is identified with the mass scale of the UV completion of the SMEFT,

and each term is a linear combination of SU(3)xSU(2)xU(1) invariant operators
of a given canonical dimension D

Zsmerr = ZLp=2t Lp3+ Lpyt+ Lps+ Lp+Lprt+Lpsgt ...

SM Lagrangian

Higher-dimensional
SU(3)c x SU(2). x U(1)vinvariant
interactions added to the SM

In the spirit of EFT, each £, should include a complete and non-redundant set of interactions




What do we know about BSM ?
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. Gravitational portals with nonminimal couplings
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Biggest questions

for BSM physics




Questions
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Neutrino masses and mixing show that
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Questions
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So far only limits:
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Questions

Are %/”@ Mﬁfw‘w/
éﬂé weakly intercting /Mx&?

For example sterile neutrinos, or axions

If yes, that would imply a slight modification
of the particle physics framework used to describe our experiments

3231 ‘32 g ‘34“35“36“...

~XN\ / J

add new terms with the new degrees of freedom




1) galaxy rotation curves —

NGC 6503
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However, so far we only see gravitational effects of dark matter,
and we know almost nothing about it's particle (or another) nature



/s there Wg/% on
w Wm%%wﬂ?

Unitarity, causality, locality, Lorentz invariance
impose unexpected constraints on
consistent quantum field theories

UV-IR connections?

Connections to classical physics

Recent attempts at alternative formulations
where spacetime and locality is emergent rather than fundamental concept






