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Status of BSM physics after Higgs discovery

The general picture from the LHC 8 TeV and 13 TeV data:

I The 125 GeV scalar discoverd in 2012 is the SM Higgs.
Couplings to gauge bosons and fermions agree with the SM values.

I No new particles beyond the Higgs have been found. No squarks,
gluinos, no towers of composite states.

Nima Arkani-Hamed, 2013
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Experimental anomalies

However, some experimental results do appear in conflict with the SM
predictions:

I Diphoton excess at 750 GeV

I Anomalies in B-meson decays,
RK∗ = BR(B → K∗µ+µ−)/BR(B → K∗e+e−)

I Muon g − 2.

I Neutrino oscillations.
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How did we get here?



Naturalness missunderstood?

I The strong expectations for finding BSM physics in the LHC were
largely based on a simplified notion of naturalness:

I In an effective field theory, defined below a cut-off scale Λ, all
dimensionful parameters in the Lagrangian are naturally expected to
be of order Λ.

I The µ-term in the Higgs potential is the only dimensionful
parameter in the SM Lagrangian.

I µ ∼ O(100) GeV, hence the cut-off scale of the SM-EFT should not
be far above the TeV scale.

I Either the µ-term arises as an effective operator from the UV-theory
at the TeV scale (technicolor, compositeness...)

I Or the smallness of the µ-term compared to a higher cut-off scale
Λ� TeV is explained by a cancellation enforced by a symmetry
(SUSY). Then the symmetry breaking scale must not be far above
the TeV scale.
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Naturalness missunderstood?

A slide from Mikhail Shaposhnikov’s talk at Tallinn 2018 conference



Naturalness missunderstood?

I What if SM is not considered as an EFT defined below a hard
cut-off scale Λ?

I But in the absence of the cut-off, what explains the absence of
nonrenormalizable dim > 4 operators?

I Scale invariance automatically quarantees the absence of any
dim 6= 4 operators.

I Scale invariance must be (spontaneously) broken. Given a dynamical
origin for the SM µ-term, the classically scale invariant SM is
completely natural. (Coleman&Weinberg 1973)

I But what about MP? Isn’t it a hard cut-off for the SM EFT, hence
µ ∼ MP?

I The quantum theory of gravity is unknown. There doesn’t have to
be a particle with a mass ∼ MP , that would contribute to the trace
anomaly by an amount ∼ MP .

I Scale invariant gravity is actually renormalizable (Stelle 1976), but
has ghost degrees of freedom. There are many attempts to
formulate a satisfactory theory of classically scale invariant gravity...
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Why do we need BSM physics?

Things we would like to explain:

I Origin of the EW scale, EW - Planck scale hierarchy.

I Smallness of the cosmological constant.

I Smallness of the QCD θ-angle, the strong CP problem.

I Structure and particle content of the SM, fermion generations and
mass hierarchy, unification of gauge groups.

Things we must explain:

I Dark matter.

I Inflation.

I Baryogenesis.

I Quantum gravity.

Cosmology and astroparticle physics is essential for finding the correct
path in BSM physics!
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Collider, astroparticle and cosmology experiments are
making progress!

I DM direct detection: next generation of experiments should reach
the neutrino floor.

I DM indirect detection: FERMI will probe thermal relic (WIMP) cross
section up to several hundred GeV DM mass in the coming years.

I CMB experiments: KECK, BICEP3 will eventually probe
tensor-to-scalar ratio to 10−3, with future satellites (PIXIE,
CORE...) to 10−4.

I Optical telescopes: GAIA, JWST.

I 21cm, radio telescopes: EDGES, SKA...

I HL-LHC, e+e−-collider (ILC/CLIC), Future Circular Collider (FCC,
e+e− or 100 TeV pp).

I + many more I have forgotten to include...
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Keep calm and carry on!


