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125 GeV

Gravitational force 
graviton

massless

Elementary particles so far
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• Neutrino 
Oscillations 


• Dark Matter


• Baryon 
Asymmetry


• Inflation

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

All of them 
experimental 

facts!  

Why BSM?



• Small cosmological constant


• Fermion generation structure and mass/mixing hierarchies


• Vacuum metastability 


• Gauge coupling unification


• Strong CP problem


• Higgs naturalness problem

Certain features of the Standard Model  
appear ad-hoc or fine-tuned:
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FIG. 3. Comparison of the measured distance modulus
with its expected value for the best fit accelerating uni-
verse (⇤CDM) and a universe expanding at constant velocity
(Milne). The error bars include both experimental uncertain-
ties and intrinsic dispersion. The bottom panel shows the
residuals relative to the Milne model.

lier16,22–24. We have confirmed this by a rigorous sta-
tistical analysis, using the JLA catalogue of 740 SN Ia
processed by the SALT2 method. We find marginal (i.e.
. 3�) evidence for the widely accepted claim that the
expansion of the universe is presently accelerating3.

The Bayesian equivalent of this method (a “Bayesian
Hierarchical Model”) has been presented elsewhere13.
We note that a Bayesian consistency test25 has been ap-
plied (albeit using the flawed ‘likelihood’ (equation 12)
and ‘constrained �

2’ (equation 13) methods) to deter-
mine the consistency between the SN Ia data sets ac-
quired with di↵erent telescopes26. These authors do find
inconsistencies in the UNION2 catalogue but none in
JLA. This test had been applied earlier to the UNION2.1
compilation finding no contamination, but those au-
thors27 fixed the light curve fit ‘nuisance’ parameters, so
their result is inconclusive. Including a ‘mass step’ cor-

rection for the host galaxies of SN Ia11 has little e↵ect.
While our gaussian model (4) is not perfect, it appears

to be an adequate first step towards understanding SN
Ia standardisation. One might be concerned that various
selection e↵ects (e.g. Malmquist bias) a↵ect the data.
However to address this adequately is beyond the scope
of this work. We are concerned here solely with per-
forming the statistical analysis in an unbiased manner in
order to highlight the di↵erent conclusion from previous
analyses11 of the same data.
We wish to emphasise that whether the expansion rate

is accelerating or not is a kinematic test and it is sim-
ply for ease of comparison with previous results that we
choose to show the impact of doing the correct statistical
analysis in the usual ⇤CDM framework. In particular the
‘Milne model’ should not be taken literally to mean an
empty universe since the deceleration due to gravity can
in principle be countered e.g. by bulk viscosity associated
with the formation of structure, resulting in expansion at
approximately constant velocity even in an universe con-
taining matter but no dark energy28. Such a cosmology
is not prima facie in conflict with observations of the an-
gular scale of fluctuations in the cosmic microwave back-
ground or of baryonic acoustic oscillations, although this
does require further investigation. In any case, both of
these are geometric rather than dynamical measures and
do not provide compelling direct evidence for a cosmo-
logical constant — rather its value is inferred from the
assumed ‘cosmic sum rule’: ⌦⇤ = 1 � ⌦m + ⌦k. This
would be altered if additional terms due to the back re-
action of inhomogeneities are included in the Friedmann
equations29.
The CODEX experiment on the European Extremely

Large Telescope aims to measure the ‘redshift drift’ over
a 10-15 year period to determine whether the expansion
rate is really accelerating30.

FIG. 4. Distribution of pulls (14) for the best-fit model, com-
pared to a normal distribution.

Why BSM?



Physics beyond the Standard Model  
according to H. Murayama

There isn't one model or a class of 
models  

that is currently preferred by 
theory or experiment 

We need to study many different 
forms 

that new physics models take, 
and many different experimental 

signatures,  
that these models predict

Which BSM?



Typical roads to BSM

Models addressing  
problems of the SM 

Ad-hoc models  to explain 
experimental anomalies

Model-independent 
effective theory

e.g supersymmetry 
to address naturalness,  

or axions to address  
theta-problem of QCD

e.g leptoquarks to address  
B-meson anomalies  

or milli-charged dark matter 
to address 21cm absorption signal

explore all possible  
higher-dimensional 

effective interactions 
added to the SM

M. González-Alonso

Summary

SMEFT as a useful framework / tool: 
Efficiency; 
Meaning of SM tests. 
Model-indep. but not assumption indep.! 

LHC bounds (on some interactions!) are very strong,  
but they come with a series of caveats.  
 
[If the applicability of the EFT bounds becomes too  
involved, then the initial motivation is lost…]
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BSM/Higgs

• Are there new particles beyond those of the Standard Model 
• Is nature natural  
• How is electroweak symmetry broken  
• How do neutrinos get their mass  
• What was happening in the first seconds of the universe  
• What is the nature of dark matter 
• What caused matter-antimatter asymmetry  
• Are there extra dimensions of spacetime 
• ...

BSM/Higgs  group  
asks a lot of question



BSM/Higgs

Answers 



BSM/Higgs
A couple of answers expected very soon 

JUNO

P(νμ → νe) = P(ν̄μ → ν̄e)
?
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Thank you


