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Introduction to Standard Model:

The great success of particle physics is the unified description of three fundamental forces of Nature: 
the electromagnetic, the weak and the strong interactions between elementary particles.
The fermions, elementary particles that compose the matter, and the bosons, the mediators of the three 
interactions, are well organized in a very elegant picture that is what we call the Standard Model (SM).
In July 2012 the last particle predicted by the Standard Model, the Higgs boson, was discovered at the 
Large Hadron Collider (LHC) operated by the European Organization for Nuclear Research (CERN).

Is this the end of the story? What to do with the LHC now? NO! Look for Beyond Standard Model physics!

Looking for heavy resonances

How does a new resonance appear?

If such a particle exists, by looking at the invariant mass spectrum in a 
dilepton (eg, electron-positron pairs) final state we would be able to see 
a “bump”: this is a signal that there is a neutral particle decaying and 
the position of the peak marks the value of the Z' mass.

What have we seen so far?

Unfortunately no signals of this kind have been found. The ATLAS and CMS 
experiments at the LHC spanned part of the mass spectrum unsuccessfully; 
by using their data we are only able at present to put lower bounds on the 
mass of the Z'. 

From LHC@8TeV data M
Z'

 > 2.9 TeV

Are we missing something?

If the particle is very wide, its peak is very spread out and it might remain 
within the SM uncertainties. This kind of scenario is common in strong 
interacting models like Technicolor.
We can refer to the Forward-Backward Asymmetry!

Looking at the angular distribution of the dilepton final system, we can still 
have a good signature even in the case of wide objects.
In particular the Forward-Backward Asymmetry (AFB) is a measure about 
which is the preferred direction for the decaying products.

Once we have found the particle, how to distinguish between models?

The cross section distribution is almost insensitive to interference effects, so 
it has a very well defined shape which is model independent.
AFB carries complementary information

The AFB depends on different combinations of the Z' couplings with matter 
with respect to the cross section. In this sense it provides complementary 
information about the chirality of the couplings.
Strong interference effects here are dominant and the analysis of the AFB 
shape can help in the distinguishing between various models.

Conclusions

Including the AFB analysis will improve the search for new resonances as its 
good features are accentuated in the same circumstances where the pure 
cross section analysis may miss its target. Moreover once the Z' boson would 
have been found, its AFB shape will provide important information about 
the couplings of such a particle with matter and this will help us to 
recognize which is the right BSM model.

Beyond Standard Model:

There are many experimental and theoretical reasons that lead physicists to think that there is something else yet to discover.
First of all the great dream of particle physics is to include the fourth and last fundamental interaction, gravity, together with the other three forces, and to 
finally realize the so called Grand Unification. The basic idea is that at very high energy scales, the four interactions will be described by a unique theory.
This unified theory must be compatible with what we know today, that is the SM. 
This is what we mean when we say that the SM is just the low energy limit of a more general and complete theory.
Most of the models proposed to extend the SM predict at least one additional heavy neutral resonance, usually called Z'.
This is one of the signals that particle physicist are actually looking for in collider experiments.

Cross section 
contribution

AFB contribution

Cross section and Forward-Backward Asymmetry distribution for a wide neutral resonance: while the cross section peak is very 
spread, the AFB maintains a definite profile (predictions for a future run of the LHC@13TeV)

Forward-Backward Asymmetry distribution for two different models: interference effect are dominant in the determination of the 
shape, and it varies between different models (predictions for a future run of the LHC@13TeV)

Cross section distribution for two different models: the shape of the “bump” is almost model independent
(predictions for a future run of the LHC@13TeV)
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