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Physics Beyond the Standard Model

Main Experimental reasons to search for Physics Beyond the Standard Model 

- Existence of Dark Matter 

- Neutrino masses and oscillations 

- Asymmetry between matter and anti-matter 

Among the problems of the SM often the fine tuning problem, the hierarchy problem, the 
smallness of neutrino masses and the existence of Dark Energy, … are listed. I will not 
discuss these points. 
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Galaxy Rotation Curve
Animation from Wikipedia

 

<latexit sha1_base64="RRF1KfvbCwl0EmBT016yyzOq7iU="></latexit>

http://ircamera.as.arizona.edu/NatSci102/NatSci102/lectures/darkmatter.htm
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Gravitational Lensing

- All particles (including photons) follow 
geodesics 

- In the empty space geodesic are straight 
lines, while this is not true in when there is a 
strong gravitational field 

- This allows the mass to act as lensing 
bending the path of light around massive 
objects   

- By measuring the distortion geometry the 
mass of the intervening cluster can be be 
obtain 

- The discrepancy between the visible mass 
and the mass measured by gravitational 
lensing is an evidence of the existence of DM  
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CMB and the bullet cluster

- Matter and DM behave differently, in particular in the interaction with radiation. 
Anisotropies in the CMB can be decomposed in power spectrum, whose peaks 
contains cosmological information. This allows to calculate the density of matter and 
DM in the early Universe. Present measurements provide strong evidence of the 
existence of DM. 

- The collision between the two clusters gases interact electromagnetically slowing down 
after the interaction, while DM interacts very weakly. This created a displacement 
between the visible mass and the gravitational mass, supporting the existence of DM.
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Dark Matter Candidates

Searching for Dark Matter with Cosmic Gamma RaysAndrea Albert 

Published August 2016 • Copyright © 2016 Morgan & Claypool Publishers
http://iopscience.iop.org/book/978-1-6817-4269-4/chapter/bk978-1-6817-4269-4ch2

- Several Dark Matter candidates have been 
proposed spanning a large range of mass 
and coupling 

- The search for Dark Matter therefore is 
performed with various experimental 
techniques depending on the x-section and 
mass of the particle 

http://iopscience.iop.org/book/978-1-6817-4269-4
http://iopscience.iop.org/book/978-1-6817-4269-4/chapter/bk978-1-6817-4269-4ch2
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How we search for Dark Matter
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Direct Detection of DM

- Dark Matter particles in present in the solar system can 
interact with nuclei, this interaction can be measured 

- One of the way to direct detect these interaction is to use 
nobel gas detector, e.g. Xe 

- WIMPS interacting in the Xe produce scintillating light 
that is measured by PMTs (S1) 

- In dual phase detectors electrons drift to the GXe where 
they give a proportional signal ionising the gas (S2)  

- The difference in time and the observed 2-distribution in 
the PMTs allows to have a full 3D reconstruction of the 
interaction, i.e. define fiducial volume with lower 
background  
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Present DD Nobel Gas Experiment

- Xenon: 
- Xenon100, Xenon1T, LUX, PandaX 

- Argon: 
- DarkSide-50, ArDM  
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Future Experiments

- Event rate proportional to the mass, so the challenging is to keep zero background (in some 
fiducial volume) and increase the mass 

- Main backgrounds coming from: cosmics & material activation; natural and anthropogenic 
radioactivity; neutrino nucleus scattering 

- To reject the background: 
- Go deep under ground; Use active shield; Select Fiducial Regions 
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Cryogenic detectors at T ~ mK

- Detection of the increase in temperature due to the particle interacting in the absorber 

- Excellent results for sub-GeV dark matter searches
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Limits of DD Experiments

Present Future
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Reference

For more details see the talk by Prof. Laura Baudis 
http://www.physik.unizh.ch/~lbaudis/baudis_psi2016.pdf

http://www.physik.unizh.ch/~lbaudis/baudis_psi2016.pdf
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Search for Dark Matter at LHC

- If DM interacts with SM particles can be produced at LHC 

- The experimental signature is a missing transverse energy (MET)
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Dirac/Majorana Fermions
Majorana fermion is a neutral fermion that is its own anti-particle

All charged fermions must be Dirac fermions, for neutrinos it is not clear if they are Dirac or 
Majorana particles
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Search for Neutrinoless 2beta decays

Lepton number conserving 

Lepton number violating

Gerda Experiment

Other neutrinoless 2beta and 
their status can be found 
here


http://www.hep.anl.gov/ndk/hypertext/double_beta_decay.html
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Sterile neutrinos

- Sterile neutrinos are neutral fermions that do not 
interact via weak interactions (active neutrinos)

- An example are right-handed neutrinos which 
are singlet wrt the gauge group of the SM

- RH neutrinos can have Majorana mass, i.e. a 
mass term that does not derive from the Higgs

- Majorana masses explained the smallness of 
neutrino masses via the so-called “seesaw” 
mechanism

- There are many searches for sterile neutrinos, 
unfortunately there is a very wide mass range

- Several anomalies that could hint to sterile 
neutrinos in the eV region have been measured 
but not confirmed (unclear situation)
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SHiP: searching for HNLs
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Present and future limits on HNLs
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Search for Charged Lepton Flavour Violation

In the SM lepton family is conserved and therefore the following decays are forbidden

µ ! e�, µ ! 3e, ⌧ ! µ�, ⌧ ! 3µ, B0 ! e±µ⌥, ...

In the SM this decay can be mediated by 
neutrino oscillations but it is negligibly small

S.L. Glashow
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MEG at PSI
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The Mu3e Experiment at PSI

- Negligibly small branching ratio in the SM
- Can be very much enhanced by existence of heavy new particles
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Summary

- The Standard Model has been very successful, but it is not considered a complete theory

- How much incomplete is the Standard Model is subject of discussion

- There are several open questions that almost certainly require existence of particles not 
present in the Standard Model

- Neutrino oscillations is (up to now) the only microscopic evidence of physics beyond the 
Standard Model, while we have macroscopic evidences (the existence of DM, the 
Baryon-Antibaryon Asymmetry in the Universe)

- Several searches are going on around the world in various labs

- The last part of the course only provided an incomplete and simplified discussion of 
some of these experiments


