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Superconductivity, broken symmetry and 
the Higgs mechanism in condensed matter 

 
Abstract: In 1964 the theoretical work of Higgs, Guralnik, Hagen, Kibble, Brout, 
and Englert led to the prediction that, as a consequence of the coupling between 
matter currents and gauge particles, the gauge particles can acquire a non-zero mass. 
As Higgs phrased it, "this phenomenon is just the relativistic analog of the plasmon 
phenomenon to which Anderson has drawn attention: that the scalar zero-mass 
excitations of a superconducting neutral Fermi gas become longitudinal plasmon 
modes of finite mass when the gas is charged."  

On 8 October 2013 the Royal Swedish Academy of Sciences announced their 
decision to award the Nobel Prize in Physics for 2013 to François Englert and Peter 
W. Higgs for their theoretical discovery, which recently was confirmed through the 
discovery of the predicted fundamental particle, by the ATLAS and CMS 
experiments at CERN’s Large Hadron Collider.  

In condensed matter physics transitions often occur between different states of matter 
when we tune the temperature or the pressure. Usually such a phase transition is 
accompanied by a symmetry breaking, and the emergence of one or several collective 
modes of the material. The flavour of these modes depends on the exact nature of the 
phase transition, e.g. whether it involves magnetism, superconductivity, charge 
density waves etc. For the case of a superconductor it has been experimentally 
demonstrated that electromagnetic waves acquire a non-zero mass due to their 
coupling to the superconducting condensate. Moreover, in some superconducting 
materials a collective mode is observed, which plays the same role as the Higgs field. 
However, the mass is some 13 orders of magnitude smaller than the Higgs-boson! 
These and many other phenomena in elementary particles and condensed matter are 
marvellous by the beauty and simplicity of the principles uniting them, despite 
conditions and energy scales being so vastly different. 


