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What happens when nature breaks symmetry ?

Saturday, September 1, 2018 9:10 PM

e Phase transitions We saw that in Landau’s example, the pa-
rameter a in the free energy was temperature dependent. At a
temperature 7,., at which a changes sign, a phase transition takes
place. The transition separates two distinct states of different sym-
metry. The low-temperature phase has lost some symmetry, more
precisely it is missing a symmetry element.”

e New excitations Our philosophy has been that every particle is
an excitation of the vacuum of a system. When a symmetry is bro-
ken we end up with a new vacuum (e.g. a vacuum with M = —Mj).
The fact that the vacuum is different means that the particle spec-
trum should be expected to be different to that of the unbroken
symmetry state (such as M = 0 in our example). We will see
that new particles known as Goldstone modes can emerge upon
symmetry breaking.®

e Rigidity Any attempt to deform the field in the broken symmetry
state results in new forces emerging. Examples of rigidity include
phase stiffness in superconductors, spin stiffness in magnets and
the mechanical strength of crystalline solids.

e Defects These result from the fact that the symmetry may be
broken in different ways in different regions of the system, and are
topological in nature. An example is a domain wall in a ferromag-
net. These are described in Chapter 29.
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Excitation spectrum

Thursday, September 20, 2018 10:00 AM
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Do we live in superconducting Universe ? A pecoiisr  proartoR .
Thursday, September 20, 2018 3:25 PM

In the electro-weak theory of Weinberg-Salam there is a combined U(1) x SU(2) gauge symmetry. Due to coupling to
the Higgs field whose symmetry is spontaneously broken

one gauge field remains massless (the photon) and the other three become massive. These massive particles are the
W+, W-, and Z bosons.

One of the key ideas first emphasized by Phil Anderson in 1963 was that a massless gauge field can acquire a mass in
the presence of a.coupling.to.a.spontaneously-broken field. A concrete realization of this occurs in superconductors.
In the Meissner effect a superconductor thicker than the penetration depth expels magnetic fields. This is like the

photon acquires a mass.
From <http://condensedconcepts.blogspot.com/2012/07/the-higgs-boson-and-condensed-matter.html>

In a type Il superconductor, vortices are allowed in the superconducting order parameter field. Can such vortices
occur in the Higgs field? They may have been important in the early universe.

On fascinating thing is that for the Higgs field the crucial ratio [between the London penetration length and the '?
superconducting coherence length] that determines whether type Il behavior is possible is the ratio of Higgs boson
mass to W mass. The LHC results suggest that type II behavior is possible!

From P. Coleman's book, "Introduction to many-body..." page 246.
Shortly after the importance of this mechanism for relativistic

Yang Mills theories was noted by Higgs and Anderson,
Weinberg and Salem independently applied the idea to develop
the theory of “electro-weak” interactions. According to this
picture, the universe we live is a kind of cosmological Meissner
phase, formed in the early universe, which excludes the weak
force by making the vector bosons which carry it, become
massive. It is a remarkable thought that the very same
mechanism that causes superconductors to levitate lies at the
heart of the weak nuclear force responsible for nuclear fusion
inside stars. In trying to discover the Higg's particle, physicists
are in effect trying to probe the cosmic superconductor above its
gap energy scale.

Vortices in a 200-
nm-thick YBCO film
imaged by scanning
SQUID microscopy
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LG theory in QFT

Friday, August 31, 2018 2:47 PM
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LG theory in QFT

Friday, August 31, 2018 2:58 PM ’
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LG theory of QFT

Friday, August 31, 2018 6:57 PM
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Breaking symmetry in a gauge theory

The most amazing effect occur when we
apply the same ideas to the broken

ground state in a gauge theory.
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Higgs Anderson mechanism } )
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Higgs Anderson Mechanism é

Monday, September 3,2018 11:03 AM
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Higgs Anderson Mechanism '
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