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Abstract: Global symmetries and gauge symmetries have played a crucial role in physics.&nbsp; The idea of duality demonstrates tha
symmetries can be emergent and might not be fundamental.&nbsp; During the past decades it became clear that the circle of ideas about
gauge symmetries and duality is central in different branches of physics including Condensed Matter Physics, Quantum Field Theory, and Q
Gravity.&nbsp; &nbsp;We will review these developments, which highlight the unity of physics.
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Symmetries
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Physicists love symmetries

Galileo, Lorentz, Poincare

Crystallography

Global symmetry (flavor)

—e.g. Isospin SU(2), SU(3)

Gauge (local) symmetry

- A, = A, + 9,A with A(x) in Maxwell theory

o guv = guv + au‘fpgpv + avfpg,up + ‘fpapguv
with £ (x) in General Relativity

— Color SU(3), the standard model SU(3) X
SU2) x U(1)
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Gauge symmetry is deep

* Largest symmetry (a group for each pointin
spacetime)
* Useful in making the theory manifestly Lorentz
invariant, unitary, and local (and hence causal)
* Appearsin
* Maxwell theory, the Standard Model of particle
physics
* General Relativity
* Many condensed matter systems

* Deep mathematics (fiber bundles)
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But

* Because of Gauss law the Hilbert space is gauge
Invariant.

* Hence: gauge symmetry is not a symmetry.
* |t does not act on anything.
* All the operators are gauge invariant.

* A better phrase is gauge redundancy.
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Gauge symmetry is not a symmetry

* Not surprising to mathematicians and some physicists

* Manifestly true in many lattice constructions in
condensed matter physics

* Manifestly true in some low-dimensional
continuum quantum field theories

* In particle physics, perhaps we should not look for a
more complete theory with a larger gauge group

* Of course, this does not mean that gauge symmetry is
not an extremely powerful concept and a useful tool.
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Emergent symmetries

Global symmetries can emerge as accidental symmetries
at long distances.

* Then they are approximate.

* Continuous translations and rotations even though
the microscopic theory is on a lattice.

* Parity and time reversal symmetries are
approximate symmetries at low energy, even
though they are not symmetries of the standard
model of particle physics

* Approximate baryon number symmetry (and the
related stability of the proton)
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Emergent symmetries

Gauge symmetries (redundancies) can be emergent.
* They must be exact because they are not symmetries.
* First examples

* |attice systems (mostly in condensed matter)

* FQHE

e continuum quantum field theory in low dimensions

— These systems do not have a massless spin one
particle reflecting the emergent gauge
symmetry.

*  We will soon discuss examples in higher dimensions

Pirsa: 19100053 Page 9/39



Symmetries in a theory of gravity

General considerations based on black holes strongly
suggest that in any theory of quantum gravity

* There cannot be any exact global symmetry

* Approximate, accidental global symmetries are
possible.

* Gauge symmetries are possible.

* The spectrum must include excitations with all

electric and magnetic charges that are compatible
with the symmetry.

— Actually, this follows from the previous point.
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Global vs. Local Symmetries

Global Local (gauge)
* Intrinsic  Ambiguous — duality
* Can be accidental at long * Can emerge at long distances -
distances — approximate exact
* Classify operators * All operators are invariant

* Not really a symmetry

* Can be spontaneously broken Hence it cannot be broken

* If unbroken can classify states  (Higgs description meaningful

* Useful in classifying phases only at weak coupling)

s & sk anamsiiss * Cannot be anomalous

* Appears essential in
formulating the Standard
Model and in Gravity

* Not present in a theory of
gravity
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