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Symmetries in Physics

Wigner-Weyl (=10 (10)==20
Nambu-Goldstone O H =0 Chll A0

Anomalous symmetries




Gauge (and diffeomorphism) symmetries are redundancies
in our description of the physical degrees of freedom

In four dimensions the photon and the graviton have only two degrees of freedom

Gauss’s law is required to set the number of physical degrees of freedom straight

In the gravitational case we need the diffeomorphism and the hamiltonian constraints
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Computing an anomaly

This is the only example where you will see the explicit details. In other cases
details will be scarce, but the physics is essentially the same. So, pay attention!

We consider a two-dimensional problem to start with
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First we compute the spectrum
Then we construct the second quantized vacuum

It is like defining a determinant, they represent fermionic
degrees of freedom

When the gauge field is turned on, the left and right handed
currents are not conserved, but the vector current is. The
anomaly is related to the chiral structure of the theory.Vector
like currents represent no problem

These lessons are easy to generalize, but we need more
sophisticated technology
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Chirality, mass and regulators. Heuristics

We are evaluating the effective action for the fermions in the presence of external fields
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In the first case we can always find a mass term and regulate the theory preserving gauge invariance

When parity invariant does not hold, the effective action is complex, in
general there is no a priori regulartor, and anomalies may appear

Gauge invariance and current conservation are intimately connected
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Slmllarly, W|th dlffeomorphlsms we test energy-momentum conservation
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Pure gravity anomalies only occur in 4n+2 dimensions

I'

[EPREE ind=4n + 2

I' Isthe equivalent of the chirality operator in d=4
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Feynman graphs vs Index Theory

The anomaly computes the change of the fermion determinant under infinitesimal gauge transformations.

The result of testing current conservation will be a polynomial in the external gauge and gravitational fields

We can use Feynman graphs, or use a deep result in mathematics: THE ATIYAH-SINGER INDEX THEOREM

The AS index theorem also applies in more general settings, and it is necessary for global anomalies,
however one should not track of the fact that the result obtain is purely perturbative
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F is an antihermitian matrix of two-forms

We have an antisymmetric matrix of two-forms
that can be skew-diagonalized formally

In 2n dimensions there are n skew eigenvalue two-forms
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The characteristic polynomials have important properties:

They are closed, as a consequence of the Bianchi identities

F =dA+ A? dF + AF — FA=0= DF
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The difference between two characteristic polynomials
computed W|th two contlnuouly connected connections differ
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Basic result |l :

For each chiral field involved in d=2n dimensions, we determine its

Index polynomial, extract the form of degree 2n+2, and then apply
the Stora-Zumino descent procedure: This is the ANOMALY

Pure gauge in d=2n :
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SU3)? Su(2)?
SU3)?SU(2) SU2) U(1)
SUB)2U(1) SU(2) U(1)?

Possible anomalies in the
SU(3) SU(2)* Standard Model

SU(3) SU(2) U(1)

SUB) U(1)?
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In supergravity theories we have to identify the fields that will lead to anomalies, compute
the corresponding anomaly polynomials, and verify whether they cancel by themselves or
with the help of counterterms

Chiral fermions Chiral gravitini Self-dual RR fields
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Type IIB d=10

(=li/2+Is52+1a)12 = 0

A related cancellation in d=6 21 [1/2 == Ig/g o A= )
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Cancelling ingenuity

Green and Schwarz proved a remarkable result
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Strings

Then by modifying the transformation rules and adding some specific
counterterms, the anomaly cancels
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Local anomalies is not the end...

Once the local anomalies have been cancelled, we
may start worrying about global anomalies. This is
a rather subtle subject, where the index theorem,
the spectral flow and a good deal of differential
topology are needed in order to test the theory
under these transformations. This is Witten’s land
for the most part.




The computations in the gravitational case are rather involved, and it is
remarkable that all theories that are free of local gauge and gravity

anomalies, do not suffer from global diff anomalies (Witten)

We have not exhausted the fauna of possible anomalies in string and
supergravity theories, specially if we consider the contributions of branes,
however the same technology applles to them although the form of the
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Conclusions

It provides an excellent arena to learn the subtle properties of gauge
and gravitational theories with chiral matter

The cancellation of anomalies in supergravity theories puts very
stringent contraints on the theories that are consistent
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