3/7/07 Lecture 17 outline
e Last time: Hz fdedOl exp(—@%"Biij) = det B. Hz fdedOl exp(—QfBUHJ)Qka =
(B_l)kl det B.
e We can introduce sources for the fields:
Z[ﬁi, 771'] = /deldgl eXp(i(Aijéigj + n;0; + éznz])
_ /d@id&-(l 100, AB))(1 + i) (1 + idn),
=—i detAexp(—iﬁiAi_jlnj).

e Generalize to functional integrals over fermionic fields;
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e For fermions, the det B is in the numerator, whereas for scalars it’s in the denomi-
nator. The functional integral gives e?V. So the sign of the contribution to W is opposite
for closed scalar vs fermion loops: every closed fermion loop gets an extra —1 factor. (This
relative minus sign is put to good use with supersymmetry - to find out more, take the
topics class next year!)

e Now gauge fields. Important point: gauge invariance. Write A = A,dx*. Recall
gauge symmetry A — A* = A+ da(z), with ¢ — e~ **(#)¢). Redundancy in description,
can only observe gauge invariant quantities. Need to replace 0, — D,, = 9,, +1ieA,. Then
Diy® = e~ D, transforms nicely, with just an overall phase, and @EDMZJ is gauge
invariant. So the Dirac lagrangian, ¢ (i]) — m)1 is gauge invariant. In functional integral,
will have [[dA]exp(iS). Integration measure must be gauge invariant, implies it gets a
factor of gauge orbit volume. Would like to integrate only over a slice of inequivalent gauge
fields, without integrating over the gauge orbits. Need to do this, since otherwise there is
no well defined B~1. Recall S = [d*z[—3F2)] = 5 [ d*kA,(x)(d%g" —0r8") A, (x). Note
action vanishes if A, (k) = k,a(k). Gauge invariance. Al = P, A, Py = guw — 0,0, /0%
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—iF Y = §A5829WAZ. Can’t invert kinetic terms uniquely to find Green’s function.

We need to fix the gauge.



