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Review

@ In lecture 43, we derived the amputated photon-electron vertex in
QED

@ A part of the result was the fermion propagator
S(x) = (¥(x)¥(0)) (44.1)

in the free theory

@ We discussed the fermion partition function in lecture 33, which we
will use as a starting point
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Fermion Partition Function

@ The fermion partition function was derived in lecture 32
e We found }
Zr = /D&D@wefxw[ﬁaﬁm]w. (44.2)

o A key difference wrt bosonic theories is that fermions obey
anti-periodic boundary conditions, e.g. ¥(7 = ) = —¢(7 = 0)

@ Performing a Fourier transform as in lecture 33 we have

(7, x) = ; > eHh(K). (44.3)
K

@ The fermionic Matsubara frequencies are Ko = m(2n+ 1) T

paul.romatschke@colorado.edu Lecture 44 Fall 2020 3/7



-
Propagator

@ The free fermion propagator is given by

TPy () 3(0)e e T
S = 1 PEDUTO (4.0

o Fourier-transforming this gives

(44.5)

) T DIGPY( OV b Tk BlnE Kt m]d
Q
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Grassmann integration

@ Using the rules of Grassmann integration, we have

[dc*dccc*e™<"2¢ [ dc*dccct 1 (44.6)
[ dc*dce=<*ac " [dc*dc(—c*ac) a’ '

@ For the multi-component case, this is

J[[1;dej dei) cxcfeiMie 1 (44.7)
J [T dejdei] e=<iMicr Mg |
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Free Propagator

@ The relevant integral for the fermion propagator is then

fDIZD&YZ(F)QZ(Q)efg o G _v_1 ) (44.8)
Z CTiP+m i '
@ The free fermion propagator therefore becomes
S(P) = L (44.9)
= . :
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|
Rewriting the propagator

@ We can rewrite the propagator as

- 1 1 :
5(P) = Bm (Prm) (P (=iP+m)  (44.10)

@ In addition, we have
(iP+m)(—iP+m) = PP+ m?

1
= EPﬂPV{75’75}+m2

= P24+ m? (44.11)
@ We can use this to rewrite
2 —iP+m
S(py= """ 4412
(P)= 5513 (44.12)
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