Chapter 3 : GREEN'S FUNCTIONS AND
FIELD THEORY (FERMIONS)

Review

9. DIAGRAMMATIC ANALYSIS OF
PERTURBATION THEORY

9a. Feynman diagrams in coordinate space

9b. Feynman diagrams in momentum
space

9c. Dyson’s equations

9d. Goldstone’s theorem




9a. Feynman diagrams in
coordinate space
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These are disconnected graphs; Fo M \_)/ﬂl
the fermion lines with propagation from (yB) to (xa) /.

are not connected to the interactions.
They will be canceled by terms in the denominator.
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Note that C and E differ only by the exchange of x
and x,. But we integrate over X, and x,, and V(xl,xzs =
V(x,x,). Thus C = E. Keep one diagram and cancel the
factor of 2.

Similarly, D = F.
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Feynman rules in coordinate space

To calculate GGB(xy)

R1. Draw all topologically distinct connected
graphs with one entering line and one exiting line.
R2. Vertices -- spacetime position,

integrate d*x for all internal vertices. ;A = (%4 ) *

4 «

= 0
R3. Fermion lines -- free propagator function % h p 05))
P
R4. Interaction lines -- 2-body potential energy b
AL A 4
R5. Perturbation order factor = (i/h)® A M X, - %M (9\75i ) %)
- ¢ MA2

0t ~¢,)

R6. Overall sign = ;
probably need to go back to Wick’s theorem to figure it out.

ORI = ()"




9b. Feynman diagrams in momentum
space

Now let’s go back to calculate the 1-
particle Green's function.

GQB(x,y) wherex = (xt )and y = (y,ty)

Gyp(xy) = GOe(xy) + GV 4(xy)
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Feynman rules in momentum space
To calculate GGB(k)
R1'. Draw all topologically distinct connected

graphs with one entering line and one exiting line.

R2'. Vertices -- momentum/energy
transformations; momentum and energy are
conserved at each vertex.

R3'. Fermion lines -- free propagator function

R4'. Interaction lines -- 2-body potential energy
R5'. Perturbation order factor = (i/h)"

R6'. Overall sign = % ;

probably need to go back to Wick’s theorem to figure it out.
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9c. Dyson’s equations

First order perturbation theory won't be
an adequate approximation, if there are
important interactions.

(In most problems of physical interest
there are important interactions.)

But with the help of the diagrammatic
analysis we can do better: we can add
together whole classes of diagrams, to all
orders in perturbation theory.

It is not an exact solution because we are
still neglecting some higher order
diagrams. But since we are including
whole classes of higher order diagrams it
should improve on fixed order
perturbation theory.

Similar methods have been developed for
relativistic Q.F.T.; e.qg., “renormalization
group”; or, “resummations”.

We'll consider two examples of Dyson’s

equations:

(1) Self energy insertions; these apply to
the 1-particle Green's function

(2) Polarization insertions; these apply
to the 2-particle Green's function.

... to be continued
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The Lehmann representation

(sec7)
The singularities of Gaﬁ(k) in the

complex w plane occur at the
excitation energies (/h) of the
interacting system. The damping
factor of an excited state is the
imaginary part of the pole position.
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real self energy;

constant energy shift
no damping in 1st order

from the tadpole diagram




}:’.'\I, ‘)wblem 3,17_

Coledatc e Petrd ke
Conbrtldyng o th. proger

2‘:“ CV\Z% (6 Fe»,hnmn A‘\-ﬁnﬁ'&f)'
Thes,

&9 :.zzgw_&
_‘,‘2 (‘21!)’2‘

¥@o)* 52 C Yup -1-R)
¥O(Kk=p) O(kg—L) 9("‘49(9{{*4:)

w 2V2CH-L ~V - V. p-e)
P k™ a* 4 4 ’1'72

Fw, pwbles, 3,4

Xk - L Z”’(Z'/UL)




rDyfuu{f EZA«LJ@H
/ él‘ze'w‘ " ;
(2) o ptvizetn vrcodin. T[%%

—

[0 Sum dn nfids & g Uasrens,

e  (Cug AL,%{ a “;wq,,,/,ex W foacf e, .
1

n;_ /LFW‘J—'WQ{')."!-. =

&, X LF
[ g P g .} -

f{ ’ ~ € ﬁ(ﬂft.cg)
a‘i‘eucg 'é&.j‘ ['5" “Mf}’
’ -

-Dafv‘hc g_r:ér /2 :f:;;aﬁ'm Wloidrtrg W*

Up = Vg Uy )

/d'(:”":/b‘r*}a ,d_. #qu-nq.,% Z S‘el'f &f%
/0(1:‘921./(\;,49,




9d. Goldstone's theorem
We probably won't use this.

FW point out that “Goldstone diagrams”
are more like old fashioned perturbation
theory than Feynman-Dyson diagrams.

One Feynman-Dyson diagram is equal to
the sum of several Goldstone diagrams.

So the Feynman-Dyson methods are
more powerful in principle.

Nevertheless, FW sometimes use
Goldstone diagrams later in the book. We
11 skip this for now and come back to it if
necessary.

)

So now we'll proceed to Chapter 4.




