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Particle-hole Picture (noninteracting)

» 1: GS: Particle fill up the
states below Fermi-level

» 1. ES: Some particles in
states above Fermi-level

» 2: GS: There is nothing:
(Fermi-vacuum)

» 2: ES: Holes and particles.
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Particle-hole Picture (noninteracting)

» 1: GS: Particle fill up the
states below Fermi-level

Dusty old picture Cool new picture
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» 2: ES: Holes and particles. ——

» GS Wave - 1 particle —
'Vacuum' X ¢y e iek(=1t)
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Occupation number formalism

States
» Wave-function formalism: LC of |kiks....ky)

» Occupation number formalism: LC of |ninzns...)
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Noninteracting Particle and Holes

Occupation number formalism

States
» Wave-function formalism: LC of |kiks....ky)
» Occupation number formalism: LC of |ninzns...)

» The previous ES:
| ki kokska ke ko) wr = |111213140516070519010....) on
» Fancy hole-particle picture: [1/15)
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Noninteracting Particle and Holes

Creation /destruction operators

Creation /destruction operators:

cilnina....nj...y = ni|nina....,ni — 1,...)

ciT|n1n2....n,-...> =(1—n))|nna....,ni +1,...)

Particle hole notation:
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Noninteracting Particle and Holes

Creation /destruction operators

Creation /destruction operators:

cilnina....nj...y = ni|nina....,ni — 1,...)
ciT|n1n2....n,-...> =(1—n))|nna....,ni +1,...)
Particle hole notation:

> ki > kg : aIT = c;r Particle-creation operator

» k; > kg : a;j = ¢; Particle-destruction operator
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Creation /destruction operators

Creation /destruction operators:

cilnina....nj...y = ni|nina....,ni — 1,...)

ciT|n1n2....n,-...> =(1—n))|nna....,ni +1,...)

Particle hole notation:
> ki > kg : aIT = c;r Particle-creation operator
» k; > kg : a;j = ¢; Particle-destruction operator
> ki < kg : b:-r = ¢; Hole-creation operator
k

i < kg b = c,-T Hole-destruction operator
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Matrix elements

One particle case:
> WF: (i|Olj) = [ dx [ dx'¢7(x)O(x, X);(x') = Oy

» ON:
(0...01,0...]0°%¢|0...01,0...) = 0 = 0°° = Ojic] ¢;+more

Peace of mind =

0o = Z Om,,c,T,,c,,
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External perturbing potential

k> k¢ k<ks

A= Z hO(ﬁhri)'f‘Z V(r;) Ho = Z Ekaj(ak + Z ekbkbj(

—_—— ——
Ho Hy

Hi = Z V,,,,,ajna,,qL Z ana}Lnb}L,
m,n>ke m>ke,n<ks

(1)
+ Z anbmbi,-f— Z Vimnambn

m,n<ks m>ke n<ks
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Propagator in external potential

» Free particle: iGg'_(k, tr — tl) = (9(1‘2 — tl)H(ek — GF)efiEk(tzftl)

» Free hole: iGo_(k, tr — tl) = —9(1‘1 — t2)9(€f: — Ek)eiek(tzftl)

» Free hole in Fourier space (different § -sign for convergence):
iGy (kw) = T8

Example: V,k is much larger than the other perturbations

k K K
= +@mApt + andsoon
m
N @ Gt (k,w) =

- [-Ni (x&)+andsoon] + .\. W — €4 — 1ImG\ +i6
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Self-interacting fermi-system

Two particles in,two goes out. Transition amplitude:

Vi = / / S(R)OF (F IV (0, ¥ )bm(F)6n(r)

- (_1)% Vklmn
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Interactions in Fermi-systems

The bubble diagram

Interprentation: A hole is excited, which lasts 0 seconds.

2

fon() e S ke - )] | Vi)
k T I<ks

' [(G=(I,t — O)|[iGH (k. tr — t)] = B.

The circle is iG—(/,t — t) = —1. In Fourier space:

B= 1165 (k) Y |~ Viau| - @)

1<ks
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Real-life examples of self-interactions

Hartree -approximation

Vi =

X [ [ S 1)V =)o

. 1<k,
w—ek—zl<kf Vi + 16 f

Gt (k,w) =

Veff(r)
New effective one-particle problem!
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Hartree-approximation

Real-life examples of self-interactions Electron gas: Random phase approximation

Electron gas: Random phase approximation

Hartree-Fock gives m* = 0. (because of long range Coloumb
interaction), another ressummation:

Interprentation: screening!
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Discussion questions

» Why is the following diagram impossible:
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Discussion questions

» Why is the following diagram impossible:

» Why is impulse consvered in vertices and not energy?
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Discussion questions

» Why is the following diagram impossible:

» Why is impulse consvered in vertices and not energy?

» Are particles more real than holes?
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Discussion questions

v

Why is the following diagram impossible:

v

Why is impulse consvered in vertices and not energy?

v

Are particles more real than holes?

v

If holes can be interprented as particles going backwards in
time: Why is my, # m,?
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