Chapter 1

GWA in wk space

1.1 Green function G
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1.2 Screened Interaction
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1.3 Single Plasmon Pole Model
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1.4 GW approximation for the Self-Energy
SOW (1, 29) = iG (w1, 22)W (2], 2)

B ( G ) = 5 / dw' e MGG, Gy — W)W (G, G, )

W is spin-independent and GG does not take factors 2 on spin sum:
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1.5 Matrix elements of the Self-Energy operator
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1.6 Self-Energy: exchange term

S 1 4
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upper half plane W' 4w —e? +insgn (61(_0) _ ,u)

Only the the poles of G in the upper half imaginary w-plane are included in the
closed, anti-clockwise path. They correspond to the particle poles (excitation
corresponding to occupied states). The integral yields (f; = 0,1 occupation
number):
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it does not depend on w because it constitutes only a shift term of the poles
along the real axis which doesn’t change the integral.
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1.7 Self-Energy: correlation term
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Appendix A

Definitions, Fourier
transforms

A.1 Definitions, notations

Q = N.Qcen Crystal Volume
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QBZ =
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A.2 Fourier transform definition

flw) = /dt e WHE(t) direct fourier transform

1

fit)= Py / dw f (w)ei‘”t inverse fourier transform
™
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A.3 Fourier transform of a two lattice indices
quantity
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Demonstration:
1 X )
f(Q1,Q2) = e /drldrg eI f () 1)t @2T2 definition fourier transform

1 . )
fri,me) = W /dQlng eleTlf(Ql.Qg)eﬂQ”2 definition inverse fourier transform

fri+R,r2+ R) = f(r1,r2) lattice periodicity

1 . . 1 i —1 r
W/dQldQ2 ele(r1+R)f(Q1-Q2)671Q2(T2+R) — (27T)3 /dQldQQ €ZQ1T1f(Q1-Q2)€ Q272
(21>3 / dgidgy Yy e FOED f(gr.g5, Gr, Go)e (O

Y

G1,G2

1 3 —1 T
=5 / dadgy Y "M f(grgp, G, Ga)e (EC
(2m) e
oiG1R _ —iG2R _ 4
el =1 = g =g = fla.e G1,G2) = f(a,G1,G2)d(q — ¢)
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A.4 Case ¢ — 0,G =0 for p2(q, G=0)/¢
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a0 Lo+ 5310
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Q 1 N, 1
Isy = / dq— = —/ dq—
2m)3 Jagsne @@ Dz Jag, N @

If we assume a spheric Brillouin zone of volume V' and radius (3V/4r)/3:
1 (3V/4m)t/3
_/ _2 — dq — 31/3(47_[_)2/3‘/72/3
0
Ony —2/3
Isy =7.79
=170 (2 )
In the case of a Brillouin Zone shape such for an fcc material:
Opy —2/3
Iz =7.44
=11 ()



