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Vertex correcuons P = —iGGT
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From TDDFT the exact vertex
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X = Xo + Xo0(v + fze)X = Xo —> W = v 4+ vxov

Exact vertex in P does not correct self-screening
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Vertex correctlons o = ZGWP
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Vertex correctlons zxc = ZGWP
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Valence state
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Yre(12) = iG(12)v(211)+iG(12)v(23) x0(34)v(411) +iG(12) fre(24)x0(43)v(317) = iG(12)v(21T)
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Vertex correctlons . = ZGWF
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Ye(12) = iG(12)W (317)T'(23)

[(23) = 6(23) + fue(24)P(43)

Yre(12) = iG(12)v(211)+iG(12)v(23) x0(34)v(411) +iG(12) fre(24)x0(43)v(317) = iG(12)v(21T)

A two-point vertex 1s sufficient to remove the self-screening

It is built from the total /zc and not only from the excitonic part f S e

F. Bruneval, F. Sottile, V. Olevano, R. Del Sole, and L. Reining, PRL 94, 186402 (2005)
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Vertex correctlons o = ZGWF
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Valence

state

Ye(12) = iG(12)W (317)T'(23)

[(23) = 6(23) + fue(24)P(43)

feels only induced Hartree
(different spatial distribution/opposite spin)

FR— B A

I'(23) = 6(23)
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Vertex correctlons o = ZGWF
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................................... eo(12) & iG(12)W (31H)T(23)
[(23) = 6(23) + fae(24) P(43)
feels only induced Hartree ['(23) = 0(23)

(different spatial distribution/opposite spin)

P 0+ fzeP for valence SRS T
\\J e e YT [ 5 for conduction — WTC-1T¢C
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Hubbard model exact solut10n
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Hubbard model exact solut10n
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Hubbard model exact solut10n
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Hubbard model exact solut10n
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Noninteracting limit U — 0
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Hubbard model exact solut10n
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Hubbard model GW solutlon
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Hubbard model GW solutlon
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Hubbard model GW solutlon

MWMMW“"MM" 2 oSSR NI Lt L “‘"'{.«.,‘, 2ar e

Self-energy X(w) = vm + i /dw’G(w + W)W (W)e™™ (G, wFPA)

Self-screening (@it 0 0
3 zm o
2l O 22

\ 0 0  Xig] 229

One-particle Green’s function G (w) = [Gy ' (w) — Z(w)] = 2 removal energy

6 addition energies
( e 2t—|—h)

2t—|—h
Loz (b2
b oYL S e w4—zn

G+%) | (G-

) e R R R P el

GEY (w) = (1))

177 3

§ (1 2t—h—|—U/2> (1 2t—h—|—U/2) 3 (1 2t+h—U/2) (1 2t+h—U/2)
1T 4B Tty 4B i 4C TE U 4C
e SF- i

GGY (w) = (-1)¢9 . . | |
e 0] S e e e g U e Lo

1]

Thursday, November 5, 2009



Hubbard model GW solutlon
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Hubbard model GW solutlon
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Noninteracting limit U — 0

GEW, — exact solution

1 physical pole+ extra poles — €9 = 3¢ with zero intensity — satellites
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Hubbard model GW solutlon

- .h,l”“ D St e el
mb!g%wue% Xiftve b Ses B u‘.'l*aa., €& A

Noninteracting limit U — 0

GEW, — exact solution

1 physical pole+ extra poles — €9 = 3¢ with zero intensity — satellites

Atomic limit ¢ — 0

ngT ,—o — exact solution self-screening not detected in ¢ — ()
1 only one pole ( ¢g + U/2) vs two in the
Gm t=0(w) = TE A exact solution (eg, eg + U )
Yijlw=10) = gd&-j static (only Hartree potential) vs

2 frequency-dependent exact solution
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Hubbard model: GW Vs exact
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Self-screening
exact GW
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b S L exact //__007_
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Hubbard model GW vs exact
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J. M. Tomczak, Ph.D. thesis, Ecole Polytechnique, France (2007 )
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Hubbard model Vertex correctlons
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Hubbard model ‘vertex correctlons
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Vertex corrections in P

i

(20 only shifts poles of >
e
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Hubbard model ‘vertex correctlons
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Vertex corrections in P

W =v+vxov —>» Wi(w)=Ué; + (—1)(i_=7')w2 YZ(tQtP only shifts poles of >
Vertex corrections in Y.
SRR 0
0 s RO R
0% e e
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Hubbard model ‘vertex correctlons

TR B L, Tt g BT Vo G DAY A Tty o OV LT A2 IR v Blaguact P B A e PR o 00 oA

Vertex corrections in P

i

(20 only shifts poles of >
e

W =uv A UXoV 4) W@j(w) — U&L‘j te (—1)(i_j)

Vertex corrections in Y,

SRR 0
0+ foeP  for wvalence f=-05cl 0
F: b b € . ) Z w) =
{ 0 for conduction () 0 0 Xy1p 219
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No self-screening anymore!

Still incorrect atomic limit!
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Conclusmns

GW suffers of a self-screening error (bad description
of induced exchange) and an incorrect atomic limait

(bad description of correlation)

. & SloniT R for valence
An approximate vertex I' = { 5 for conduction

can correct the selt-screening...but not the incorrect
atomic limait

The approximate vertex (for valence) is built from
TDDFT with the total fzc and not only with the
excitonic part f = f,. — f2F
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can correct the selt-screening...but not the incorrect
atomic limait

The approximate vertex (for valence) is built from
TDDFT with the total fzc and not only with the
excitonic part f = f,. — f2F
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