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Hedin's equations
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Hedin's equations
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Absorption Optique
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Calculating the one-body G
Equation of motion (EOM)

G(1,2) = Go(1,2) — ffd3d45.]{1,3)u{4,3- ) Gy(3,4:2,4")
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Unknown

Closing the hierarchy of G,

@ GQH GE{_}GH
@ G(1,2) = G(1,2;[p]), ¢ time-dependent external potential
0G([])
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@ Schwinger’s relation (exact): G, «

Set of coupled non-linear functional differential equations
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Many-body perturbation theory: GW
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L. P. Kadanoft and G. Baym, Quantum Statistical Mechanics
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Dyson equation: G=G + G 2 G
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Molinari L G 2005 Phys. Rev. B 71 113102
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V(@) =y, =)y @) + v v @) + Ay (@) A= 172

. ...l
& o a® ®
etdeq
-_l.O..% id
i e (
e ®es b,
trentla gl O
Trete®enel,®
. : o "..t..:..:



Vo(2),[— exp — 5
[ VY, (2) vy, (2)

+
Vo (2) 2

y(2)

erf l — 1

0
B Rl e

C (v, }J{?) = (O for all v

H
2y,(2) 1 )
_ D By 0 «,
}{,(_Z = ¥ (7)) = 10(.\,) E
2 +vyi(z =0

Berger et al., New J. Phys. 16, 113025 (2014)

Perturbation theory
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How to get the physical solution in practice?

Y = Yo + Yosy, uly s"0 Ny, u] = —Fuy
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How to get the physical solution in practice?

Y = Yo + Yos[y, uly sy, u) = —Fuy
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What about real life?

Hedin's equations
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Iteration?

In analogy to:

E. Kozik, M. Ferrero, and A. Georges, arXiv:1407.5687
(2014).
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Hubbard atom, 2D Hubbard, AIM
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Functional of the dressed G?
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Stan, Romaniello, Rigamonti, Reining, Berger,
http://arxiv.org/abs/1503.07742



From Damascelli et al., RMP 75, 473 (2003)



— W and satellites, a life beyond the GWA
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Cohen and Chelikowsky: “Electronic Structure and Optical Properties of Semiconductors” Solid-State Sciences 75, Springer-Verlag 1988)

M. Guzzo et al., PRL 107, 166401 (2011)




— W and satellites, a life beyond the GWA
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M. Guzzo et al., PRL 107, 166401 (2011)



I - Removing nonlinearity

Approximating the Hartree potential

0G(4,4%:[])
d(5) p=0
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w(5) +
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Set of coupled linearized DEs (N-points)
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F=w-e L, W=v-e!and G}(1,2) is a Hartree G @ zero-potential

How good/ ba,d the linearization is?
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Relaxing 1-point in time — N-times

Decoupled differential equation

G(t1, t2; [7]) = Giy(t1, t2) + [ dts Gy (t1. t3) (1) G (ts, to: [§])

dG(ts, ta; [9])
6p(ts)

+ i/ dtzdts G (ty, t3) Wty , ts)

Iteration of the equation & ansatz for the solution
The iteration suggests an ansatz in the form

J"r tlatzilvﬂ]} {tl:ltz:l' FW{tl fE

f df/ dts VW T.' i’q
G{fl,rzj =0 = GH t1, t?

What can we use the exact exponential G for?

o Expanding the exponential G vields a series of plasmon satellites: beyond Gg Wy
spectral function'®
@ Exact G provides insights to tackle the full functional DE!
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Exponential solution: ¢ cumulant expansion

L. Hedin, Physica Scripta 21, 477 (1980), ISSN 0031-8949.
L. Hedin, J. Phys.: Condens. Matter 11, R489 (1999).

P. Nozieres and C. De Dominicis, Physical Review 178,
1097 (1969), ISSN 0031-899X.

D. Langreth, Physical Review B 1, 471 (1970).
Sodium: Aryasetiawan et al., PRL 77, 1996)

Silicon: Khelifets et al., PRB 68, 2003

Here: the first in a series of approximations
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Graphite valence double plasmon:

shift + broadening
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M. Guzzo et al., Phys. Rev. B 89, 085425 (2014)



Coupling occupied and empty states: more correlation

mi”" ”l[E\;_ Kf'KF 2.0
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Kas, Rehr, Reining (2014) Phys. Rev. B 90, 085112 (2014)



Coupling occupied and empty states: more correlation
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Kas, Rehr, Reining (2014) Phys. Rev. B 90, 085112 (2014)



_E‘J]Dﬂ

——=0nn

Oog
— _Sfag

SN

FEOnonoR gy }

Kas, Rehr, Reining (2014) Phys. Rev. B 90, 085112 (2014)




Independent particle excitation



Independent particle excitation
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— Correlation and occupation numbers
1.0 =

——— exact o8| N\ . 1 Hubbard,
AN i 14 filling
7777777 0.6 | ~_ S
04t — I
" //ff L o Nt Mg
00 = | 1 .
1 2 3 4 5
[{,'r_f 1) 1/4
Fractional occupation === we don't know — have to correlate

Di Sabatino, Berger, Reining, Romaniello
http://arxiv.org/abs/1409.1008



— Correlation and occupation numbers
1.0 =

————  exact osl \ . Hubbard,
\ e h R 15 filling
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. f
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Fractional occupation === we don't know — have to correlate

35 : T T
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250
L 20
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Di Sabatino, Berger, Reining, Romaniello l jt j\\ ﬁ

http://arxiv.org/abs/1409.1008



Spectral functions from density matrices?
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The “effective energies” o are approximated

with a series of commutators, following
Berger, Reining, Sottile, PRB 82, 041103 (2010)
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Spectral function

Hubbard, 2 sites,

t=1 15 filling
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Spectral function

Hubbard, 4 sites,
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Hubbard, 4 sites, Mueller fctl
15 filling
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Spectral function

Spectral function
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- DER: S. Sharma, et al., Phys. Rev. Lett. 110, 116403 (2013).




A direct approach
to the calculation of many-body Green’ s functions

—> The Framework; MBPT

— A direct approach
— Power of the 1-point model: structure of MBPT

— W and satellites, a life beyond the GWA

— Correlation and occupation numbers

— Conclusions




Palaiseau Theoretical Spectroscopy Group & friends

Matteo Guzzo, Ralf Hambach, Giovanna Lani, Claudia Roedl, Lorenzo Sponza,
Francesco Sottile, Matteo Gatti, Christine Giorgetti, Hansi Weissker, Giorgia Fugallo,
Marilena Tzavala, Igor Reshetnyak, Jiangiang Zhou, Adrian Stan

Lucia Reining

Toulouse: Arjan Berger, Pina Romaniello, Stefano di Sabatino
Berlin: Santiago Rigamonti
U. Washington: John Rehr, Joshua Kas

Synchrotron SOLEIL: Debora Pierucci, Matthieu Silly, Fausto Sirotti
Synchrotron ELETTRA: Giancarlo Panaccione

Synchrotron ESRF/U. Helsinki: S. Huotari

http://etst. polytechmque fr
http://www.etst.eu



http://etsf.polytechnique.fr/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63

