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The problem with satellites ..
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« Satellites in photoemission spectra are often (but not ~ eperimental photoemission spectrum of sodium

necessarllyl) plasmon excitations 5 spectral function A;(w), incl. semicore, GoW,, I
. o . experiment [1]
- Satellites are very sensitive to system details”! . — oW
cumulant [2]

* GW has a satellite: — not the plasmon satellite!

» Plasmons were previously explained with the GW+C
approachl*#l — modification of G

+ GW+C is limited to a coupling to plasmons

w

Ai(w) 1]
~

-

+ Alternative: Use vertex corrections (avoid cumulant) 20 -1 -10 = 0 5

w [eV]

Can we explain plasmon satellites by (dynamical) vertex corrections in W,
instead of the GW+C approach?
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Vertex corrections > = GWI ... ?
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« In the common GW-approximation™): I = 1
[ is needed to calculate > ("outer") and x ("inner")
* In a qualitative picture:

» The inner vertex describes the response of a the
system as fermionic

» The outer vertex describes the charge which feels
the response as a fermion ‘

M — % Approximate as —‘gfj(r(rtt)) = fio(r,r' t—1t) ‘ ! "

isG‘NY

+ Common in the past: Adiabatic LDA
FALDA o §(r — r')o(t — t')
« Commonly in GWT the f,.. is staticl>°!, but f,. should
be w dependent®° and not completely locall’ !

Can we include a g- and w-dependent f,. from TDDFT!"! in the GW

calculation?
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B P L | — TDDFT f,. of the HEG (tabulated®!): "2p2h-kernel"

Efo,]

— dominant feature of the kernel is a pole at 2w,

FIG. 1: The 2p2h kernel as a function of energy at
s =4 and at momenta starting from ¢ = 0.2kp up to

e steps of A — 0 Skr is showm. With — Using this f,.: plasmon and double-plasmon in S(q,w)!”

increasing momentum the lines are ()ﬂ\\\ in y-direction

by 1Ep. — fxc must be w-dependent to describe the double plasmon

[1] Panholzer M. et al., Phys. Rev. Lett. 120 (2018), 166402 . .
[2] Bohm H. M. et al. Phys. Rev. B 82, (2010), 224505 = This f,c kernel is both g- and w-dependent!

[3] https://etsf.polytechnique.fr/research/connector/2p2h-kernel
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Can we reproduce x,,», with a multipole model?
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» model reproduces X2 — systematically better than ALDA compared to experiment

X2p2h =
q=0.53 a;*
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« effect of £, in x is weak for small values of q = X is important!

In the small g, the £, -effect is small = Maybe in the outer vertex this is different?
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The outer vertex
+ Add analytical term of the same structure as the 2p2h-kernel

W) =[1+V+af ()xw)v =  L=GWI=GW

o is not a free parameter — determined from £, (w = 0)

without kernel including kernel cumulant!!]
spectral function Aji(w) incl. semicore, GoWo, I I 5spectral function A;(w) incl. semicore and 2p2h pole, Go W, I'40 (2):: k=0 (au)
- . - - e - *+—e Na-5k
— GoWo Ai(w) = —— GoW Aj(w) a=2.7 & 030
Re(Z] 2 -Re[7] o
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-20 -15 -10 -5 0 5 -20 -15 -10 -5 0 5 ol
w[eV] w[eV] w—p(eV)
— satellite peak # w, (~ 6eV) — satellite shifted towards w,
— Nno 2 * w, satellite — quasiparticle distance decreased

— 2* w, satellite appears

All seen effects are caused purely because of the w-dependence of f,!

[1] Zhou J. et al. Phys. Rev. B 97(3) (2018), 035137
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Conclusion

— The inner model vertex introduces 2w, in X
— The effect of the inner vertex is small for small g
— The outer model vertex predicts qualitatively correct spectral function
— The outer vertex shifts the plasmon satellite and creates the 2w,
— Vertex corrections with f,.(w) are a different way to get the same result as the
cumulant but open a possible route towards coupling to other bosons
— Other materials are not so close to the HEG
— if needed, a connector can be employed!

5spectral function Aji(w) incl. semicore and 2p2h pole, GoW, F4O
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local connector approximation for electron addition and removal spectra
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Thank you for your attention!
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