e-e interactions for strongly -and not so strongly-
correlated materials

Outline:
 Method to solve HH

*Charged excitations — photoemission from valence and core states

*Neutral excitations — XAS and XMCD

Franca Manghi

nanaStructures and binSystems at Surfaces
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3-body scattering
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A(hw) = — 3V, U  horn i .
W — €L ! th*’ V tf,ul’ ut! 1983: born in Japan Igarashi
o J. Phys. Soc. Jpn.52, 2827
(1983)
E(W) 90s: developed in Modena
NiO PRL 73 3129 (1994)
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Ni: PRB 56 7149 (1997) ...




Diamagratically:

@ — ammmss O + where
and
S - + + +

self-energy is the result of multiple h-h and e-h scatterings



In practice:

e Input: band structure

(Egrcgfaﬂ:naT@ﬂ) and U; ‘

e free propagators

Ey Er  n. i (€)ngi (€
6 (w) / ae [, ol (€)1 ( )
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e T-matrices
f U 3 U
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e kernel

, Ef H y
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, Ey , ;
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In practice:

e solve the integral equation

o0

A%(w,€) = BP(w,e) + | déng (€)K*(w, e, ) A (w,€);
Ey

e orbital self-energy
E : oy - T oA L .

e K- and band-index dependent self-energy

ST (kn T,w) =UY_ |Ch (k)| [Zf denqy(e ()]

B




For small U analitically recovers 2nd order perutbation theory
*For infinite U reproduces the atomic limit

«Kanamori T-Matrix approach is its limit for almost fully occupied band

For intermediate U:

INPUT OUTPUT
no(€) ':> ':> Y(w) G(w)

1 1
no(e) = _ImG(w) Y

Self-consistent procedure to update SP energies — same effect
as correcting them with Real 2'only (!)



METAL — INSULATOR TRANSITION
IN MODEL SYSTEMS
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Metal Insulator Transition

U=W U=2W

1 1
Alk,w) = —1
(F,w) T mw—eo—E(w)
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Real materials : DFT+3BS



Paramagnetic NiO

3BS 1994
FM et al PRL. 73, 3129

|
|
-15 -10 -5 0

DMFT 2007
J. Kunes et al PRL 99, 156404
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D\ o(@) (Arb. units)
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FM, V. Bellini, J. Osterwalder, T.J. Kreutz, P. Aebi, C. Arcangeli PRB 59, R10409 (1999)
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Intensity (arb.units)

About the strength of correlation effects in the electronic structure of iron

J. Sdanchez-Barrigal!, J. Fink!2, V. Boni 2, I. Di Marco®”, J. Braun®, J. Mindr®, A. Varykhalov!, O. Rader!, V.
Bellini®, F. Manghi®, H. Ebert®, M.I. Katsnelson®, A. I. Lichtenstein”, O. Eriksson®, W. Eberhardt!, and H. A. Diirr?
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Photoemission from core states:
how to recover the core multiplet structure in the solid state
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Core Level photoemission from Ni 2p in NiO

Rozzi, FM, Arcangeli, PRB 62 R4774 (2000)

DOS

ul

(a)

-10 -8 -6 4 -2 0 2
Energy (eV)

TABLE I Coulomb integrals (eV) mvolving 2p and 3d N1

4

Selfenergy (eV)

Pl (b)

1

o |

Spectral function

-866 -862 -858 -854 -850 -846
Energy (eV)

TABLE II. Exchange integrals (eV) mvolving 2p and 3d Ni

orbitals. orbitals.

[’Fm’ d.\'}‘ dj‘_' d:.\' ‘5‘{.\'2 —‘1‘2 d:2 ‘Im’ d.\'y d}': d:.\' d.\'2 —_1‘2 d:2
P, 1.42 1.37 1.42 1.42 1.39 P, 0.05 0.01 0.05 0.05 0.02
Py 1.42 1.42 1.37 1.42 1.39 Dy 0.05 0.05 0.01 0.05 0.02
p- 1.37 1.42 1.42 1.37 1.43 p- 0.01 0.05 0.05 0.01 0.06




Ni 3s XPS in NiO Mn 3s XPS in MnO

— ~ spin up — - spinup
~— experiment
— spin down

— spindown
+— experiment

Spectral function (arbitrary units)
Spectral function (arbitrary units)

T 1 T 1 T 1 T T L . e e D
-128 -124 -120 -116 -112 -108 -104 -100 -112 -108 -104 -100 -96 -2 -88 -84 -80 -76
Binding energy (eV) Binding energy (eV)

3s line shapes can be reproduced within a solid-state picture that includes both the
itinerant character of valence electrons and the atomic-like Coulomb interaction
between valence and core states. Multiplet splitting -dominant in the case of MnO - is
reproduced and interpreted as the result of a band-structure effect.

C. A. Rozzi, FM, and C. Calandra PRB 72, 125106 2005



XAS and XMCD



Absorption cross section
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2. Let hole and particle interact
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XMCD at the L,,; edge of iron
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h-e attraction

assume the excited states of the N-particle interacting system to be a superposition
of single particle states with one core hole and an electron (Tamm-Dancoff) and
express the Hamiltonian in this basis to get two particle eigenvalue in the presence

of e-e interaction
cn (k)

| o | | N pd|™~ ao
A — . W h T’. o \! - T
Er_.knr_‘r Er:,-’f.:n-o' + Tk””(w) WHeTe e (W) ; I L"j_:rd'ng(w)

2

Since the two-particle energies enter the definition of the two-particle propagator as

( ) — XOR (w) _
Xckno\W ) = . crne - w-—F |
. Eck‘ﬂ-ﬂ' N ") e Erzk‘nr_}' + )

we get X R (u;) L .XLL‘.J:IE-R.U (u"})
Chna - -
( 1 — 'XEM_J (w ) Tkmﬁ' (W)

N

Bethe Salpeter eqn. () ,p.p0(w) = ngﬂg (w) + ngﬂ_g(w)ﬂmg(w)Qck-n_g(w)
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Collaborators:

Valerio Bellini

Carlo Andrea Rozzi 3BS development
Andrea Ferretti

Valentina Boni

Lorenzo Pardini XAS and XMCD

Claudia Ambrosch-Drax|
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*3BS is an efficient way to describe short range e-e correlations in
model systems and real materials in all correlation regimes

oIt describes quasi particle energy renormalization (real 2) as well as
Incoherent states, QP quenching, Ml transition (Im 2)

*Results for core and valence states (hole and particle propagators)

«Can be extended to describe neutral excitaions (XAS and XMCD)
and to include excitonic effects



