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DMFT and beyond
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First things first: Bands
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high-T. cuprates
Pavarini et al., PRL 87, 047003 (2001)
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high-T. cuprates
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The parameter “r”
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high-T. nickelates?!?

The crackpot approach to high T. superconductivity...
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high-T. nickelates?!?

The crackpot approach to high T. superconductivity...
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Fermisurface of LaNiOz/LaAlO3
Correlation effects on the Fermi Surface
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Fermisurface of LaNiO3/LaAlO;

Correlation effects on the Fermi Surface
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Fermisurface of LaNiO3/LaAlO;
Correlation effects on the Fermi Surface
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@ metalic single — sheet surface situation
@ but Fermisurface remains mixed!
@ “sheet selective” transition
[§ PH etal, Phys. Rev. Lett. 103, 016401 (2009)

[d PH et al., Phys. Rev. B 82, 235123 (2010)
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Wannierfunctions from NMTO
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Disclaimer:
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Disclaimer:

Four to two bands...

With “Lowdin” downfolding and Taylorexpansion of:
e 0 iV/3tyg sin ( —iV/3lyg sin (%)
0 Eaxial ftog Sin (kz ) ftog Sin (?y)
—iV/3lyg sin (%X) —itpg SIN 7 €p 0
i/Blog sin < y) — ity SN 7y 0 p
(dp-Ham.): N=4pe~ +1de” =5e~ (d-Ham.): N=1de™ =1e~

P. Hansmann d vs. dp models



Intro Nickelates Emery Summary

Disclaimer:

2.0 2.0
4.0 4.0 |
6.0 \\/ 6.0 \ /
. J
e ceo "
N AN
V3/2 -ty 172ty 4 band TR
_— — \* *
2 band | X0~
Bos| [ | downfolded effective orbitals
20 >\ 20 —
s Yl s
= Il =
] m (/]

0.0 0.0

-

A\

\©
X M r X M

r r
(dp-Ham.): N=4pe~ +1de” =5e~ (d-Ham.): N=1de- =1e~

P. Hansmann d vs. dp models

-



Intro Nickelates Emery Summary
Disclaimer:

-6.0

-2.0

-6.0

K ceo z
3oy 75, | 4 band i v
S—— 2band |44

N
o

LA
— X : ‘

r

X M r r X M

r
(dp-Ham.): N=4pe~ +1de” =5e~ (d-Ham.):N=1de™ =1e~

P. Hansmann d vs. dp models



Intro Nickelates Emery Summary

d vs. dp Hamiltonian

2band Ham.
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d vs. dp Hamiltonian
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It's actually about d- density and Hund’s coupling!
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It seems clear... Or not?

M.J. Han et al., PRL 2012

10 .
@y eV ®OU=4eV,
05 05
5 00 O 5 oo O
~0s -0
-10 — 1L
Z10 05 00 05 10 210 —05 00 05 10
iz kr
10 1
oU=6eV aU=7eV
05 05
5 00 O 5 00 O
E; E;
_os —o0s
o -10
~10 05 00 05 10 Z10 05 00 05 10

decreasing polarization
for larger U!
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It seems clear... Or not?

In summary, we have shown that in a realistic many-

MJ Han et al - PRL 2012 body model of nickelate heterostructures, it is essentially
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It seems clear... Or not?

fyno

f,m0

f,m0
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fro

Mya_ y2 — Naxial

Nya_ y2 + Naxial
Pd > 40% Pdp ~10%

ﬁ E. Benckiser et al., Nat. Mat. (2011)

Ia E. Benckiser et al., arXiv 1308.6389 (2013)
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It seems clear... Or not?

Summary
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Py > 40%
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It seems clear... Or not?
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IV. CONCLUSION

In summary, we have shown that tensile epitaxial
strain can enhance the occupation of the 2% —y? orbital to
25% in nickelate superlattices. The combined analysis of
XAS and resonant reflectivity at the Ni L edge revealed
that strain induced by the lattice mismatch with the sub-
strate has the largest effect on the orbital polarization.
Especially when combined with other control parameters
such as the conduction electron density in the LNO lay-
ers, the prospects for orbital engineering of the electronic
properties of the nickelates and other oxide superlattices

are therefore brighter than suggested by recent experi-
mental and theoretical work.

ﬁ E. Benckiser et al., Nat. Mat. (2011)

ﬁ E. Benckiser et al., arXiv 1308.6389 (2013)
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More questions than answers...

@ d and dp basis sets give qualitatively different result
@ d Ham. at quarter filling: large orb. polarization

@ dp Ham. with Ng>1: polarization spoiled by Hund’s
coupling

@ Experimentally there seems to be hope
@ Control of effective Ny with strain, ...
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Emery model revisited
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Cuprates in the Emery NMTO basis

5 [[NOMTO — =7 [J=nmo 5
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@ axial band — WF tails on the oxygens...
@ ... and so is the materials dependence.
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Cuprates in the Emery NMTO basis
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@ axial band — WF tails on the oxygens...
@ ... and so is the materials dependence.

proceed with DMFT for both cases:
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Cuprates in the Emery NMTO basis
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@ N1MTO & NOMTO “never” insulating

@ Inclusion of Uyq (here with Hartree) might be important...
... likely, however, there is even something beyond.
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How to obtain the interaction parameter?
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In RPA (random phase approximation)
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How to obtain the interaction parameter
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How to obtain the interaction parameter
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Also intersite interactions can
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[§ P Seth, PH, et al., in preparation (TM, 4f, 5f)

ﬁ PH, L. Vaugier, and S. Biermann, in preparation (cuprates)
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More is not always better...

Conclusion

@ We have downfolding of the single particle part
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More is not always better...

Conclusion

@ We have downfolding of the single particle part
@ We improve upon calculate interaction parameters

@ Larger basis sets might need more than DMFT

o full charge self consistency
o self consistent GW+DMFT
O ooa

P. Hansmann d vs. dp models



Intro  Nickelates Emery Summary

More is not always better...

Conclusion

@ We have downfolding of the single particle part
@ We improve upon calculate interaction parameters

@ Larger basis sets might need more than DMFT

o full charge self consistency
o self consistent GW+DMFT
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