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From Atom to Solid: DMFT

Atomic physics Bands effects (LDA)

A A

NE N(B

B E | LDA+DMFT




DMFT: Self-Consistent Set of Equations
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Real Materials: LDA+DMFT
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LDA+U LDA+DMFT

Static mean-field approximation Dynamic mean-field approximation

Energy-independent potential Energy-dependent self-energy operator
V=Y]inmo>Ve, <inlm'c| 2(e) = Y |inlmo>X(g)?,, <inlm'c|

mm'c mm’'c
Applications: Applications:

Insulators with long-range Paramagnetic, paraorbital

spin-,orbital- and charge order strongly correlated metals

short range spin and orbital order

Cluster LDA+DMFT approximation
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Spectral Function Fe: ARPES vs. DMFT
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General Projection formalism for LDA+DMFT
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HTSC: from LDA to 1-band model
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SCF-LDA+DMFT

— DFT part | - - 'DMFT prelude
. * update my . , 1
: . n . .-
from charge density p(r) construct - {xgm)} - build Ggg = [z’wﬂ +p+ E’; _ VKS]
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Continuous Time QMC formalism

Partition function and action for
fermionic system with pair interactions

S :”t{'cr*.crdrdrurjI”w{l'rlzr'zc:.lcrlcr*.zc@drldr'1drzdr'2

= {ri ) [ar=[dr Yy

Splitting of the action into
Gaussian part and interaction S = So +W

Z =Tr(Te™®)
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o' -- additional parameters, which are necessary to minimize the sign problem
.
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Continuous Time QMC formalism

Formal perturbation-series: 7 — Zj‘drj‘dr J‘erkJ‘dr Q. (nr.
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Since S, is Gaussian one can D can be presented

—

apply the Wick theorem as a determinant g0
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The Green function can be g~.(k) =
calculated as follows '

<T(cr.1c1— r) (e, e —a

In practice efficient calculation l
of a ratio is possible due to «<—— ratio of determinants

fast-update formulas
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Random walks in the k space
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Wannier - GW and effective U(w)
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Co on Cu: 5d-orbitals QMC calculation
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Beyond single-site DMFT
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Cluster DMFT
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AFM and d-wave in HTSC
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AFM and d-wave in CDMFT (2x2)

G (k,iw) = [iw + p — h (k,iw)] 1
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Coexistence of AFM and d-wave
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CDMFT and DCA: phase diagram
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Cluster DMFT and beyond

i}é&%&%‘/ gﬁ? short-range fluctuations
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How to include exact k-dependence for correlated systems?

- Dynamical Vertex Approximation (K. Held, M. Jarrell)
- Dual Fermion Approximation (A. Rubtsov)



Beyond DMFT: Dual Fermion scheme

General Lattice ActionHH = h 4+ U *
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Dual Fermions

Gaussian path-integral

/ DIF* Tlexp(- T AT +7 B+ BT) = det(A) exp(c*BA-1B7)
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Basic diagrams for dual self-energy

. A, -
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Lines denote the renormalized Green'’s function.



Condition for A and relation with DMFT

GdfGDMFT-g
N

To determine A, we require .
that Hartree correction in dual variables vanishes. ¢ =0
If no higher diagrams are taken into account, one obtains DMFT: u

Zggw:o ’Z[gw—(hk—Aw)_lrlzo
k k

Higher-order diagrams give corrections to the DMFT self-energy,
and already the leading-order correction is nonlocal.

b
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Convergence of Dual Fermions: 2d
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H. Hafermann, et al. PRL102, 206401 (2009)




2d:  Im 2(k, ©=0)

Im %(0,7)=-0.08 Im 2(0,r)=-8

U=1 U=2

Hubbard model with 8¢ = 2, 3 = 20 at half-filling.
Data for Im > at w = 0.

A. Rubtsov, et al, PRB 79, 045133 (2009)



shadow bands

Dynamical AF correlations

DMFT

(m,7)

noﬁunﬁm ﬂmhpumam

Dual Fermion 24
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H. Hafermann, PhD (2009)

=0.2t, n=1

U=8t=W, T



Pseudogap in HTSC: Ladder-DF
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Arcs In HTSC: Dual Fermions
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2d: U=W=2



Bethe-Salpeter Equation

Electron-hole channel
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Susceptibility: 2d — Hubbard model
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Bethe-Salpeter equation: pp—channel
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Weak-coupling perturbation: FLEX
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d-wave symmetry of the eigenfunction: DF

H. Hafermann, et al, J. Supercond. Nov. Magn. 22, 45 (2008)
U/W=1 t'=0

max 035
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0
LDFA can reduce Tc due to formation of pseudogap (in progress)



Conclusions

Dual Fermion expansion around DMFT can
efficiently interpolate between weak and strong
coupling

Antiferromagnetic pseudo-gap and Fermi-arcs
describe well in ladder DF-scheme

d-wave pairing for overdoped regime can be
analysed in simple DF, while for underdoped
Imit the cluster-DF or ladder-DF is needed

Realistic multiorbital LDA+DF for correlated
nigher-T, materials (Fe-As) Is a next challenge:
work In progress.




