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Outline

Some motivations

Combining GW and Dynamical Mean Field
Theory (DMFT): a functional point of view

Towards a first principles method for correlated
materials — some open questions

Combining GW and DMFT: a simplified
Implementation

Application to ferromagnetic Nickel
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LDA+DMFT

 LDA Hamiltonian in a localized basis
 Hubbard interaction term for correlated orbitals
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e treat within DMFT
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In nature ...
 long-range Coulomb interactions
« self-energies are non-local

Can we

» treat long-range Coulomb interactions in an ab
Initio way?

* avold double counting correction terms?
* Include non-local corrections to the self-energy?

— “GW+DMFT”
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A functional point of view
[Chitra & Kaotliar, 2001, Almbladh et al. 1999]

NG, W] = TrinG —Tr[(Gg ' — G HGE

1 1 _
—5Trin W + §Tr[(V_1 —~ W HW] + ¥[G,W

Free energy I' is a functional of

e one-electron Green’s function
G(I‘, I‘l; T — T,) = _<TT w(ra T)wT(rla 7—/)>
» the screened Coulomb interaction
W=V -VxV
G = bare (Hartree) Green’s function
UG, W] ~ [\ da [ drdr{p(r,7) : i (r, 7)(r, ) )
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Approximations to V|G, W|?
Extended DMFT (“E-DMFT™):

VpMmFT [G, W] — \Ijimpurity[Gimpuritya Wz’mpurity]

GW:
\Pgw[G, W] — —%TTGWG

Combine E-DMFT for local part with GW for
nonlocal part:

Vowpmrr|G, W] =
Upyrr|G, W] + Wgniocal [ G T

NB: “local” = “onsite” Is a basis-set dependent notion!

nonloc RR’ 11/RR/ R'R
ey ~ [ dr ZLi ZR;&R’ GLlLQWL1L2L'1L'2GL'2L2
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GW+DMFT: local part

W ipn |Gy Wimyp| Calculated from local impurity
model:

S — =/d7‘d7’ { Z QLL, —T’)CL’(T’)

+ Z CL CL2 Z/{leLél(T — ’7'/) : CES(T/)C]

Ghry = —(Trer(r)eh(7)s
XL LyLsLsy = <: 621 (T)CL2 (T) X 623 (T,)CL4 (T,) :>S

Wimpy = U —UxU
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GW+DMFT (contd)

Combine local self-energy and polarization

S = 516Gy = G — Gk

1mp 1mp
Pz'mp p— —25\Ifzmp/(5W2mp — Z/{ ! W !

1mp

with non-local self-energy and polarization:

Yk, dwn) oy = Sgw (K, iwn) L
— Y SEv(k,iwn) L + (S5 (iw,)]
k

PGW(q7 iVn)aB

— > P, wn)ap + P (ivn)ap
q

P(q7 iVn)ozB
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Self-consistency condition

Gloc(iwn) — Z[GH_l(kv iwn) — Zxc(kv iwn)]_l

vvloc(iyn) Z[Vq_l i P(qa iVn)]_l

Update Weiss field and impurity interaction:.

g—l — loc _I_ szp
U =W+ Py

loc

Iterate until self-consistency ...
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Self-consistency loop

Impurity model :
G(1),U(T)
1
L Ciimp
T |
Update Combine :

-1 _ G—l + Zimp D — Zfimp L Zg(ﬁl/local

loc

&
Z/{—l _ W—l + Pimp P — Pz'mp i Pg{o/'[)/zlocal

loc

T !

Self — consistency

Gloc — Zk[GH_l — Zxc]—l
Wioe = Zq[vq_l — P]_l
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Challenges and questions

 Global self-consistency?

e Treat all orbitals — localized and delocalized — on
equal footing?

» Choice of orbitals? Hamiltonian? Downfolding?

* How to solve the dynamical impurity model?
— P.Sun & G.Kotliar
— S. Florens, work in progress
here: static approximation
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A simplified implementation

Non-selfconsistent GW + local > from static impurity
model

o

loc(iwn) — Z[GH_l(ka an) _( %CW)non—loc
k

1
I (Zimp,a I

T S (0) + Vi)

Nonlocal part: correct Hartree by GW
Local part: correct LDA by DMFT
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Simplified GW+DMFT

Ni band structure

Majority

Circles: GW+DMFT
Dashed: LDA

Triangles: photoemission data
(Blinemann et al. 2002, Martensson et al., 1984)
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Simplified GW+DMFT:

Spectral function of Ni

™ E-E_[ev] ©

Majority and minority spins
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Conclusion and perspectives

Combination of GW and DMFT ...

« describes long-range interactions in an ab initio
way

* Includes non-local self-energy effects
Questions and perspectives:
» Dynamical impurity models in realistic context?
 Effects of self-consistency?
 Choice of orbitals, Hamiltonian?

An exciting new field with many open problems!
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