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| atest developments

|. Projectors and locality of correlations

2. Exact double-counting of DFT+EDMFTF : PRL 115, 196403 (2015).

3. Stationary free energy functional (within Embedded DMFT approach) for structural
optimization, PRL115,256402 (2015).

4. Implementation of Forces within E-DMFT functional for optimization of
internal structural parameter, arXiv:1602.02819.

5. Some details on the structure of the code.
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Reminder: LWF and indirect approach

Basic variable is Green’s function: == dynamic analog of charge density

Grr,x'r') = (L (' )p(r, 7)) p(r) = G(rT,r7)
Luttinger—-Ward functional (1950):
F{G}] = —Tr((Gg' — G™HG) + Trlog(—G) + ®[{G}]

: | _
material dependent term -

universal functional
Gal(r, r’) = [w+ p+ v2 _ Vope(1)]6(r — r’) independent of material

expressible by the perturbation theory

®(G| Is asum of dll connected two particle irreducible
Feynman diagrams (skeleton diagrams).

O|G] = 127 +1/2 +1/4<:>+C> . legend: .
© (r—r') =




Other approaches in LW language

Density Functional Theory: (I)[{G}] — EH [p] —+ EXC[/O]
Exact DFT appears as \

an approximation to the Green'’s function!

Emc [{p}] local to a point in 3D space in LDA —

Hartree—Fock approximation: (I)[{G}] e 1/2©; +1/2
@,
- A

RPA& [{G}] CIDHF _|_ 1/4 | +1/30 Q...+...+1/GOO QO+

Gw: SE

Dynamical Mean Field ®[{G;;}] = Eg|{p}| + ®[{Gii}]
Theory:

all local Feynman diagrams
(in fully dressed perturbation theory)
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Functional Point of view

P Y

DMFT for lattice models:
PG} — Z(I)[{Gm}]

i [S site or cluster

DMFT for continuous problems:

G} — > P[{Pr,G}]
R;

Need to define projector to site (or cluster): PR,L-
DMFT is projector dependent approximation



How is correlation potential determined?
Solid with 1022 L DA

electrons To determine e-e correlation
' potential,
each point in space

is mapped to

@ uniform positive
background

< electron cloud

© © ©
© 0.0
ko

Electron gas problem

In DMFT we want to lift the restriction and compute all
correlations local to a given site (not given point in space).

- ‘9.0 ¢
PR’L’ S —_®’¢—_®

<
‘@-9-0-

projector defines what is a “site” in DMFT,
typically an ion with open d of f shell.



The continuos DMFT problem

DMFT approximation:  ®[{G}] = »  ®[{Pr,G}]

in continuum requires discretization of projector,

Pr, = Pr,(af) = /drdr’PRi (afB;rr’)

for example:  Pr,(aB) = /drdr’qba(r - R;)¢oj(r" — Ry)

where ¢o(r —R;) = (rl¢;,) forms a basis on a given atom

so that:

ocal (T, 1) =) (r[6l) (8 |Glos) (5r')
af

quasi atomic orbitals

(locally complete set) «, 0 are orbital-spin indices



HOW LOCAL ARE CORRELATIONS?

Correlations are local in large d (large connectivity z)
where DMFT Is exact -- Weiss mean field theory

i

Z Jii8:S;
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What about finite D! VWhat about 0!

Molecular hydrogen: H,

H> molecule: O2_o



How local are correlations ?
0-D test of the single site DMFT.

Molecular hydrogen: H,

Archetypal problem of strong correlations:

DMFT exact in © D, or large connectivity Z

.\K).

It is not expected to be good for low—D problems [s]
(like H2 molecule)
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Total Energy [Ry]
N
o

—2.2f

Juho Lee, KH, PRB 91, 155144 (2015).

HF+DMFT

| (both electrons at the same nucleus)
<«

\ the breaking point of the molecule

‘\ -2.30
| LDA+DMFT
—2.32F d
| |exact
I\ —2.34+
12 14 16
x Rla.u.]
\ S 3
S
e
‘ , v v HF
/"/ a a2 | DA
- GW
a = HF+DMFT
R e o LDA+DMFT
‘h!"'
~ - exact
I : 7 5
R[a.u.]

R—Hartree—Fock fails

— <€ LDA and GW fail at large R too

................................. some cluster corrections needed at

DMFT captures exact atomic limit
accurate at large R!

Error of total energy using LODA+DMFT <0.2%!



DFT+Embedded Dynamical Mean Field Theory &

P[G] =TrlogG —Tr((Gy ' — G HG) + EJ ] + )M [Groeat] — 2 [procall

o] t

Green’s function

Gyt = liwn + 14 V? = Vaue (r)]6(r — 1) sum of all “local”  double-counted
non-interacting part of G Feynman diagrams interaction
Hartree + XC  for correlated ions. (we know exactly)

functional

I'[G] Is stationary and gives free energy of the system.

OTIGT _ ) because G — Gol + Vips xcd(r — ¥')5(r — ) +

oG
R DMFT . DC
+ P5(I) [Glocal] . P(S(I) [plocal] (5(1, o I‘/)5<T o 7_/) — O'

5Glocal 5,0local

Stationarity : 1st order error in G leads to 2"d order error in free energy.

Note: Migdal-Galitskil formula gives non-stationary total energies in DFT+DMEFT.



Embedded Dynamical Mean Field Theory Functional

T[G] =TrlogG —Tr((Gy' — G™HG) + B ]

We extremize a DFT-DMFT functional in real space: no need
to build tight-binding model Hamiltonian ( Wannier orbitals ).

To determine e-e
correlation potential,
each point in space
is mapped to the uniform
electron gas problem.

Solid with 1023
electrons

+ Vomrr

LDA

To determine e-e
correlation potential,
each atom is mapped to
auxiliary quantum
impurity
problem

Note: The trick of mapping is used only to determine the exchange-correlation

potential, while the kinetic energy and Hartree term are always treated exactly.

CI)DMFT [Glocal] — O

9.0 ¢
/’Q @ o
@-0-0-
E-DMFT
CRCIK-YE

— —@¢®<
0.6 0.

H+XC
Vomrr

[plocal]

uniform positive
background
+

electron cloud

Auxiliary problem is a
non—interacting problem
in self-consistent
medium

electron cloud
+

interacting ion

Auxiliary problem is a
“interacting atom”
in a self-consistent

medium/entanglement

Quantum impurity model
solved by Monte Carlo




Embedded Dynamical Mean Field Theory Functional

Discretized problem can be handled in similar way as a lattice models.

Extremization:

H+XC 5 I'I'/aI‘— iGI'I'/ (0l _ .
2 PUGY = (o G- T(65" — 6@ + Db O2m Do) drdron(x Z RICETIGHL ~ R}

0G 0G
0 R, PV e L) drdr’ ga(r — Ry)p(rr' )¢5 (r' — Ra)}]
or 0G
0 1 0 5+XC[P]
— TG =G ' -Gy' + —= S(r—r)o(r — 7/ p(r) = 6(r —r')o(r —7)G(rr,x'7)
Sealte}] DT (r = )3(r — ) ( )
i G ,
n Z VD(;\giT [{ local}] ¢a(r . RZ)QbE(I' . Rz)
afB local B
5(1)5;]\5;2 [{plocal}] N
) gﬁ: 5pl0cal,3a ¢Oé(r B RZ)CS(T - )¢5(I’ N RZ>}] — O
finally
G™' =Gy = Virxe(r)d(r —1)o(r — 1') — (r|¢g) (B = VP)ap (91
m 5¢ DMFT [{Gioca }] 5@H+XC oca
where = Tg’ = — 2t gnd  yh0 = TVpurr SLEETIPTeY

local Ba 5plocalﬁa



Embedded Dynamical Mean Field Theory Functional

G = Gy~ Virsxe ol — ¥)3(r —7') — (r|i) (57 — VPO)oq (4511

DFT quantum impurity S. embedded
m 5(I)VDMFT [{G; l}] 5(I)H+XC [{Pl l}]
where Zu5 = o vDC _ O PVpupr WPlocals] o
’ 5Glocalﬂa and op 5plocal/3a (T ! )

On each correlated site R;we have to solve a simp _ 0Py rr {Glocal}]
quantum impurity model with a3 orbitals 7 0G ol ga

And Embed self-energies to continuum space by (r[¢4) Sug? (d5r)

Notice that once the projector is defined,

P,
embedding Is uniquely given by the same matrix 2 &
e|emeﬂt5 Of ,PRI (O&ﬁ, I'I") — ¢a(r . RZ)¢E(I./ . Rz) Pi = Ei




REQUIREMENT FOR STATIONARITY

Projector should not depend on the solution

Return to definition
of the projector:

Glocal,Ri,aﬂ — / PRz (O‘B; I‘I")G(I‘I‘l>

Return to saddle point Eq.

5(I)DMFT[{Glocal,RZ~}] _ / 5¢[{Glocal,Ri,a5}]

5G(rr’) 5Glocal,Ri,aﬂ
o 5P S
Here we implicitly assumed that — =0 or 9% —Ri) _
0G 0p
otherwise more complicated terms would appear...
. oP . . . . .
Requirement: 55 =0 Isnot satisfied with Wannier functions

because they essentially depend on the charge, and hence on G.




Double-Counting

Approximation A |

Some part of exchange/correlations counted in both
approximations.



Double-Counting

H{CHEI o+ D Pvprrr {Glocatl] = Pprey {Plocar)]

Exact R;Ecorr
functional J * ‘
approximated Sum of all skeleton diagrams
LDA functional local to correlated ions DC : intersection of DMFT
1

and LDA approximation
Hartree: E&[{p} == / drdr' Vo (Jr —1'[)p(r) p(r”) PP

5 .
| DAXC: Pvel{G} = Exa[{p}] = / drp(r)ey (p(r))

®PMFT sums all Feyn. graphs (just like the exact ®)

DM FT (I)Vc [{G}] — Pvparpr [{Glocal}] but uses only Giocal and screened interaction
instead of full G andVc

—A|r—r’| .
(&
Vomrr(r —1') = T O[Grocair,] = 1/2 ] +1/2‘, +1/4<:> @ .

example of screened Coulomb repulsion ’



Double-Counting of Hartree

1
Exact Hartree: EXJ;IC lp] = B /drdr’VC(|r — I'/DP(I')P(I'/)

NN\

mati density projected &
LDA approximation DMFT (JDDI’OX[m(]UOn y proj
. Interaction screened

,0—>PP & VC—>VDMFT

NN

Exact Hartree Hartree term included
1
BiLI) = 5 [ drds'Vo(ir v/ p(r)p(x')

Efivrrlel = 5 [ dede'(Po)(Ppa')Vorrer(s v

This approximation for Hartree term appears in @PMHT

Double counting to subtract is the DMFT approximation for the Hartree term:

PO o} = / drdr’ (Pp(r))(Pp(r'))Vparpr(r — r')



Double-Counting of

BX]p] =~

/ |

Exact Exchange:

-xchange

/drdr’p(r, r')p(r’,r)Ve(jr — r'))

NN\

DMFT approximation

density projected &

T, exchange of electron gas,
a l matching electron density

Ep = (21°p)*?/(2m) and

d3k k2
0 / ik(r—r’) -
Po(r,T') /(27r) ¢ f(2m Er)

EVDMFT

1

Efoalsl =~ [ drds* 1) 6 Ve — ')
0.9163 Ry

Efpalp) = BTSNV
(7P)

BV yer 1P} = o \P

oy Ja (3 it

— 5 X @ulelol) Gl [ drdr'ol

m,m’ ,m’’ m'’

:_% S

m,m’,m’’ m'’

/

(O] p| b

Pmm/ Pmsrm 1t \Pmy1r Py

mteraction screened

NN\

drdr Pp r,r')) (Pp(r r))Voumrer (e —r'|)

(X [ @) (Drrarr | | Dlygrrr) (Bl I >VDMFT r—r')

(£)m (X )WWorrpr (r —t')dpn (x) b, (r)

VoM ET| P D)



Exact Exchange:

Double-Counting of

1

LDA approximation:

2

/

-xchange

B¥[p] =~ [ dvde' e, p(x' 0)Ver( — )

NN\

DMFT approximation

density projected &

exchange of electron gas,

Ep = (21°p)*?/(2m) and

i) = [

Efoalsl =~ [ drds* 1) 6 Ve — ')

l matching electron density

Pk ey o K Eir
We k( )f(2_ — EF) Voarrr )

1

) Interaction is screened in DC term ...
2) Use projected density in DC term -

.....
0
..........
..................
........
.
.
.
.

.
.
‘e

1

.
L

cpun

Result is: PC:X _ -3 / drdr’ p°(r, v’ )po(r’r}j{p mer(r — r’)“,i-

interaction screened

1

-2 /drdr/(PP(h ') (Pp(r',r))Vpyrr(r —r'))

Intersection of both approximations: apply both approximations to the functional
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ff?f.‘.'.’.."'):/ et G, — B Br = (2n%(Pp)*'2) /(2m)



Double-Counting of Correlations

KH, PRL 115, 196403 (2015).

(I)e:cact [G, VC] (beyond Hartree)

e
LDA approximation DMFT approximation
map to electron gas problem point by point in exact @ replace G — PG
l l Vo = Vourr
peetron=00s(p, Vo) = [ drp(r)eke (p(r) Pvprsrr [{Glocal}]

\ /

intersection of both approximations:
electron gas problem with
projected density and screened interaction

W "4
[electron—gas PP = pioc; Vomrr| = /drPloc(r)ggDMFT (Ploc(r))

1
DOUble (I)Dc[plocal] — 5 /drdr,plocal(r)VDMFT(r _ r,)plocal(r/) +

counting:
& ‘|‘/dr/0local(r)€¥c?MFT [plocal(r)]

electron gas interacting with screened Coulomb interaction



Stationary Free Energy Functional &

For numeric stability, the stationary DFT+DMFT functional
is needed but the implementation is challenging.

ST[G/6G = ()

I'[G] =TrlogG - Tr[(Gg' = G™")G| + E” [p] + E*[p] + @PMT[PG] = DPC[Pp] + Enye-nuc

Can be computed from frequency T
dependent band structure gkwn 4 Very hard to compute

Idea : Use the free energy Fimp of the auxiliary impurity problem:

Fimp = Tr lOg Gimp — Tr<zimpGimp> -+ (I)[szp] and (I)[Gimp] == (I)[pG]

Fuotia = Fimp + Trlog G — Trlog Gimp + B + EXC + Eue—nue — P [{Pp}]

dA |
Fimp = Tr((A + imp — wn——)Gimp) + ELore™ % — T Sy,

For the impurity problem dw,,

we can compute with CTQMC
very precisely all
necessary quantities

Eimp(Ts)  Eimp(T /T
Simp(T) = Simp(Ts) — ;i >) + ;< )—/1/T Eimp(1/8)dB

Details of the implementation in supplementary of PRL115, 256402 (2015).
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-xample SrvOs X

LA R

.v‘

__Stationary free energy

500 '
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256402 (2015).



Isostructural transition in elemental Cerium

Temperature (K)
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to 30 GPa, 1350 K

Pressure (GPa)

t12 (g)
- cF4
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-mbedded Dynamical Mean Field &
Theory Functional

Stationary Embedded DMFT functional extremized in real space.

|

Free energy functional can be analytically differentiated to give forces
on all atoms.

|

Can predict complex crystal structures



Force on all atoms from derivative of the functional

ST[G] /3G (@rp}) (8F[G]>
SR, oG ), OR,, )
\vanishes
oI'{G} 0
‘R,  OR,
— 0 <_Tr (hw +pt V? - Viue(r)]6(r — I‘/)G) + Enuc_mw)
OR,
0 0
— T ~~—~ Vnuc —E’I’LUC
(PaR, Ve T 5R,
nuc E’I’L’U,C
pir _ gy, 9

"R, )~ OR,

The Hellman-Feynman force

(Trlog(G) — Tr((Gyt — G™HG) + 2{GY] + Ernuc—nuc)



Force on all atoms from derivative of the functional

But the LAPWV basis set, and

the DMFT projector; are not == “Pulay forces’ appear
fixed In space, but rather

move with the atom.

We need to differentiate the implemented
expression for the free energy.



Free energy expression again

Recall:
F{G}] = Trlog G — Tr((Gy ' — G HG) + BT Xl + > opMFl G, ] — opf

VDMFT lOC VDMFT [IOZOC]
R, Ecorr

at the DMFT solution the Dyson EQ. is satisfied

G = Gy — Vi xo(®)d(r — )3(r — 1) — (xl6h) (577 — VPO) s (g5 1r')

hence the free can be computed by

F =Trlog(G) — Tr(Vatxc)p) + EF 4]

+ Z { TI‘ szp VDC) loc) + (I)DMFT[ loc] (I)Dc[ploc]}
R;

nuclear-nuclear energy is added,;
canonical ensemble needs +u N



Free energy expression implementation

To implement Trlog G we compute generalized Kohn-Sham orbitals:

<¢jkwn‘ (T + Vnuc + VH—l—XC + Z ‘¢g1> <¢¢n‘zzwn - VDC‘¢¢n/> <¢5@/> ‘¢ikwn> — 5ij5kwn,i

mm’, R,

so that  (Yjkw, |G|tk ) = % ie., (G is diagonalized

iwn + W — Ekw,,,i

then
Trlog(—G) = —Trlog(—iw, — 4+ €kw, )
and

F = —Trlog(—iw, — pt + ek, ) — Tr(Varxc)p) + EETXC 0] + Enue—nue + uN

+ {_Tr((z o VDC) %oc) + q)DMFT[ %oc] o ®DC[IO%OC]}
R;



Derivative of the free energy

The free energy :

EH+XC[

B = —Trlog(—iwn — p+ €kw, ) — Tr(Vai+xc)p) + p| + Enuc—nuc,+ uN

+ 3 {=T((E ~ Voo)GilL) + P (G, ) /0P [o1 )]}

~~/ |

K. '
5—F =Tr ( 1 5(61{“” _ ,LL)) o TI'( 5VH—|—XC') +X@nuc—nuc N 5,“
0Ry, W+ L — Ekwy, oR,, P 5]-:';u \Q{/L ) RM
5% — Vpo
—T G oc
' ( TSR, >
oF 1 5(€kw ) 5(VKS )
)R, g (iw + 1 — €kw, OR, ) (v ‘R, )
4
1l O [ (WDC)
\ fRu
\ 4




Derivative of the free energy

1 55k OV 0 — oV,
FPul’y — _T Wn KS DC
H ' (z’wn + 1 — €kw, dR, ) VA Y (p + 1 { Gloc

0 ((,u) very hard to compute.

appears in two terms.

But: Functional is stationary, and 0>, (w) cancel out.

KH, arXiv:1602.02819.



Derivative of the free energy

To prove that d(X — Vpe) cancels, we recall eigenvalue Eq.

mm’ , R,

(Vikw, | (T + Viwe + Varxc + Z [0) (D] Biw, — VDo |dh,) <¢fn/|) — Ekwni|Vikw, ) =0

which is satisfied for each atomic positon R, hence

(Vikew, | (5(T + Voue + Viirxc) + Z 0(|8h,) (5| Xiw, — Vpe|d,) <¢;n’)> — 0€kwy,i| Yikw, ) =0

mm’, R,

therefore  dexw,. = Z (Vikoon | ) (D] 0(E = VDo) |84, ) (DL [Yikw, ) + -

Py, man” ....+derivative of the projector+DFT terms
hence
5€kwn L ' 1 . n n . 7 v
Tl’(iw T " — Ekwn ) = Tr<’¢2kwn> i n o— 5kwn <¢zkwn‘ REﬂ;m/ |¢m> <¢m’5(2 VDC)|¢m/> <¢m/ |) + ...
=Tr(G Y |¢h) (Bl6(Z = VDo) @) (S ]) + -
& \ R, ,mm/’

Puly _ 1 0€kw, 0Vis 02 — 0Vpe — T\I'(C:locd(Z — VDC’)) + ...

E, = (iwn + b — €k, AR, ) ' (p R, > 1 <Gloc R, )
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Final results for forces in a mixed basis set

Pulay force in mixed basis: DFT-like terms

// o

| SHY — 00
Puly AOT A AOT AO
ef T (,o oA A

1 (o 5 ((xx'[$m’) (DmxK))
"5 2. Oxk(Z-Voo)wm 'R, J

derivative of the DMFT projector, because
the DMF basis moves with the atom

0 = BL
P A Z W, +u — Ckw, "

() = 3. SSpr Sk pr

Success: Forces do not depend on ®[G] or 63 /6G = 6°®/5G”

which are hard to compute.

KH, arXiv:1602.02819.



Forces more stable than free energies N

energy[meV]

MC noise at conistant statistics

\ free energy noise ~1meV

_20,

—40}

< force noise ~ 0.2 meV/a.u.
_607 u
_80,
Forces very stable!
—100f
—120¢ e—e Free En.[meV] ||
e—e Force[meV/a.u.]
110l oo Force*ar [mev | (I) [G] hard to compute
‘ ‘ ‘ ‘ ‘ ) (needed for free energy)
0 5 10 15 20 25 30
iteration #

Z — (SCI)[G]/(SG easy to compute

only this is needed for the force

52(1) [G] 75G2 hard to compute

(needed for dynamical matrix)



Optimizing FeSe structure - Hunds metal

W

m ! / Mpand

exp(a): T. M. McQueen, ... RJ.Cava, PRB 79,014522
(2009).

exp(b): R. S. Kumar, ... C. Chen, The Journal of 3 1 1

Physical Chemistry B 114, 12597 (2010).

Y exp(a)
0.25} * eXp(b)
B GGA
0.24! A LDA 4
e FDFT+DMFT

e
¢
e

%



Electronic structure package: EDMFTF 5}

Download: http://hauleweb.rutgers.edu/tutorials

] DMFT_W2K Tutorials and Installation Instructions
Some tutorials:

Installation

Overview

Tutorial on single band Hubbard model
Tutorial 1 on SrVO,

Tutorial 2 on LaVO,

Tutorial 3 on elemental Cerium
Tutorial 4 on Srolr0,

* Projection & Embedding instead of downloading in the
full potential (APW+lo,LAPW) basis.

— — — |—

« Continuous time quantum Monte Carlo, OCA, NCA...

 Stationary implementation of free energy

. F Il at Rutgers DFN& DMFT Material Database
orces on all atoms Supported by NSF CAR&R DMR-0746395 (Kristjan Haule)
& NSF DMR-0906943 (Gabriel Kotliar)

—_

\.o P \

-~

Home  Tutorials Introduction LMTO Database @ W2K Database

Database:

Download the DMFT-Wien2K source code

dmft w2k.tgz (version 2012)

http://hauleweb.rutgers.edu/ oo
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http://summer2016.ccs.usherbrooke.ca/dmft/

Initialize the DMFT calculation

$> ssh -X stud[..]@summer2016.ccs.usherbrooke.edu

$> gsub -1 -X start interactive session
$> module load edmftf load the module

$> export OMP_NUM_THREADS=2 don’t use too many cores!
$> cd MnO

$> init_dmft.py this sets up DMFT projector

To answer the questions, look at:

http://hauleweb.rutgers.edu/tutorials/  ciick: Tutorial 1 on MnO




Continue... initialize the DMFT calculation

$> mkdir ../DMFT_MnO; cd ../DMFT_MnNQ  fresh start in new dir

$> dmft_copy.py ../MnO copy necessary files here
$> x kgen -f MnO increase number of k-points
2000

$> cp SRESULT/MnO/params.dat . get params file

$> szero.py -e 38.22 -T 0.025853 create blank sigma (T=1/beta=1/38.68)
$> cp PRESULT/submit2.sh . obtain submission script

$> exit stop interactive session

$> cd DMFT_MnO return to the current dir

$> gsub submit2.sh submit to the queue



Monitor the job

$> less dmft_info.out check the master log file
$> less “log’ check execution log

$> plot -u1:3,1:5 -x:10 MnO.dlt1 plot hybridization function
$> plot -x:20 -0 -uT 23,1 5 imp.O/Gf.out.’?.1 plot the DMFT output G

$> less info.iterate see current energy/mu/Vdc/..
$> plot -g -u1:9,1:10 info.iterate plot lattice & impurity occupancy
$> grep “CHARGE’ MnO.dayfile how well is charge converged

it might take too much time to converge..

After some time you should kill your job, and
continue with postprocessing

To kill your job, type

$> gstat find your job ID
$> gdel <Job ID>



$> mkdir maxent: cd maxent

Postprocessing maxent

new directory

$> saverage.py $RESULT/MnO/sig.inp.17.1  average over a few MC steps
$> cp SRESULT/MnO/maxent/maxent_params.dat . parameters for maxent

$> gsub -1 -X

$> module load edmftf

$> cd DMFT_MnO/maxent
$> maxent_run.py sig.inpx
$> plot -u1:3,1:5 Sig.out

you should get:
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interactive session

go back to the new dir
run maxent

plot Sigma on real axis




Postprocessing DOS

$> mkdir ../onreal; cd ../onreal new directory
$> dmft_copy.py SRESULT/MnO copy converged DMFT outputs
$> cp ../maxent/Sig.out sig.ip replace Sigma(iom) with Sigma(om)

edit the second line of MnO.indmfl file and change the flag matsubara to O
0 0.025 0.025 200 -3.000000 1.000000 # matsubara,..

$> X |apWO -f MnO recompute KS potential
$> X |ap\/\/‘| _f MnO recompute KS eigensystem
$> X dmft oy amft compute DOS and G on real axis
$> plot -x-10:10 -uall MnO.cdos plots partial DOS
$> plot -x-10:10 -u1:3,1:5 MnO.gc plois Loetl CleneeE )
A
A
A
. /\
you should get: ~ jﬂf \ A




Post-processing band structure

$> cp SRESULT/MnO/onreal/MnQO .klist_band . get k-path
$> X |apW1 -f MnO -band KS eigvals on k-path

edit the second line of MnO.indmfl file and change omega_min,
omega_max to -6 6
0 0.025 0.025 200 -6.000000 6.000000 # matsubara,..

$> X_dmf’[py dmf’[p compute dmft eigvals
$> cp $RESULT/MnO/EF.dat . get final EF
$> WakplOtpy 0.02 plot spectral function

you should get:




FeSe

Repeat all above steps for FeSe reading the tutorial at:

http://hauleweb.rutgers.edu/tutorials/  ciick: Tutorial 2 on FeSe



Thank you!



