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» electronic correlations at the nanoscale

* model system

« extending DMFT & DI'A to nano

* solving the parquet

methods

* local & non-local correlations in quasi 1D rings
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* technical improvements

 understanding & employing vertex functions




electronic correlation at the nanoscale

* spatial confinement & low-dimensionality: enhanced correlations

* competing (bare) energy scales
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electronic correlation at the nanoscale

* spatial confinement & low-dimensionality: enhanced correlations

* competing (bare) energy scales
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» fascinating phenomena (experiments)
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electronic correlation at the nanoscale

* spatial confinement & low-dimensionality: enhanced correlations

* competing (bare) energy scales

N

» fascinating phenomena (experiments)

spectrally reconstructed image

B - . i
) [ ]
0 = o ©
© o © o %o
(Y ;u.oo
(] ] B

G [e*/h]

V_ [mV]
-450 -425 -400 -375

Kondo effect ]

Van der Wiel et al., Science 289 (2000)

True et al., JMD 9 (2007)

Morello et al., Nature 467 (2010)

Santra et al., JACS 134 (2012)



electronic correlation at the nanoscale

* spatial confinement & low-dimensionality: enhanced correlations

* competing (bare) energy scales

N

» fascinating phenomena (experiments)

4 A

qualitative understanding

...few suitable models...

» frontier research: development of tools for

strongly correlated nanostructures
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“staying in tune” with experiments?

1,4-BDT molecular junction




“staying in tune” with experiments?

 take “chemistry” into account
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“staying in tune” with experiments?

 take “chemistry” into account

e electronic correlations?

Au + (SH)Z C4H4 1,4-BDT molecular junction
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“staying in tune” with experiments?

* understand electronic correlations _
f_\ caveat: realism may pretend
more complex interaction

H=— Z tijcwcj-g +U Z Nt
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1,4-BDT molecular junction




nano-DMFT

(1-particle self-consistent)
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e DMFT-like impurity solver
Nc x Nc — Nc (1x1) Eii(V)

[ Go:' ={Gyu}y 142y J

in the same spirit:
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nano-DMFT
(1-particle self-consistent)

Dyson

aux. AlMs

impurity solver

Eii(V)
f211(V) 0 )
0 222(1/)
OSNCNC(V)
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nano-DMFT

(1-particle self-consistent)

S(v)

Dyson

(v

Vv

X

o

local correlations

flexible

» structure implementation
* solver-independent

V scales with Nineq < Nc

non-local correlations neglecte
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aux. AlMs
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impurity solver

Eii(V)




nano-DI A

(2-particle self-consistent)

impurity solver
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nano-DI A

(2-particle self-consistent)
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nano-DI A

(2-particle self-consistent)

impurity solver
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nano-DIA

(2-particle self-consistent) Dyson

> (v)
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vy w
Xloc
X computationally heavier
« evaluate local x
\ * solve parquet /
parquet
/
vy w
Dyson-Schwinger Eij(V) loc

fully-irreducible
vertex
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closed set of equations

/

e parquet
e Bethe-Salpeter
* Dyson-Schwinger (eq. of motion)

* Dyson

\

J

parquet formalism

[...] alllow the vertex corrections and the self-energy to be calculated in a

self-consistent manner, given the input of the fully irreducible vertex



parquet formalism

closed set of equations

/

e parquet
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“decomposition” of two-particle vertex function

2 3 2 3
2 ' 3
e.g.: ’ ) ’ ><I>< ’ — —
1 | 4
1 4 1 4
all diagrams fully irreducible reducible in a given (ph or pp) channel




parquet formalism

closed set of equations

4 A

e Bethe-Salpeter
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parquet formalism

closed set of equations

4 A

e Bethe-Salpeter
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parquet formalism

closed set of equations

4 A

e Bethe-Salpeter
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parquet formalism

closed set of equations

4 A

e Bethe-Salpeter
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parquet formalism

closed set of equations

4 )
" * Dyson-Schwinger (eq. of motion)
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solving the parquet: flowchart

[Ek,Z]
Dyson

[G— (Golz)l]

n
©
@)
L
g
()
S




solving the parquet: flowchart

™

Dyson
X0 = —BGG]\/
1 —1
[G_ (GO _Z) parquet )

F=A+) &,
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solving the parquet: flowchart

™

Dyson
X0 = —BGG]\/
1 —1
[G_ (GO _Z) parquet )
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[E—U/GGGF F




solving the parquet: flowchart

/parquet \
F=A+) &,
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Bethe-Salpeter
F=T,+ / Lo F
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solving the parquet: flowchart

(or)

[72]

3 parquet

S

) _

: rore froer Toma o)
JFr

Bethe-Salpeter

build ladders

3, = f Lol



solving the parquet: flowchart

2}
3 parquet
=
) _
JFr
Bethe-Salpeter
Dyson-Schwinger build ladders
b, .= | T F
[E_U/GGGF " f rA0




parquet: pro & contra

take into account competing instabilities

non-locality of each channel, neglected in ladder-DI'A
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1 . rv w rr w rv w
huge memory requirements: F5° ° T~ &

* Nc (NK): system size

* nf, nb: frequency range (critical to invert Bethe-Salpeter)

numerical instabilities
« strong coupling

* low temperature
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local & non-local correlations in Q1D rings

A%(v,I) [arb. units]

A%(v,I) [arb. units]

A%(v,I) [arb. units]

Nc

Nc

Nc



nano-DMFT @ work
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nano-DMFT @ work
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nano-DMFT @ work
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nano-DMFT @ work
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nano-DMFT @ work
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nano-DMFT @ work
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nano-DMFT @ work

A(v) [eV] A(v) [arb. units]
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nano-DMFT @ work
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correlations “phase diagram”

[ local }

hybridization
strength

] nhone

I weak

strong

[ non-local ]

hybridization
strength

] hone

weak

strong

interaction
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correlations “phase diagram”

[ local }

hybridization
strength

none

weak

strong

[ non-local ]

hybridization
strength

] hone

weak

strong

interaction
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correlations “phase diagram”

[ local } none
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correlations “phase diagram”

[ local } none
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parquet approximation (PA): A=U
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parquet approximation (PA): A=U

U/D=1.0 T/D=0.05
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parquet approximation (PA): A=U

U/D=1.0 T/D=0.05
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parquet approximation (PA): A=U

U/D=1.0 T/D=0.05
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fully irreducible vertex
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fully irreducible vertex
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nano-DI'A @ work

Imz;(iv,) ReZ;,1(ivp) ImZ;;, o(ivp)
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nano-DI'A @ work

[ HOMO-LUMO gap systems: PA enough ]
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nano-DI'A @ work

[ HOMO-LUMO gap systems: PA enough ]
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nano-DI'A @ work

[ HOMO-LUMO gap systems: PA enough ]
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technical improvements

self-energy asymptotics

enforcing symmetries

- crossing symmetry [ » allows to solve parquet beyond weak coupling

* time-reversal symmetry

* point-group symmetries

vertex parametrization/asymptotics
30 talk: Ciro Taranto ]_

« numerical low-energy-features =
. : . 20 d
« semi-analytical asymptotics

[T T

-30 20 -10 0 10 20 30



what else?

fully self-consistent nano-DI' A

/
m

loc

exact vertex function: k-structure

vertex corrections to response functions

wy, + 18, o _
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collaborators

Karsten Held
Alessandro Toschi
Georg Rohringer

Sabine Andergassen

Thomas Schafer

Julius-Maximilians-
UNIVERSITAT  Gijorgio Sangiovanni
WURZBURG

parquet solver developing

Olle Gunnarsson

www.phys.Isu.edu/~syang/parquet
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see additional slides below



vertex symmetries

particle-hole (ph) & particle-particle (pp) channels
Xph X

SU(2) + crossing symmetry: re-definining channels

(TT? T\l’7 T_\l’) >< (ph7])_h7 pp) _> (d7m7s7t)
VV (..L) vy w T/V,w
s o+ Ton 5
FVI/ LL) VL’ w L’V,w
m ph,?t  * ph, Tl
VV w vy w UU’LLJ
e Fpp,TT+2 pp, T4
J’/V w VI/ W
I pp,TT



restoring the crossing symmetry
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parquet
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restoring the crossing symmetry

Dyson-Schwinger

[E—U/GGGF F

(I)T/FTXOF]

build ladders

solve Bethe-Salpeter [ F=I,+®,




parquet instabilities
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> (v): asymptotic behavior in parquet
U/D=1.0 T/D=0.025 (v): asymptoti vior in parqu
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U/D=1.0 T/D=0.025

-0.05

> (v): asymptotic behavior in parquet
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> (v): asymptotic behavior in parquet
U/D=1.0 T/D=0.025 (v): asymptoti vior in parqu
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1 /2v,, expansion of the self-energy
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