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Motivation

Hubbard model for the 2d square lattice

H=- Z t,J(T +hc)+UZ”i,T”i,¢

<ij>,o

@ not exactly solvable for d > 1
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@ not exactly solvable for d > 1

e finite-size clusters: quantum Monte Carlo simulation (d = 2,3)
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Hubbard model for the 2d square lattice

H=— > ti(d,Gothe) + U i,
i

<ij>,0
effective ' ¢
bath L
Uj t
°
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DMFT QMC

@ not exactly solvable for d > 1

e finite-size clusters: quantum Monte Carlo simulation (d = 2,3)

e mean-field: dynamical mean-field theory (d — o0)
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Motivation m

Hubbard model for the 2d square lattice

H=— > ti(d,Gothe) + U i,
i

<ij>,0
effective ' ¢
bath L
Uj t
DCA
cDMFT QMC

@ not exactly solvable for d > 1

e finite-size clusters: quantum Monte Carlo simulation (d = 2,3)

e mean-field: dynamical mean-field theory + extensions (d = 2)
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Motivation

1

k =
Go(k,w) w—g+p—X, (kw)

DMFT

Y(k,w) = L(w)
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Motivation WTU

1
w—g+p—X, (kw)

G,(k,w) =

DMFT
DCA

Y(k,w) = L(w)

Z(k,UJ) — ZDCA(K,W)
+ for 4-16 K-points
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Motivation Ty

1
w—g+p—X, (kw)

G,(k,w) =

DMFT finite-size cluster
DCA

¥ (k,w) = T(w) T(k,w) = Lqmc(K, w)

Y (k,w) = XpcalK,w) up to 256 K-points
+ for 4-16 K-points
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Motivation Ty

1
G, (k,w) =
ok w) w—g+p—X, (kw)
DMFT finite-size cluster
DCA
¥ (k,w) = T(w) T (k,w) = Tomc(K,w)
Y(k,w) = Xpca(K,w) up to 256 K-points
+ for 4-16 K-points we use QMC
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Motivation J6|u

pseudogap physics: nonlocal correlations along the Fermi edge

Momentum-dependent pseudogaps in the half-filled two-dimensional Hubbard model

D. Rost,! E. V. Gorelik,! F. Assaad,? and N. Bliimer!
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Outline

@ the self-energy for low frequencies
e the self-energy for the full-frequency regime
e Temperature dependence

@ Conclusions & outlook

Petra Pudleiner — NGSCES 2015 gy parametrization for the Hubbard Model



Outline

@ the self-energy for low frequencies

— k-space structure
— parametrization

e the self-energy for the full-frequency regime

— k-space structure
— parametrization

e Temperature dependence

@ Conclusions & outlook
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2 for low frequencies

— k-space structure

— parametrization
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k-structure of X

. . . . U=4t
Im X (k, iw,) vs. path in the Brillouin zone: Bt=56
L=28x20
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— Strong variations across the Brillouin zone

in the low-frequency region!
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k-structure of X

. . . U=4t
dependence on all k-points of the Brillouin zone Bt=56
L=28x20
0 AT =0.1
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— Variations are not smooth along generic directions!

— Global structure of the momentum dependence?
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ex-Structure of X

Im X (k, iwg) vs. ek:

0 T T T T

Im X [k, iog ]

-

U=4t
Bt =5.6
L=12x 12
AT =0.1

collapse of all data points
for g, # O:

> (k, in) — X (Ek, in)

— scalar dependence

— allows for parametization

parametrization for the Hubbard Model
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ex-Structure of X m

U =4t
. . pft=5.6
0 : : : : AT =0.1
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— scalar dependence

— allows for parametization
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ex-Structure of X

Im X (k, iwg) vs. ek: Re X (k, iwp) vs. ek:
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for g, # 0:
Y (k, iwn) — X (ek, iwp) U= az
[t =5.6
— comparable results also for the real part [ =12 %12
AT =0.1

parametrization for the Hubbard Model

Petra Pudleiner — NGSCES 2015



ex-Structure of X

Im X (k, iw,) vs. ek:
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for g, # 0:
Y (k,iwn) — X (e, iwn) U—at
Bt =5.6
— comparable results also for the real part [ =12 % 12
and higher frequencies AT =0.1
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Finite-size effects

Im X (k, iwg) vs. ek:
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collapse of all data points
for g, # O:

Y (k, iwn) — X (e, iwn)

— Deviations from global fit curves smaller

than finite-size effects and independent of lattice geometry!
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Comparison with DIA

Im X (k, iwg) vs. ek:
0

DIA A
DQMC

Im X [k, iop ]

-0.12

0 1 2 3 4
€

collapse of all data points
for g, # O:

Y (k, iwp) — X (ek, iwn)

— bias of QMC for a more insulating solution w.r.t DI'A

— higher k-resolution of DI'A:
spread also apart from Fermi edge
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2 for the full-frequency regime

— k-space structure

— parametrization
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(w, ex)-structure of X

ImZ

Im X (k,w) vs. ek, w:
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-1.6
-1.8
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Im X (k,w) vs. ek, w:

paramagnetic DMFT:

10 IMZpMET, para
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IMTjoc = YN 3, T (k, w) h
£
Im X (k,w) vs. ek, w:
paramagnetic DMFT: local: #°

yloc

10 IMEpMET, para ImZame
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Modeling of X

3 main contributions for X:
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Modeling of ¥ TU] o)
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3 main contributions for X:

m
w—l—e—l—id1/2
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Modeling of ¥ TU] o]
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3 main contributions for X:

. m N ma(e€)
w+€+’d1/2 w+h1(6)+id2/2
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Modeling of ¥ EE
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Modeling of X

¥
Im‘-mcudel

3 main contributions for ¥: / linear in +e
. m n mo(€) _ m3(€)
w+ €+ idy/2 w+h}Q+ idy /2 w4 ho(€) + idy /2
4 —
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Analysis of m JG|u

Im Gawe @ representation X
reproduces main
features of spectral
function

@ allows rough
™ G analysis:
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Analysis of X M
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I Gane @ representation X
reproduces main
features of spectral
function

ImEquc

-5

-10
10

@ allows rough
™ G analysis:

@ characteristic AF effect
— broadened §-function

@ but no resolution of
k-dependent pseudogap

Im Ginogel
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Analysis of X

-
IMEmodel
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Im G,

'model

@ characteristic AF effect
— broadened §-function

@ but no resolution of
k-dependent pseudogap
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Analysis of X m

Im Gawe @ representation X
reproduces main
features of spectral
function

@ allows rough

Im Ginogel anaIySiS:

@ characteristic AF effect
— broadened §-function

e s 2 a0 NN NS @ but no resolution of
& k-dependent pseudogap

-
IMEmodel Im Gogel

= @ finite-size dependent

feature

— specific to parameter
set
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Temperature dependence
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ex-Structure of X

Im X (k,w = 0) vs. ek:
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dependence on temperature:
. . . U =4t
— insulating / behavior L =8x20
Bt =5.6 AT =0.1
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Modeling of ¥ TU] o)

ImZguc Im Game 2(67 w, T\L) =
my
wt+e+i dl / 2

m2(6)
R + hy(€) + id>/2
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o + ho(€) + id>/2
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Modeling of ¥ TU] o)

oy Im Gaue Y(e,w, TT) =
m
w+ €+ id1/2
4

m2(6)
R + hy(€) + id>/2

m3(€)
o + ho(€) + id>/2

— d1 enlarged
— my reduced
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Modeling of ¥ TU] o)

10

Im Gave 2(67 w7 TT) =
m
4

m2(6)
R + hy(€) + id>/2

m3(€)
o + ho(€) + id>/2

— d1 enlarged
— my reduced

Im G,

'model
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Analysis of X m

I G result of maximum
S entropy method (MEM)

Im Ginogel

Petra Pudleiner — NGSCES 2015



Analysis of X m

I G result of maximum
entropy method (MEM)

— similar contribution
in terms of a
perturbative

M Giogel treatment

2(67 w? TT) ~
my
w— e+ idi /2
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Analysis of X

ImEquc

¥
IME mogel
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Im Gaue

Im G,

'model

Im Ginogel

-

result of maximum
entropy method (MEM)

— similar contribution
in terms of a
perturbative
treatment

2(67 w? TT) ~
my
w— e+ idi /2

Y(e,w, T]) ~
my
w+ €+ id1/2



Conclusions & outlook
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@ method

« sharp k-space features -
far beyond DCA

.
IMZmogel
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@ method

« sharp k-space features -
far beyond DCA

* explanations for §(w + €),
contribution to Im X 7

@ parametrization

* continuous representation
: IMZmogel
in k

x models allow for going
beyond
— case of half-filling
— isotropic case
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