Conclusions and Perspectives Session of the CEM Workshop

WORKSHOP OVERVIEW
PERSPECTIVES,
FRONTIERS...

“’Realistic Theories of Correlated
. Eledron Materials’’

A

| KITP,Dec 2002

GOALS OF THE WORKSHORP :

* Bring together two communities:
and

* Advance theoretical methods in both fields, and especially
at the interface

* Addressa wide range of correlated materials.
- Get the latest experimental information (the field is
experimentally-driven )
- Advancequalitative and quantitative understanding of
some materials

* Tutorial aspect
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-Givean idea o thevariety of methods discussd here,
which werethe subjed of extended tutorials.

-Highlight some of the experimental results presented at
the workshop, often very recent and yet unpublished.

-Highlight some of the achievementsfrom collaborative
work during the workshop (also: ongoing projeds).

- Key open problems, diredions, frontiers...

Tutorials on methods

*ELECTRONIC STRUCTURE METHODS: CaCuO,(flat)

~“Downfolding’ (NMTO) 1| /\ i

= A method to construct effedive one- i
eledron hamiltonians from DFT/LDA, involving [ et
few localised orbitals, valid in a cetain energy <
range

- “Projedor augmented wave” (PAW:
All electron/Combining locali sed basis functions
w/ plane waves
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* MANY-BODY APPROACHES
& TECHNIQUES TO HANDLE STRONG CORRELATIONS

- DYNAMICAL MEAN-FIELD THEORY

Effective bath

SELF-CONSISTENCY CONDITION

* QUANTUM
MONTE CARLO METHODS

-Diffusion Quantum Monte Carlo (fixed node approx.)

Random walk in Slater determinants space
- Monte Carlo cluster algorithms
- Other numerical algorithms

* Renormalization Group methods for fermions
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*Tutorialson several other topics, e.g:
- Fundamental aspeds of DFT
-Frustrated quantum spin systems
-Ferromagnetic semiconductors

- Eledron interaction eff ects in mesoscopics

SOME EXPERIMENTAL
HIGHLIGHTS

* The quasiparticle peak revealed !

1

i

FIG. 2. Local spectral density of the paramagnetic solution at
half filling (n=1) for &/ =0, U=1.5, and [/ =2.5.

A.G & G. Kotliar, 1991 Rev. Mod. Phys. 1996
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FIG. 1. Top: DOS D{&;) of CaVQ; and SrVO . calculated by Encrgy {c\])

the APW method. Bottom: measured photoemission gRecjras
Pexpelw) of Ca;_ Sr. VO, taken with ke = 50 eV, A s | al . 2001
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perimental subtraction of the background intensity.
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Genuine Electronic States Insensitive to the Distortion in Perovskite Vanadium
Oxides Revealed by High-Energy Photoemission

A. Sekiyama.l'* H. Fujiwara,! S. Imada,! H. Bisaki,%! §, L
Uchida.? K. Takegahara,® H. Harima,® Y. Saitoh.” and 8. Suga!
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i FIG. 3: (a) Bulk V 3d spectral funetions of SrVOs (closed eir-
CEVOg x=1) % cles), Sro sCag s VO (solid line) and CaVO, (open squares).
" L (b) Comparison of the experimentally obtained bulk V 3d
spectral function of StVO; (closed eircles) to the V 3d partial
density of states for SrVO; (dashed curve) obtained from the
band-structure calenlation, which has been broadened by the
FIG. 2 Photon-energy dependence of the V 3d spectral experimental reselution of 140 meV. The solid curve shows the
welghts for Sry_,Ca.VOz. The V 3d 5 ra are normalized same V 3d partial density of states but the encrgy is scaled
by the integrated intensities of the incolierent part ranging down by a factor of 0.6.
from 0.8 to 2.6 eV,

2.0 1.0 0.0
Binding Energy (eV)

VoLumE 88, NumBer 23 PHYSICAL REVIEW LETTERS 10 June 2002

Fermi Surface of 3d! Perovskite CaVO;3 near the Mott Transition

LH. Inoue,’? C. Bergemann,® 1. Hase* and S.R. Julian®

DHvA Freque

FIG. 2 (color).  Density plot of
the dHvA spectrum of CaVO,
as g function of the direction

" if B (grey shaded). The m
FIG. 3 (colory,  FS sheets predicted by LDA. The right panels / / o 3 ey 3oaoe nain
e S 2 i i panel uses the high-field (18 —
show the FS sheets in a cubic TB fit to the LDA data, while 15 T) sections of each sweep,
on the left side these sheets are folded over into the orthodhom- o f
bic BZ. The field directlons i the . iy sre indicared while the lower inset uses all
ic BZ. The field directions in the rotation study are indicated available data (18 — 10 T),
around the surfaces in the Lop row. ; R PR
with  higher-frequency  reso-
lution ar the expense of sig-
nal to noise. The right inset

Work a the workshop on this topic 1 0 Tl 0

A.Poteryaev, E. Pavarini, S. Biermann, oo

- . dashed lines) and the hypotheti-

cal cubic {thick solid lines i

A. Lichtenstein et a. ol ot g
sponds 1o Fig, 3
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Figure with two main messages

1 1
a: hv=T00eV | Meonotonic
b: hv=500eV B increase with hv
G oont = prave dspin
e: Schramme et al. hv=60av [ | outweighs
Held et al. I k, dependence, so
LDA-DMFT thaory compare 700 eV

spectrum to theory

Previous =agreement
between 1100K
LDA/DMFT and

60 eV data fortuitous

Intensity (arb. unit)

Now would need U
too small to give MIT
if use 1100 K theory

University of Michigan KITP Sept. 2002

HIGLIGHT 2: Molecular conductors K-(BEDT-TTF),X

Clear Execute Undo

Z.ZWang, C.David, L2M Bagneux, P.Limelette, C.P.
résultats préliminaires
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Mott Transition, Compressibility Divergence and P-T Phase Diagram of Layered
Organic Superconductors: An Ultrasonic Investigation.

D. Fournier, M. Poirier, M. Castonguay, and K. Truong

de Recherche sur les Propridtés Electronagues de Matdrious Avoncés and Département de P hysigue,

Iniversité de Sherbrooke, Sherbvooke, Québer, Conada JIK 2R1

(Dated: Sept. 2002)

The phase diagram of the organic superconductor s-(BEDT-TTF J2Cu[N{CN)2Cl has been inves-
tigated by ultrasonic velocity measurements under helivm gas pressure. Different phase transitions
were identified trongh several elastic anomalies characterized from isobaric and isothermal sweeps.
Our data reveal two crossover lines that end on the eritical point terminating the frst-order Mott
frangition line. When the critical point is approached along these lines, we observe a dramatic soft-
ening of the velocity which is consistent with a diverging compressibility of the electronic degrees of

[reedom,
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FIG. 1: Temperature vs pressure phase diagram of

ferent, symbaols are associated to different anomali

on three different. erystals from temperature sw

bols) and pressure sweeps (open symbols). The zero pres:
point (dotted hexagon) was obtained from a microwave re-
sistivity measurement. The gray circle indicates the critical
point (Py. To).

T{K)

. 4 Temperature dependence of AV/V at various pres-
sures. The velocity variation is relative to the value at 90 K
Inset: position and amplitude of the anomaly below 230 bars.
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Model transport calculations were
performed at this workshop
(S. Florens et a.)
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Other experimental highlights:

* Strong spatial inhomogeneities in cuprates
revealed by STM (S. Davis, A. Kapitulnik)

* New optical data on FeSi, on Ce (van der Marel)

* Role of local clustersin frustrated magnets (SW Cheong)

* Intriguing aspects of obital fluctuations in d1 perovskites

(B.Keimer)

* AND MANY MORE...

Dr. Antoine Georges, LPT-ENS (KITP Correlated Electron Materials Program 12/11/02)
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Some collaborative work started
or completed during the
workshop

(Just afew examples..)

M aterials- related issues:

| already mentioned several works on specific materials:
d1transition metal oxides, organicsetc...

In addition, several collaborations took place
on f-eledron systems:

on Cerium (including SO, etc..)
alpha/gamma transition

on the role of phonons in Plutonium

Dr. Antoine Georges, LPT-ENS (KITP Correlated Electron Materials Program 12/11/02) 10
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*Increasing evidencefor key role played by:

(Note: Many phases in close mmpetition in SCEMSs)

Orbital fluctuations and orbital ordering raise intriguing
guestions

* Common methods to handle interadions in the field
of mesoscopic conductors (Coulomb blockade, etc..)

Advanceson M ethods:

Combining DMFT w/ different approadiesto eledronic structure:

Dr. Antoine Georges, LPT-ENS (KITP Correlated Electron Materials Program 12/11/02) 11
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Code for realistic calculations of optical
spectra (Oudovenko, Palsson, Savrasov, Kotliar)

F e x=0.] fexp)
— x=0.1 (DMFT)

=
=

G, xI0' (mxQ)™
s
[

FIG. 3. Caleulated optical conductivity spectrum for
La;__Sr_TiOs, = = 0.1, at large frequency interval using
DMFT method (full line) as compared with the experimental

data (symbols) and the results of the corresponding LDA only
caleulations (dashed line).

Cond-mat 0209336

Other active topics at workshop:
/ Methods

*Progressin QM C techniques: S. Zhang

* Other Numerical algorithms: S. White, M. Imada, M. Troyer,...

* Renormalization group techniques were the subject of

very active discussionsg/joint work among a group of
participants

Dr. Antoine Georges, LPT-ENS (KITP Correlated Electron Materials Program 12/11/02) 12
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Screening, eectronic
structure and DMFT...

* Start from RPA treatment of screening:
the GW approximation

* For CEMs: improve on local components of BOTH the
self-energy and the effective interaction

using extended versions of DMFT

with a frequency-dependent U, calculated from first principles

Local and n.n components of effective screened
interaction for Nickel (F. Aryasetiawan@workshop)

Dr. Antoine Georges, LPT-ENS (KITP Correlated Electron Materials Program 12/11/02) 13
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Perhaps not
" ALIFEWITHOUT U | ?

But hopefully...
~ ABETTERLIFEWITHU
(with lots of energy-dependence)

Spatial correlations, J,
and cluster extensions
of DMFT...

DMFT has energy gain from ORDERING but
Does not have the feedback of local correlations into G
In a disordered environment.

Nealed if strong k-dependence e.g OF THE
QUASIPARTICLE COHERENCE SCALE

Dr. Antoine Georges, LPT-ENS (KITP Correlated Electron Materials Program 12/11/02)
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