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Computational
Materials Science

APetascale computing & the development of
new formalism, algorithms and codes will allow
the accurate modeling of materials.
ACalculations leverage new petascale and
heterogeneous computing, bringing new
problems to the tipping point of discovery.
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Exponential growth in computing power:

o The accelerating pace of change...
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Strongly Correlated systems:
Complexity and Competing Orders

A Ce-based B Cuprates Superconductors
Heavy Fermion

Superconduct

C Single layer Ruthenates
What's under the SC dome?

Pressure hole doping Sr doping

KCorrelations lead to formation of spin, charge, and orbital moments
ACompeting phase emerge as a function of control parameter

AdF superconductors

KCuprates

ASingle-layer Ruthenates (7 phases)
ACompetition results in some transition temperatures vanishing as a
function of a non-thermal control parameter

5/31/2011 5 _
E. Dagotto, Science



Simplest Case: Competition Between
Exchange and Screening
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Methods A Non-local Approximations

Being for Density Functional
Developed Theory
B A Multi-scale Many Body
O S
\Qég“ )<= Methods
Interacting clectrons Non-interacting, fictitious A Combinations of Both

+ real potential particles + effective potential

A Validation

I Iron Based Superconductors
I Organic Magnetic

I Porphorines

I Inverse LEED method




Computing at the petascale MSMB

A Dual Fermion Dynamical Cluster Approach for Strongly Correlated
SystemsS.-X. Yang, H. Fotso, H. Hafermann, K.-M. Tam, J. Moreno, T.
Pruschke M. Jarrell

A Solving the Parquet Equations for the Hubbard Model beyond Weak
Coupling, K.M. Tang, S. Yang, H.Fotso, J. Moreno, J.Ramanujam, M.
Jarrell. In preparation.

AQMC scales exponentially with
problem size
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AMulti -Scale ManyBody scales
algebraically:

AQMC for short length scales OME s

ADual-Fermion diagrammatics for

Intermediate length scales 2

Effective Medium

AMean-fleId apprOX|matlon fOr Parquet equations
long length scales




Iron Oxide Molecular Clusters as Building Blocks of Naatile Memory

A joint research project between Xavier, Tulane and UNO teams
Aims of the project

- synthesis of novgbolynuclearcoordination complexes containing sgioupled paramagnetic ions
(singlemolecule magnets) (olesnichenkpG.Goloverda

- Structural and spectroscopic characterization of new compounds (C. Stevens)
- Magnetic properties studies (Bpiny
- Computational studies: energy of spin states (A. Burifertlew

The targetsmolecular species with structure similar to structural motifs founfiérmmagneticferrites:
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,*,q): The smallest atomic assembly representing . @,
.& QW structural motif of ferrites. e o,
* ? ’ a0 ey
9 Jd ‘;\ : ‘
o, Part One: Synthesis (ongoing) by A

Strategy metal ion condensation promoted by a base and tuneddoyplexingagent L.:
5Fe* +3Fe*+24R0+ 12H,0 + 14UHFe0,, L, ;> + 24ROH
Variables L polydentatebridging/chelating ligand); My, Ca* or metal(lll) instead of P&
reaction stoichiometry leading to larger clusters #&/0,,0 k)L, " F& 0,0 ©OR)gLg

Parts Two, Three X

Magnetic properties of new structurally characterized compounds will be studied
Computational methods will be used to determine their electronic structure




Low Energy Electron Diffraction(LEED)

LSU: Von Braudascimento Ward
Plummer, and Hannah Manuel
(math undergraduate):

P Brazil:Professsorsle Carvalho&
/:.5@5;« AvelarSoaresGS Duarte dos Rei
B
& - Electronswith energyin the 20 ~500eV used

to determinesurfacestructure.

e

- SurfaceProbe Penetrationdepth is very short
dueto strongelectronelectroninteraction | vs.
V curves(above)containstructuralinformation.
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o A - Problems Requiresmultiple scatteringtheory
and globalsearchingprocedures New complex
materialshaveMAN Yatomsin the unit cell.

Hr diffracted beams
i

ul —— - TheFuture with LASIGMA extendto complex
T eamera |1 systems
— - 1) Improve Multiple scattering codesnon
NSRS sphericalpotentials

- 2) Bettersearchingorocedures
— - 3) Parallelprocessing




Structure Determination by LEED

Multiple scattering forces LEED analysis to be indirect
Quantitative comparison theorgxperiment

Search for the best fitted structural model : Search Problem
Hard task: locate the global minimum in ardiMhensional
parameters space;

Initial Structure
(xi=x0)

New structure
(xit1=xit+6x

\

parameters to be optimized;

Search Process

|
|
|
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| Complex Transition Metal Oxides :
E i tal
' complex structure;> many structural
¥ |
I
I
I
I

Necessary Improvements

Convergence! _ _ _ , 1) Global Search Methods;

2) Faster Multiple Scattering calculatio
3) Direct Methods (inverse problem),
surface structure directly from
experimental data> Holy Grail of LEED

NO convergence !

=
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Unusual interplay between magnetism and superconductivity in iron
chalcogeniddg-e ,(Te_Se)

The discovery of superconductivity in irpnictideshas, "i , . 1 Newron Fél_OZ(Te'l_xSex )| e
generated tremendous excitement .lramalcogenide M e 'rc J/:/
Fe (ATe,Se) is the simplified version of Feased i, b fy S I
superconductors. g 40 2 0 hr B

= (11) DN | o8 | 4 /
Undopedparent compound Fg,Te exhibits a 200 X‘Eiyd e Metallic ;,ﬁ .
antiferromagnetioq AFM) order with iplane magnetic | 2 00 oog o o
wavevector 0,0). This contrasts thenictideparent | = Nom-Bnle(C m
compounds where the AFM order has arplane 0 0. 02 03 04 05

) .. Se content x
magnetic wavevector @, p). Yet both thepnictideand | j et a| Nature Materials 9, 716(2010)

chalcogenidd-esuperconductors exhibit

_ : Conclusions an&ignificance
superconducting spin resonances aroupdp).

The magnetic soft mode evolving from theQ)-type
order causes diffusive magnetic scattering to chal
carriers, thus suppressing bulk superconductivity
leading to weak charge carrier localization in urd
doped samples Bulk superconductivity occurs or

_1/2K)\Ij)\|->/EI aI-_'Z-lQ -E||\-|‘_'Edz|_‘] K| & adz%JE]N%Kgg% ﬁ&ég ka}(??

iIssue through systematic investigation of the phase dominant in mmon maanetic origin f
diagram of Fg,(Te_Se) in collaboration with several ominant, suggesting common magnetic origin 1o
' superconductivity in irorchalcogenideand pnictide

other research groups. ) 9
group superconductorsThis result significantly advances
our emerging understanding of iron based
superconductivity.

A central question in this burgeoning field is hqwp)
superconductivity can emerge from p,@) magnetic
instability for ironchalcogenides
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Motivation

™By 2020 the size of a transistor in a chip will be just a few atoms

™A new kind of transistors which employ the charge and spin of the carriers to convey information
may be the solution for this situation: Spins + Electronics = Spintronics

™Qrganic conductors are currently of great interest in @ @

applications such as flexible electronic and solar cells

Spin-unpolarized Spin-polarized

Ob_l eCtIVe currents currents
Test of existing and implementation of new methods to

accurately predict magnetic, electronic, and transport properties of

organic semiconductors.

™ Molecules, such as porphyrins, can be combined with
a number of different atomic species resulting in very
different electronic and magnetic properties




