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Main topics

� FastAlgorithmsfor electronicstructurecalculationsandelectrostaticproblems

– Developmentof wavelet basedversionof the ABINIT electronicstructure
software

– Fastcalculationof long rangeelectrostaticinteractions

� GlobalOptimization:Globalminimumof BornOppenheimersurface

– Structureof clusters

– Structureof AFM tips

– interfacesof ionic crystals

– Proteinfolding
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A waveletbasedelectronic structur eprogram
Propertiesof waveletbasissets:

� localizedbothin realandin Fourierspace

� allow for adaptivity

� areasystematicbasissetwith highorderconvergencerates

� Linearscalingfor applicationof theHamiltonianwith respectto basissetsize

� Linearscalingwith respectto numberof electronsusinglinearscalingalgorithms
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Basicchoicesin the BIGDFT code

Only 2 resolutionlevelsareused:simpleadaptivity, suf�cient becauseof pseudopotentials
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High orderDaubechieswaveletsareusedto representwavefunctions

� orthogonalityis veryhelpful (orthogonalization,nonlocalpseudopotential)

� h14 convergencerate
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PerformanceTests:Cinconidine
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PerformanceComparisonwith planewaves
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A newsetof methodsfor the electrostaticpotential that
� directlysolve theintegralequation

V(r ) =
Z

dr0 r (r0)
jr � r 0j

with thecorrectboundaryconditions

� have O( N log(N) ) scaling

for

� continuouschargedensitiesandfreeboundaryconditions

� continuouschargedensitiesandsurfaceboundaryconditions

� pointparticles(discretechargedensities)andfreeboundaryconditions

� pointparticles(discretechargedensities)andsurfaceboundaryconditions

Thesemethodscanbeusedfor

� electronicstructurecalculations

� classicalforce�elds (MD simulationsetc)
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Signi�cance of global minimum of the potential energy
surface

Potentialenergy surface:E(R1;R2; :::RN)
Theglobalminimumof thepotentialenergy surfacedeterminesthegroundstatecon�gu-
rationof any condensedmattersystem

� thecrystallinestructureof aperiodicsystem

� thegeometricgroundstatestructureof amolecule

� thenativestateof aprotein

Otherlocalminimadeterminemetastablestructures
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Dif�culty

Thenumberof localminimaincreasesexponentiallywith systemsize

First example:alkanefamily, CnH2n+ 2: O(3n) localminima
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Visualizing higher-dimensionalfunnels

S.ChanandK. Dill, Proteins:Structure,Function,andGenetics,30, 2 (1998)
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Minima hopping algorithm

� Allows to �nd theglobalminimumfasterthanotheralgorithms

– Optimalmovesbasedon theBEPprinciple

– Feed-backmechanismavoidstrappingin con�gurationspace

� Oncetheglobalminimumis foundit exploresotherenergeticallylow lying con�g-
urations.

� A modi�ed version(Dual Minima hopping)canbe usedto explore the Born Op-
penheimersurfacecalculatedwithin densityfunctionaltheory
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Application of minima hopping to the formation of C60

Globalminimumis foundaftervisiting several104 minima
Startingcon�gurationcaneitherbeagraphitesheetor achunkof diamond

Visualizationat: http://www.unibas.ch/comphys/comphys/a.gif
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Application of minima hopping to silicon clusters

� Foundnumerousnew low energy con�gurationsfor severalmidsizeclusters

� Theenergy differencebetweendifferentstructuresis of theorderof kBT

� Entropy effectscanchangetheenergeticorderingof thecon�gurations

� Calculatingtheenergy differencesis challenging:QuantumMonteCarlo
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Structur eof tips

� Tip structuresusedpreviouslyaretoosimplistic

� Our realistictips give for the �rst time theexperimentallyobserved dissipationin
AFM experiments

0-14



Ionic interfaces

Accuratedescriptionof islandformationandAFM experiments
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Application of minima hopping to protein folding

Qualityof force�elds is questionable
TheproteinAce-(Ala) 10-Nmewithin GBSA:
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