Henley group research opp ortunities

My researia interestsare spreadover seeral distinct sulgects. All involve interestingspatialdependence$é symmetrie®r complicategatterns.

| dividetheminto four quadrais:

The NSFgrart (quadrans 1 and2) mostly cosersinteracting,mary-body quartum systems.

The DOE grart (quadrarns 3 and4) is morematerials-orieted, coseringatomicor macromoleculastructuresin classicasystems.

1. Strongly Interacting fermions (NSF)

| work with simpli ed models,in the spirit of the Hubbardmodel. @ Q @ Q ® Q @,
My aim is to work the borderlinebetweenanalytic and compu- R

tational physics, guring out how to detectinteresting(perhaps Q'\ ‘ ,Q /’Q
exotic) behaviors from exactdiagonalization§An exampleof an ® Q 0 Q O —@—

exoticbehavior spprtaneouscurrens, seekig. 1).

S.A.Cheong'$’h.D. thesis(1/2006),worked out ways to usethe

Fig. 1. A ladderlattice with spinlessermiong lled
circles), obeying neiglbor exclusion;arrovs shav

reducedalensiy matrix ofasmaliclusterofsitesior sud purposes.  ngssiblesportaneouscurreris (from a proposal).
[Seee.g. S. A. Cheongand CLH, Phys. Rev. B 74,165121 g4 (hidden) symmetrybreakingshave beencon-

(2006).]I havetertative collalprationswith Dr. Andread_audli
(Switz.) and Prof. Janvon Delft (CornellPhD '95, Germary) to

jecturedo characterizéhe pseudogaphasean high-
Tc's. We'rewriting a paper to elucidatewhid fea-

apply the notion of \correlationdensiy matrix" (whidh cortains turesofatoy modelfavor sud aphasdwith Sumiran

all kindsof correlationpresety evenunarticipatedones).

My future activitiesunderthis headmay includecollaloratingwith Prof. GarnetChan(Cornell, Chemistry),a computational
chemistwho hopesanbitiously to deweloprenormalization-grouplgorithmsfor interactingsystemsn d > 1 dimensions.There

IS the possibliliyy of ussharinga (physics)studer.

We're involved in simplephenomenologip help analyzethe Seanus Davis group'sSTM data on high-T¢ cuprates:(i) coupling
of somephononmaodesto the superconductiviy [SumiranPujari] (il) e ect of spatial modulation of the su

Pujari].

parametemnon STM spectrum[Delo Olaosebi&n, Ron Maimon].

2. Frustrated antiferromagnets (NSF)

We study (quartum) spinson highly frustrated lattices.
That meanghereis no singlegroundstatein whid all the
Interactionsare sinultaneouslyminimized,but insteada
largenumber of practicallydegeneratstates.

I'm interestedn devisinge ective HamiltoniandH . whith
expresghe smallenergydi erencesamongthe statesdue
e.g. to the zero-pint spin uctuations arounda classical
groundstate(Fig. 2); this wasthe thesisof UziHizi (Ph.D.
June2006).We foundneatwaysto expressi, In terms
whidh are productsof the spinsarounda loop, i.e. it has
the functionalform of an\lsing gaugetheory".

When the spinsare length 1/2, frustrated systemsare
promisingplaceso nd interestingexoticphasessud as
\spin liquids" or fractional-bargestates.

My aim for the future is the role of disorder(impurities) in highly frustrated magnets. To start, we're working on quarium
antiferromagnetsat percolation[SrivatsanChakram]{ currenly studyingthe compsitionlaw of normal modes. (Percolation
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Fig. 2. The simplestgroundstate minimizing(harmonic
order)spin-vave zero-pint energyfor spinsof largelength
S onthe pyrochlorelattice [U. Hizi and CLH, Phys. Rev.
B 73,0544032006).] Thereappearto be of O(el) states
with this onein a systemof O(L ) spins,i.e. the ertropy
of groundstatesis in nite but not extensie.

refersto the critical behavior whena systemis diluted to the thresholdwhereit becomeslisconnected.)

Anothertopic is \non-abkelianheigh models",a simpleway to realize\top ologicalorder."

This exoticproperty wasmainly knowvn in quartum-mary-body statessud asthe quanizedHall e ect, Hoveer, a baly version

of it Is realizedn someclassicasystemswe'reworkingon sinulations[JohnPapaioannouyndergrad].

erconductingorder

3. Quasicrystal structures (DOE)

A quasicrystahasa symmetry(most often 5-fold
or 10-fold)whid is incompatiblewith crystal peri-
odicity, yet it retainsa high degreeof translational
order (as seenin Braggdi raction peaks)as well
as local chemicalorder. A longstandingdisputeis
unresoled, whetherthere are \P enrosematdiing
rules" that dictate a virtually uniquegroundstate,
or whetherthe orderemergeffomal\randomtiling”

(enserble of nearlydegenerateon gurations).

| cortinue this materialsmodelingwith Marek Mi-
halkovic (Slovakia) and with undergraduatesgcur-
rertly Sejon Lim.] We predict the microscopic
structure (usinge ective interatomicpotertials de-
rived from ab-initio calculations)and do statistical
physicsof the random-tilingstate. Last yearwe dis-
covereda semi-realistienodel in whidh microscopic
pair interactionamplemen Penrosematdingrules!
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Fig. 3. Endresultof a sinulationof Alg:-70Nig:21Coy:0g decagonal
quasicrystal. [M. Mihalkovic et al, Phys. Rev. B 65, 104205
(2002)]. Largeand small circlesare atomsfrom the two layers;
gray=Al, blue=Co, blak=Ni. \Hexagon",\boat", and \star"
tilescanbe seerat two di erent scales.

Alongwith this, I'm interestedn the mathematicaproblemof optimum padkingsof spheresvith two sizes.

4. Biological physics (DOE)

I'm interestedin problemsfrom biological
physicswhidh heaily involve symmetry ge-
ometry andthe padking of idertical units.
We [Stee Hicks] are modelingthe formation
of the \capsid" (shell) of viruses,whid is
built from mary copiesnf the sameproteins.
Our aim is to understandwhat really xes
the capsid'ssize,to comparethe enserle
of shapesand sizesto imagingexperimens,
andto extractcoarse-graineslasticconstats
from protein sinulations. We interact some
with the Vogt group in Molecular Biology
(retroviruses).

"ﬁ?{fi’\i/% Fig. 4. ModelforanHIV capsid.
Triangular units accreteat ran-
domin a fashionthat is biased,
but hardly guaraneed,to form
a closedshell. [S. D. Hicks and
CLH, Phys. Rev. E 74,031912
(2006).] In this run we tried to
capturethe peculiar\ice-cream

cone"asymmetricshage of HIV

A projectl'd liketo start scon: how doesthe well-knavn microsmpic handednessf proteinsget propagatedo the macrosmopic
handednesseenn plants (the screwtwist of climbing vines)and animals (asymmetryof the heartetc. in vertebrates).That's
nortrivial, sincedewelopmehusessomesort of di usion, but that is independen of the molecule'shrandednesslhe mehianism
shouldinvolve longhelical b ers{ speci cally microtubules.The animalsideleadsto madelingthe motionsof cilia, but I'm likely
to focuson plans whid arelessunderstad. This resears will leanon hydrodynamicsandelastictheory;it couldbe appropriate

foran IGERT rst-summerproject.




