
Henley group research opp ortunities
My research interestsarespreadover severaldistinct subjects.All involve interestingspatialdependences{ symmetriesor complicatedpatterns.

I dividetheminto four quadrants:
� The NSFgrant (quadrants 1 and2) mostlycoversinteracting,many-body quantum systems.
� The DOE grant (quadrants 3 and4) is morematerials-oriented, coveringatomicor macromolecularstructuresin classicalsystems.

1. Strongly in teracting fermions (NSF)

I work with simpli�edmodels,in thespirit of theHubbardmodel.
My aim is to work the borderlinebetweenanalyticand compu-
tational physics,�guring out how to detectinteresting(perhaps
exotic)behaviorsfrom exactdiagonalizations(An exampleof an
exoticbehavior spontaneouscurrents, seeFig. 1).

S.A.Cheong'sPh.D. thesis(1/2006),workedout waysto usethe
reduceddensity matrix ofasmallclusterofsitesforsuch purposes.
[Seee.g. S. A. Cheongand CLH, Phys. Rev. B 74, 165121
(2006).]I havetentativecollaborationswith Dr. AndreasL•auchli
(Switz.) andProf. JanvonDelft (CornellPhD '95,Germany) to
apply the notionof \correlationdensity matrix" (which contains
all kindsof correlationpresent, evenunanticipatedones).

Fig. 1. A ladderlatticewith spinlessfermions(�lled
circles),obeying neighbor exclusion;arrows show
possiblespontaneouscurrents (from a proposal).
Such (hidden)symmetrybreakingshave beencon-
jecturedto characterizethepseudogapphasein high-
Tc's. We'rewriting a paper to elucidatewhich fea-
turesofatoy modelfavorsuch aphase[with Sumiran
Pujari].

My future activitiesunderthis headmay includecollaboratingwith Prof. GarnetChan(Cornell,Chemistry),a computational
chemistwhohopesambitiously to developrenormalization-groupalgorithmsfor interactingsystemsin d > 1 dimensions.There
is the possibility of ussharinga (physics)student.

We're involved in simplephenomenologyto helpanalyzethe S�eamus Davis group'sSTM data on high-Tc cuprates:(i) coupling
of somephononmodesto the superconductivity [SumiranPujari] (ii) e�ect of spatialmodulation of the superconductingorder
parameteron STM spectrum[Debo Olaosebikan,RonMaimon].

2. Frustrated antiferromagnets (NSF)

We study (quantum) spinson highly frustrated lattices.
That meansthereis nosinglegroundstatein which all the
interactionsare simultaneouslyminimized,but insteada
largenumber of practicallydegeneratestates.

I'm interestedin devisinge�ectiveHamiltoniansH e� which
expressthe smallenergydi�erencesamongthe statesdue
e.g. to the zero-point spin 
uctuations arounda classical
groundstate(Fig. 2); this wasthethesisofUziHizi (Ph.D.
June2006).We foundneatways to expressH e� in terms
which areproductsof the spinsarounda loop, i.e. it has
the functionalform of an \Ising gaugetheory".

When the spins are length 1/2, frustrated systemsare
promisingplacesto �nd interestingexoticphases,such as
\spin liquids" or fractional-chargestates.
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Fig. 2. The simplestgroundstateminimizing(harmonic
order)spin-wavezero-point energy, for spinsof largelength
S on the pyrochlorelattice [U. Hizi andCLH, Phys. Rev.
B 73,054403(2006).]Thereappearto be of O(eL ) states
with this onein a systemof O(L3) spins,i.e. the entropy
of groundstatesis in�nite but not extensive.

My aim for the future is the role of disorder(impurities) in highly frustratedmagnets. To start, we're working on quantum
antiferromagnetsat percolation[SrivatsanChakram]{ currently studyingthe composition law of normalmodes. (Percolation
refersto the critical behavior whena systemis diluted to the thresholdwhereit becomesdisconnected.)

Anothertopic is \non-abelianheight models",a simpleway to realize\top ologicalorder."
This exoticproperty wasmainlyknown in quantum-many-body statessuch asthe quantizedHall e�ect, However,a baby version
of it is realizedin someclassicalsystems;we'reworkingon simulations[JohnPapaioannou,undergrad].

3. Quasicrystal structures (DOE)

A quasicrystalhasa symmetry(most often 5-fold
or 10-fold)which is incompatiblewith crystalperi-
odicity, yet it retainsa high degreeof translational
order (as seenin Bragg di�raction peaks)as well
as local chemicalorder. A longstandingdisputeis
unresolved, whether there are \Penrosematching
rules" that dictatea virtually uniquegroundstate,
or whethertheorderemergesfroma\randomtiling"
(ensembleof nearlydegeneratecon�gurations).

I continue this materialsmodelingwith MarekMi-
halkovi�c (Slovakia) and with undergraduates[cur-
rently Sejoon Lim.] We predict the microscopic
structure(usinge�ective interatomicpotentials de-
rived from ab-initio calculations)and do statistical
physicsof the random-tilingstate.Lastyearwedis-
covereda semi-realisticmodel in which microscopic
pair interactionsimplement Penrosematchingrules!

Fig. 3. Endresultof a simulationof Al0:70Ni0:21Co0:09decagonal
quasicrystal. [M. Mihalkovi�c et al, Phys. Rev. B 65, 104205
(2002)]. Largeand smallcirclesareatomsfrom the two layers;
gray=Al, blue=Co, black=Ni. \Hexagon", \b oat", and \star"
tiles canbe seenat two di�erent scales.

Alongwith this, I'm interestedin the mathematicalproblemof optimum packingsof sphereswith two sizes.

4. Biological physics (DOE)

I'm interestedin problemsfrom biological
physicswhich heavily involve symmetry, ge-
ometry, andthe packing of identical units.
We [Steve Hicks] aremodelingthe formation
of the \capsid" (shell) of viruses,which is
built from many copiesof the sameproteins.
Our aim is to understandwhat really �xes
the capsid'ssize, to comparethe ensemble
of shapesand sizesto imagingexperiments,
andto extractcoarse-grainedelasticconstants
from protein simulations. We interact some
with the Vogt group in MolecularBiology
(retroviruses).

Fig. 4. Modelfor anHIV capsid.
Triangularunits accreteat ran-
dom in a fashionthat is biased,
but hardly guaranteed, 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"asymmetricshape of HIV

A project I'd like to start soon: how doesthe well-known microscopic handednessof proteinsgetpropagatedto the macroscopic
handednessseenin plants (the screwtwist of climbing vines)andanimals (asymmetryof the heartetc. in vertebrates).That's
nontrivial, sincedevelopment usessomesort of di�usion, but that is independent of the molecule'shandedness.The mechanism
shouldinvolve longhelical�b ers{ speci�cally microtubules.The animalsideleadsto modelingthe motionsof cilia, but I'm likely
to focusonplants which arelessunderstood. This research will leanonhydrodynamicsandelastictheory;it couldbeappropriate
for an IGERT �rst-summerproject.


