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Experimental.Status

•g"ythongcontrolgsoftwaregforgvoltagegcontrolgandginstrumentation
•g3angcontrolg(Vgindependentgvoltagesgongthegfly
•g"rovidesgfeedbackgontogappliedgvoltagesgandginstrumentsgbasedgupongphotongcounts
•gU"ENgbasedgpulsinggsystemgwithgphotongcountingGgtimeAtoAdigitalgconverterGgandgVgdirectg
digitalgsynthesizers

•gXavegtrappedgbothgytterbiumg4q2gandg4q4g
•gNppliedgRUxg~:77Vgatg:7øXz
•gTrapgcharacterizationgwithgytterbiumg4q2
•gSeculargfrequenciesxg
gggggggg7H077gøXzg9axial6Gg4H(5gøXzg9radial6

Experimental.Wontrol
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Heating.Rates
•gøeasuringgheatinggratesgviagdopplergrecoolingg[:]H
•gøeasurementsgperformedgwithgcalciumginganothergchambergwithgidenticalgtrapH
•gXeatinggratexg~2:gquanta1msgwithg±=g3hassisGg:qquanta1msgwithgbatteriesg

Micromotion.Wompensation

•g=ngourgexperimentsGgweghavegtwogbeamsGgongnormalgtogtrapgaxisg9blueg
arrowgbelow6Ggandgonegatg20gdegreesg9red6H
•gøinimizationgofgphotongcorrelationsgwithgbluegresultsgingsignificantg
correlationsgwithgthegredgbeamH
•gThisgimpliesgaglargegamountgofgaxialgmicromotionHgTogcompensategingallg
directionsGgwegwillgneedgtogusegmultiplegbeamsgingourgminimizationgroutineH
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•gNutomatedgcontrolgsequencegcompensatesg
micromotiongbasedgongbothgphotongarrivalgtimeg[4]Gg
andgparametricgexcitationg[:]

Fabrication.Technology

UtilizinggthegiongtrapgfabricationgtechnologygavailablegatgSandiaGgwegaregcurrentlygusinggagworkhorseglineargtrapgtog
developgourgytterbiumgqubitgcapabilitiesGgasgwellgasgdevelopinggadvancedgiongtrapgstructuresgsuchgasgringsgandgjunctionsH

Thunderbird.Linear.Trap
•gøicrofabricatedglineargtrapgusingg:Alevelgmetallization
•gXasgbeengusedginglabsgaroundgthegworldgtogtrapgcalciumGgytterbiumGg
andgmagnesium
•g25gcontrolgelectrodes

Fabrication.Techniques
•g=ntegratedgtrenchgcapacitorsgforgRUgpickupgfiltering
•gUourglevelgmetallizationgforgrouting1grounding
•gSmallgthroughgholesgforgloading
•g3ustomgdiegshapesgforgagtightgbeamgfocusg

High.Optical.]ccess.Trap
•gSurfacegskimminggbeamsgwithgwaistsgasgsmallgasg2μm
•gSlotgtogaccommodategtightlygfocusedgbeamsgverticalgtogsurface
•gQoadinggregionsgandgjunctionsgtogcontrolgorderinggofgagmultiAspeciesgiongchain
•gWesignedgtoghavegag2xgimprovementgtogthegtrapgdepthg9fromg07meVgtog:77meV6govergearliergtrapsH
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]diabatic.Quantum.]lgorithm.for.PageRank
RecentlyGgEarneroneget.al8.proposedgangadiabaticgquantumgalgorithmgforgsearchgenginegrankinggbasedgongtheg"ageRankg
graphganalysisgalgorithmgutilizedgbygEoogleg[4]HgXeregwegdiscussgthegalgorithmgasgagstartinggpointgforgourgworkH

PageRank.]lgorithm
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•gTheg"ageRankgNlgorithmg[:]gfindsgthegstationarygdistributiongofgag
randomgwalkgongaggraph
•gThegstationarygstategisgangeigenvectorgofgthegEooglegmatrixGgE
•gThegEooglegmatrixgisgagmatrixgformedgwithgthegadditiongofgag
stochasticgpersonalizationgvectorg

]diabatic.Quantum.]lgorithm.for.PageRank

•g=ngmappinggtogagquantumgversionGgwegareglookinggforgtheggroundgstategofgthegXamiltonianx

•gThisgproblemgillustratesgseveralgfeaturesx
gggg◦g±eedsgonlyglog9±6gqubitsgforgang±gvertexggraph
gggg◦gRequiresgfullgcontrolgofgXamiltonianHgiHeHgencodinggangarbitraryggraphgrequiresgarbitraryg
matrixgelementsgofgthegXamiltonianH
•g3angbegeasilygextendedgtogagsinglegqubitgpergnodeGgrealizinggangXYgmodelx
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Implementing.Graph.]nalysis.with.Trapped.Ions
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Relevant.]tomic.Structure.of.HIHYb0
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Implementing.the.circuit.model

Ytterbiumgionsgareggoodgcandidatesgforgquantumgbitsgduegtoglonggstoragegandgcoherencegtimesg[4]Ggandghighg
fidelityggatesgcangbegperformedgwithghighgpowergpulsedglasersg[:]HgNdditionallyGgtheygcurrentlygaregusedgforg
quantumgsimulationgofgthegtransverseg=singgmodelg[~]HgIygleveraginggthisgtechnologygweghopegtogrealizegtheg
spinAspingcouplingsgneededgforggraphgalgorithmsg9suchgasgthegXYgmodel6H

fqubitgLg4:HVEXz

Qubit.levels

gggg•g|S41:gUL7gmUL7[gLg|7[
gggg•g|S41:gUL4gmUL7[gLg|4[
gggg•g3anghaveglonggcoherencegtimesg9[4s6gduegtog
4stgorderginsensitivitygtogmagneticgfieldg
fluctuations

High.power.Raman.Interactions

Xighgpowerg~00nmglaser
gggg•gUargdetunedgfromganygtransition
gggg•gYxtremelyglowgspontaneousg
emissiongrate
gggg•gWifferentialgStarkgshiftsgsmall
gggg•gXighgpowergmaygdamagegtrapg
9effectsgunknown6

•gSinglegQubitgrotationsx
gggggggg◦gElobalgRotationsxgmicrowavesgatg4:HVEXz
gggggggg◦g=ndividualgrotationsxgRamangbeamsgatgcarrier
•gøultigQubitggatesxgøøllmerASørensenggategwithg
Ramangbeams
•g=nitializationgandgdetectionxgg~V(nmglightgongS41:A[g"41:g
transition

•g"ulsedglasergwithglargegbandwidthgcangprovidegfrequenciesgneededg
forggates1spinAspinginteractions
•gTuninggthegrelativegphasegofgthegtwogenvelopesgdeterminesgthegtypeg
ofginteractiong9carrierAenvelopegphasegstabilizationgnotgnecessary6

]diabatic.Realization.of.XX.interactions.[F]
•gNdiabaticgquantumgsimulationgofgthegtransverseg=singgmodelgwithgtrappedgions
•g3arriergRamangAA[gTransversegIgfieldg9ygdirection6
•gøøllmerASørensengAA[gXXgcouplingg9tuninggphase6
•gSpingSpinginteractiongtunedgbygpowergandgdetuning
•gResidualgspinAmotiongtermsgcangbegelimiatedgbyglargegdetunings

=nggeneralxgspinAspinginteractiongisgσi
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Wetuninggfromgmotionalgmodes
μgLgdetuninggfromgcarrier

Extension.to.the.XY.model
•gNpplyinggtwogsetsgofgøøllmerASørensenggatesgwithgagπ1:gphaseg
shiftgresultsgingcrossgtalkgbetweengmodesH
•g"ossiblegsolutionxgaddressgdifferentgmotionalgmodesGg
gggggggg◦gøultiplegbeamsgwithgdifferentgorientationsgtogprovideg
orthogonalgkicksg
gggggggg◦gRotatinggthegprincipalgaxesgtogchangegdirectiongofgkickgg
gggggggg◦gSplittinggtheghorizontalgandgverticalgingfrequencygspacegtog
helpgeliminategcrossgtalk
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Experimental.Issues

TixgSapphire
gggg•gQowergpowerGgtunegclosergtog"41:

gggg•g"ossiblygnonAnegligiblegspontaneousg
emission
gggg•gøaygproducegdifferentialgStarkgshiftsg
gggg•gQowergpowergwillgnotgdamagegtrap

•gWhatgaregthegfullgsetgofgexperimentalgcontrolgknobsgavailable]
•gEivengthegsetgofgcontrollablegparamtersGgwhatgisgthegsetgofgrealizableggraphs]
•g3angwegrealizegalgorithmsgwithgjustgangXXgcoupling]g?rgadiabaticallygtuninggtheg
phasegingthegφφginteractiongbetweengXXgandgYY]

]pplications.of.Graph.Theory
•gQ"Rgalgorithmgprovidesgsamplinggofgsmallestgeigenvector
ggg•gSamplinggprobabilitygproportionalgtogmagnitudegofgentry
ggg•g"otentialgsublineargtimegalgorithmgforgtopgentries
•gNpplygtogEraphAderivedgmatricesg9spectralgalgorithms6
ggg•gYxamplesxgNdjacencyGgQaplacianGg±ormalizedgQaplacian
•g=nstancesgneedglargegspectralggap
•gWenseginstancesgimplygnonAlocalgXamiltoniansgg

•g3ommunitiesgtypicallygidentifiedgbyg9weighted6gedgegstructure
ggg•g=nternallygdensegwithgsparsegextrenalgconnections
•g=ssuexgelusive.communitiesgmaygbeginternallygsparse]g
ggg•gSomegcommunitiesgeludegdirectgdetection
ggg•g3ollusiongorgfraudgmaygpreventgdetectiongofgedges
ggg•gXowgtogfindgsuchgcommunities]
•gUseg•targets•gtogidentifygelusivegcommunities
ggg•g9±earA6Iipartitegcorexgtwogdenselygconnectedgverygsparsegsets
ggg•g?negsetgelusivegcommunityGgothergitsg•targets•
ggg•gSpectralgapproachesgaregpromising
ggg•gNpplicationsxgwebgcommunitiesg[:]Ggauctiongsitegfraudg[4]g
gggggggggggggggggggggggggggggg9figuregderivedgfromg[4]6

Wommunity.Detection
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Spectral.Graph.partitioning

•gUsegeigenvectorsgtogpartitionggraph
ggg•gYachgentrygisgassociatedgwithgagnode
ggg•gYHgHgsigngofgentrygdeterminegpartitions
•gSecondAsmallestgeigenvectorgeffectivegforgpartitioning
•gSamplingggivesg•important•gnodesgingpartitions
•gYmploygrecursiveghierarchicalgpartitioninggforg[g:gpartitions
•gNpplicationxgimagegsegmentationg[~]g9figuregderivedgfromg[2]6
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its diagonal- That isR
DGvi R i x ;

j Fvi Rj x∈E

wvi R j x-

The Laplacian then becomes LG ; DG − AG- Given a convex polytope in IRdR we can treat its
frskeleton as a graph on its vert ices- Wewill prove that there is a way of assigning weights to edges
so that the secondrsmallest Laplacian eigenvalue has mult iplicity dR and so that the corresponding
eigenspace is spanned by the coordinate vectors of the vert ices of the polytope-

r of graph- Colin de Verdière’s
drsmallest Laplacian eigenvalue over

all edgerweight funct ions- Colin deVerdière proved that it is three if and only if the graph is planarw
It is u if and only if the graph is outerrplanar vplanarR with all vert ices on the convex hullxR and V
if and only if the graph is linkless embeddable in IRC- The world is st ill wait ing to find out what it
means when it is -̀

f-P Physical I nt uit ion

One can gain some intuit ion for the spectra of graphs by associat ing them with physical systems-
For exampleR the path graph can be understood as a discret izat ion of a stringR and its Laplacian
eigenvectors as discret izat ions of its fundamental modes of vibrat ion- For special graphsR this
connect ion can be made rigorous through the Finite Element Method- In the following figureR I
construct the path graph on fC vert icesR and then plot the second Laplacian eigenvector vu by
plot t ing the points vi R vuvi xx- I have neglected the first Laplacian eigenvectorR as it is a constant
vector-

A ; di agv onesv fR fux R fx z
A ; A I A’ z
L ; l apv Ax z
[ vR d] ; ei gv Lx z
pl ot v vv F R ux x z
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