
Part two

Physics, space
and technology
Inthe second part of our special report on the
game-changing ideas of science, it is the turn of nature
on its smallestand grandest scales.From new ways to
probethe quirks of the quantum worldto the computing
technologies of the future to the latest thinking on the
workingsof the cosmos, what ideas, projects and trends
are shaking upthe worldsof physics, space and technology?

It is your turn, too. Which of the 50 ideas from
this weekand last do you think isthe biggest?
Tonominate your favourite, turn to page 40
for details of our prizecompetition
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Graphene
Flat out into the future

Everything in our three-dimensional world has a width,

length and height. That was what we thought, at least.
Out this picture overlooks a whole class ot materials:

crystals one atom or molecule thick, essentially
two-dimensional planes of atoms shaved from

conventional crystals.

These are turning out to be wonder materials. Take

graphene. the single layers of carbon atoms arranged in a

honeycomb lattice that mycolleagues and Ifirst isolated
in 2004. Graphene is stronger and stiffer than diamond,

yet can be stretched bya quarter of its length, likerubber.

Its surface area is the largest known for its weight.

Despite graphene's thinness it is impermeable. It

conducts heat and electricity better than copper, and can

be made into transistors which are faster than those

made from silicon. It makes possible experimentswith

high-speed quantum particles that researchers at CERN

near Geneva. Switzerland, can only dream of.

With such an array of properties, there are high hopes

for what we might accomplish with graphene. Optimists

say we are entering a carbon age. Even pessimists argue
only that the impact will be somewhat less.

Andre Geimisco-winnerof the 2010 Nobelprizefor
physics.He isat the University of Manchester.UK
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Topologicalinsulators
Anewspinonelectronics

Fo:thetimeafterelectronicsthereisspintronics.inwhich

informationistransportedanddevicescontrollednotbycurrents

ofmanyelectrons,butbythequantum-mechanicalspinsof
individualelectrons.

Therearestillafewobstaclesontheway.Oneisthatspinisa
magneticeffect,butonthesmallscaleof.say.acomputerchip.
weenlyreallyknowhowtomanipulateelectricfields.

Thatiswheretopologicalinsulatorscomein.anewclassof

materialonlypostulatedin2005.Quantum-mechanicaleffects
withinthemallowthespinsofelectronsontheirsurfacestobe

controlleddirectlybyelectricfields.

Theresultisan"electronsuperhighway'alongwhichelectrons
flowinone-way"lanes"accordingtotheirspin.Collisionsare
suppressedandbusinessisconductedaltogethermoresmartly
thanonaconventionalsiliconchip,sotheydon'theatupasmuch
astoday'spower-hungrychips.Ifthetechniquecanbescaledup.
theresultcouldbecooler,fasterspintronicdevicesforall.

Marsrocks
RaidersoftheRedPlanet

ThemoonrocksbroughttoEarthbytheApollomissionsinthe

1960sand1970srepresentalmostunalteredmaterialfromthe
solarsystem'searliestdays.Theyarethefoundationstonesofour
theoriesofplanetaryformation.

Ideally,we'dlikealoadofrocksfromelsewheretocheckthose

theories.Previousprobeshavedonesomelimitedin-situchemical
analysisofthemostobvioussource.Mars,butafullbatteryof
testswouldmeanbringingachunkoftheRedPlanetbackhere.

ThatwouldalsotellusaboutMars'sowndevelopment.How
extensivewasitsearlyvolcanism?Wasitevercoveredbyan
ocean?IflifeevergotstartedonMars,doitsrocksrevealhow?

Theanswerswillbeawhilecoming,iftheycomeatall.TheUS
NationalAcademyofSciencesiscurrentlyweighingaMars
sample-returnmissionagainstamissiontoJupiter.Evenifthe
Ki-smissionisselected,itcouldbe15yearsormoretoblast-off.
presumingthetechnology-toliftoffagainstMars'sstronggravity
he'd,forinstance-isreadybythen.
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Theinternettelescope
Howthewebgetsbeneathourskin

Thefundamentalquestionofsocial
science,inanutshell,isthis:howcan

youthrowabunchofpeopletogether
andendupwithnotJustabunchof
people,butfamilies,companies,
marketsandsocieties?

Theanswer,wehavelongthought,
liesintheinteractionsbetween

Individualsandorganisations.
MeasuringthoseInteractionsIsatlast

becomingpossibleashundredsof
millionsofpeopleshifttheirsocial
andeconomicactivitiesonline-to

emailandsocialnetworkingservices,
searchenginesande-commercesites
and,increasingly,smartphones.The
netIsbecomingtosocialsciencewhat
thetelescopewastoastronomy:a
deviceformakingapreviously
invisibleuniversevisible.

WehaveusedemailandInstant

messagingtomapoutsocial
networksrunningtohundredsof

millionsofpeople,andshownthrough
large-scaleexperimentshowsodal"•*'"
influencegenerateshitsongs.We

haveusedsearchqueriestopredict
thebox-officerevenuesofmoviesor

localflutrends,andminedFacebook

updatestogeneratemeasuresofa

society'shappiness.

Theseearlysuccessesdonot
addressthe"big"problemsofsodal

science,suchastheoriginsof
economicInequalityorreligious

intolerance.Butthereisnoreason

whytheinternetdatarevolution

shouldnotchangeourunderstanding

ofourselves,justasthedatacollected
byearlyastronomerstransformedour

viewofthecosmos.

DuncanWattsdirectsthehuman

socialdynamicsgroupatYahool
Research,NewYork,andisauthorof

theupcomingbookEverythingis
Obvious(OnceYouKnowtheAnswer)
(Crown.2011)

TheAdS/CFT
correspondence
Superconductorsfrom
blackholes

janZaanen

OfallthingsInphysics,blackholeshave

possiblythemostappeal.Mindbogglingly

extreme,theyareabundantinthe

universe.Infact,there'sprobablyoneina
labnearyou-althoughyouwillneedone

oftheweirdestinsightsofrecentphysics
tonoticeit.

Thisisthegrandlytitled"anti-de-Sitter/

conformalfieldtheorycorrespondence",
orAdS/CFTforshort.Aresultderivedfrom

stringtheory,itsaysthatgravitational

objectssuchasblackholesareencodedin

averyprecise,albeitindirect,mannerinthe

propertiesofexoticquantummatter

probedinmanyphysicslabsworldwide.

Whydoesthismatter?Becausewhile

quantummatterislargelyamysteryeven
totheinitiated,wehaveaprettyextensive
toolkitfordealingwithblackholesandthe

like.WithAdS/CFT.wecanusetheoneto

explaintheother.

Thatmightallowus.forexample,

tocrackthe24-year-oldriddleof

high-temperaturesuperconductors,
materialswhosequantumworkingsallow

themtoconductelectricitywithout

resistanceattemperatureswellabove

absolutezero.Ifthroughthatviecan
realisethedreamofsuperconductivityat

roomtemperature,wewouldrewritethe

termsoftheenergydebate.

Thegrandestdreamsofphysicists,
however,liewithwhattheAdS/CFT

correspondencemightdeliverinanother

direction:couldquantum-matter

experimentsbemobilisedtoobtaina

deeperunderstandingofgravity,perhaps
leadingtoatheoryofquantumgravitythat

couldunifyallofphysics?Thispromise

captivatesmeandmanyothers.

JanZaanenisprofessoroftheoretical

condensed-matterphysicsatLeiden
UniversityintheNetherlands

QuantumDarwinism
Thefittestofallpossibleworlds

Ithasbluffedthebestmindssincequantumtheory'sinception.
Quantumstuffcanexistinseveralplacesatonce,orspin
clockwiseandanticlockwisesimultaneously.Butwhenwemake
ameasurement,wealwaysgetjustoneanswer.Why?

PerhapsbecauseofaDarwinian-stylestruggleforsurvival:
quantumstatescompetewitheachotherforourattention,

withusonlyseeingthe"fittest"statethatinllucncesits
surroundingsthemost.

Experimentsthisyearprobingminusculeassemblagesof
electronsheldinquantumdotsseemtoconfirmsomepredictions
ofthis"quantumDarwinism"(Physicc7ReviewLetters,vol104.
p176801).Iftheideaprovesright,itwillconfirmoursuspicions
thatexperimentscanonlyprobeaquantumsystem'simpactonits
environment,neverthesystemitself.

Slowlight
Loweringthespeedlimit

Light,thefastestthinginthecosmos,canbeslowedtowalking
paceorevenstoppedinitstracksWhowouldhavethoughtit?

Actually,itisasleightofhand:itisnotthelightthatisslowed
orstopped,buttheinformationthatitcarries.Sendan

energy-tunedpulseoflightintoacloudofsupercooledatoms
knownasaBose-Einsteincondensate,anditresonateswiththe

atomsofthecondensate,allowinginformationtobetransferred
fromthelighttotheatoms.Asecondlaserpulsecanthenpullthe
informationoutoftheatomsandcarryitaway.

Thisisgoodnews.Ifwecanmasterthefiddlydetailsofthe
technique,theabilitytostorelightbornedataindefinitelycould
usherintheageofsuper-fastopticalcomputersthatdoaway
withcumbersomesiliconcomponents.

Agent-basedmodelling
It'sahumanworld,afterall

Howdoyoumodeltheevolutionofasolarsystem?Simple,in
theory:youprogramacomputerwiththeequationsthatdescribe
planetarymotionsandrelevantnumberssuchaseachplanetor
asteroid'smass,andsoonyouhaveapictureofyoursolarsystem
inabillionyears'time.

Inpractice,asolarsystem'smyriadobjectsmakethingsless
simple.Imagine,then,thedifficultyofsimulatinghuman
interactions,wherethenumberofplayersissomuchgreater,
andtheirbehaviourlesseasilydescribedbyafewequations.

Agent-basedmodellingcircumventsthisdifficulty.Particle-like
"agents"interactaccordingtosimple,globalrules,andadditional
adaptiverulespermittheirbehaviourtochangeinresponseto
previousinteractions.Complexreal-worldbehaviours,deriving
frommillionsofinscrutableindividualdecision-makingprocesses,
oftenquicklyemerge.

Thatprovidesapowerfultooltocracktoughnutssuchasthe
originsoftrafficcongestion,epidemicsandlinancialcrashes.

Nowambitiousplansareafoottocreateamodelwith10billion
agents-onethatcansimulatethedevelopmentofanentire
planetarypopulation.
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