Bose-Einsteioondensates
In opticallattices

Creatinghumler squeezedtatesof atoms

Matthew Davis

Universiy of Queensland



Overview

What isa BEC?

What is an optical lattice?

What happensto a BECin an optical lattice?

Experiments
Mott Insulate
Collapseand revivalof matter waves

Other interestingbits

Summay
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Bose-Einsteinpondensation

De nition: Macroscopi@occupationof a single
guantumlevel(usuallygroundstate).

Dueto saturationof excitedstatesof system

Conditionr n 5z 2612

Createdfor the rst time in 1995in atomicRb
More than 30 groupshavenow observeBEC

Nobel prize for Canell, Ketterle and Wiemanin
2001.
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BECfeatures

Madeby rst lasercooling, then evaprative
cooling a sampleof trapped atoms.

Occursat ultracoldtemperatures 100nK.
Typicallyconsistof 10*{ 10’ atomsof eg Rb, Na.

Bestthought of asa matter wave analogoudo
laserlight.

All atomsare phasecoherent.e. widelyspaced
atomscanform an interferenceattern.

Quantummechanic®n a macroscopiccale
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Phasdransition
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Opticaldipoleforce

Stark e ect: Shift of atomic energylevelsin
static electric eld.

AC Stak e ect: Shift of atomicenergylevels
dueto time-vaying electric eld of laser.

In the limit of large deturningfrom resonance
(avoid spontaneousiecy)

E(Xx)/

| (X)
(! 'o)?
Remember F(x) = dE(x)=dx, soatomsin a

laserbeamexperienceforce proportional to
gradientof intensily of laserbeam




Opticallattices

De nition : Standingwavesof light
Atoms seeserienf potential wells (hills).

If cold enough,atomscan be trapped in single
well.

Blue-detuned atomstrapped at nodes
Red-detuned atomstrapped at anti-nodes

Depth of potential easilycontrolledvia laser
Intensiy
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LoadingBECinto lattice

Increasantensiy adiabatically

V(X) = Er(t) cog(kx=2); k=2 =

Position Momentum
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The physics
Initially . ..

Atoms cantunnel betweenwells

Eachwell is appoximatelya coherentstate.

Variancein atom numler is equalto mean.
Systemis super uid.

As laserintensily increases..

Wells becomeisolated(longertunnellingtime).

Numlber uctuations supgessed.

Heisenlergsays| phaseuctuations increase.
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Quantumphasdransitions

Classicaphasetransitionsdrivenby thermal
uctuations.

Quantumphasetransitionsdrivenby quantum
uctuations.

Occurat T=0 by changingparametersof
Hamiltonian.

Mott insulata : Energyminimisedby number
statesin eachwell.

How? | reducetunnellingrate by increasing
lattice depth.
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Experiments

1D lattice expt by Orzelet al, Science291, 2386(2001).
3D lattice ext by Greineret al, Nature415, 39 (2002).

Turn on lattice adiabaticallythen switcho suddenly
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Super uid to Mott Insulato . . .

Imagesafter 18 ms of expansion

Momentum distribution for different potential depths of a 3D lattice:

0 Epocou
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...andbackto super uid

3 - FOMR¢P0 ¢ 0 0 ¥ ©

Adiabatic ramp to
22 Er (80 ms)

Hold (20 ms)

Releasdo 9 Ex
(t ms)

—p.13



...andbackto suger uid Il
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Theay: Bose-Hubbd maodel

B =

X X U X
J b+ N + 5 fi(hi 1)
n;j i i

J . tunnelingmatrix element.Decreasewvith Eg.

U : Inte

ractionmatrix element.Increasesvith Er.

Mott Insulato transition: il > 58 7z

n:. num
Z . num

nJ

®er of atomsper site

®er of neaest neighlours
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More theay

Recentresultsshav that disapgaanceof
Interferencas not a signatureof MI phase(Roth
and Burnett, condmat/0209066).

Howeverexcitationspectrumwas alsostudied.

Energygap appeas above lattice depthof 13

E recoil-

Thus an insulatingstate was acheived.
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Collapsandrevival

Coherentstate: superposition of numler states
o, X n
ji=e 1 B _jni

n

Groundstate Hamiltonianof singlewell

U X
A = > M 1)
i
Evolution:
o, X
ji@)=e "% p— jni

|
= n:
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Revival

All phasesnatchup at timest. = U=h
| " @ )
~3 (l (5] "mi ©

Canbe realisedoy suddenswitchto Mott insulate state!

Increasingimesin the MI state pis



Timescales

Revivial time Is indepen-
dent of atom number
valance.

Collapsdime is dependent
on initial varlanceof atom
numiber
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Otherinterestingits

Proposal(and experiments)on controlledcold collisions
Two di erent internal states,eachseedi erent lattice.
Move latticestogether| interactionsdependenton state.
Quantumcomputing???

Proposalto form Mott insulata with n = 2
Then photoassoiateandmelt) molecula BEC.

Why is this interesting?

Wednesdga physicssemina tommaow, 1pm Conference
room 2.32D, PhysicsAnnexe(Building 6).

PAIR CORRELAED ATOM LASERBEAMS

Dr Karen Kheruntswan.
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Summay

Introductionto BEC

Introductionto opticallattices
Quantumphasetransitions

Super uid to Mott insulata
Bose-Hubbal model.
Collapseandrevivalof matter waves

Other proposalsfor BECsin lattices.

No Microsoft products were usedin the making of theseslides

Thanksto linux, latex, prosper, and ps2pf.
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