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Quantum Gas in optical cavity

Q what do you associate

type of physics
degrees of freedom

types of excitations

character of interaction

energy scales

role of Bosc Einstein condensation

different regimes






































































































































Overview

1 Single atom in cavity
2 Coupled BEC Cavity system
3 Selforganisation and the Dicke transition
4 Recent experiments

Supersolids

Dissipation induced instability
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1 Single Atom in a cavity

H Hsc t Hmech t Hpump

1.1 A two levelatom in a cavity
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WA atomic transition frequency

Wc cavity resonance frequency closest to pump
co pump laser frequency

detunings AA W WA

Sc W Wc






































































































































Jaynes Cummings Hamiltonian

Hfc kata Salt Gto t i g rotate f'Irgato

dipolar approximation

Salt da Sslrt rotating wave approximation

p
differential ACStarkshift by auxiliary
field e.g optical trap

External degrees of freedom

Hmech I'm t Vali

Pump

Hpfmp in Cat a t irhCr Ot G

Dissipation Heisenberg Lioville eqn

f iz Efl g Lg
5 densityoperata

L Liouville operator in
BarnMarkovapprox






































































































































1 2 Dispersive Regime

Equations of motion

atomic8 i AAJ g f f 2oz a Rh F 2oz 80 polarization

cavity
a i be a g f f G ka t D field

low saturation and large detuning Oz
12 le cel 1gCgl

atoms driven from transvers direction Rto

determine steady state
8 i AAJ g fCry2oz a shirt 2oz go






































































































































r g fCha t r hery later we will

ida t ye
neglect 8

atomic polarization is stared to the cavity mode

cavity field

off'Iryat grfth htt ka t Ma idea
i Sat 8

Effective Hamiltonian for dispersive coupling K 01
shares same equations of motion

Hette Sc Uol first ata yeah rt If at t fertati
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2.1 Coupled BEC cavity system

off uke
2so

Pampf x
D

A

Pump 2

H Ha t Ho t Hae

Atoms

large detuning

atoms described by matter wave
field operator
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T
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basis of single particle
wave function

as S wave scattering
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Cavity
single mode rotating frame

fee driven by coherent field
w

Sc W Wc
Hc k Scata if i try at a

Interaction

Hac Idk t

I

4 lil

Ii lightshift
maximum atomic lightshift
for a single intracarity photon

II scattering

maximum
scattering for
single atom

r Rabi frequency

of transverse

pump laser






































































































































Dissipation
Heisenberg Langevin equation a operator

data i a H ka g
not expectation

value

4 Gaussian noise operator maintains

commutation relation for photon

operators in presence of cavitydecay

1 0 9h19 It't 28 t t

other dissipation channels via Heisenberg

atomic cloud 14 L't't14ft






































































































































Mean field description

cavity field mediates global coupling
mean field approach suitable

VIII t is
in Heisenberg
representation

x coherent cavity field 2 297

Nc number of condensate atoms

418 condensate wave function
normalized to 1

zeroth order in fluctuations

ihfzlllr.tl f him t V tr t Nculllli.tl
t

Jewitt






































































































































if att Sc t Ne U Cos KH ik act

tir t NcDeff Caslkx vs Hz

using Cftr folk fcrtlkr.tl
2

inclusion of fluctuations to leading order






































































































































2.2 Self organisation of Bose Einstein condensate
and the Dicke phase transition

2so

V

BEC
D

neglect lattice
A

potential due
Pump

to pump beam

H Hc t Ha t Hac with 9 0

Two mode expansion






































































































































In momentum space
Pz

fk

I I
tik thk Px

HK

Insert if Yo to t 4 I into neglect atomic

many body Hamiltonian we obtain
collisions

up to a constantterm

Hy Wo's twata t Cat a 1 91 t UMcferata

I

describes coupling between N two level systems

with transition frequency Wo and

a bosonic fieldmode with frequency w Sct NU12

bosonic mode operators

a total atom number






































































































































collective
ladder operator spincreation of collectiveexcitation

collective coupling strength

Hamiltonian is invariant under parity transformation

Hepp Lieb
Thermodynamic properties of Richemodel Dicke phase transition

1973 Hepp Lieb

Wang t Hioe
RWA

2007 Carmichael n RWA t opensystem

Dicke model exhibits a 2ndorder phase transition

in the thermodynamic limit from a normal

to a phase






































































































































Phasediagram
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RWA

normal phase

super radiant phase checkerboard density






