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Outline

e S-wave superfluidity
- Feshbach resonant bosonic model
- Afomic SF (ASF) and Molecular SF (MSF)
- Quantum Ising fransition

- Half vortices deconfinement transition

e P-wave superfluidity
- Feshbach resonant bosonic model
— Finite momentum Afomic-Molecular SF (AMSF)
- Quantfum smectic fransition

- Phase diagram



Part I

S-wave superfluidity



Utr)

0 molecule / Summary

. @

atom

v ‘ n(r) -
. ASF
i Atomic SF .
. ASF /
\ 1 1
\ r I, r
. Teo Normal

V(1) T T MSF [T

V (n,0) MSF
Molecular SF /\
T

* atomic (ASF) and molecular (MSF) superfluids

* quantum Ising transition */ ::::_—:H:;:j\j\*
N~ T
* 1t vortex deconfinement NS =

R,

- -



Motivation

Bosonic Feshbach resonances exist in e.g., Rb87, Rb8S5,...
— ultracold coherent bosonic atom-molecule mixtures

Resonant fermionic systems led to molecular superfluids, BEC-BCS crossover,
strongly interacting superfluid, etc.

Allow SF-SF quantum phase transitions (cf. just crossover for fermions)
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Motivation

Bosonic Feshbach resonances exist in e.g., Rb87, RbS5,...

— ultracold coherent bosonic atom-molecule mixtures

Resonant fermionic systems led to molecular
superfluids, BEC-BCS crossover, strongly
interacting superfluid, etc.

Allow SF-SF quantum phase transitions (cf. just crossover for fermions)



Feshbach resonance (Fermi)
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Motivation

Bosonic Feshbach resonances exist in e.g., Rb87, RbS5,...

— ultracold coherent bosonic atom-molecule mixtures

Resonant fermionic systems led to molecular superfluids, BEC-BCS crossover,
strongly interacting superfluid, etc.

Allow SF-SF quantum phase transitions (cf. just crossover for

fermions)
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Resonant model

Interacting bosonic atoms and (diatomic) molecules:
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MOdeI Paramefers (determined by 2-body physics)

e Feshbach interconversion rate and background scattering lengths:
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Landau ftheory
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Landau theory
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Temperature-defuning phase diagram
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Atomic and molecular superfluids
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MSF-ASF transition’|

e atomic gap closing at v, ™ ASF
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Trapped profiles via LDA
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Summary and conclusions

v
e resonantly interacting Bose gas: o
" atomic and molecular superfluids . ASF
N
" quantum Ising transition N T Normal

" r-vortices .
V. (n.0) MSF

o ...but: expect short lifetime due to 3-body instabilities (Efimov states)

e fixes:

= optical lattice?
" avoid immediate vicinity of the FBR?
" spinor condensate with on average repulsive interactions?

* p-wave resonance generalization: periodic ASF, orbital condensates, etc...



Outline

e S-wave superfluidity
- Feshbach resonant bosonic model
- Afomic SF (ASF) and Molecular SF (MSF)
- Quantum Ising fransition

- Half vortices deconfinement transition

e P-wave superfluidity
- Feshbach resonant bosonic model
— Finite momentum Afomic-Molecular SF (AMSF)
- Quantfum smectic fransition

- Phase diagram
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P-wave superfluidity



Summary - oo

* atomic (ASF) and spinor-molecular (MSF) superfluids

* atomic-molecular superfluid (AMSF) with finite momentum atomic BEC

* quantum and thermal phase transitions



Motivation

Bosonic Feshbach resonances exist in e.g., Rb87, Rb85,...
— ultracold coherent bosonic atom-molecule mixtures

Resonant fermionic systems led to molecular superfluids, BEC-BCS crossover,
strongly interacting superfluid, etc.

Allow SF-SF quantum phase transitions (cf. just crossover for fermions)
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“Rb+%Rb interaction

2000

1000
i
- \
S 0 ")
(©

-1000

-2000

0 100 200 300 400 500
B (G)

Papp, Pino, Wieman



Feshbach resonances
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Motivation

Bosonic Feshbach resonances exist in e.g., Rb87, RbS3,...

— ultracold coherent bosonic atom-molecule mixtures

Resonant fermionic systems led to molecular superfluids, BEC-BCS crossover,
strongly interacting superfluid, etc.

Allow SF-SF quantum phase transitions (cf. just crossover for

fermions) ev
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P-wave Feshbach resonant scattfering
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p-wave resonant Bose model

two distinguishable open-channel bosonic atoms: @El = (1@1[ : 12;)
p-wave closed-channel molecule: qAﬁT = (gﬁl, gg?];, qgi)
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Landau theory




Landau theory

large negative detuning e Ly < 0, [y, > 0
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L=1 molecular superfluid (MSF)
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Landau theory

large positive detuning e (L > 0, [y, < 0
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Atomic superfluid (ASF) & =0, V¥, +0
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Landau theory

intermediate detuning V.; < UV < U e g <0, iy >0
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Atfomic-molecular superfluid (AMSF) § £ o, w,, +0

intermediate detuning V., < UV < V.o = [lg < 0, [y, >0
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Near MSF-AMSF transition
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Global phase diagram
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Symmefries, order paramefers, Goldsfone modes
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MSF - AMSF ftfransition

0. U410
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Experimental signafures

" ASF
« momentum distributions n,, n,(™

* Bragg peak§ at O, in AMSF 7, (@ © MSF

0 0, 0 K
 thermodynamic singularities at transitions

e excitation spectra (phonons, Bogoluibov and spin-wave modes)

via Bragg spectroscopy 1 Eox AMSE, f

e novel vortices and dislocations

FM

&L
k




Trapped profiles via LDA
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Summary and conclusions

N T
e resonantly interacting Bose gas: h T

» atomic and molecular superfluids o
" atomic supersolid, tunable Q(v)
" guantum, thermal transitions

= fopological defects...

ASF

* questions:

" nature of the AMSF solidity: vortex lattice? 3d crystal?
= stability? expect short lifetime due to 3-body instabilities

e fixes:
= optical lattice?
" avoid immediate vicinity of FBR?



Laser cooling, trapping and imaging

Fluorescence 1997 @

l Chu,
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AN . rJ Phillips

Evaporative cooling Laser (Doppler) cooling
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' Interspecies Feshbach resonances
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Production of heteronuclear molecules

Use adiabatic magnetic field ramps to produce molecules
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BEC excitation spectrum
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Photoassociation (Bose)

Molecules in a Bose-Einstein
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