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 atomic (ASF) and spinor-molecular (MSF) superfluids
* atomic-molecular superfluid (AMSF) with finite momentum atomic BEC

* quantum and thermal phase transitions
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Motivation

Bosonic Feshbach resonances exist in e.g., Rb87, Rb8S....
— 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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Rb85-Rb87 Feshbach resonances

“Rb+°Rb interaction
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Feshbach resonances

85Rb: F=2, my=-2 S’Rb: F=1, mp=-1
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p-wave resonant modulation
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binding energy (kHz)

Rb85-Rb87 p-wave molecules
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Motivation

Bosonic Feshbach resonances exist in e.g., Rb87, RbS35,...

— 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)

Emergence of a molecular Observation of Resonance Condensation of Fermionic Atom Pairs
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Motivation

Bosonic Feshbach resonances exist in e.g., Rb87, RbS35,...

— 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) even for s-wave resonance -

v original proposal in continuum:
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Feshbach resonance
e tunability (strength and sign) Of Interactions (sudden and adiabatic) via
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P-wave Feshbach resonant scattering
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p-wave resonant Bose model

two distinguishable open-channel bosonic atoms: @@]; = (ﬂ ; @E;)
p-wave closed-channel molecule: qAbT = (QBL, ng;L, qgl)
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Landau theory
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Landau theory

large negative detuning === by < 0, by, > 0
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L=1 molecular superfluid (MSF) ® +0, ¥, =0

large negative detuning === by < 0, [y > 0
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Landau theory

large positive detuning = (Lo > 0, Uy, < 0

F & =i + (8" - 8)” + 2|3 - B
Q7 2, A 4
! (2m II“LO-)‘ Qa —I_ §|\IJQ70- _I_




Atomic superfluid (ASF)
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A A
- 2 o 4 12 2 2
Fasr = —pis|Vsl|” + 7‘\1’0| | 5 Uy |7 W
_/[/l“
(ASF,, state) ASF, Normal (N)
Eex -
— fis
Gapped modes
| (molecules AS F12

Boetoliubov modes

atoms) k

ASF,

T 2
miscibility : Ay Ao > A{y

Esry, Greene ‘97



Landau theory

intermediate detuning V.1 < UV < Vg w—— g <0, iy >0
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Atomic-molecular superfluid (AMSF)
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intermediate detuning V.1 < UV < Vg w—— g <0, iy >0
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Near MSF-AMSF transition
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Global phase diagram
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Symmetries, order parameters, Goldstone modes

° AMSFPolar
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MSF — AMSF transition

Abelian Higgs (quantum de Gennes) model:
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Experimental signatures

" ASF

* momentum distributions n,(¥, n,(™
* Bragg peak; at O, in AMSF 1, s [
0, 0, 0; K

* thermodynamic singularities at transitions

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

via Bragg spectroscopy Moo AMSE , M
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* novel vortices and dislocations i
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Summary and conclusions

Q T
e resonantly interacting Bose gas: h X T

" atomic and molecular superfluids -~ e
" atomic supersolid, tunable Q(v) MSE
" quantum, thermal transitions AMSF

1/)27_Q

oD

ASF

" fopological defects... -
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* 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?



