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Cold Atoms near Unitarity
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Rich Experimental Control and Probes:
phase diagram, "exotic’ superfluids, RF response,...




Equal Masses: Improved DMC calculations

Forbes, Gezerlis, Gandolfi (2010)
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Applicable to polarized, unequal mass,..
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Finite Volume Effects |
Forbes, Gezerlis, Gandolfi (2010)
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Lattice Approaches (in progress)

Equivalent to attractive Hubbard model in dilute limrt
No sign problem, but dilute limit non-trivial
Canonical approach (more efficient for 1=0)

—volve N single-particle wave functions w/ exp [ - H T |

Kinetic Energy diagonal iIn momentum space

nteraction set Iin auxiliary fields, tuned to give
zero-energy bound state on infinite lattice

Auxiliary fields for interaction sampled by MC




Different operators lead to same continuum result
Simplest Interaction is the Hubbard Model:
On-site repulsion
Nearest-neighbor hopping

Example: Kinetic Energy

Hubbard model (nearest neighbor hopping)
e 0m) (easily evaluated via FFT)
+ Ol match 2-body spectra (effective range)
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x1 from BCS
Hubbard disper, U=-7.9135; kA2 disper, U=-10.2887
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Preliminary Results
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Contact (Shina Tan)

Controls short-distance (high-momentum) dynamics

P = o/r

il | /k"

Since Iinteraction Is zero-ranged, can be measured in EOS
Also controls high-energy part of RF response




Contact and the
EOS near unitarity

Gandolfi, Schmidt, Carlson (2010)
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Welilzet and the Pair Distribution FURetien
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Contact and the off-diagonal
one-body density matrix
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Contact at Finite Temperature

Drut, Lahde, and Ten (2010)
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Unequal Masses
Additional parameter to probe for new physics

BCS solution unchanged for different reduced mass
Equal mass solution good starting point
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Binding of One Heavy or One Light
@
®° Oe B(H) = 0.36 Er(L)
@ 0® e effective mass ~1.0
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B(L) = 2.3 E¢(H)

effective mass ~ 1.3

Agreement w/ previous calculations
R. Combescot et al., Phys. Rev. Lett. 98, 180402 (2007)




Polarized Systems and Stable Phases

Majority Light

® Normal
m Superfluid
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Local Density Approximation
for Harmonic Trap
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Polarization versus radius for different population imbalances




Non-Universal Behavior N-heavy |-light at Unitarity
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OPEN;: gaussian, closed: cosh, .. + 3 body IGfc= i
heavier systems (eg. SHIL) less bound




Future Possibilities

lExeie Supelailivie) Sienes

Mixed (or other) Dimensions
Static Response & Finrte Systems
Dynamic (RF) Response
Multiple Species




