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Overview and motivation

Ni et al., Science 322, 231 (2008), Ospelkaus et al., Science 327, 853 (2010), de Miranda et al., Nature Physics 
7, 502 (2011). 

Increasing filling in a 3D lattice

$$                                               $$

Can polar molecules be evaporatively cooled?

Anisotropic polarizability of KRb and coherent control of rotational states

Loss is greatly suppressed in 2D.

Conclusion and future work
• Direct evaporation on ground-state molecules seems like it can increase phase space density, but there are many
challenges in using this technique to reach quantum degeneracy.
• We demonstrate a state-insensitive trap where dephasing between the |0,0> and |1,0> states is minimum.
Future work will focus on using microwave transitions to measure many body effects.
• Motivated by the efficient conversion of preformed pairs to molecules, we are working towards creating a 3D
lattice with a large filling.
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• Control over the rotational states is a convenient way to probe dipolar effects.
• The AC polarizablity depends on the angle between the quantization axis and the polarization of the AC field.
• A difference in AC polarizability leads to dephasing. At the magic angle the AC polarizability of the |0,0> and |1,0> is the same.

de Miranda et al., Nature Physics 7, 502 (2011)

An electric field along the
axial direction polarizes
molecules and a radial E-
field gradient tilts the
trap.

We observe an increased coherence 
time at the magic angle.

Chotia et al., Phys. Rev. Lett. 108, 080405 (2012)
Neyenhuis et al., accepted to PRL (2012).
Ospelkaus et al., Faraday Discussions 142, 351-359 (2009), Kotochigova and DeMille, Phys. Rev. A 82, 063421 (2010), Ye et al., Science 320 , 1734 (2008).

• The lifetime of KRb in a 3D lattice is up to 25 seconds, independent of electric field.  This lifetime is limited by 
off-resonant light scattering.
• We can convert nearly 100% of preformed pairs to molecules.

STIRAP lasers locked 
to a single high 
finesse optical cavity.  
One-way transfer 
efficiency ~90-95%

• 3 x 104 40K87Rb  in X1Σ ground state in 1D, 2D , and 3D 
optical lattices
• Dipole moment of 0.57 Debye when fully polarized
• T=100-300 nK,  T/TF ~ 1-2 in optical dipole trap
• Best conditions: 75 nK, T/TF=1

Current goals of the experiment

• Increase phase space density:
• High filling in 3D lattice
• Dipolar evaporation in 1D lattice

• Probe dipolar and many-body effects 
using excited rotational states.

θ is the angle between the B-field
(which is the quantization axis) and the
polarization of vertical lattice.

The ratio of good to bad collisions 
should be favorable  for evaporation (G. 
Quéméner private communication).
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Start with a Mott insulator of 
Rb.  Then add K. K affects the SF-MI transition of Rb.

• Need very weak harmonic    
confinement and low densities   
to get a large N=1 MI
• Next step is to diagnose the 
fraction of sites with 0, 1, 2 
atoms

Challenges:
• Loss increases as density increases, which means it’s difficult to get a large initial number.
• The initial condition is T/TF ~ 3, and we would like to get to T/TF ~ 0.5.
• The molecules are distributed over about 10 pancakes.

Using split electric 
field plates, we can 
independently 
control the field 
and gradient.

In 2D,                   , so Log(N)/Log(T)<2 means 
PSD is increasing.

NTF ∝
The elastic collision rate should get higher as we increase the 
electric field, so evaporation should be more efficient.

Goal: Load a lattice with a large fraction  of sites with exactly one Rb and one K

Related work on K-Rb mixtures in 3D lattices:
K Günter et al., PRL 96, 180402 (2006).
S. Ospelkaus et al., PRL. 96, 180403 (2006)
Th. Best et al., PRL 102, 030408 (2009).
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