Lattice simulation of

ultracold atomic Bose-Fermi mixtures

Arata Yamamoto
(RIKEN)

The 30th International Symposium on Lattice Field Theory, June 27, 2012



Bose-Fermi Mixtures

4He-3He mixture

170yb-173yb in 3D optical lattice
[Sugawa et al. (2011)]
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’Li-SLi in trapping potential

[Truscott et al. (2001)]
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87Rb-40K in 3D optical lattice

[Gunter et al. (2006)]
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Quantum Monte Carlo simulations on (1+1)-dim. lattice

phase diagram phase diagram
[Pollet, Troyer, Houcke, Rombouts (2006)] [Sengupta, Pryadko (2007)]
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Quantum Monte Carlo Simulation

world-line formalism:

loop update

Fermior

sign problem in higher dimension

Green-function Monte Carlo:

product of transfer matrices
Fermion sign problem

“Action” path integral Monte Carlo:

lattice QCD, lattice SUSY, etc.
Boson sign problem in non-relativity




one-component Boson + two-component Fermion on (3+1)-dim. lattice
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Hybrid Monte Carlo simulation, just like 2-flavor lattice QCD
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Bose-Fermi Hubbard Model
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Boson self-interaction (repulsive)
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Boson-Fermion interaction (repulsive or attractive)

free Fermion



Boson sign problem:
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complex |

Boson Matsubara frequency: w; = 27wkT’

zero-frequency approximation: L = Q

cf.) relativistic scalar theory
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Number Density
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Pair Occupancy
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Boson Propagator
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Phase Diagram

condensate fraction: 'BO at Up > 0 (fixed)

0.05

0.8

0.04

T 0.03

0.02

0.01
-0.1 -0.05 0 0.05 0.1



« We have formulated the quantum Monte Carlo simulation of

Bose-Fermi mixture on the (3+1)-dim. lattice.

« We have analyzed the Boson-Fermion density correlation and

the BEC phase diagram.



