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Introduction Simulation of Ultracold Gases in a Trap Stable and Robust Matrix Algorithms

 QUEST is a Fortran 90/95 package that implements the Determinant Quantum We employed QUEST to study the emergence of local phases in a trapped two- A critical computational kernel of the DQMC is =
Monte Carlo (DQMC) method for quantum electron simulations. component Fermi gas in an optical lattice. QUEST allows the treatment of to stably repeatedly compute the Green’s *' R
» QUEST serves three purposes: (1) To improve simulation performance by using temperatures that are comparable or lower than those presently achievable In function G, which involving a long chain of * B
new algorithms, like delayed update, and by integrating modern numerical experiments and large enough systems that both magnetic and paired phases can matrix mu,ltiplications and the inversion of ..
kernels. (2) To integrate existing programs by modularizing their computational be detected by inspection of the behavior of suitable short-range correlations. matrices whose time-fluctuating entries « =~ SR
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incorporate energy scales and the block and .«
sparsity structures reflect the multiple length
scales. For example, an equal-time Green’s ..
function iIs of the form
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components. (3) To assist new simulations development with, for example, the . .

bility of creating new lattice aeometries Emergence of strong correlation effects in the

abliity 9 . g. ' simulation of optical lattices. The system is
* http://www.cs.ucdavis.edu/~bai/PETAMAT confined by a harmonic potential that causes the

. : : : : : density to vary and leads to the development of local
QUEST. IS 4 pa_rt of SCIDAC project PETMAT _for Ef_f?ffl-yiMT'um phases. A Mott insulating domain is emerging in the
developing multi-scale many body codes, in which e . density profile of panel A, in the form of a half-filled
short length scales ftreated explicitly with QMC, ring 6-10 lattice spacings from the trap center. The r/@
intermediate length scales treated diagrammatically ‘

density fluctuations are minimized in this region while '%‘in:;v;ﬁ‘
using vertices obtained from the QMC, long length omé  Feynman staggered magnetization and  the d-wave pairing
scales treated in the mean fie

d graphs show a pronounced maximum.
* The development of QUEST has been the key to study

a new class of physical system: trapped fermionic
atoms in optical lattices. These systems are
characterized by the presence of a trapping potential
that causes the system to become inhomogeneous and
Imposes the study clusters that would not have been
manageable by legacy DQMC codes.
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We have been conducting a range of synergistic activities on the development of
stable and robust linear algebra solvers specifically designed to greatly expand
the length scales of the DQMC simulation in QUEST. For example,
Optimal interaction strength for the observation of mathematically, we show that the numerical solution x of the Green’s linear
strong correlation physics. The (A) density, (B) system of equations is weakly backward of a nearby Green'’s linear system:

density fluctuations, (C) nearest-neighbor spin
I+ (B +ABp)(Br-1+ABp_1)....(B1 +AB)|z =b

correlations, and (D) next-nearest-neighbor d-wave
pairing are shown for interaction strengths U =41,61, 8
t, 10tand 12tatT =0.5t, for 560 fermions.The inset
of panel A is the double occupancy normalized by the
number of particles, and the insets of panels B and C
are the lattice averages of the local staggered
magnetization and the d-wave pairing. An interaction
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