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Outline

• Motivation: many-body problems in condensed matter
physics

• Spin models for the cuprates: variational wavefunction
Monte Carlo

• Time-evolution of Bose-Einstein condensates:
numerical integrations for interacting systems

• Non-equilibrium quantum phenomena: exact solutions
in 1d



Acknowledgements
• Monte Carlo: Sunita Kannan ‘08

Research Corporation XinXin Du ‘06

James McNerney, BU ‘05

Sabrin Beg, ‘07

Liz Rivers, ‘07

Bilin Zhuang, ‘10

• BEC: Smitha Vishveshwara (UIUC)
NSF-DMR Tzu-Chieh Wei (UIUC)

Brian DeMarco (UIUC)

Mona Ali, ‘06

Merideth Frey, ‘07

• 1D bosons: Gil Refael (CalTech)

Israel Klich (CalTech)
Also thanks:Wellesley College & the Science Center Summer Research program



The problem with condensed matter...
• known interactions:

 cannot be used to predict the phenomena for
macroscopic systems!

atoms
electrons



The problem with condensed matter...

• metals: Fermi liquid theory

• magnets: spin models

• superfluids/superconductors: order parameter models

 low-energy effective models:
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The cuprate high Tc superconductors

• t-J model

• half-filling: Heisenberg models

SC

AF

www.hut.fi/Units/AES/projects/prlaser/material.htm

YBa2Cu3O7
-



Variational Wavefunction Monte Carlo

• Variational ground state:

• Problem: calculating expectation values

we would like to work with configurational states,

=



Variational Wavefunction Monte Carlo

• (approximate) Solution: importance sampling



XinXin Du ‘06, Senior Honors Thesis, WC

Results: best AF wavefunction



XinXin Du ‘06, ibid.

Results: best AF wavefunction
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Bose-Einstein Condensation
• dilute gas in harmonic trap
• T~ nK

• Condensate wavefunction,
• Release from trap and expansion,
• Interferrence experiment:

Ketterle et al. ‘95

Ketterle et al. ‘97



Bose-Einstein Condensation
• Interacting BEC: Gross-Pitaevskii equation

• Two issues:
1. Initial (ground state) with interactions
2. Time evolution (expansion) with interactions

Recent work: Chiofalo et al. 2000
   Cerimele et al. 2000



Merideth Frey ‘07, Senior Honors Thesis, WC

Results: ground state for 2 BECs



Merideth Frey ‘07, ibid

Results: time evolution and interferrence



Merideth Frey ‘07, ibid

Results: fringe spacing

( )



Outline

• Motivation: many-body problems in condensed matter
physics

• Spin models for the cuprates: variational wavefunction
Monte Carlo

• Time-evolution of Bose-Einstein condensates: new
numerical integrations

• Non-equilibrium quantum phenomena: exact solutions
in 1d



1d lattice bosons at half filling

• bosons in 1d, tunable, lattice potential

• bosons in hardcore limit

(makes system exactly solvable -- corresponds to T-G gas)

J

V

J

V

superfluid

Mott insulator



time-evolution after quick change
• initial state: ground state of

• time evolution after superlattice applied

• superfluid correlations: occupation of  k = 0 state



150 sites, exact diagonalization

Results: for various V/J



Conclusions

• computational approaches to many-body problems in
condensed matter physics are accessible to undergrads

 modeling cuprates: variational wavefunction Monte
Carlo on fermion wavefunctions
 time-evolution of Bose-Einstein condensates: new
numerical integrations for interacting systems

 Non-equilibrium quantum phenomena: exact
diagonalization of 1d systems


