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v Solved problems
* Bragg scattering a vortex state
* Vortex waves

v Methodology § g
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week endin
PRL 97, 170406 (2006) PHYSICAL REVIEW LETTERS 27 OCTOBER 2006

Quantized Rotation of Atoms from Photons with Orbital Angular Momentum

M. F. Andersen, C. Ryu, Pierre Cladé, Vasant Natarajan,™ A. Vaziri," K. Helmerson, and W.D. Phillips

Atomic Physics Division, National Institute of Standards and Technology, Gaithersburg, Maryland 20899-8424, USA
(Received 26 June 2006; published 26 October 2006)

I. P. Simula, N. Nygaard, S. X. Hu, L A. Collins, B. |. Schneider, and K. Malmer, Phys. Rev.A 77,015401 (2008)
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week ending
VOLUME 90, NUMBER 10 PHYSICAL REVIEW LETTERS 14 MARCH 2003

Quadrupole Oscillation of a Single-Vortex Bose-Einstein Condensate:
Evidence for Kelvin Modes

V. Bretin, P. Rosenbusch, E Chevy, G.V. Shlyapnikov,* and J. Dalibard

N = — 2 Laboratoire Kastler Brossel,” 24 rue Lhomond, 75005 Paris, France T, = —|—2
(Received 5 November 2002; published 12 March 2003)
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I. P. Simula, T. Mizushima, and K. Machida, PRL (2008)
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Varicose waves 2

© v Odd parity

® v Even parity
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Viert (T, 1) = emw? cos(Qt) cos(k,z)(z* + y*)

x (pum) x (pum)

T. P. Simula, T. Mizushima, and K. Machida, PRA (2008)
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Tkachenko waves
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VOLUME 91, NUMBER 10 PHYSICAL REVIEW LETTERS 5 SE‘I)’V%%N?]I;EIEgZOM
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I. Coddington, P. Engels, V. Schweikhard, and E. A. Cornell* T
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Observation of Tkachenko Oscillations in Rapidly Rotating Bose-Einstein Condensates

JILA, National Institute of Standards and Technology and University of Colorado, and Department of Physics,
University of Colorado, Boulder, Colorado 80309-0440, USA
(Received 29 April 2003; published 5 September 2003)
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Time = 0.0796
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Methodology :
J Biscrete Variable Representation

. “massaged” polynomial basis
(Hermite, Legendre, Laguerre...) {¢n,n=0,...,

quadrature rule
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* diagonal potential operator
(Ua|Zlug) = E :qu (Tq)Tqup(Tq) = Talap
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v finite-element extension

€

_iHAt/R

very sparse matrix representation

~ €

scalable parallelization using MPI

-X

efficient temporal propagation (TDGPE)

—iVAt/2h ,—iTAt/h,—iV At/2h
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v parallelized diagonalization of large matrices

* Bogoliubov-de Gennes equations for Bose and Fermi systems
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Lug

EAMWRL S\ Vg
16 Byte x (2 x 97 x 97 x 161)* ~ 133 TB

* Arnoldi / Lanczos iteration in Krylov subspace
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Feasible future
directions

collective modes of rotating BEC In progress
inclusion of dipolar interactions

dynamics and collective excitations of
F=0,1,2,3... spinor condensates, turbulence...

BdG studies of s,p,d...-wave paired Fermi-systems

superfluidity of graphene
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