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Micromagnetics

Precession of classical moments
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Thermal field (Fluctuation-dissipation)
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Nanoscale Single-domain Magnets

STM-assisted Chemical Vapor Deposition
Awschalom, von Molnar, and coworkers
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Parameters match those
of bulk iron

M, = 1700 emu/cm?
l., = 3.6 nm

dt = 0.85 f£s
a=0.1
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Y-Mag tool set

* Library for computational magnetism
« Common data structures & algorithms
* Fast Multipole Method

\ Applications (LSMS, LKKR, Spin-Dynamics, ...) |

|Multiple Scatter || SpinDyn/MicroMag ||  Monte Carlo || |
| Comp. Cond-Mat / Com.Mat. Sci. tols (eg. Lattices, Fast Multipole Method, ...)
Basic tools (similar to numerical recipes)

STL extensions CMS || Common interfaces: Real.h, Complex.h, BLAS.h, LAPACK.h
specific data structures STL | | LAPACK

| MPI/PWM | ANSI/ISO C++ | ANSI Fortran77 ]~ BLAS

Conceptual organization of the y-Mag tool set (black) along with the application
layer (orange) and support layer (blue).
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Metastable reversal
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End Caps

Metastable vortex Saddle-point vortex
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Reversal Dynamics

6x6x90, 15K, 11250e¢, Odeg,
run—d—-040120
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Probability of not switching
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1 Statistics of Switching
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Competition of time scales
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Resonance

Micromagnetics Kinetic Ising Model
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Projective Dynamics
A

Free energy
/
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magnetization
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Measure Free Energy Extrema
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Misaligned Field

o 20 40 60
Angle (degrees)

Experiment: Li, et al, JAP 93, 7912 (2003)
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75° Reversal

6x6x90, 15K, 31750e, 7bdeg.
run—-e—040414
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Summary

Micromagnetics at nonzero temperatures
Single-domain nanoscale magnets
Decay of the metastable states

Competition of nucleation and growth
timescales

Misaligned Fields

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE
17

Acknowledgements

* Sponsored by the Mathematical, Information, and Computational Sciences
Division; Office of Advanced Scientific Computing Research; U.S.
Department of Energy

* Sponsored by the Division of Materials Sciences and Engineering; Office
of Basic Energy Sciences; U.S Department of Energy

e Sponsored by the Laboratory Directed Research and Development
Program of Oak Ridge National Laboratory

* This research used resources of the Center for Computational Sciences at
Oak Ridge National Laboratory

*  Work performed at the Oak Ridge National Laboratory, which is managed
by UT-Battelle, LLC under Contract No. DE-AC05-000R22725

*  Work performed at Florida State University supported by U.S. National
Science Foundation grant DMR-0120310.

* Extensive supercomputer resources provided by FSU Academic
Computing and Network Services and by the U.S. DOE through the
National Energy Research Scientific Computing Center

* This document described research activities performed under contract
number DE-AC05000R22750 between the U.S. Department of Energy and
Oak Ridge Associated Universities.

* All opinions expressed in this report are the authors’ and do not
necessarily reflect policies and views of the U.S. Department of Energy or
the Oak Ridge Institute for Science and Education.

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE
18



