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Pa _Jm\\mU What are Coulomb crystals?

e A system of positive charged ions (1-10%) trapped
by a magnetic field.
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e A candidate for Quantum Processors.

e A possibility to study strongly coupled systems
with only positive charges.
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Experiments

Left: Monocomponent, sphere.
Right: Bicomponent, string, Cay;, (Blue), Mg3, (Red).
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Um _)m\\m—“u Physical model

T =0 = Quantum Mechanics and A = " signifi-
cant.

T ~ 1uK = Classical Approximation = Classical
Molecular Dynamics (Newton’s equation of motion)
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Um —)m\\m—nu Physical model (cont.)

H m
m,_oOc_ — %ﬂ.mo ﬁwwﬂg ﬁd% = mMw m
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NB: Independenof L.
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Um _)m\\m—“u Reseach

¢ Investigation of the structure and dynamics of so-
called ions trapped in a electric and magnetic field
(Paul Trap) with 1 - 10° ions.

e Radial distribution and shell structure (or not) of
mono- and bicomponent (Caj, and A3]) crystals.

e Dynamical features of finite temperature (1uK).

e Future work: Full treatment of quantal effects.
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Um—)m\\mU Molecular Dynamics(MD)

0% _ . o
5&%&@.3 = Fi(t) — m%ﬁ@ (1)
9,
- — NJ — QJB:__EEB N
E=al | @)
b, =-V,;U (3)
v- L oay LY 22

T dregi=1j>i T 24=1

© Thierry Matthey, Fevik Metting, August 30, 2002. MD Simulation of Coulomb Crystals 71 7?7?



Um_\Jm\\mU Molecular Dynamics(MD) (cont.)

Newton’s equation of motion solved by the numerical
Leap-Frog method with Nosé-Hoover thermostat:
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PROTOM OL —a molecular dynamicsframework

e An object-oriented component based framework
for molecular dynamics simulations.

e Designed for high flexibility, easy extendibility and
maintenance, and high performance demands, in-
cluding parallelization.

e Support of multiple time-stepping integration.

e Fast electrostatic force evaluation algorithms like

plain Ewald ( ( va_ Particle-Mesh-Ewald ( ( ),
and Multigrid summation ( ( )).
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PROTOM OL —a molecular dynamicsframework (cont.)

Component libfrontend

Framework Middle Laye libintegrators

/\W libbase, libtopolog
libparallel, libforce

Class Library Back—-end
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Radial distrib ution of mono-and bicomponentcrystals
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Left: 20,288 Ca (Blue), and 10,144 Ca and 10,144 A (Green), and
20,288 A (Red) ions. Right: 100,000 Ca (Blue), and 50,000 Ca and

50,000 A (Green) ions. The inner part has been smoothed.
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Conclusions

e Simulations result in clear outer shell structure in
large bicomponent ion crystals with identical ¢ m
ration.

e Each component have slightly different shell radii
resulting in an interesting “double structure” of each
shell.
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