Monday

A 6: Correlation dynamics in plasmas and clusters Il

Time: Monday 14:00-16:15

Invited Talk A 6.1 Mon 14:00 V57.01
Equilibration of Strongly Coupled Ultracold Plasmas —
eTHomAas KiLLiaN — Rice University, Houston, Texas, USA

Ultracold neutral plasmas provide a powerful platform for studying col-
lisional equilibration in strongly coupled systems. They are created by
photoionizing laser-cooled atoms at the ionization threshold, and the
resulting ion and electron temperatures are orders of magnitude colder
than in traditional neutral plasmas. The ions are strongly coupled
and equilibrate with Coulomb coupling constant 1 < I'; < 4. Because
the density is relatively low compared to high-density strongly coupled
plasmas, all relevant timescales are much longer, which provides great
advantages for experiments.

The creation of the plasma involves a rapid hardening, or quench
of the particle interactions. This leads to an exchange of potential
and kinetic energy during subsequent thermalization called correla-
tion induced heating. This is followed by oscillations of the kinetic
energy at the ion plasma oscillation frequency. It is also possible to
perturb the velocity distribution in an equilibrium plasma and observe
the relaxation to a Maxwell-Boltzmann distribution. This allows a
measurement of the collision rate in the strongly coupled regime, be-
yond the point where standard Landau-Spitzer theory becomes invalid.
Both experiments probe general features of equilibrating strongly cou-
pled systems and can be related to dynamics in other laser-produced
plasmas.

Invited Talk A 6.2 Mon 14:30 V57.01
Short-Time Dynamics of Dust Clusters in Plasmas —
eANDRE MELZER!, ToBias MikscH!, ANDRE ScHELLAL, JaN
ScHABLINSKIZ, DIETMAR BLock?, and ALEXANDER P1eL? — lInstitut
fiir Physik, Ernst-Moritz-Arndt-Universitit Greifswald — Z2IEAP,

Christian-Albrechts-Universitiat Kiel

Dust clusters show a wide variety of fascinating dynamic properties
which strongly depend on the exact particle number. For example,
they can be heated from an ordered, solid state to a fluid state or
perform normal mode oscillations. Moreover, magic number configu-
rations show high structural and dynamical stability.

Dust clusters consist of a small number of microspheres (dust)
trapped in a gaseous discharge plasma. There, the particles attain high
negative charges due to the inflow of plasma electrons and ions.These
dust clusters can be confined in 2D or 3D arrangements depending
on the plasma conditions. They are ideally suited to measure the
dynamical properties on the kinetic level of individual particles by
(stereoscopic) video microscopy.

Here, we like to address the question of solid-liquid phase transi-
tions in these finite systems in both 2D and 3D as well as their normal
modes. These allow a detailed insight into the physical mechanisms of
dust systems in particular and charged clusters in general.

This work is supported by DFG under SFB-TR24 and DLR under
50WM1138.

Invited Talk A 6.3 Mon 15:00 V57.01
Shell Formation Dynamics of a Spherical Yukawa Plasma —
eHAaNNO KAHLERT!?2 and MicHAEL BoniTz! — ! Christian-Albrechts-
Universitit zu Kiel — 2Heinrich-Heine Universitit Diisseldorf

Dusty plasmas allow for a fully kinetic investigation of various pro-
cesses in strongly coupled plasmas—including their dynamics on short
time scales. Here, we focus on the time-dependent correlation buildup
in spherical dust clusters ("Yukawa Balls’). Starting from a laser-
heated initial state, we investigate the time evolution of the dust cloud
by Langevin dynamics simulations [1,2]. Due to friction with the neu-
tral gas, the dust particles reach a strongly coupled state in the long-
time limit with a well-defined radial shell structure [3]. For short and
intermediate times, the simulations show that the cooling process is
accompanied by a breathing oscillation of the plasma which manifests
itself as a periodic modulation of the dust density. Special attention is
paid to the influence of the screening parameter on the order of shell
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formation, and comparisons are made between closely related processes
in ultracold neutral plasmas [4] and confined ion plasmas.

[1] H. K&hlert and M. Bonitz, Phys. Rev. Lett. 104, 015001 (2010)
[2] H. Kéhlert and M. Bonitz, Contrib. Plasma Phys. 51, 519 (2011)
[3] M. Bonitz, C. Henning, and D. Block, Rep. Prog. Phys. 73, 066501
(2010)

[4] T. Pohl, T. Pattard, and J. M. Rost, Phys. Rev. Lett. 92, 155003
(2004)

A 6.4 Mon 15:30 V57.01
Plasma formation and ionization dynamics in laser-irradiated
droplets — oeTAaTYANA LISEYKINA and DIETER BAUER — Universitét
Rostock, Deutschland

We present our recent results on ionization dynamics and plasma for-
mation in intense laser-droplet interaction using three-dimensional, rel-
ativistic PIC simulations with ionization included. The numerical sim-
ulations show that there exists a broad laser intensity regime for which
wavelength-sized targets are not fully ionized. For higher-Z material
this applies even to ultra-high intensities. Moreover, the results re-
veal that there exists an angle of incidence at which oscillating electric
fields penetrate into the droplet, ionizing its interior. This leads to the
formation of a highly asymmetric density distribution, concentrated
mostly in the polarization plane, with the higher charge states not
only within the skin layer on the surface but also around a focal point
in the droplet interior.

A 6.5 Mon 15:45 V57.01
A collisional-radiative model for ns-pulsed laser ablation of
metals — eDaAviD AUuTRIQUE and BAERBEL RETHFELD — TU Kaiser-
slautern, 67663 Kaiserslautern, Germany

Laser ablation is nowadays used in a growing number of applications,
such as chemical analysis and pulsed laser deposition. Despite the
many applications, the technique is still poorly understood. There-
fore a model, describing the time dependent material evolution after
short pulse laser irradiation, can be a helpful tool during the research
quest. The transient behavior in and above a ns-laser irradiated cop-
per target is modeled. Ultrafast phase transitions occur in the liquid,
overheated layer. Subsequently a dense mixture of liquid and vapor is
ejected above the target. Here a collisional-radiative model accounts
for the laser-produced plasma kinetics. Stepwise collisional excitation,
ionization, as well as photo processes result in plasma formation in the
dense, expanding vapor plume. Calculated transmission profiles are
compared with experimental results and similar trends are found.

A 6.6 Mon 16:00 V57.01
Multiscale Approach to Strongly Correlated Two-component
Quantum Plasmas in Nonequilibrium — eMicHAEL Bonirz!,
Parrick Lupwic!, and JamEs W. DurTy? — 1Universitit Kiel —

2University of Florida

A key problem in the description of nonideal, multi-component plasmas
is the drastic difference in the r,t-scales which prohibits first-principle
simulations, in particular in nonequilibrium. We, therefore, develop a
multiscale approach for dense quantum plasmas such as partially ion-
ized Warm Dense Matter, where a full dynamic treatment of the pair
correlations of the heavy particles is crucial. To this end the ions are
treated exactly by classical Langevin Dynamcis simulations, whereas
the electrons are treated fully quantum-mechanically on the basis of
a quantum kinetic equation. The coupling of the two is performed
in linear response and fully includes the dynamical screening of the
ion-ion interaction on the basis of a nonequilibrium extension of the
Mermin formula extending our recent results [1,2].

[1] P. Ludwig, M. Bonitz, H. Kahlert, and J.W. Dufty, J. Phys.
Conf. Series 220, 012003 (2010) [2] P. Ludwig, H. Kéhlert, and M.
Bonitz, submitted for publication in Plasma Physics and Controlled
Fusion (2011)



