Heat Transport in Confined 2D Dust Clusters
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_ _ Boundary condition.
AbStl"aCt SImU|at|Oﬂ I"ESU|tS The cluster has a finite radius R — No heat is transported
to outside R — Temperature gradient must become zero
Dusty plasmas are an excellent laboratory for studying many % =0
: . : ' r=R

body physics [1]. Selective control over the kinetic temper-
ature of the dust particle is required in order to investigate 5 I («/BR) A (7)
phenomena such as melting and heat transport. This control Uy - K1 («/BR)
IS achieved, e.g. by acceleration of single dust grains by the Uy  ©

Solution with two free parameters A and b « »~! besides the
equilibrium temperature Teq.

e Amplitude A and heat conduction parameter b are deter-
mined by fitting the simulation results

radiation pressure of moving laser spots [2].
e Simulation: Langevin Molecular Dynamics [3]

e Confine power input to the central region — investigate
transport properties through dust cluster [4]

e Describe radial temperature profile to analytical model:
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e Determine thermal conductivity 3 by comparison of simu- 0.5 o |average over 20 runs —— | | "1 T
lation and model 3 X
. , , | ) y
e thermal conduction appears unaffected by cluster’s transi- ' 1.8 | X A r -

radial coordinate r
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_ Fig. 2: Velocity distribution at different radii: Simulated Yukawa = 14 L 9 1 Ll i
SyStem Of |nte reSt cluster with N = 200 particles and a moderate heating power
Fo = 40. The velocity profiles are stationary during the laser 19 L 1 L |
_ _ . _ _ _ heating and fit by Maxwellian distributions with decreasing width ' 1
The dimensionless Hamiltonian of N parabolically confined Ov, ,(r) = JT(r). While the central velocity profile corresponds to
particles that interact via a Yukawa potential [ = 10, the coupling of the outer particles I' = 182 is almost the L e
o o equilibrium coupling Teq = 200. 50 100 150 200 250 300 O 50 100
: r: 1 equilibrium coupling I'. heating power P,
W= T e PR q pins T peting pover
=12 =1?2 =it Temperature measurement in simulation.
Maxwellian shape of the velocity distribution at all radii — Fig. 4: Heat conduction parameter b = 27ynkg/x for varied equilib-
with ri=|ri| and rj = |r;i—rjl. Dimensionless temperature T = 1/T is determined by the ve- rium coupling strength Teq (left) and for varied heating power Fo
| | | o2 1/3 locity fluctuation: (rlght). The dashe_d line IS the mean v_a/ue b =1.66. The error is
e Distances are in units of [y = (4 2) egt/mateq 1?){ running 20 ;/mu/at/ong with the same parameters but
me€oMmw 3 1 different initial configurations and different random numbers.
2 2
e The energy is given in units of Eg = (Tg;;g;) T= 2 (<V > —{v) ) (3)
0

o The time is in units of the inverse trap frequency to = w™  , Cluster is divided into concentric rings (bins) — radial tem- i
e The screening constant « is given by the inverse Debye perature profile AnaIySIS Of the reSUItS

length k =A=' in units of lo : . : _
2 Ei » Without lasers: constant profile T(r) = Teq ob = —ZYQkB = 1.66 Is constant within the accuracy of temper-
e The coupling parameter I' = ﬁ relates the typical inter- ature measurement in the simulation
action energy with the thermal energy e average density n has only weak temperature dependency
0.3 T T T T g Ty a — heat conductivity 3 is constant
0]
: | _ h d 0.3 B g = 818 * e 1/4/b is the characteristic length for the heat transport
RS ' — o —
Simulation metho . 0.25 S P=80 o o 1/\/5 = 0.78 is close to the mean particle distance
LB e ety v = 2 2YKe 2 —1 ]
The dust component is treated exactly while neutral gas, ions 5 0.9 . . -thlermal d'f‘;US'Y'ty )i—l Ca__ : E 4._46mm > ifggg%p'
and electron are treated statistically. — Langevin equation on = oo ca paranlel ers: particle diameter dp = 6um, Q = €
motion qz 0.15 L w=>5.55""and y=w/2)
- = it o typical range: x =0O(1...10mm?s~ 1)
aser (X . . . .
bim —TrH—yvin©+ S Fr © ) 2 orpg o o - 10 e Results are in agreement finding x = 9mm?2s~1 with ex-
| = 005 b e B 20 tended 2D experiments [5]
y RERIL ~. [@. e B
b % * , [
e collisions with neutral gas background are modeled by: 0 T~ "‘5~§ %80 Importance of losses to the neutral gas
friction therm yv 0 1 2 : : : .
stochastic force n(t), with (n;(t)n;(t")) = 2yTeqdiié(t —t’) radial coordinate r » radial heat transport eguatlo(rj\TW|thout losses:
o friction y and eq.uilibrigm temperature Teq are input pa- Fig. 3: Radial temperature profiles for different heating powers F: ar (r%d_) =0 (8)
rameters to the simulation The equilibrium coupling is Teq = 200 in all simulations. The profiles 4 4
: : are fit by modified Bessel functions as solutions of an analytical , , _ , d
Fo [ (x=x/(D)2 (y— yl(t))z_ e temperature decay much slower than in the simulation
fi(r,t) = ‘e[ exp | — > — >
2TOXxO0y 20 Zoy
Fo : force amplitude e, : beam direction Analytlcal model Summary
Ox, Oy : anisotropic spot profile (Gaussian) o Heat transport in a 2D dust cluster is well described by fluid
ri(t) = (x/(t), y((t) : spot trajectory Goal: determination of radial temperature profile for a equation
Four laser beams are used, each one in +x and %y direction. strongly coupled dust cluster S e Heat conductivity is constant over the phase transition
In order to investigate heat transport, the laser spots’ motion Starting point: heat transport equation in fluid model [5] solid-like < liquid-like
IS constraint FO 2l SGRlEls window at the trap center, see Fig. 1. e Further question: connection between heat conductivity
The laser trajectories are chosen randomly: cnv -VTkg = div(»VT) — 2yn(T — Teq)kB + Sviscous (4) and friction
e Uuniform motion of the spot |
. . . - . . iVi - i i via SFB-TR 24 and DAAD via the RISE program.
— dice new velocity component in this direction with op- ]Slondtjcﬂwt%/, Sviscous VISCOUS energy conversion from shear a > sluie a the RISE progra
posite sign OW 1o hea
- e laser effect: included via boundary condition
EI e no collective motion observed - v =0
4 : e N0 shear flow — source term Syjscous =0
31 o radial symmetry — T(r) = T(|r|)
> 2 Reduced radial heat transport equation: Refe rences
i 1d ary - [1] M. Bonitz, C. Henning, and D. Block, Reports on Progress
) | ——- | o= | =2ynks (T = Teq) (5) in Physics 73, 066501 (2010)
: [2]]). Schablinski, D. Block, A. Piel, A. Melzer, H. Thomsen,
-1t Assumption: 3 independent of r — General solution: modified H. Kahlert, and M. Bonitz, Physics of Plasmas 19, 013705
O 1 2 Bessel functions of first (Ig) and second (Kp) kind (2012)
Fig. 1: Particle trajectories during At =10s: A crystalline cluster [3]H. Thomsen, H. Kahlert, M. Bonitz, J. Schablinski,
(shells outside, hexagonal structure inside) is heated in the cen- D. Block, A. Piel, and A. Melzer Physics of Plasmas 19,
ter by lasers. The orange square in the center shows the laser T(r) - Teq = Alp (\/BI‘) + BKp (\/Br) (6) 023701 (2012)
heated area. Three arbitrary particles in the central, midway and :
outer region of the cluster are highlighted. (Simulation parameters: [4]Y. Feng, ]. Goree, and B. Liu Phys. Rev. E 86, 056403
N = 200 particles, screening k = 1, trap frequency w = 5.5s71, | (2012)
Ili_rlc_t/c;r(r))y = 0.5w, equilibrium coupling Teq = 200, heating power with b = 2ynkg/x [5]V. Nosenko, S. Zhdanov, A. V. Ivlev, G. Mofill, |. Goree,
0T and A. Piel Phys. Rev. Lett. 100, 025003 (2008)
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