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{Introduction}
A plasma which consists of ions, electrons,  neutrals and micron-
sized dust particles is called  a complex plasma
. The dust particles interact with other particles including 
themselves through Coulomb force and make strong correlation, 
which leads to formation of unique structures. The fundamental 
physics  for characteristics of the formation is not well 
understood.

◆Strength of correlation is described by 
coupling parameter, ! d
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{Purpose}

New features of complex plasma in cryogenic environment
( Value of       becomes  large)   ! d

* Two-dimensional dust structure on the surface  of liquid helium
* Dispersion relation  associated with quantum liquid
* Dynamics of dust particles under cryogenic environment

For example, 

◆ Unexplored area
In this study,

Theoretical study using numerical simulation for behavior of 
dust particles, especially, ”diffusion and cooling process”.

{Motivation-experiment at YNU}

( Courtesy to C. Kojima, Y. Fukuda at YNU )

Information about 
3D velocity and 

position of dusts.

*Our theoretical 
model is prompted 

by a cryogenic 
complex plasma 

experiment at YNU.

Pump

{Model}
Dynamics of expansion of dust clouds above liquid helium is considered.

diffusion

Assumptions

figure

◆ Dust temperature decreases 
   through interaction with cold  
   neutrals. 

◆ Distribution function  
   characterizes behavior 
   of dust particles in a plasma.

{Theoretical description-1}
*Fokker-Planck
   equation

Temporal evolution  of 
distribution function
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*Kinetic theory
Dust particles through
distribution function 
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(Self-similar form) (r2 = x · x)
: Electric field

: Distribution function

: Frictional parameter

: Spatial spread 
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*Electric field
Effective potential* in complex 
plasma is assumed here. 

*(O. Ishihara, Complex plasma: dusts in plasma,
 J. Phys. D: Appl. Phys. 40, R141-147 (2007))
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r 2 E = −∇φ = Cx

: Average initial  
dust  density

nd : Constant, which is assumed asC
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*Collision term Change of distribution          
           function 
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: Damping rate : Critical temperature

(◆       is controlled by liquid helium)
β Tc

Tc

{Basic equations}
Using equations ⓐ, ⓑ, ⓒ, and ⓓ  
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◆These equations are solved under initial conditions

[eV]

[μm] 

[s-1] Td(0) = 0.1

σ(0) = 100

! (0) = 0.0

{Normalizaion}
Values are normalized as follows,

◆ For time scale,

◆ Spatial spread length sale,

: Dust plasma frequency

: Dust interparticle distance

t! ∼ t/t0, t0 ≡ ω−1
pd

σ∗ ! σ/σ0, σ0 ≡ d0

Td(t) = Td(0)e−2γt

{Temporal evolution 
 of dust temperature}
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β >> γ

β >> γ

numerical

numerical

β << γ

β << γ

◆ ωpd0 :  
Initial dust 
plasma 
frequency

* Td reaches 
Tc  within
     ωpd0 t ~4 

◆ Approximate solutions ;

Td(t) = (Td(0) − Tc)e−2! t + Tc ( β >> γ )

( β << γ )

{Spatial spread for dust cloud}
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* Dust cloud 
spreads spatially 
with time.  

* In several 
msec, σ 
increases to a 
few mm .

◆ do :  Initial 
interparticle
  distance

◆ Approximate solutions ;
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{Temporal evolution 
 of distribution function}
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◆ Change of distribution function in real space is shown.  
   t0 means t = 0. Other time is as follows,
   t1 = 2 msec. and t2 = 3.3 msec.

t = t0

t = t1

t = t2

{Future Plan}

* We studied expansion of dust cloud through dust 
   distribution function.
* Time evolutions of dust temperature and spatial spread of  
  dust cloud are shown. The temperature is found to decrease
   in several msec to cryogenic temperature , while the dust
  cloud spreads spatially.
* Quantitative comparison between free fall time and
   diffusion time reveals that diffusion process is dominant   
   for smaller radius of dusts. 
* Dynamic evolution revealed in this study will help to
  understand complex plasma experiment in cryogenic
  environment.

{Conclusions}

◆ Extension of this study including other physical effects. 
  (background plasma dynamics,  change of electromagnetic
  field)
◆ Investigate two-dimensional dust structure to be
    formed after landing on the helium surface. 

{Discussion}
◆ We compare free fall time with diffusion time to   
    see the effect of gravitation.

tg : free fall time  to drop the   
     distance h 

tdif : diffusion  time to spread 
       radius  h

For h = 5cm 

As a result of simulation, 
diffusion time, tdif is found as 
a function of dust radius.

tg = (
2h
g

)1/2 = 0.10

md =
4πr3

d

3
ρ

[s] 

!  For dust radius rd,smaller 
than 10" m, diffusion process 
is dominant.
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