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Where do we find plasmas? 

•  99% of the visible matter in 
the universe is ´plasma´. 

•  A large fraction of this 
plasma is ´dusty´:  

   Galaxies,  interstellar clouds,  star formation 
regions,  planetary disks, comets,  our 
atmosphere, planetary rings, all plasma 
processing devices,  even plasma  fusion 
reactors, etc. 
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•  Plasmas - Encyclopaedia Britannica: 

•  A collection of positive and negative charges, about equal 
in number or density and forming a neutrally charged 
distribution of matter.  

 

•  Plasma state is called the fourth state of matter and is 
unique in the way in which it interacts with itself, with 
electric and magnetic fields, and with its environment. 
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•  Dusty Plasmas 

•  A collection of positive and negative charges, and 
macroscopic objects,  forming a neutrally charged 
distribution of matter.  
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Small particles absorb electron and ions and become charged  
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•  Dusty Plasmas  

•  A collection of positive and negative charges, and 
macroscopic objects,  forming a neutrally charged 
distribution of matter.  
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Types	  of	  Dusty	  Plasmas:	  
	  
	  

niiie ,.......,, 21 and	  dust+/dust-‐	  	  	  (comets,	  rings)	  

e and	  dust	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (moon,	  asteroid	  surface)	  
	  

dust	  +	  and	  dust-‐	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (sand	  storms)	  



New	  physics:	  
Dust	  is	  many	  orders	  of	  magnitude	  heavier	  than	  ions	  and	  can	  carry	  many	  orders	  of	  	  
magnitude	  larger	  +	  or	  -‐	  	  Bme	  dependent	  charge.	  

	  
	  

new	  spaBal	  scales	  

new	  Bme	  scales	  

unusual	  dynamics	  

new	  waves	  &	  instabiliBes	  	  

	  

	  	  	  Dust	  charge:	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  electron	  and	  ion	  fluxes	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  secondary	  and	  photoelectrons	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  dust	  –	  dust	  collisions	  



Rao et al., 1990 

Barkan et al., 1995 

Dust - acoustic wave 

1 cm 
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2)	  Dusty	  plasma	  primer	  	  
	  



	  Dust	  Charging	  Processes	  
•  electron	  and	  ion	  collec?on	  
•  secondary	  emission	  
•  UV	  induced	  photoelectron	  emission	  

	  
•  …….	   	  	  

	  	  	  	  	  Total	  current	  to	  a	  grain	  =	  0	  

	  	  	  	  	  Σ	  I	  =	  Ie	  +	  Ii	  +	  Isec	  +	  Ipe	  	  =	  0	  
	  



electron	  
repulsion	  

ion	  enhancement	  

The	  Charge	  on	  a	  Dust	  Grain	  
In	  typical	  lab	  plasmas	  	  Isec	  =	  Ipe	  =	  0	  

Electron	  thermal	  speed	  	  >>	  ion	  thermal	  speed	  so	  the	  grains	  
charge	  to	  a	  nega?ve	  poten?al	  VS	  rela?ve	  to	  the	  plasma,	  un?l	  
the	  condi?on	  Ie	  =	  Ii	  is	  achieved.	  	   a	  
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Dust	  Charge	  Measurements	  
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Dust dropper	  

	  

Faraday cup	  

	  

	  

	  

UV source	  

	  

to electrometer	  

	  

	  	  

	  

UV	  charging	  (I)	  

	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  

Spectral irradiance curve at 0.5 m for the 
1kW Hg-Xe arc lamp.   

 
 
 
 

zinc        4.3 eV graphite  5.0 eV copper    4.7 eV 
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3)	  Dust	  in	  magnetospheres:	  transport,	  capture,	  ejec?on	  
	  



Mo?on	  of	  a	  charged	  grain	  is	  followed	  by:	  

	  	  Its	  charge:	  

	  	  	  Limits:	  

Q/m	  <<	  1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Q/m	  >>	  1	  

Gravity	  dominates	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  E&M	  dominates	  

(Kepler	  orbits)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (adiabaBc	  moBon	  of	  e,	  i)	  
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1	  MeV	  proton	  @	  Earth’s	  synchronous	  radius	  



V	  	  	  Kepler	  start,	  inside	  synchronous	  radius	  

	  

Saturn	  	  

10−=φ

y
y	  



10+=φ V	  	  	  Kepler	  start,	  	  outside	  synchronous	  radius	  

y	  



7/17/13	   Heliopsheric	  Summer	  School	  2013	   22	  



7/17/13	   Heliopsheric	  Summer	  School	  2013	   23	  





	  	  	  	  	  	  	  	  

Measured	  average	  emission	  pa_ern	  (	  Kruger	  et	  al.,	  2002)	  

Calculated	  average	  emission	  pa_ern	  (GRL,	  1997)	  



Srama et al., 2005 

Long  
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``…  cannot be explained with the known 
laws of physics ! ’’  (JPL 1980) 

``.....  there is a difference  between the known 
laws of physics and the laws of physics known to 
you ! ’’  
                                                
                                                        Hannes Alfven 
(1980) 



Properties from visual inspection: 
intermittent, 0.1-10 % contrast,  l: 104  km &  w: 2000 km, close to RS,  
appear in < 5 min,  seem radially aligned in the “morning” and shear away,  
typical grain size <1 µm,   dust cloud height < 80  km 

 

Questions:  
Are grains lifted off the ring-plane or just rearranged in plane? 
What is the plasma density and temperature near the rings ? 
How can thin radially aligned structures be produced ? 
Why is the morning side of the rings preferred ? 
What determines the frequency of occurrence? 

Ideas: 
Static                : alignment of charged grains (E or B) 

Dynamic           : single particle trajectories (external or internal trigger) 

Collective         : dusty plasma waves (instability, solitons) 
 



Evolu?on	  of	  a	  Spoke’s	  real	  estate	  	  



	  	  	  	  	  	  	  	  Dust	  liU-‐off	  from	  a	  surface	  in	  	  plasma	  



1)  lift-off   ( 1 e !)                             Pe ~  a2   

2)  transit through the sheath             tD  ~  a-3/2
 

3)  (dis)charging time                        tC  ~  a-2 

Pescape	  =	  Pe	  exp(-‐tD/tC)	  	  ~	  a2	  	  for	  small	  a	  	  and	  ~	  exp(a-‐3.5)	  	  for	  large	  	  a	  





V
R=	  +2	  

V
R=	  -‐2	  



Need higher than `normal’ plasma density for dust lift-off ! 

               Morfill and Goertz, 1983 

Meteorite impact model 



Goertz and Morfill, 1983 
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4)	  Dusty	  plasmas	  on	  the	  surfaces	  of	  airless	  bodies	  
	  



MOON  
Apollo 16 Lunar Grand Prix 





LUNAR DUST, PLASMA, AND UV ENVIRONMENT 
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kTe ≈ mpv
2
sw / 2

φ ≈ −mpv
2
sw / (2e)

NIGHTSIDE CHARGING 

Halekas,	  2010	  



APOLLO ERA UNRESOLVED OBSERVATIONS 



APOLLO	  ERA	  UNRESOLVED	  OBSERVATIONS	  Evidence for Lunar Dust at Orbital Altitudes          

LADEE CDR
ITAR RESTRICTED MATERIAL WARNING 10May 17-20, 2011

Gene Cernan sketches from Apollo 
Command Module

McCoy and Criswell, 1974

� �����	�������
�	��
���������������
��
Apollo command module

� Too bright to be meteoritic ejecta
� Exosphere and/or high altitude (50 km) 

dust is one possibility
� Key goal if LADEE is to help resolve this 

open question

Apollo CM Trajectory

Dust?

Evidence for Lunar Dust at Orbital Altitudes          

LADEE CDR
ITAR RESTRICTED MATERIAL WARNING 10May 17-20, 2011

Gene Cernan sketches from Apollo 
Command Module

McCoy and Criswell, 1974

� �����	�������
�	��
���������������
��
Apollo command module

� Too bright to be meteoritic ejecta
� Exosphere and/or high altitude (50 km) 

dust is one possibility
� Key goal if LADEE is to help resolve this 

open question

Apollo CM Trajectory

Dust?



UV CHARGING (DAYSIDE) 



UV CHARGING (DAYSIDE) 

Sternovsky	  et	  al.,	  2008	  	  



UV CHARGING 

	  	  

	  
	  
	  
	  

Motor 

To electronics 

Cylindrical  
probe Planar probe 

Zr surface 

UV lamps 	  
	  

	  
	  

Biased grid 

	  
	  

Collector 

• 0.6 m3, 60-cm 
diameter vacuum 
chamber 

• 10-6 Torr operating 
vacuum 
 
• Collector and grid aid 
in obtaining clean 
measurements 
 
• Xe-excimer UV lamps 
peak emission at 172 
nm (7.21 eV) 

 



UV CHARGING (Cerium-Oxide) 
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Photocathode 

 

Dust dropper 

 

Faraday cup 

 

Anode 

 

UV source 

 

to electrometer 

 

  

 

UV	  CHARGING	  	  
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LEVITATING DUST 

Sickafoose et al., 2002 



SWIRLS 
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Vacuum  
pump 

Filament 

Insulating 
surface 

IEA 
Emissive 
probe 



SWIRLS 

 

Electrons  : magnetized (re < d) 
Ions           : unmagnetized (ri > d) 



SWIRLS 

 

Non-monotonic sheath 
•  More positive surface potential than the bulk to reflect the ions 

back into the plasma. 
•  Potential minimum due to collisions and magnetic-mirror-

trapping. 
Horizontal fluctuations  
 

Xu Wang et al., 2012 



	  	  	  	  	  	  	  	  	  	  	  	  Topography	  effects	  everything.	  	  



Topography	  effects	  everything.	  	  



A	  spacecraf	  alters	  its	  environment.	  	  



Topography	  effects	  everything.	  	  



Dust	  moves	  around	  the	  surface.	  

Szalay	  et	  al.,	  2012	  



Dust	  accumulates	  in	  craters.	  

Poppe	  et	  al.,	  2012	  



  Classification: 
  C - Carbonaceous  
  S - Silicaceous  
  M - Metallic  

Dust ponds can form.	


“Ponding” on 
Eros 
 

               LRO - LAMP 



DUST PONDS ON EROS (NEAR-Shoemaker, 2001) 
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5)	  Dusty	  plasmas	  in	  comets	  
	  



CHANGING COMETARY PLASMA ENVIRONMENT 





THE TILTED UMBRELLA  

MENDIS AND HORÁNYI: DUSTY PLASMA EFFECTS IN COMETS • 27

that this feature in the distribution of the smallest grains could be explained by noting557

that cometary grains transversing the cometopause would be quickly charged from a558

numerically small negative potential |�|  1 V, to a numerically larger one |�| ⇡ 10 V,559

when fine grains with m ⇡ 10�16 g would be electrostatically disrupted, if their tensile560

strength F
t

 5 ⇥ 106 dyne/cm2. This, once again, is a proposal that could either be561

supported or refuted by the relevant observations during the Rosetta mission.562

6. SPATIAL DISTRIBUTION OF CHARGED DUST IN THE COMETARY

ENVIRONMENT

While the study of the dynamics of dust in the cometary environment has a long history,

being initiated by the 1835 apparition of Halleys Comet [Bessel , 1836], the possible impor-

tance of electrostatic charging on the dynamics of the dust was recognized only much later

[Notni , 1966]. We begin our discussion by considering the dynamics of a small, uncharged

dust grain that is lifted o↵ the cometary nucleus by the radially outflowing cometary gas.

It is expected that these grains quickly reach a terminal speed v
t

within the region of

dust-gas interaction, which typically extends to ⇡ 10R
n

[Mendis et al., 1985]. Once the

grain leaves this region there are only two significant forces acting on it in the heliocentric

frame, the solar radiation pressure force, F
rad

and the solar gravitational force, F
grav

, since

the gravitational force of the cometary nucleus is negligible. Since both these forces vary

inversely as the heliocentric distance, their ratio is a function only of the properties of the

dust grains

� =
F
rad

F
grav

⇡ 6⇥ 10�5Q
pr

(a)

a⇢
,

where a and ⇢ are the radius and bulk density of the dust (in cgs units), respectively, and563

Q
pr

(a) is the size-dependent scattering e�ciency for radiation pressure. For dielectrics,564

D R A F T November 10, 2012, 10:46pm D R A F T

Eddington, 1910 
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shock and the ionopause (see discussion in Section 3). The electrodynamic acceleration587

of of a grain of mass m
d

, carrying a charge Q, is588

~g
e

= Q
~E

m
= �Q

~v
sw

⇥ ~B

cm
d

(2)

since |~v
d

| ⌧ |~v
sw

| in both regions. To a good approximation ~E is constant outside the589

ionopause along the Sun-comet axis. Setting | ~B| = 5� and ~B is inclined to ~v
sw

at 45� at590

d = 1 AU, the ratio of electrostatic and gravitational accelerations becomes591

 =
|g

e

|
|g

r

| = 10�2 |�(V)|
Q

pr

a(µ)
. (3)

The values of  for Olivine and Magnetite are given in Table 1., taking |�(V)| = 5. In592

the cometocentric frame, these charged grains experience a total acceleration of ~g
e

+ ~g
r

.593

If we provisionally assume that ~g
e

is also constant, dust grains released isotropically, with594

initial speed v
i

will once again follow parabolic orbits that are enveloped within a bounding595

parabola, oriented in the plane containing the Sun-comet axis and the convectional electric596

field (Figure 7). The angle, ✓, between the direction of the axis of symmetry from the Figure 7597

direction to the Sun gets larger for smaller grains [Wallis and Hassan, 1983].598

Assuming that |�(V)| = 5 for all grains, for an Olivine grain with a = 0.1µm ✓ ⇡ 45�,599

and ✓ ' 10� for larger grains with a = 0.5 µm, for example.600

The smallest grains are ine�cient scatterers of visible light and their bounding parabolas601

remain di�cult to be remotely observed. This may not be the case for dielectric grains602

(e.g., Olivine) with a ⇡ 0.5 µm as their bounding parabolas have an axis inclined to603

the Sun-comet line at an angle that is apparent even in ground-based observations. This604

D R A F T November 10, 2012, 10:46pm D R A F T

Wallis and Hasan, 1983 

Comet Donati (1858), 
drawing by (G.P. Bond) 
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Horanyi and Mendis, 1985 
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Fig. 2. (Left) Two panels showing the distribution of grains of various sizes (top to bottom, 0.03/xm, 0.1/xm, 0.3 
/xm, and 1.0/xm) in a plane normal to the sun-comet axis at a distance of---10 4 km behind the nucleus. The first column 
shows the distributions when the effects of the interplanetary magnetic field are included (B • 0), while the second 
column shows the distributions when it is not (B •: 0). (Right) two panels showing histograms of the column densities 
(in arbitrary units) corresponding to the appropriate distributions on the left. The third column corresponds to the case 
B •: 0, while the fourth column corresponds to the case B - 0. The unit length scale (A) in each case corresponds to 
105 km, and the nucleus is always located at the origin of coordinates. 
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104  km behind the nucleus 
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CLUSTERS AND POCKETS OF DUST ….. 
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MENDIS AND HORÁNYI: DUSTY PLASMA EFFECTS IN COMETS • 23

exceeds the total tensile force across the plane section, the body will be electrostatically465

disrupted across that section. It was shown by Öpik [1956], that a uniformly conducting466

spherical solid of radius a and surface potential � and of uniform tensile strength F
t

467

(dyne/cm2) would be split in half if the electrostatic tension F
E

= E2/(8⇡) = �2/(8⇡a2) >468

F
t

. This implies that in order to escape disruption the radius of a dust grain must469

exceed a critical value a
c

(µm) = 6.65F�1/2
t

|�(V)|. Incidentally electrostatic disruption of470

spherical liquid droplets and bubbles had been discussed, much earlier, by Lord Rayleigh471

(1882), for the case of the cohesive force provided by surface tension. Noting that cosmic472

dust grains are expected to be far from spherical, Hill and Mendis [1981] discussed the473

electrostatic disruption of non-spherical, conducting grains idealizing them as prolate474

spheroids. These authors showed that as such a body (assumed to be of uniform tensile475

strength) is charged up it will begin to electrostatically chip-o↵ at the poles, since that476

is where the electric field (and hence the electrostatic tension) would be largest. As477

the grain potential increases this electrostatic chipping will continue with the grain is478

becoming more spherical. This chipping process will eventually cease, while the grain is479

still prolate, if its tensile strength is large enough. If not, the process will continue until480

the grain becomes more or less spherical, at which point it would split in two. Since the481

electric tension is greatest at points where the radius of curvature is smallest, the authors482

drew the obvious conclusion that, if the surface of a conducting body of uniform tensile483

strength were irregular, these irregularities would be eroded, with the body becoming484

progressively smoother as the body was charged up. While, to the best of our knowledge,485

there are no laboratory observations of electrostatic disruption of charged dust grains,486

a very interesting recent development concerns its possible role in the sterilization of487

D R A F T November 10, 2012, 10:46pm D R A F T

Lord Rayleigh, 1882  
Öpik, 1956 

Simpson et al., 1987 



ELECTRON ‘BITE-OUTS’  13,892 REID: ELECTRON BITE-OUTS AND NOCTILUCENT CLOUDS 
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Fig. 1. Electron density profile measured during the STATE 3 
rocket flight at Poker Flat, Alaska, on June 17, 1983 [after Ulwick et 
al., 1988]. 

charged or neutral by taking account of the surface charge 
induced in the particle by the approaching ion as well as the 
direct Coulomb attraction or repulsion due to the particle's 
acquired charge. An ion was assumed to be captured if a 
collision with a neutral molecule reduced its kinetic energy 
to the point at which it could no longer escape the Coulomb 
attraction of a nearby particle. While Natanson's treatment 
of capture by neutral particles is fairly rigorous, the difficulty 
in simultaneously handling the Coulomb and induced poten- 
tials led to deficiencies in his capture rate for charged 
particles, as pointed out by Hodges [1969]. Under some 
conditions the rate of capture of ions by a neutral particle 
became larger than that by a particle with a charge opposite 
to that of the ion, which is physically unrealistic. Hodges 
[1969] developed an alternative approach that gave greatly 
increased capture rates by oppositely charged particles, 
particularly for small radii, while Parthasarathy [1976] used 
a much less severe empirical correction to Natanson's 
relations for small charges, based on the fact that Natanson's 
capture rates were reasonable for both neutral particles and 
particles with multiple charges. 

Unless high degrees of multiple charging are allowed, the 
concentration of the particles responsible for the bite-outs 
must be of the same order of magnitude as the undisturbed 
concentration of free electrons. The constraint imposed by 
the available water vapor then restricts us to relatively small 
particles. Assuming that the particles are spherical, calcula- 
tions have been carried out for three specific radii: 3, 10, and 
30 nm, considerably less than the radii of the particles 
thought to make up visible noctilucent and polar mesos- 
pheric clouds [e.g., Thomas and McKay, 1985]. From the 
calculations of Parthasarathy [1976] it can be shown that the 
3- and 10-nm particles can safely be assumed to carry only a 
single charge but that the 30-nm particles are likely to have 

a double negative charge. Accordingly, doubly charged 
particles have been included in the calculations for the 30-nm 
case, but only single charging has been included for the 
smaller particles. Photoemission has also been neglected for 
simplicity, although it may well be an important process. It 
can only lead to an increase in the electron concentration, 
however, and a weakening of the electron depletions. Even 
larger particle concentrations than those shown in the later 
results would thus be needed to produce a given depletion if 
photoemission is important. 

A particle that is initially neutral will soon acquire a charge 
by capturing either an ion or an electron. As mentioned 
earlier, we are concerned with an altitude of about 85 km, 
which is well above the region in which negative ions have 
significant concentrations, so that all the negative charge in 
the plasma is carried by electrons. Since their mobility is 
much greater than that of the positive ions, most of the 
particles will acquire one or two negative charges. 

The rate of capture of ions and electrons by a neutral 
particle is described by equation (25) of Natanson [1960], 
which can be written in MKSA units as 

½iø,e-- rra2Ci,e{1 + (e2/8eokTa) 1/2 + Sl} (1) 
where ½iO, e is the rate of capture per unit ion or electron 
concentration (cubic meters per second), a is the particle 
radius (meters), ½i,e is the mean thermal speed of the ions or 
electrons (meters per second), e is the electronic charge 
(= 1.6 x 10 -19 coulombs), e0 is the free-space permittivity 
(= 8.85 x 10 -12 farads m-i), k is Boltzmann's constant 
(= 1.38 x 10 -23 J K-i), and T is the temperature (kelvins); 
81 is a term that appears in Natanson's expression but is 
negligible in our application. 

The rates at which charged particles capture electrons and 
ions are given by Natanson's [1960] equation (19) (note an 
error in deriving equation (19) from equation (12) in Natan- 
son's analysis) and in a simplified version by Parthasarathy 
[1976]. These rates can be written approximately as 

½e + = rra2Ce{1 + (e2/4rrsokTa)} (2) 

½i- = rra2ci{ 1 + (e214rreokTa)) (3) 

½i 2- = rra2ci{1 + (e212rreokTa)) (4) 

where the ½ are the rates of capture of electrons by posi- 
tively charged particles and of ions by singly and doubly 
negatively charged particles, respectively. Doubly charged 
particles are formed by the capture of electrons by singly 
charged particles, a process that requires electrons to pene- 
trate beyond the point at which the attractive force due to 
the induced charge overcomes the Coulomb repulsion due to 
the single acquired charge. This critical distance measured in 
units of the particle radius is denoted by the dimensionless 
quantity g in Natanson's [1960] analysis, and the corre- 
sponding electron capture rate as given by Parthasarathy 
[1976] is 

½e- = rra2Ce g2 exp {-(e214rreokTag)[1 - (2g(g 2 - 1)) - 1]} 

(5) 

For a singly charged particle, Natanson [1960] gives g = 
1.62. 

Cassini @ Enceladus 



DUSTY PLASMA WAVES 

ne − ni = Z(a)n(a)da∫
Usual plasma waves are modified due to the presence of dust.  

Dust Ion Acoustic  Wave (DIA)                          Shukla and Silin, 1992       

ω 2 = δ k2cs
2

1+ k2λDe
2 for   kλDe<<1 ω = δ 1/2kcS

cS = kBT /m     and δ= ni0
neo

Dust	  Acous?c	  	  Wave	  (DA)	  
	  
	  	  

ω 2 = Z 2d
kBTi
md

⎛
⎝⎜

⎞
⎠⎟
nd0
ni0

⎛
⎝⎜

⎞
⎠⎟



DUSTY PLASMA WAVES 
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Video Imaging of Dust Acoustic Waves
C. Thompson, A. Barkan, R. L. Merlino, and N. D’Angelo

Fig. 1. Single video frame image of a dust acoustic wave. The bright vertical bands correspond to the wave crests (dust compressions). The bluish-red
glow is the light emission from the plasma. The entire image covers 640 (vertical) pixels by 320 (horizontal) pixels. The bottom plot is the horizontal
intensity map (pixel values) of pixel row 200.

Abstract—Imaging dust clouds is often the primary source of
data acquisition, especially in situations where the dust grains
participate directly in the dynamics, as in the case of very low
frequency “dust waves.” A sample image of a dust acoustic wave
is presented.

Index Terms—Image analysis, plasma oscillations.

Manuscript received July 22, 1998; revised September 16, 1998. This work
was supported by NSF and ONR.
The authors are with the Department of Physics and Astronomy,

The University of Iowa, Iowa City, IA 52242 USA (e-mail: robert-
merlino@uiowa.edu).
Publisher Item Identifier S 0093-3813(99)02423-6.

THE addition of micron sized particles to a plasma can
alter the fundamental electrostatic wave modes of the

plasma, as well as create new wave modes that are associated
with dust grain dynamics. The most prevalent example of
such a “dust wave” mode is the dust acoustic wave (DAW),
an acoustic wave that propagates through an ensemble of
charged dust grains. Since the mass of the dust grains provides
the inertia for this mode, it is typically of extremely low
frequency tens of Hz). This low frequency, along with the
light scattering properties of small particles, allows the mode
to be easily viewed with a simple video camera.

0093–3813/99$10.00 © 1999 IEEE

λ = 0.6 cm
vϕ = 9 cm/s

DAW 

Rao and Shukla, 1990 
Barkan et al., 1995 
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6)	  Dust	  in	  the	  heliosphere:	  interstellar	  dust,	  nano-‐dust	  	  	  
	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ulysses	  Trajectory	  



Discovery:	  ISD	  in	  the	  Solar	  System	  

Frisch	  et	  al.,	  1999	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Rota?on	  Angle	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Size	  Distribu?on	  	  

Parker,	  1964	  
Levy	  and	  Jokipii,	  1976	  



Time	  dependent	  flux	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Data	  	  



Number	  of	  Impacts	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Direc?on	  



Time	  dependent	  direc?on	  

	  	  	  	  	  	  	  	  	  	  Krüger	  and	  Grün,	  2007	  	  	  	  

“The	  reason	  of	  this	  shi9	  remains	  mysterious	  …...”	  



Modeling	  

1)  Constant	  surface	  poten?al:	  +5	  V	  
2)  Specific	  density	  2.5	  g/cc	  
3)  Start	  @	  100	  AU	  with	  25.3	  km/s	  

	  
Heliosphere	  
	  

4)  IMF	  parker	  spiral	  
5)  Wavy	  current	  sheet	  with	  22	  year	  periodicity	  without	  averaging	  	  (cosmic	  ray	  propaga?on	  

model)	  	  
6)  Capture	  par?cles	  in	  a	  slab	  centered	  on	  the	  orbital	  plane	  of	  Ulysses	  (+/-‐	  0.5	  AU)	  
7)  Capture	  velocity	  vectors	  in	  a	  (1	  AU)3	  box	  around	  Ulysses	  

Landgraf	  et	  al.,	  200;	  2003	  
ISD:	  
	  
	  
	  
	  

AnimaAon	  



Heliosphere	  





Tilt	  of	  the	  current	  sheet	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Flux	  variability	  



	  	  	  	  	  	  	  	  	  	  	  	  	  Direc?onal	  Variability	  



Nano-dust observations 

Meyer-Vernet et al., 2010 
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JUHÁSZ AND HORÁNYI: NANO-DUST DYNAMICS

Figure 1. The components of the drift velocity of a rg = 7
nm (Q/m = 10–5 e/mp) radius dust grain that started from a
circular orbit at r = 0.2 AU. The total drift from a numeri-
cal simulation (thick black line) and the total drift based on
equation (4) (red thick line) are shown. The different drift
terms (dashed lines) are labeled following their appearance
in equation (4).

the NEO region as |r – 1| < 0.025 AU and |z| < !z = 0.05
AU. Figure 1 shows the different terms in equation (4) to the
vertical drift velocity (u! ) for a rg = 7 nm radius NDP.

[18] The small particles that do not cross the CS follow a
trajectory with monotonically increasing or decreasing lati-
tude versus longitude, so only a fraction of them can get to
NEO (Figure 2) depending on their starting positions.

[19] In focusing IMF configuration, some particles
(depending on their size and initial condition) cross the CS,
so an accelerating period is followed by deceleration due
to the opposite direction of the E! and v! (and vice versa).
Also, in certain cases (dominantly larger particles) particles
can drift along the CS [Czechowski and Mann, 2012]. In this
case, the final velocity at r = 1 AU will be smaller than uE.

[20] In defocusing IMF, only the smallest grains (rg <
10 nm) can get to the NEO region, since larger particles
drift quickly away from the ecliptic plane. In focusing IMF
periods, larger dust fluxes in a broader size range can be
expected to reach the NEO.

4. Results From Numerical Simulations
[21] One of the most interesting findings of the STEREO

measurements is the highly variable nature of the observed
NDP distribution along the Earth’s orbit, where high-impact
rates alternate with periods of no dust detection at all, with
a periodicity of roughly 6 months [Zaslavsky et al., 2012].
It has been suggested that the temporal variability of NDP
production rates in breakups and collisions [Czechowski and
Mann, 2012], or the sporadic dust release from Sun-grazing
comets [Ip and Yan, 2012] could be responsible for the inter-
mittent nature of the nano-dust observations. Here we show
that even in the case of a uniformly distributed, steady state
nano-dust production near the Sun, the dust dynamics alone,
due to the complex shape of the CS shape, naturally gives
rise to a highly intermittent and azimuthally nonuniform
nano-dust distribution along the orbit of the Earth.

[22] We made trajectory calculations for two different sets
of initial conditions for a large number of NDPs with fixed
charge-to-mass ratios by integrating their equation of motion
(equation (1)).

Figure 2. The top row shows the trajectories of 360 particles with radii rg = 3 nm, started uniformly distributed along a
circle in the ecliptic plane at r = 0.2 AU in the (left column) Heliocentric Aries Ecliptic (HAE) (x, y) plane projection, in
the (middle column) HCI " ,# coordinates, and the (right column) azimuthal dust density distribution in HAE. The orange
lines represents the trajectories that can be detected near the ecliptic plane at 1 AU. In the (" ,#) plots, the continuous blue
line represents the ecliptic plane and the dashed blue lines show the detectable limits set by |z| < !z = 0.05 AU. The bottom
row is for a N = 3600 particle simulation using initial conditions with random inclinations in the range 0 < i < 10ı, random
eccentricities in the range 0 < e < 0.01 and random orbit orientations (0 < !,$ < 2%).

3



7/17/13	   Heliopsheric	  Summer	  School	  2013	   97	  



Instrumentation: Impact detector 

0 50 100 150

10-3

10-2

10-1

Ni (5
8,6

0)

C 2
 (2

4)

Ag (
10

7,1
09

)
C (1

2)
H (1

)

 

 

A
m

pl
itu

de

Mass [amu]

M
ΔM

> 200

Dust	  tomography	  of	  the	  heliosphere!	  
Chemical/isotopic	  composi?on	  of	  interplanetary	  and	  
interstellar	  dust.	  



SUMMARY 

•  Dusty	  plasma	  issues	  are	  relevant	  to	  a	  number	  	  of	  in	  situ	  and	  
remote	  sensing	  observa?ons.	  
	  

•  The	  analysis	  and	  interpreta?on	  of	  par?cles	  and	  fields,	  and	  dust	  
measurements	  cannot	  be	  done	  ‘one	  instrument	  at	  a	  ?me.’	  
	  

•  Dust	  and	  dusty	  plasmas	  are	  an	  important	  component	  of	  the	  
heliosphere	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  




