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Interstellar H and dust 
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Dust dynamics  

A. Juhasz, 2011 
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Interstellar dust flux 
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Interstellar dust flow direction 
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Interstellar dust dynamics 
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Stereo 
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Nano-dust observations 

Meyer-Vernet et al., 2010 
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Nano-dust observations 

D. Malaspina 2011 
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Nano-dust dynamics 
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Heliopsheric magnetic fields 
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Large-scale structure 
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Instrumentation: Trajectory Sensor 

Dust Telescopes and Active Dust Collectors: 
Linking Dust to Their Sources 
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Abstract. Cosmic dust particles from remote sites and times are treasures of information. By 
determining the dust particles‘ source and elemental properties, we can learn about the environments 
where they were formed and processed. Born as stardust in the cool atmospheres of giant stars or in 
novae and supernovae explosions, the particles are subsequently modified in the interstellar medium. 
Interplanetary dust that originates from comets and asteroids represent even more processed material 
at different stages of Solar System evolution. Interstellar and interplanetary dust particles from various 
sources can be detected and analyzed in the near-Earth space environment. 
The newly developed instruments, the Dust Telescope and Active Dust Collector, are able to determine 
the origin of dust particles and provide their elemental composition. A Dust Telescope is a combination 
of a Dust Trajectory Sensor (DTS) [1] together with an analyzer for the chemical composition of dust 
particles in space. Dust particles’ trajectories are determined by the measurement of induced electric 
signals when a charged grain flies through a position sensitive electrode system. A modern DTS can 
measure dust particles as small as 0.2!m in radius and dust speeds up to 100km/s. Large area 
chemical analyzers of 0.1 m2 sensitive area have been tested at a dust accelerator and it was 
demonstrated that they have sufficient mass resolution to resolve ions with atomic mass number up to 
>100 [2]. The advanced Dust Telescope is capable of identifying interstellar and interplanetary grains, 
and measuring their mass, velocity vector, charge, elemental and isotopic compositions. 
An Active Dust Collector combines a DTS with aerogel or other dust collection materials, e.g. those 
used on the Stardust mission. The combination of a DTS with a dust collector provide not only 
individual trajectories of the collected particles but also their impact time and position on the collector 
which proves essential for finding and collecting sub-micron sized grains. 

Science Opportunities. 
 
•  Analyze interstellar dust and 

probe the heliosphere (DUNE) 
w i t h i m p r o v e d c h e m i c a l 
composition analysis. 

•  Sample return missions similar 
to  STARDUST with enhanced 
information about the time of 
i m p a c t  a n d  t r a j e c t o r y 
reconstruction. Better particle 
locating and tracing of imbedded 
impacts.  

 

Interplanetary and interstellar 
dust flux at 1 AU.  The interstellar 
flux varies by a factor 3 during the 
22 year solar cycle. 

Dust Trajectory Sensor. The trajectory of a charged dust particle is calculated from the measurement 
of induced charges from a particles passing through an array of wire electrodes connected to individual 
charge sensitive amplifiers. The DTS contains four planes, each with 19 wires. The planes are arranged 
in an orthogonal orientation. The trajectory sensor measures dust charges >10-16 C and allows to 
determine trajectories of submicron-sized grains with accuracies of ~1° in direction, and ~1% in speed.  
 

Chemical Analyzer. The Chemical Analyzer (CA), left, operates on the basis of impact ionization. 
Hypervelocity impacts (> 1 km/s) on a solid surface result in the evaporation and partial ionization of 
the dust and target materials. The ions are extracted from the impact plume, and analyzed in the time-
of-flight (TOF) fashion. The geometry of the CA is shown middle below. The effective target area, 
considering the effect of the grids in front, is approximately 900 cm2. The figure right shows the 
measured mass spectrum of a typical particle. The largest peaks in the spectra correspond to Na and 
K ions as usually observed for simple projectile-target material pairs at low velocity [3], [4]. The Fe 
(projectile material) and Ag (target material) peaks are visible at m = 56 Dalton and m = 107 and 109 
Dalton, respectively.  The CA has high mass resolution of m/dm >100. 
 
 

Top left shows a schematic 
of the electrode wire array. 
The detection region is 
defined by a shielding box 
which acts as a signal 
reference ground. Bottom 
left shows a typical charge 
signal set across 19 wires in 
4 p lanes. The largest 
s i g n a l s i n d i c a t e t h e 
e l e c t r o d e o f c l o s e s t 
approach in each plane. 
The red is the best fit 
y ie ld ing the t ra jectory 
information and charge of 
the dust particle.  Two 
prototype DTS instruments 
are shown top and bottom 
right, the latter being an 
improved second revision 
w h i c h  i s  c u r r e n t l y 
undergoing testing. 
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Dust Telescope. The Dust Telescope is a combination of a Dust Trajectory Sensor together with a high 
mass resolution Chemical Analyzer. Several prototypes of Dust Telescopes have been fabricated and 
tested at the dust accelerator facility. On the left is a prototype instrument with a large ~ 0.1 m2 area for 
the analysis of interplanetary and interstellar dust (approx. 20 kg for a flight instrument). The right 
picture shows a laboratory version of a small Dust Telescope (~0.02 m2, ~5 kg,) for high flux 

Development Stages. A number of prototypes of Chemical analyzers and Dust Trajectory sensors 
have been developed and tested at the Heidelberg dust accelerator facility.  In addition, a combined 
CA DTS Dust Telescope has also been developed and has shown to have m/dm > 100 mass 
resolution, 1 – 100 fC dust charge sensitivity range, 1 – 100 km/s velocity range, < 1% accuracy in 
velocity and < 1° directional accuracy.  Aerogel has been well characterized and determined viable 
during the STARDUST mission and accelerator testing. 
Conclusions. A capable Dust Telescope instrument offers a complementary method by analyzing 
the small particulates released from the surface. In-situ mass spectroscopy analysis of the ejected 
dust particles from orbit thus can reveal detailed information about the composition of the surface. 
Active Dust Collectors will open new doors of interplanetary and interstellar dust research where the 
impact position of the collected grain will be known to sub-mm accuracy significantly easing the 
location of the grain on the collector material. 
 

Active Dust Collector. Combination of a DTS with 
an aerogel or  any other dust collector material 
(impact films) provides individual trajectories of the 
collected particles and their impact time and 
position on the collector. From the trajectory given 
by the DTS mounted before the collector, the 
impact position can be determined to better than 1 
mm accuracy. The accuracy of the velocity vector 
will be sufficient to distinguish interstellar particles 
from interplanetary ones . 

!
!

envi ronments (e.g. 
near the sun, cometary 
tails or planetary rings). 
The combination of a 
DTS and CA provides a 
fu l l p ic ture o f the 
i m p a c t i n g  d u s t 
particles, measuring 
their trajectory as well 
as the i r e lementa l 
composition. 

•  The new dust instruments 
will improve future dust 
collection of interplanetary 
dust particles providing 
information about the 
particles’ sources. 

 
•  M a p  t h e  s u r f a c e 

composition to a spatial 
resolution of about 10 km 
in orbit about the Moon, 
the Galilean satellites, or 
any air less planetary 
object.  

Trajectory Sensor (not to scale). The 19 wires in each 
plane are connected to 19 separate CSA electronics.!
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Figure 2 - The schematics of the DTS Charge Sensitive 
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Figure 4 - The picture of the Dust Telescope inside the 
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Figure 5 - An example of the DTS signals for a 3.36 km/s 
particle. The signals from eight CSA channels are shown 
that were the closes to the trajectory of the dust particles 

when passing. The four peaks correspond to the 
crossings of the four electrode planes. The signal shapes 
were corrected as described in Section 4. The red solid 
line is the best fit that yields the trajectory information 

and charge of the dust particle. 

(

Figure 6 - An example of the mass spectra measured 
with the Chemical Analyzer instrument. The target is 

silver and the accelerated particles are iron. 

4. DATA ANALYSIS 
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Instrumentation: Impact detector 
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Dust Telescope 

Dust Telescopes and Active Dust Collectors: 
Linking Dust to Their Sources 

Keith Drake (1), Zoltan Sternovsky (1), Eberhard Grün (1,2), Ralf Srama (2), Siegfried Auer (3), Mihaly Horanyi (1), Sascha Kempf 
(2), Harald Krüger (4), and Frank Postberg (2). 

(1) LASP, Boulder, USA; (2) MPI-K, Heidelberg, Germany; (3) A&M Assoc., Basye, USA; (4) MPI-Solar System, Lindau, Germany 

Abstract. Cosmic dust particles from remote sites and times are treasures of information. By 
determining the dust particles‘ source and elemental properties, we can learn about the environments 
where they were formed and processed. Born as stardust in the cool atmospheres of giant stars or in 
novae and supernovae explosions, the particles are subsequently modified in the interstellar medium. 
Interplanetary dust that originates from comets and asteroids represent even more processed material 
at different stages of Solar System evolution. Interstellar and interplanetary dust particles from various 
sources can be detected and analyzed in the near-Earth space environment. 
The newly developed instruments, the Dust Telescope and Active Dust Collector, are able to determine 
the origin of dust particles and provide their elemental composition. A Dust Telescope is a combination 
of a Dust Trajectory Sensor (DTS) [1] together with an analyzer for the chemical composition of dust 
particles in space. Dust particles’ trajectories are determined by the measurement of induced electric 
signals when a charged grain flies through a position sensitive electrode system. A modern DTS can 
measure dust particles as small as 0.2!m in radius and dust speeds up to 100km/s. Large area 
chemical analyzers of 0.1 m2 sensitive area have been tested at a dust accelerator and it was 
demonstrated that they have sufficient mass resolution to resolve ions with atomic mass number up to 
>100 [2]. The advanced Dust Telescope is capable of identifying interstellar and interplanetary grains, 
and measuring their mass, velocity vector, charge, elemental and isotopic compositions. 
An Active Dust Collector combines a DTS with aerogel or other dust collection materials, e.g. those 
used on the Stardust mission. The combination of a DTS with a dust collector provide not only 
individual trajectories of the collected particles but also their impact time and position on the collector 
which proves essential for finding and collecting sub-micron sized grains. 

Science Opportunities. 
 
•  Analyze interstellar dust and 

probe the heliosphere (DUNE) 
w i t h i m p r o v e d c h e m i c a l 
composition analysis. 

•  Sample return missions similar 
to  STARDUST with enhanced 
information about the time of 
i m p a c t  a n d  t r a j e c t o r y 
reconstruction. Better particle 
locating and tracing of imbedded 
impacts.  

 

Interplanetary and interstellar 
dust flux at 1 AU.  The interstellar 
flux varies by a factor 3 during the 
22 year solar cycle. 

Dust Trajectory Sensor. The trajectory of a charged dust particle is calculated from the measurement 
of induced charges from a particles passing through an array of wire electrodes connected to individual 
charge sensitive amplifiers. The DTS contains four planes, each with 19 wires. The planes are arranged 
in an orthogonal orientation. The trajectory sensor measures dust charges >10-16 C and allows to 
determine trajectories of submicron-sized grains with accuracies of ~1° in direction, and ~1% in speed.  
 

Chemical Analyzer. The Chemical Analyzer (CA), left, operates on the basis of impact ionization. 
Hypervelocity impacts (> 1 km/s) on a solid surface result in the evaporation and partial ionization of 
the dust and target materials. The ions are extracted from the impact plume, and analyzed in the time-
of-flight (TOF) fashion. The geometry of the CA is shown middle below. The effective target area, 
considering the effect of the grids in front, is approximately 900 cm2. The figure right shows the 
measured mass spectrum of a typical particle. The largest peaks in the spectra correspond to Na and 
K ions as usually observed for simple projectile-target material pairs at low velocity [3], [4]. The Fe 
(projectile material) and Ag (target material) peaks are visible at m = 56 Dalton and m = 107 and 109 
Dalton, respectively.  The CA has high mass resolution of m/dm >100. 
 
 

Top left shows a schematic 
of the electrode wire array. 
The detection region is 
defined by a shielding box 
which acts as a signal 
reference ground. Bottom 
left shows a typical charge 
signal set across 19 wires in 
4 p lanes. The largest 
s i g n a l s i n d i c a t e t h e 
e l e c t r o d e o f c l o s e s t 
approach in each plane. 
The red is the best fit 
y ie ld ing the t ra jectory 
information and charge of 
the dust particle.  Two 
prototype DTS instruments 
are shown top and bottom 
right, the latter being an 
improved second revision 
w h i c h  i s  c u r r e n t l y 
undergoing testing. 
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Dust Telescope. The Dust Telescope is a combination of a Dust Trajectory Sensor together with a high 
mass resolution Chemical Analyzer. Several prototypes of Dust Telescopes have been fabricated and 
tested at the dust accelerator facility. On the left is a prototype instrument with a large ~ 0.1 m2 area for 
the analysis of interplanetary and interstellar dust (approx. 20 kg for a flight instrument). The right 
picture shows a laboratory version of a small Dust Telescope (~0.02 m2, ~5 kg,) for high flux 

Development Stages. A number of prototypes of Chemical analyzers and Dust Trajectory sensors 
have been developed and tested at the Heidelberg dust accelerator facility.  In addition, a combined 
CA DTS Dust Telescope has also been developed and has shown to have m/dm > 100 mass 
resolution, 1 – 100 fC dust charge sensitivity range, 1 – 100 km/s velocity range, < 1% accuracy in 
velocity and < 1° directional accuracy.  Aerogel has been well characterized and determined viable 
during the STARDUST mission and accelerator testing. 
Conclusions. A capable Dust Telescope instrument offers a complementary method by analyzing 
the small particulates released from the surface. In-situ mass spectroscopy analysis of the ejected 
dust particles from orbit thus can reveal detailed information about the composition of the surface. 
Active Dust Collectors will open new doors of interplanetary and interstellar dust research where the 
impact position of the collected grain will be known to sub-mm accuracy significantly easing the 
location of the grain on the collector material. 
 

Active Dust Collector. Combination of a DTS with 
an aerogel or  any other dust collector material 
(impact films) provides individual trajectories of the 
collected particles and their impact time and 
position on the collector. From the trajectory given 
by the DTS mounted before the collector, the 
impact position can be determined to better than 1 
mm accuracy. The accuracy of the velocity vector 
will be sufficient to distinguish interstellar particles 
from interplanetary ones . 

!
!

envi ronments (e.g. 
near the sun, cometary 
tails or planetary rings). 
The combination of a 
DTS and CA provides a 
fu l l p ic ture o f the 
i m p a c t i n g  d u s t 
particles, measuring 
their trajectory as well 
as the i r e lementa l 
composition. 

•  The new dust instruments 
will improve future dust 
collection of interplanetary 
dust particles providing 
information about the 
particles’ sources. 

 
•  M a p  t h e  s u r f a c e 

composition to a spatial 
resolution of about 10 km 
in orbit about the Moon, 
the Galilean satellites, or 
any air less planetary 
object.  
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D!130 mm is the typical diameter of the particles and m!
1.84"10#5 kg m#1 s#1 is the dynamic viscosity of air. In this range,
the drag force can be approximated by (Beard, 1976)

FD ! FDS$1%exp&c0%c1X%c2X
2'(

where FDS!6pmvD/2 is the Stokes drag, c0!#2.029, c1!0.8222,
c2!#0.02253 and X ! ln&RN'. For the conditions of this experiment,
the value of the exponential term is approximately 0.6. The force
balance equation yields the typical mass of the particles,
m! 5" 10#9 kg. Assuming a spherical shape, this value corresponds
to a diameter of 104 mm that compares well with the size D of the
dust particles established from Fig. 9.

For the calculated drag and mass of the particles, the motion of
the particle in the DFR and through the DTS can be calculated. The
force on the dust particle within the DFR is Fy!QE#FDvy/v, the vy
is the velocity in the horizontal y direction. Outside the DFR, the
particle is slowed down by the drag. Fig. 12 shows the velocity
and deflection as a function of time for the average values of Q , m
and v. The horizontal velocity increases while the particle is in the
DFR, but then decreases quickly due to air drag. The deflection
measured at the first plane (y1) is approximately 11 mm and
compares well with the measured 14 mm average deflection
considering the simplicity of the model.

The evaluation of the DTS data is aided by numerical simula-
tions. The instrument is modeled and the induced charges on the
wire electrodes are calculated using the COULOMB software
(Integrated Engineering Software/Enginia Research, Winnipeg,
Canada). The model used is an updated version of that described
by Auer et al. (2008) and here only a short description is given.
The model uses the same wire and electrode plane spacing as
described above, but with only seven wires in each electrode
plane. The volume of the model is 200"160"160 mm3 and all
sides of simulation box are considered as conductors. The wires
are 0.4 mm in diameter and the dust particle is simulated as a
uniformly charged 5mm sphere.

The DTS is highly periodic and symmetric and thus it is
sufficient to solve Poisson’s equation over a small kernel volume
of 20"10"10 mm3 size. The distribution of electric field and
induced charged on the wire electrodes are calculated for dust
particle positions with 1 mm spacing (2000 points in the kernel).
Additional calculations are done with 0.1 mm spacing in the close
vicinity of the wires. Using the results on the kernel, weighted

averaging and the properties of DTS, the induced charges on the
electrodes can be calculated for any coordinates within DTS. The
electrode signals thus can be calculated for any defined trajectory
within DTS. The analysis of DTS data, however, requires solving
the reverse problem, i.e. determining the trajectory from a
measured set of signals. In a first step, the positions of crossing
the wire planes are estimated from the ratios of the two largest
signals at that time. In a second step the dust trajectory is iterated
by comparing the measured signals with calculated signals. This
is generally a complex problem; while a fully three-dimensional
numerical method is under development, the geometry of the
present experiment admits a simplified treatment. Since the dust
is falling through the DTS in a direction close to normal, the one
coordinate of the dust position is calculated for each electrode
plane crossing. The plane crossing happens where the maximum
induced charge occurs, and the position of the dust is calculated
from the ratios of the signal intensities in the closest neighboring
wires. The accuracy of this method is estimated to be on the order
of 0.1 mm. The data from the four plane crossings provide the
information necessary for calculating the dust particle’s trajec-
tory. Fig. 13 shows the comparison of the measured signals after
correction (Eq. (3)) with the modeled signals using COULOMB and
the estimated trajectory line. The small discrepancies are due to
the deviations of the trajectory parameters obtained by the first
step analysis from the actual dust trajectory. The dust charge and
terminal velocity are Q!69 fC and v!0.96 m/s, respectively.

5. Summary and conclusions

An instrument capable of detecting low velocity dust particles
is needed for future space missions, for example on the surface of
the Moon or asteroids. Methods based on impact ionization or
momentum transfer are not sensitive enough to detect micron
sized particles with o100 m/s velocity. The most viable detection
method is to utilize the charge on the dust. The previously
developed DTS instrument is capable of both detecting the small
charge and measuring the velocity vector of the dust. In this
article we report the (1) development of the ELDA instrument
concept based on the combination of a DTS with an electrostatic
deflection, which provides the charge, velocity and mass of

Fig. 12. The modeled deflection (solid) and horizontal velocity (dashed) of a dust
particle falling through the experimental ELDA setup. The velocity increases
within the DFR region but decreases outside due to air drag. The horizontal lines
mark the crossing of the first and third electrode planes of the DTS which measure
the position in the y direction.

Fig. 13. The figure shows an example of the data analysis. The solid lines are the
two largest charge signals measured in each plane after correction using Eq. (3).
The dashed lines are signals calculated by the Coulomb software. The curves are
staggered in the vertical direction for clarity.
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Abstract. Cosmic dust particles from remote sites and times are treasures of information. By 
determining the dust particles‘ source and elemental properties, we can learn about the environments 
where they were formed and processed. Born as stardust in the cool atmospheres of giant stars or in 
novae and supernovae explosions, the particles are subsequently modified in the interstellar medium. 
Interplanetary dust that originates from comets and asteroids represent even more processed material 
at different stages of Solar System evolution. Interstellar and interplanetary dust particles from various 
sources can be detected and analyzed in the near-Earth space environment. 
The newly developed instruments, the Dust Telescope and Active Dust Collector, are able to determine 
the origin of dust particles and provide their elemental composition. A Dust Telescope is a combination 
of a Dust Trajectory Sensor (DTS) [1] together with an analyzer for the chemical composition of dust 
particles in space. Dust particles’ trajectories are determined by the measurement of induced electric 
signals when a charged grain flies through a position sensitive electrode system. A modern DTS can 
measure dust particles as small as 0.2!m in radius and dust speeds up to 100km/s. Large area 
chemical analyzers of 0.1 m2 sensitive area have been tested at a dust accelerator and it was 
demonstrated that they have sufficient mass resolution to resolve ions with atomic mass number up to 
>100 [2]. The advanced Dust Telescope is capable of identifying interstellar and interplanetary grains, 
and measuring their mass, velocity vector, charge, elemental and isotopic compositions. 
An Active Dust Collector combines a DTS with aerogel or other dust collection materials, e.g. those 
used on the Stardust mission. The combination of a DTS with a dust collector provide not only 
individual trajectories of the collected particles but also their impact time and position on the collector 
which proves essential for finding and collecting sub-micron sized grains. 

Science Opportunities. 
 
•  Analyze interstellar dust and 

probe the heliosphere (DUNE) 
w i t h i m p r o v e d c h e m i c a l 
composition analysis. 

•  Sample return missions similar 
to  STARDUST with enhanced 
information about the time of 
i m p a c t  a n d  t r a j e c t o r y 
reconstruction. Better particle 
locating and tracing of imbedded 
impacts.  
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Dust Trajectory Sensor. The trajectory of a charged dust particle is calculated from the measurement 
of induced charges from a particles passing through an array of wire electrodes connected to individual 
charge sensitive amplifiers. The DTS contains four planes, each with 19 wires. The planes are arranged 
in an orthogonal orientation. The trajectory sensor measures dust charges >10-16 C and allows to 
determine trajectories of submicron-sized grains with accuracies of ~1° in direction, and ~1% in speed.  
 

Chemical Analyzer. The Chemical Analyzer (CA), left, operates on the basis of impact ionization. 
Hypervelocity impacts (> 1 km/s) on a solid surface result in the evaporation and partial ionization of 
the dust and target materials. The ions are extracted from the impact plume, and analyzed in the time-
of-flight (TOF) fashion. The geometry of the CA is shown middle below. The effective target area, 
considering the effect of the grids in front, is approximately 900 cm2. The figure right shows the 
measured mass spectrum of a typical particle. The largest peaks in the spectra correspond to Na and 
K ions as usually observed for simple projectile-target material pairs at low velocity [3], [4]. The Fe 
(projectile material) and Ag (target material) peaks are visible at m = 56 Dalton and m = 107 and 109 
Dalton, respectively.  The CA has high mass resolution of m/dm >100. 
 
 

Top left shows a schematic 
of the electrode wire array. 
The detection region is 
defined by a shielding box 
which acts as a signal 
reference ground. Bottom 
left shows a typical charge 
signal set across 19 wires in 
4 p lanes. The largest 
s i g n a l s i n d i c a t e t h e 
e l e c t r o d e o f c l o s e s t 
approach in each plane. 
The red is the best fit 
y ie ld ing the t ra jectory 
information and charge of 
the dust particle.  Two 
prototype DTS instruments 
are shown top and bottom 
right, the latter being an 
improved second revision 
w h i c h  i s  c u r r e n t l y 
undergoing testing. 
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Dust Telescope. The Dust Telescope is a combination of a Dust Trajectory Sensor together with a high 
mass resolution Chemical Analyzer. Several prototypes of Dust Telescopes have been fabricated and 
tested at the dust accelerator facility. On the left is a prototype instrument with a large ~ 0.1 m2 area for 
the analysis of interplanetary and interstellar dust (approx. 20 kg for a flight instrument). The right 
picture shows a laboratory version of a small Dust Telescope (~0.02 m2, ~5 kg,) for high flux 

Development Stages. A number of prototypes of Chemical analyzers and Dust Trajectory sensors 
have been developed and tested at the Heidelberg dust accelerator facility.  In addition, a combined 
CA DTS Dust Telescope has also been developed and has shown to have m/dm > 100 mass 
resolution, 1 – 100 fC dust charge sensitivity range, 1 – 100 km/s velocity range, < 1% accuracy in 
velocity and < 1° directional accuracy.  Aerogel has been well characterized and determined viable 
during the STARDUST mission and accelerator testing. 
Conclusions. A capable Dust Telescope instrument offers a complementary method by analyzing 
the small particulates released from the surface. In-situ mass spectroscopy analysis of the ejected 
dust particles from orbit thus can reveal detailed information about the composition of the surface. 
Active Dust Collectors will open new doors of interplanetary and interstellar dust research where the 
impact position of the collected grain will be known to sub-mm accuracy significantly easing the 
location of the grain on the collector material. 
 

Active Dust Collector. Combination of a DTS with 
an aerogel or  any other dust collector material 
(impact films) provides individual trajectories of the 
collected particles and their impact time and 
position on the collector. From the trajectory given 
by the DTS mounted before the collector, the 
impact position can be determined to better than 1 
mm accuracy. The accuracy of the velocity vector 
will be sufficient to distinguish interstellar particles 
from interplanetary ones . 
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Dust Trajectory Sensor. The trajectory of a charged dust particle is calculated from the measurement 
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Chemical Analyzer. The Chemical Analyzer (CA), left, operates on the basis of impact ionization. 
Hypervelocity impacts (> 1 km/s) on a solid surface result in the evaporation and partial ionization of 
the dust and target materials. The ions are extracted from the impact plume, and analyzed in the time-
of-flight (TOF) fashion. The geometry of the CA is shown middle below. The effective target area, 
considering the effect of the grids in front, is approximately 900 cm2. The figure right shows the 
measured mass spectrum of a typical particle. The largest peaks in the spectra correspond to Na and 
K ions as usually observed for simple projectile-target material pairs at low velocity [3], [4]. The Fe 
(projectile material) and Ag (target material) peaks are visible at m = 56 Dalton and m = 107 and 109 
Dalton, respectively.  The CA has high mass resolution of m/dm >100. 
 
 

Top left shows a schematic 
of the electrode wire array. 
The detection region is 
defined by a shielding box 
which acts as a signal 
reference ground. Bottom 
left shows a typical charge 
signal set across 19 wires in 
4 p lanes. The largest 
s i g n a l s i n d i c a t e t h e 
e l e c t r o d e o f c l o s e s t 
approach in each plane. 
The red is the best fit 
y ie ld ing the t ra jectory 
information and charge of 
the dust particle.  Two 
prototype DTS instruments 
are shown top and bottom 
right, the latter being an 
improved second revision 
w h i c h  i s  c u r r e n t l y 
undergoing testing. 

References.  
[1] Auer, et al., Characteristics of a dust trajectory sensor, Rev. Sci. Instrum. 79, 084501, 2008 
[2] Srama et al., Development of an advanced dust telescope, Earth, Moon and Planets, DOI: 10.1007/

s11038-005-9040-z, 2005 
[3] S. Auer and K. Sitte, “Detection technique for micrometeoroids using impact ionization,” Earth 

Planet Sci. Lett. 4, 178-183, 1968. 
[4] S. Auer and K. Sitte, “Detection technique for micrometeoroids using impact ionization,” Earth 

Planet 

Dust Telescope. The Dust Telescope is a combination of a Dust Trajectory Sensor together with a high 
mass resolution Chemical Analyzer. Several prototypes of Dust Telescopes have been fabricated and 
tested at the dust accelerator facility. On the left is a prototype instrument with a large ~ 0.1 m2 area for 
the analysis of interplanetary and interstellar dust (approx. 20 kg for a flight instrument). The right 
picture shows a laboratory version of a small Dust Telescope (~0.02 m2, ~5 kg,) for high flux 

Development Stages. A number of prototypes of Chemical analyzers and Dust Trajectory sensors 
have been developed and tested at the Heidelberg dust accelerator facility.  In addition, a combined 
CA DTS Dust Telescope has also been developed and has shown to have m/dm > 100 mass 
resolution, 1 – 100 fC dust charge sensitivity range, 1 – 100 km/s velocity range, < 1% accuracy in 
velocity and < 1° directional accuracy.  Aerogel has been well characterized and determined viable 
during the STARDUST mission and accelerator testing. 
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Conclusion: iDust contributions 
Heliospheric Physics: 
Test our models of the large-scale magnetic fields 
 
Astrophysics: 
Chemical and isotopic composition, flux and size distribution of 
interstellar dust 
 
Planetary Sciences:  
Chemical and isotopic composition of interplanetary dust with 
an ability to identify their source 
 
Lunar Science: 
21st Century LEAM to resolve long-standing open issues about 
dust transport on the Moon – and all airless bodies 
 
 
 
 
 
 
 
iDust lander:  
2st century replacement of the Apollo 17 LEAM experiment  


