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Introduction:  Placing a dust instrument onboard the 
Deep Space Gateway (DSG) will revolutionize our 
understanding of the interstellar and interplanetary dust 
environment at 1 AU, contributing to our fundamental 
understanding of the evolution of our solar system, and 
improve our dust hazard models for the safety of 
crewed and robotic missions to Mars, and other desti-
nations. 
 
Interstellar Dust and Solar Wind Entrained Nano-
dust Particles: The observations of the inward 
transport of interstellar dust and the outflow of near-
solar dust provide a unique opportunity to explore 
dusty plasma processes throughout the heliosphere. 
The flux, direction, and size-distribution of interstellar 
dust can be used to test our models about the large-
scale structure of the heliospheric magnetic field, and 
its temporal variability with solar cycle. The measure-
ments of the speed, composition and size distribution 
of the recently discovered, solar wind-entrained nano-
dust particles hold the key to understanding their ef-
fects on the dynamics and composition of the solar 
wind plasma.  
Interplanetary Dust Particles: The orbital elements 
of dust particles that are generated by active comets, 
by dust impacts onto the surfaces of airless bodies, or 
by collisions between asteroids, for example, are ini-
tially similar to their parent bodies. Collections of such 
particles form meteoroid streams. Depending on the 
size of these grains, their initial orbital elements will 
change and randomize over timescales of centuries or 
longer, and they become part of the sporadic back-
ground of meteoroids. In general, long period Halley-
type comets likely come from the Oort Cloud 
(Tisserand invariant T < 2), and short period Jupiter 
family comets likely originate from the Kuiper Belt (T 
> 2).  Main belt asteroids have low inclination, nearly 
circular orbits. Hence, the orbital elements of the off-
spring dust particles from comets and asteroids can be 
used to identify their parents.  Interstellar dust particles 
are entrained in the flow of interstellar gas across our 

solar system and can be identified by their narrow 
speed distribution and directionality.  
The Lunar Dust Exosphere: While orbiting the 
Moon, the Lunar Dust Experiment (LDEX) onboard 
NASA’s Lunar Atmosphere and Dust Environment 
Explorer (LADEE) mission discovered a permanently 
present ejecta dust cloud engulfing the Moon, sus-
tained by meteoroid bombardment. The lunar dust 
cloud in the Moon’s equatorial plane is dominantly 
produced by impacts from three known sporadic mete-
oroid sources: apex, helion, and antihelion, listed in 
order of their contribution to ejecta production. The 
cloud density is also modulated by the Moon’s orbital 
motion about the Earth, peaking during its waning gib-
bous phase. However, due to its short mission, LADEE 
could not observe the lunar dust environment through 
the year. The DSG will provide an opportunity to ex-
pand dust measurement in a lunar orbit to characterize 
the temporal variability of the lunar dust exosphere, 
and the meteoroid environment at 1 AU.   
 
The Dust Experiment (DEX) Instrument: DEX 
(Figure 1.)  is  an in situ, high-resolution compositional 
dust analyzer developed specifically for the detection 
and analysis of interstellar dust (ISD) an interplanetary 
dust particles  (IDP). It measures the speed and mass 
distributions, as well as the elemental and chemical 
composition. It is based on the proven measurement 
method of Cassini’s Cosmic Dust Analyzer (CDA) 
instrument. Compared to CDA, however, it provides a 
larger effective target area (700 cm2) to collect a statis-
tically significant number of dust impacts, and pro-
vides a drastically higher mass resolution due to its of 
its unique ion-optics design. Individual dust particles 
entering the instrument pass through a set of grid elec-
trodes and impact a 0.5 µm thick layer of high-purity 
rhodium target. A charge sensitive amplifier (CSA) 
attached to the target measures the impact- generated 
charge that is a function of the particle’s mass and 
speed. A mass spectrum is obtained for each particle 
from the time-of-flight (TOF) analysis of the impact 
generated atomic and molecular ions. The target is 
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biased at +3 kV to provide positive ion acceleration, 
and reflectron type ion optics is used to enable resolv-
ing powers in excess of m/dm > 200. The electrostatic 
field is shaped by a set of biased rings and one curved 
grid electrode to provide spatial and temporal focusing 
of the accelerated ions. The centrally located ion detec-
tor is a single plate, 40 mm diameter, small pore-size 
microchannel plate detector with a high dynamic range 
and sensitivity even for minor species. DEX records a 
wide mass range of 1 – 500 u to identify elemental and 
molecular ions and to reveal the chemical and miner-
alogical makeup of impacting particles. DEX may also 
be implemented with a negative ion detection mode 
that could deliver critical new information of the 
makeup of ISD/IDP  particles. 
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Figure 1. The operation principle of the DEX instru-
ment and the signals measured. DEX has been devel-
oped specifically for the detection and analysis of 
ISD/IDP particles. Electronics box not shown. The 
inserts demonstrate the capability of the instrument to 
capture time-of-flight spectra with a ion mass resolu-
tion m/dm > 200. 
 
DEX is an event-driven instrument. A trigger for data 
acquisition is derived from the impact charge signals 
detected on the target, the ion grid, or the ion detector. 
The TOF spectra are recorded at a rate of 250 MS/s on 
two analog channels from an unevenly split anode be-
hind the MCP detector achieving a high dynamic 
range. The impact charge and auxiliary signals are 
sampled at 12.5 MHz. Each trigger event is time-
stamped, post-processed, and checked for validity be-
fore data compression. The IDEX low-mass mechani-
cal design consists of a simple aluminum shell struc-
ture that provides support for the biased electrodes of 
the TOF analyzer and the grids over its aperture. The 
centrally located ion detector, along with the front-end 
CSAs are integrated into the bottom of the instrument. 
The electronics box (not shown), housing the high- and 
low- voltage power supplies, the digital and processing 
boards, is mounted near the instrument. 

The interpretation of the measured impact spectra is 
supported by laboratory calibration measurements us-
ing analog dust sample materials and the IDEX engi-
neering prototype. DEX derives heritage from the 
CDA instrument on Cassini, and the LDEX instrument 
on LADEE. On a subsystem level, DEX also derives 
heritage from a number of space instruments devel-
oped at LASP. Based on flight heritage as well as ex-
isting functional laboratory models, the current TRL of 
IDEX is 6. The instrument preliminary specifications 
are summarized in the table below. 
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before data compression. The IDEX low-mass mechanical design consists of a simple aluminum 
shell structure that provides support for the biased electrodes of the TOF analyzer and the grids 
over its aperture. The centrally located ion detector, along with the front-end CSAs are integrated 
into the bottom of the instrument. The electronics box (not shown), housing the high- and low-
voltage power supplies, the digital and processing boards, is mounted near the instrument.  

The interpretation of the measured ISD impact spectra is supported by laboratory 
calibration measurements using analog dust sample materials and the IDEX engineering prototype. 
This method has already been proven successful for interpreting flight data, including those of ISD 
particles [e.g., Hillier et al., 2012; Altobelli et al., 2016]. IDEX derives heritage from the CDA 
instrument on Cassini, and the LDEX instrument on LADEE. On a subsystem level, IDEX also 
derives heritage from a number of space instruments developed at LASP. Based on flight heritage 
as well as existing functional laboratory models, the current TRL of IDEX is 6. The instrument 
specifications are summarized in the table below.  

Instrument Resource CBE Notes 
Mass 10.1 kg Based on MEL 
Power 9.8 W Based on MEL 
Survival heater 5 W Estimate 
Data rate 200 bits/sec Science + Housekeeping 
Volume 48x48x45 cm3 Instrument 
 20x20x11 cm3 Electronics box 

 

Science	Mission	Concept	
The iDUNE mission design is based on 

the combination of the high-performance IDEX 
instrument with a low-cost, yet proven and very 
capable spacecraft (SC) bus that meets or 
exceeds all requirements for the mission (See 
Figs. 2 and 3). 

Science mission profile: iDUNE is a 
free-flying, 3-axis stabilized SC launched into a 
Low Earth Orbit (LEO) as a secondary payload 
using an ESPA ring. Almost all LEO orbits are 
suitable for delivering the required 
measurements. The ‘season’ for ISD 
measurements is approx. 4 months long when the 
Earth is moving ‘upstream’ relative to the ISD 
flux and the Sun is not obstructing the view (Fig. 
1). A minimum mission duration of ³ 1 year will 
make iDUNE independent of date of the launch 
and provide sufficient statistics. An estimated ≥ 
100 ISD particles will be detected and analyzed in one year, assuming 50% duty cycle that 
accounts for the obstruction of the Earth.  
 The science field-of-view of the IDEX instrument is 45º half angle and the SC maintains 
its pointing into the ISD flux within << 1°.  accuracy. When the instrument view is obstructed by 
the Earth, IDEX transitions into an idle mode with the high voltages turned. Inadvertently pointing 
the instrument at the Sun is the only operational hazard that can result in a nonrecoverable 
degradation. The spacecraft bus avoids Sun-pointing by using its capability to define keepout 
zones. IDEX is equipped with a self-safing mechanism that protects the detector from accidental 
pointing at the Sun. However, a short duration exposure to the Sun will not damage the instrument.  

 
Fig. 3: The low-cost, off-the-shelf SC bus from Blue 
Canyon Technologies has adequate capabilities for 

the proposed iDUNE mission concept.  
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