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Science Opportunity: Collisions between aster-

oids, the outgassing and breakup of comets approach-
ing the Sun, the collisional grinding of smaller bodies, 
and the motion of the heliosphere through the interstel-
lar medium: all these processes populate the helio-
sphere with cosmic dust [1].   

Dust grains resulting from these processes span six 
orders of magnitude in radius, from millimeters to na-
nometers. Gravitational forces dominate the trajecto-
ries of the largest grains, while solar radiation pressure 
and electromagnetic interactions with the solar wind 
are important for the smallest dust particles. When 
their paths intersect objects in space, dust grains may 
have impact speeds of tens to hundreds of km/s in 
some cases, posing real danger to robotic and human 
explorers [2,3,4].  

Past space-borne in-situ dust detectors have exam-
ined interplanetary dust particles  with radii of ~0.1 µm 
to ~100 µm, but their ability to detect nanometer grains 
(nanodust, <100 nm) were limited [3]. Consequently, 
there are significant gaps in our our understanding of 
heliospheric dust physics and our associated dust dam-
age predictive capability.   

These smallest grains are messengers, carrying in-
formation key to resolving open questions about the 
balance between heliospheric dust sources and loss 
processes, as well as questions about interactions be-
tween dust grains and the solar wind [3,5,6,7,8]. For 
example: 1) What fraction of grains near the Sun are 
destroyed, versus expelled from the solar system by 
radiation pressure and electromagnetic forces?  2) 
Does the dust expulsion/destruction rate balance the 
Sunward migration rate? 3) How does nanodust picked 
up by the solar wind quantitatively impact the mass 
and momentum budget of the solar wind?  4) Do tran-
sient solar wind structures periodically ‘sweep’ the 
inner heliosphere clear of nanodust?  

Required Instrumentation: Recent advances have 
led to a new generation of in-situ detectors able to 
measure the speed, trajectory, and composition of 
nanodust grains [9]. Their operational principle is simi-
lar to existing in-situ dust detectors. Dust grains enter 
the instrument sensor head, passing through a set of 
grid electrodes biased to reject solar wind plasma, then 
impact a curved voltage-biased target. The hyperveloc-
ity impact breaks up the dust and ionizes its molecular 
and elemental constituents. A grid in front of the target 

accelerates positive ions toward an ion detector. Elec-
trons and negative ions are recollected by the target 
surface. Critical advances involve the ability to reject 
the high heat and solar UV loads imposed by the nano-
dust-specific requirement to point close to the direction 
of the Sun.  

A single nanodust detector sensor head has an ef-
fective collecting area of ~100 cm2, sufficient to ac-
commodate the 10s to 1000s of nanodust impacts per 
day inferred from STEREO and Cassini observations 
[10,11]. Further, nanodust observations require a plat-
form that travels far from Earth’s magnetic field 
(which distorts nanodust trajectories).   

Gateway Resources: A nanodust detector requires 
<10 kg and <10 W.  A ~15 kg gimbal mount is also 
required.  Full cycle costs (including design, construc-
tion, testing, operations, science support) are compara-
ble to in-situ dust detectors designed for robotic space 
missions (LDEX on LADEE or SUDA on the Europa 
Clipper). The instrument is approximately a cylinder of 
approximately 0.22 m diameter and 0.7 m length (in-
cluding integrated electronics and gimbal mount). The 
detector operates autonomously and does not require 
crew interaction after installation.  

NASA’s Deep Space Gateway has a cislunar orbit, 
a long lifetime, and ample resources compared to 
nanodust sensor requirements, making it a prime plat-
form to enable this new generation of detectors to 
revolutionize our understanding of heliospheric dust.     
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