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Abstract

GIADA (Grain Impact Analyzer and Dust Accumu-
lator) flying on-board Rosetta is devoted to study
the cometary dust environment of 67P/Churiumov-
Gerasimenko (hereafter 67P). GIADA is composed of
3 sub-systems: the GDS (Grain Detection System),
based on grain detection through light scattering; an IS
(Impact Sensor), giving momentum measurement de-
tecting the impact on a sensed plate connected with 5
piezoelectric sensors; the MBS (MicroBalances Sys-
tem), constituted of 5 Quartz Crystal Microbalances
(QCMs), giving cumulative deposited dust mass by
measuring the variations of the sensors’ frequency [1].
The combination of the measurements performed by
these 3 subsystems provides: the number, the mass,
the momentum and the velocity distribution of dust
particlesemitted from the cometary nucleus. No prior
in situ dust dynamical measurements at these close
distances from the nucleus and starting from such large
heliocentric distances are available up to date.

1. Results

We report on the dust spatial distribution in the 67P
coma as well as its dynamical and physical properties
with the final goal of studying the ejection process and
the dust environment evolution. GIADA could disen-
tangle two different types of particles in the 67P coma:
compact particles [2] and fluffy porous aggregates of
grains of about 0.1 micron in size.[3]. The detections
of the first type of particles are mainly concentrated
within at latitudes and longitudes such that the space-
craft was in view of the ’neck’ of 67P. We registered an
increase of the compact particles from 3.36 to 2.43 AU
heliocentric distances. The speed of these particles,
having masses ranging from 1x10−10 to 3.9 x 10−7 kg,
resulted to vary from 0.3 to 12.2 m s−1. Measuring the
particles velocity distribution allowed us to constrain
the acceleration region to distances from the nucleus >
30 km. The dynamics of the fluffy aggregates, whose
detection is not localized as for the compact particles,
is found to be biased by electrostatic interactions with
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the spacecraft. The electrostatic interaction results in
the fragmentation and deceleration of the fluffy aggre-
gates that have speeds < 1 m s−1, i.e. much lower than
the compact ones.
The density of the two types of particles was con-
strained [2,3]. The influence of solar radiation pres-
sure on the nanogram particle fluxes was studied. The
results confirm a strong anisotropy in the dust flux:
the integrated flux of nanogram particles coming from
the Sun direction is about 3 times larger than the flux
coming directly from the comet nucleus. The inte-
grated flux of nanogram particles coming from the Sun
direction (particles reflected back by the solar radia-
tion pressure), is larger than the flux coming directly
from the nucleus. We estimated the ratio of these dust
fluxes, sub-solar areas versus terminator areas. taking
into account the different flight time of reflected ver-
sus direct particles. Since the received dust flux scales
accordingly to the square of the dust flight time, we
conclude that terminator areas eject a flux of nanogram
dust a factor < 15% than the nucleus areas character-
ized by a sun-zenith angle < 50◦.

2. Discussion
Comet 67P showed a quite localized gas activity es-
pecially when studying the water vapour emission in
the view of the neck region [4,5]. These findings
seem to be somehow related with what we find for
compact particles emission. Fluffy low density aggre-
gates are highly dispersed over the longitude/latitude
map of detections. This could suggest that the emis-
sion mechanism for these particles could be different
from the emission mechanism of the compact parti-
cles. An over-simplified interpretation would lead to a
connection between the fluffy aggregates and the CO2
emission. The data show quite a strong dependence
of compact particle velocity as a function of particle
mass as v ∝ m−0.29. However, in [2] this was not
the case. This could be either connected to the differ-
ent heliocentric distance at which these measurements
were performed, [2] referred to very far (3.4-3.7 AU)
heliocentric distances, or to the quite large distance of
the spacecraft, i.e. the distance of detected dust parti-
cles, from the comet nucleus.

3. Conclusion and Future work
GIADA was able to characterise the coma dust envi-
ronment of an awakening comet describing the dust
spatial distribution and measuring speed and mass
of individual particles, for the first time in cometary

space exploration. GIADA is continuing monitoring
the dust environment while 67P is increasing its activ-
ity approaching the perihelion (August 2015). GIADA
will improve the dust dynamic characterization and re-
evalulate the dust to gas ratio determined at high helio-
centric distances (from 3.6 to 3.4 AU) [2].

Acknowledgements
GIADA was built by a consortium from Italy
and Spain under the scientific responsibility of
the Universitá di Napoli ”Parthenope”, IT, and
INAF-Osservatorio Astronomico di Capodimonte,
IT, developing a Principal Investigator proposal
supported by University of Kent, UK. GIADA is
presently managed and operated by the Istituto di
Astrofisica e Planetologia Spaziali of INAF, IT. The
instrument development for ESA has been managed
and funded by the Italian Space Agency ASI, IT,
with a financial contribution by MEC, ES. The
scientific team includes members from IT, ES, UK,
FR, DE, USA. We thank ESA for the outstanding
work and NASA for science support. We thank A.
Coradini for her contribution as a GIADA Co-I.
Calibrated data available through ESA/PSA web-site
(www.rssd.esa.int/index.php?project=PSApage=index).

References
[1] V. Della Corte, A. Rotundi, M. Accolla, et al.,

(2014) International J. of Astron. Instr., 1350011,
10.1142/S2251171713500116.

[2] Rotundi A, Sierks H, Della Corte V, et al., (2015) Sci-
ence 347: DOI: 10.1126/science.aaa3905.

[3] Fulle M, Della Corte V, Rotundi A, et al., (2015) Astro-
phy. J. Lett. 802: L12, p. 1-5.

[4] Gulkis, S., Allen, M., von Allmen, P. et al. Science
(2015), 347, doi: 10.1126/science.aaa0709.

[5] Hässig, M., Altwegg, K., Balsiger H. et al. Science
(2015), 347, doi: 10.1126/science.aaa0276.


