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Roseha	  &	  67P/C-‐G	  



3 subsystems to characterize dynamics of 
individual particles and the dust flux: 
 
1) Micro-Balances System (MBS): 5 QCMs, 

cumulative dust flux of particles < 10 µm.  
 
2) Grain Detection System (GDS): individual 

particle mass (with IS), speed and cross section; 
 
 
3) Impact Sensor (IS): particle momentum from 

the impact on a Al plate connected to 5 PZTs; 

GIADA	  descrip>on	  

GIADA	  can	  constrain	  the	  par>cle	  density	  	  



GIADA	  @	  bound	  orbits	  
Compact	  par>cles	  (Rotundi	  et	  al.,	  Science,	  2015)	  
Fluffy	  par>cles	  (Fulle	  et	  al.,	  ApJL,	  2015)	  
Fluffy	  &	  Compact	  par>cles	  (Della	  Corte	  et	  al.,	  A&A,	  2015)	  

                                                              GIADA classified two types of dust particles 
 
 
 
 
 
 
 
 
 

• Fluffy: porous aggregates with low momentum (< 10-10 kg m s-1) and low density (< 1 kg m3); 
 
• Compact: momentum > 10-10 kg m s-1, high density (800 - 3000 kg m3); 

!

 
The morphology of each particle was determined using 
a Stereoscan 360–Leica/Cambridge Field Emission 
Scanning Electron Microscope (FESEM), at an 
accelerating voltage of 2.5 keV (Fig. 2). The particle 
sizes measured by FESEM (Tab. 1) show they are 
typical for stratospheric IDPs [8,9]. 
Micro-IR spectra (Fig. 3) have been acquired in the 
range 4000-600 cm-1 at a spectral resolution of 4 cm-1 
with an IR microscope attached to a FTIR 
interferometer (Mod. Bruker-Equinox 55). For each 
particle we acquired six spectra of 6000 scans, in order 
to optimize the S/N ratio. Raman microscopy was 
performed with a confocal microscope (DILOR)  

 
adapted on a triplemate spectrometer (SPEX) with a 
CCD detector. The laser power (Ar+, 514.5 nm) on the 
sample was kept below 0.2 mW, with a spot size of 
about 2 micron. No laser-induced thermal modification 
was detected for the IDPs studied in this work. 
 
 
%" #$%&'(%)*+,),-%.&%%-/+)

 
The FESEM observations of the chondritic porous IDPs 
-D12 and -C13, and the compact Fe-rich IDP sphere -
C20, were placed on our substrate in a position different 
than shown in the catalog [9]. By matching features 

L2021D9 

L2021D12 

L2021F17 

Figure 2. FESEM images showing three different IDP 
morphologies. Aggregates: L2021D9 (very porous), 
L2021D12 (porous) and L2021C13 (low porosity). 
The aggregate morphology and chemical spectrum [9] 
suggest they are chondritic aggregate IDPs possibly of 
cometary origin [8,10]. L2021F17 is a massive Fe,S 
grain cluster [9] with chondritic aggregate matrix 
material at the surface [12], and L2021C20 is a 
compact Fe-sphere [9] with a trace of sulfur showing 
the typical scalloped, ablation surface due to physical 
interactions with the atmosphere during deceleration. 
 

L2021C13 

L2021C20 
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Compact	  Par>cles	  

GIADA data (GDS+IS and IS) constrain the 3 lower mass bins
OSIRIS single detections constrain the 3 upper mass bins
Solid line, left panel: loss rate vs mass bin predicted at 3.2 AU
GIADA estimates bulk densities from 800 to 3000 kg/m3

Size distribution shallower than predicted (missing low masses)
Dust cross section has a sharp maximum at 0.1mm sizes
All coma images at all wavelengths dominated by 0.1mm sizes
OSIRIS detects young particles in 67P coma up to 17mm sizes
OSIRIS detects a bound cloud of about 105 chunks (sizes from 

5cm to 2m) ejected just after the previous perihelion 
(predicted by Richter and Keller 1995, Fulle 1997)  

Mass	  distribu8on:	  
•  GIADA	   data	   constrained	   the	   3	   lower	  
mass	  bin,	  OSIRIS	  the	  3	  upper	  mass	  bins.	  
•  Low	   masses	   are	   “missing”:	   size	  
distribu>on	  is	  shallower	  than	  predicted	  
(see	  MIDAS)	  
•  GIADA	   constrained	   par>cles	   bulk	  
density	  800	  –	  3000	  kg/m3	  
•  Dust/gas	  ra>o	  =>	  	  4	  ±	  2	  
	  

Rotundi	  et	  al.,	  Science,	  2015	  
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ABSTRACT

The Grain Impact Analyzer and Dust Accumulator (GIADA) instrument on board ESA’s Rosetta mission is
constraining the origin of the dust particles detected within the coma of comet 67 P/Churyumov–Gerasimenko
(67P). The collected particles belong to two families: (i) compact particles (ranging in size from 0.03 to 1 mm),
witnessing the presence of materials that underwent processing within the solar nebula and (ii) fluffy
aggregates (ranging in size from 0.2 to 2.5 mm) of sub-micron grains that may be a record of a primitive
component, probably linked to interstellar dust. The dynamics of the fluffy aggregates constrain their
equivalent bulk density to �1kg m−3. These aggregates are charged, fragmented, and decelerated by the
spacecraft negative potential and enter GIADA in showers of fragments at speeds�1m s−1. The density of such
optically thick aggregates is consistent with the low bulk density of the nucleus. The mass contribution of the
fluffy aggregates to the refractory component of the nucleus is negligible and their coma brightness
contribution is less than 15%.

Key words: comets: general – comets: individual (67P/Churyumov–Gerasimenko) – space vehicles: instruments

1. INTRODUCTION

From 2014 August 1 to September 15, the Grain Impact
Analyzer and Dust Accumulator (GIADA) instrument on board
ESA’s Rosetta Mission (Colangeli et al. 2007; Della Corte
et al. 2014) collected compact particles, which constrained
67P’s dust mass loss rate and dust/gas ratio at heliocentric
distances �3.4 AU (Rotundi et al. 2015). Up to 2015 January
14, GIADA has detected a total of 193 compact particles: 81 by
both the GDS (laser curtain) and IS (impact sensor)
subsystems (GDS+IS) and 112 by IS only. The speed, mass,
cross section, and estimates of the bulk density of the GDS+IS
particles were retrieved.

Since 2014 mid-September, GIADA has detected showers of
GDS-only events, up to a total of 853 detections from 2014

September 15 to 2015 January 14. The showers, with durations
up to 30 s, were composed of one or more low speed particle
sub-showers each lasting less than 1 s (Table 1). A standard
procedure was followed to exclude artifacts due to instrumental
noise. GDS stability is checked every hour using on-board
calibrations. The temperature, light emission efficiency, and the
noise level are monitored. All these parameters are taken into
account for data reduction. GDS thermal behavior is stable.
During the cruise phase, several interference tests were
performed among instruments, with the spacecraft subsystems
and self-interference tests, and any spurious behaviors were
identified. Very short duration events, which cannot be caused
by dust detections, were identified in cruise phase data. All
events with a duration� q �5 10 5 s are classified as noise and

The Astrophysical Journal Letters, 802:L12 (5pp), 2015 March 20 doi:10.1088/2041-8205/802/1/L12
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(i) While	  compact	  par>cles,	  ranging	  in	  size	  from	  0.03	  to	  1	  mm,	  are	  probably	  witnessing	  
the	   presence	   of	  materials	   that	   underwent	   processing	   within	   the	   solar	   nebula;	  
fluffy	   par>cles,	   ranging	   in	   size	   from	   0.2	   to	   2.5	  mm,	   are	   aggregates	   of	   sub-‐micron	  
grains	   which	   may	   be	   a	   record	   of	   a	   primi8ve	   component,	   probably	   linked	   to	  
interstellar	  dust.	  	  

	  
(ii)  	   Fluffy	   par>cles	   are	   charged,	   fragmented,	   and	   decelerated	   by	   the	   spacecrax	  
nega>ve	  poten>al	  (RPC).	  The	  density	  of	  such	  op>cally	  thick	  aggregates	  is	  consistent	  
with	  the	  low	  bulk	  density	  of	  the	  nucleus	  (0,47	  g	  cm-‐3).	  	  

	  
(iii) The	  dynamics	  of	  fluffy	  par>cles	  constrain	  their	  equivalent	  bulk	  density	  to	  <1kgm−3.	  

Fluffy	  Par>cles	  



COSIMA	  

Schulz	  et	  al.,	  2015,	  Nature	  

From	  the	  shadow	  par>cle	  height	  is	  derived:	  about	  100	  micron	  	  

The	  mass	   spectra	  of	   the	   surface	  of	   the	  COSIMA	  
grains	   collected	   beyond	   3	   AU	   show	   a	   high	  
abundance	  of	  Na.	  Preliminary	  values	  are	  as	  high	  
as	   0.8,	   normalized	   to	   Mg	   =	   1.	   For	   comparison,	  
the	   Na	   abundances	   (Mg	   =	   1)	   for	   comet	   81P/
Wild-‐2	   are	   0.13	   (collected	   in	   aerogel)	   and	   0.2	  
(collected	   on	   aluminium	   foil),	   0.1	   ±	   0.06	   for	  
comet	  1P/Halley28,	  and	  0.55	  for	  CI	  chondrites.	  	  

High	  Na	  abundance,	  combined	  with	  the	  
fluffiness	  of	  the	  par>cles,	  supports	  the	  
hypothesis	  that	  they	  represent	  the	  parent	  
popula>on	  of	  interplanetary	  dust	  par>cles	  in	  
meteor	  streams	  of	  cometary	  origin.	  



The	  extremely	  low	  bulk	  densi>es	  es>mated	  (<	  1	  kg/m3)	  lead	  to	  very	  
porous	  “COSIMA	  par>cle	  building	  blocks”	  



MIDAS	  and	  the	  porosity	  at	  small	  scale!	  
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Fig. 3. Particle spatial distribution by type: flu↵y, compact, and small compact detected during the bound-orbit phase. Flu↵y particles, plotted as
clusters, i.e., only the detection of each shower is reported, seem the more dispersed particles together with, although to a lesser extent, small
compact particles.

Fig. 4. 2D histograms on a Mollweide projection showing particle detections divided by type (columns) and by orbit radius (rows). The symbol
size is proportional to the number of impacts in the case of detections.

emission processes and/or interactions with the coma depend on1

particle physical properties, such as charge, mass, and density.2

3.1.1. Dust distribution versus illumination condition3

To show the di↵erent spatial distributions with respect to illu-4

mination conditions, we plot the percentage of detections with5

respect to the angle Sun-67P-Rosetta, that is, the phase an-6

gle (Fig. 5). From the plot we derive a di↵erent behavior of7

the flu↵y particles with respect to the compact particles. The8

number of flu↵y particles does not vary significantly with respect 9

to the phase angle: they are also detected in a non-negligible 10

percentage on the nightside. In contrast, compact particles are 11

strongly enhanced for phase angles form 30� to 40�. 12

3.1.2. Dust activity versus decreasing heliocentric distance 13

To explore the possibility of an increasing cometary activity at 14

decreasing heliocentric distance, we monitored the dust produc- 15

tion during the four months of bound orbits. 16
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ABSTRACT

Context. During the period between 15 September 2014 and 4 February 2015, the Rosetta spacecraft accomplished the circular orbit phase around
the nucleus of comet 67P/Churyumov-Gerasimenko (67P). The Grain Impact Analyzer and Dust Accumulator (GIADA) onboard Rosetta moni-
tored the 67P coma dust environment for the entire period.
Aims. We aim to describe the dust spatial distribution in the coma of comet (67P) by means of in situ measurements. We determine dynamical and
physical properties of cometary dust particles to support the study of the production process and dust environment modification.
Methods. We analyzed GIADA data with respect to the observation geometry and heliocentric distance to describe the coma dust spatial distribu-
tion of 67P, to monitor its activity, and to retrieve information on active areas present on its nucleus. We combined GIADA detection information
with calibration activity to distinguish di↵erent types of particles that populate the coma of 67P: compact particles and flu↵y porous aggregates.
By means of particle dynamical parameters measured by GIADA, we studied the dust acceleration region.
Results. GIADA was able to distinguish di↵erent types of particles populating the coma of 67: compact particles and flu↵y porous aggregates.
Most of the compact particle detections occurred at latitudes and longitudes where the spacecraft was in view of the comet’s neck region of the
nucleus, the so-called Hapi region. This resulted in an oscillation of the compact particle abundance with respect to the spacecraft position and a
global increase as the comet moved from 3.36 to 2.43 AU heliocentric distance. The speed of these particles, having masses from 10�10 to 10�7 kg,
ranged from 0.3 to 12.2 m s�1. The variation of particle mass and speed distribution with respect to the distance from the nucleus gave indications
of the dust acceleration region. The influence of solar radiation pressure on micron and submicron particles was studied. The integrated dust mass
flux collected from the Sun direction, that is, particles reflected by solar radiation pressure, was three times higher than the flux coming directly
from the comet nucleus. The awakening 67P comet shows a strong dust flux anisotropy, confirming what was suggested by on-ground dust coma
observations performed in 2008.

Key words. comets: individual: 67P/Churyumov Gerasimenko – methods: data analysis – space vehicles: instruments – comets: general – instru-
mentation: detectors

1. Introduction1

Dust impact sensors collected data in the coma of 1P/Halley2

(McDonnell et al. 1990) and 26P/Grigg-Skjellerup (McDonnell3

et al. 1993) during the flybys of ESA’s Giotto spacecraft,4

81P/Wild 2 (Green et al. 2004) by NASA’s Stardust probe, and5

9P/Tempel 1 (Economou et al. 2013) by NASA’s Deep Impact6

spacecraft. These were all flybys with the spacecraft speed VSC7

ranging from 6 to 72 km s�1, that is, orders of magnitude higher8

than the dust speed in the coma. While it was possible to convert9

observed dust momenta into mass values, it was impossible to10

distinguish the dust particles coming directly from the nucleus11

(direct) with respect to those emitted toward the Sun and re-12

flected back by solar radiation pressure (reflected). It was shown13

(Fulle et al. 1995, 2000) that in the case of a strong dust pro-14

duction anisotropy (much more dust emitted from the subsolar15

area than from terminator areas), the space density of direct and16

reflected particles might be similar. While direct particles are17

distributed over all size bins, the reflected ones tend to popu- 18

late the largest size bins, building up an excess of millimeter and 19

larger particles. The dust size distributions observed at the three 20

above-mentioned comets during the flybys show the same large- 21

particles excess. However, this might have no real counterpart in 22

the dust size distribution produced at the nucleus surface, mean- 23

ing that the large-particle excess may stem entirely from the re- 24

flected particles. Models of dust dynamics for cometary comae 25

and tails predict a mm-sized excess for the size distribution of 26

reflected dust particles, whereas no such excess is predicted in 27

the size distribution of the direct particles. 28

ESA’s Rosetta comet rendezvous mission o↵ers the first op- 29

portunity to overcome the problems described above. The space- 30

craft speed relative to the nucleus during most of the mission is 31

slower than the dust speed. Thus 1) the dust speed can be directly 32

measured by the Grain Impact Analyzer and Dust Accumulator 33

(GIADA); and 2) GIADA pointing can distinguish between di- 34

rect and reflected particles. Thanks to these capabilities, the 35
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Fig. 3. 3D spatial distribution of GIADA detections, GDS-only, IS-only
and GDS-IS, during the Rosetta bound orbits phase (15 of September
2014 untill 4 of February 2015) plotted in the 67P fixed frame Jorda et
al. 2015.

Table 1. Number of GIADA detections during the Rosetta bound orbits
phase.

detection
type

N� of det. physical
parameter

measurement range

GDS 1056 cross-
section⇤/
speed⇤⇤

60 - 800 x10�6 [m] /
0.2 - 9 [m s�1]

GDS-IS 83 mass / speed 1x10�10-3.9 x 10�7

[kg]/ 0.3 - 12.2 [m
s�1]

IS 119 momentum 1.9x10�10 - 4.2x10�7

[kg m s�1]

Notes. (*) equivalent diameter; (**) the analysis of these measurements
is reported in Fulle et al.2015

gitude in the reference frame defined by Jorda et al. 2015.
Note that the GDS only detections, corresponding to flu↵y and
low density aggregate particles (Fulle et al.2015), are spread over
all the latitude-longitude values for any distance from the nu-
cleus (Fig. 4a,b,c). On the contrary for the GDS-IS and IS only
detections, associated with more compact particles (Rotundi et
al., 2015), latitude-longitude dispersion varies with respect to
the orbit radius. At 10 km (Fig. 4d,g) the particles detected by
GDS-IS and IS only are grouped at certain latitude and longitude
values, suggesting their emission from a specific common area.
This is confirmed by the data reported in Table 2 in which we
report dates and times of some of the GDS-IS and IS-only de-
tections and the relative latitudes and longitudes where they oc-
curred along the 10 km orbit. The data show a relevant enhance-
ment in the dust detection rate in correspondence to a narrow
interval of latitude and longitude. This concentration of events
in space and in time suggests the presence of active areas on the
nucleus.
The particles are then more dispersed at increasing distance from
the nucleus, as can be deduced from Figure 4e,f,h,i. The di↵er-
ent spatial distribution for the various detection types suggests
specific emission processes associated with the di↵erent types
of particles, i.e. flu↵y versus compact.

Table 2. Enhancements in dust detection rate along the 10 km radius or-
bits: several compact particle detections close in time identifying higher
dust density coma region and suggesting active areas on the nucleus

detection time Lat [deg] Long[deg] detection type
22/10/14 15:08:53 45 135 GDS-IS

15:20:30 46 129 GDS-IS
15:29:26 46 124 GDS-IS
15:48:53 48 113 GDS-IS
16:19:39 50 109 IS-only
22:21:06 62 -132 GDS-IS
23:09:31 61 -164 GDS-IS
23:13:49 61 -167 GDS-IS

28/10/14 08:17:18 62.5 157 GDS-IS
08:24:25 62.5 152 IS-only
08:43:18 62.3 140 GDS-IS
08:47:06 62.3 137 GDS-IS
09:13:05 62.3 138 IS-only

3.1.1. Dust Distribution vs. Observation Phase Angle

In order to evidence di↵erent spatial distributions with respect to
the particle types, we analysed the percentage of the various de-
tections with respect to the observation geometry, i.e. the phase
angle (Fig. 5). To obtain this plot we performed a double normal-
ization: 1) we calculated, for each of the three detection types,
the ratio between the number of detections recorded at each
phase angle flown by the spacecraft, divided by the total number
of detections of that specific type; 2) we normalised the obtained
ratio with respect to the time e↵ectively spent by the spacecraft
in a specific phase angle interval. From the plot we derive a dif-
ferent behaviour of the GDS-only detections with respect to the
IS only and GDS-IS only. In particular, the GDS-only detections
occur with percentages not very di↵erent at di↵erent phase an-
gles. They are also detected in a non-negligible percentage over
the night-side. In addition, they seem unconnected to a specific
high dust production area on the nucleus surface as in the case of
GDS-IS and IS only detections that have their maxima for phase
angles at about 50�. In this latter case, as already shown with
the latitude-longitude distribution of detections (Fig. 4), the dust
seems to be more correlated to a specific area rather than to the
phase angle.

3.1.2. Dust detections versus decreasing heliocentric
distance

Since we detected a variation of dust detections level with re-
spect to the observing phase angle (section 3.1.1) we selected,
among the bound orbits, the observations performed when the
spacecraft was moving along the terminator, i.e. at phase angles
varying from 80� to 120�, which the spacecraft actually main-
tained most of the time.

This allowed monitoring of possible changes in the level
of dust emission with respect to time, i.e. with decreasing 67P
heliocentric distances: from 3.36 to 2.43 AU (Fig. 6). GIADA
records the exact position and time for each detections, although
in Fig. 6a, to make the plots more readable we grouped the num-
ber of detections per week for each type. The histogram shows
that the GDS-only detections do not show a definite trend with
respect to time. Analysing separately the compact particles, i.e.
the GDS-IS and the IS-only detections, as reported in Figure
6b, apart from the peaks of detections on small temporal scales,
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•  Fluffy	  par>cles	  are	  spread	  over	  all	   the	   lat.	   long.	  
values	  for	  any	  nucleus	  distance.	  

•  Enhancements	   in	   dust	   detec>on	   rate	   along	   the	  
10	   km	   radius	   orbits:	   detec>ons	   close	   in	   >me	  
iden>fying	  higher	  dust	  density	  coma	  region	  and	  
sugges>ng	  ac>ve	  areas	  on	  the	  nucleus	  .	  

	  

•  Compact	   and	   Small-‐Compact,	   lat.	   long.	  
distribu>on	   varies	   with	   respect	   to	   the	   orbit	  
radius.	  	  



Masses	  and	  speeds,	  at	  different	  distances	  from	  the	  
comet	  nucleus	  vs.	  la>tude-‐longitude	  	  

•  The	  highest	  masses	  and	  speeds	  are	  concentrated	  between	  40	  and	  60	  degree	  of	  la>tude	  (@10km);	  Par>cles	  spread	  @20	  30	  km.	  

•  Par>cles	  detected	  below	  the	  equator,	  are	  characterized	  by	  low	  speeds	  and	  low	  masses.	  



Dust	  emission	  with	  respect	  to	  nucleus	  illumina>on	  condi>ons	  	  

•  Fluffy	  par>cles	  detec>on	  percentages	  occurred	  at	  every	  phase	  angles:	  they	  seem	  
unconnected	  to	  a	  specific	  high	  dust	  produc>on	  area.	  

•  Compact	  par>cles	  detec>ons	  have	  pronounced	  maxima	  at	  phase	  angles	  of	  40°	  -‐	  50°.	  In	  this	  
case,	  as	  already	  shown	  with	  the	  la>tude-‐longitude	  distribu>on	  of	  detec>ons,	  the	  dust	  seems	  
to	  be	  more	  correlated	  to	  a	  specific	  area	  in	  addi>on	  to	  specific	  phase	  angles.	  

%	  of	  detec>ons	  vs	  phase	  
angle	  flown	  by	  the	  S/C	  

Also	  to	  evidence	  different	  spa>al	  distribu>ons	  with	  respect	  to	  the	  par>cle	  types	  



Monitoring	  the	  terminator	  dust	  environment:	  	  
Dust	  emission	  vs.	  heliocentric	  distance	  

•  Compact	  par>cles	  
show	  an	  overall	  trend	  
with	  >me	  indica>ng	  
that	  the	  emission	  of	  
these	  par>cles	  has	  a	  
slight	  increase	  with	  
decreasing	  
heliocentric	  distance.	  

•  Fluffy	  par>cles	  do	  not	  show	  
a	  definite	  trend	  with	  
respect	  to	  >me.	  
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Fig. 7. Number of GIADA detections per type vs. spacecraft o↵-nadir
pointing.

flected particles, i.e. particles that are falling back to the nucleus.
Both these two particles arrived on the IS with a momentum of
about 2 x 10�8 kg m s�1. From calibration activity performed
in the laboratory with cometary analog particles (Ferrari et al.
2014) on the GIADA Proto-Flight Model (Della Corte et al.,
2014), we could make a rough estimate of their speeds. We could
thus derive their masses, which were on the order of 10�8 kg, i.e.
in the range of the largest masses detected by GIADA, support-
ing the hypothesis of large reflected particles.

3.2. Dust dynamical properties

GIADA characterised the dust environment not only for the 3D
spatial distribution, but also on the dust particles’ dynamical
properties; mass and speed distributions with respect to latitude
and longitude (Fig. 8) and with the distance from the nucleus
(Fig. 9) were analysed.
The measured masses and speeds, at di↵erent distances from
the comet nucleus, plotted vs. latitude-longitude show that the
higher masses and higher speeds are quite concentrated, espe-
cially for the 10 km distance, at certain latitudes and longitudes
(see Table 2). They start to spread with respect to the defined
lat-long area at distances of 20 and 30 km. The detections oc-
curring below the equator, are those characterized by low speeds
and also the masses are quite low (Fig. 8). Focusing on the 10
km detections, i.e those possibly related to an emitting area, we
notice that the highest masses and velocities are concentrated
between about 40 and 60 degree of latitude. With respect to lon-
gitude, the higher masses seem to be related to the area between
- 180 and -120 deg while the higher speeds are connected to the
area between 100 and 150 deg.
In Figure 9 we report the trend of the particle dust speeds with
respect to they mass v / m

�, which resulted to be steeper than ex-
pected. We derived the power index gamma resulting � = �0.29
± 0.003. the power index � of the mass-dependent dust velocity
if all data are considered, and � = �0.53 ± 0.002 if the three
points at the lowest masses are discarded. We subdivide all the
dust speed data in to three sub-groups, according to the distance
from the nucleus where the data were collected, i.e. up to 15 km
(labelled as 10 km), from 15 to 25 km (labelled as 20 km) and
from 25 to 35 km (labelled as 30 km). We fit these histograms
by Maxwell distributions, and obtain a systematic increase of the

Fig. 9. Mass-dependent dust velocity plot with the derived power index
� = - 0.29 a) panel). Dust speed data divided according to the distance
from the nucleus where the data were collected: 10 km d) , 20 km c)
and 30 km b). It is evident that there is a systematic increase of the most
probable dust speed in the Maxwell distributions versus the nucleus dis-
tance.

most probable dust speed with the nucleus distance: 2.5 m s�1 at
10 km, 3.0 m s�1 at 20 km, and 4.3 m s�1 at 30 km.

3.3. Dust Flux measured by the MicroBalance System

towards different directions

The Micro Balances System (MBS) is acquiring scientific data
during the comet approach phase: starting from the first week
of May 2014 the MBS monitored the deposition of small dust
particles, i.e. with dimensions smaller than about 5 microns, on
the five Quartz Crystal Microbalances (QCMs) pointing towards
di↵erent directions. During the first 4 months of measurement
the MBS did not register any mass accumulation. After the
beginning of the bound orbit phase, in September 2014, two
of the five QCMs started measuring an increment of the signal
related to dust accumulation (Fig. 10). In particular, the QCMs
showing evidence of dust mass accumulation are the QCM1 and
QCM5. The QCM1 bore sight pointed roughly towards the Sun
during the bound terminator orbits phase while QCM5 pointed
towards the nadir direction, i.e. towards the nucleus.
We stress here that the QCMs are sensors characterised by a
residual thermal dependence due to the di↵erent responses of
the two quartz crystals constituting the QCM with respect to
the thermal environment (Palomba et al. 2002, Battaglia et al.
2004). Also thanks to the relatively stable temperature of the
QCMs, and to the well-characterized and quite stable response
of the sensors during the cruise phase (Della Corte et al. 2014)
and after the spacecraft wake up, we could perform the data
analysis selecting the QCMs readings at fixed temperatures.
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Dust	  emission	  vs.	  off-‐nadir	  poin>ng	  

Detec>on	  types	  are	  related	  to	  the	  GIADA	  poin>ng	  configura>on	  	  

• Fluffy	  par>cles	  
detec>ons	  occur	  
also	  at	  high	  off-‐
nadir	  angles;	  
• Fluffy	  par>cles	  can	  
move	  along	  
direc>ons	  ≠	  from	  
radial;	  
• Recall:	  fluffy	  
par>cles	  dynamic	  is	  
influenced	  by	  the	  
spacecrax	  poten>al	  
(Fulle	  et	  al.,	  2015)	  	  

• Two	  Compact	  par>cles	  detected	  with	  GIADA	  poin>ng	  about	  an>	  nadir	  direc>on;	  
• Reflected	  par>cles:	  par>cles	  falling	  back	  to	  the	  nucleus(?)	  	  
• Momenta	  of	  about	  2	  x	  10−8	  kg	  m	  s−1	  and	  masses	  about	  10−8	  kg,	  i.e.	  in	  the	  range	  of	  the	  largest	  
masses	  detected	  by	  GIADA.	  

Falling	  back	  par>cles?	  



Dust	  accelera>on	  
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Fig. 7. Number of GIADA detections per type vs. spacecraft o↵-nadir
pointing.

flected particles, i.e. particles that are falling back to the nucleus.
Both these two particles arrived on the IS with a momentum of
about 2 x 10�8 kg m s�1. From calibration activity performed
in the laboratory with cometary analog particles (Ferrari et al.
2014) on the GIADA Proto-Flight Model (Della Corte et al.,
2014), we could make a rough estimate of their speeds. We could
thus derive their masses, which were on the order of 10�8 kg, i.e.
in the range of the largest masses detected by GIADA, support-
ing the hypothesis of large reflected particles.

3.2. Dust dynamical properties

GIADA characterised the dust environment not only for the 3D
spatial distribution, but also on the dust particles’ dynamical
properties; mass and speed distributions with respect to latitude
and longitude (Fig. 8) and with the distance from the nucleus
(Fig. 9) were analysed.
The measured masses and speeds, at di↵erent distances from
the comet nucleus, plotted vs. latitude-longitude show that the
higher masses and higher speeds are quite concentrated, espe-
cially for the 10 km distance, at certain latitudes and longitudes
(see Table 2). They start to spread with respect to the defined
lat-long area at distances of 20 and 30 km. The detections oc-
curring below the equator, are those characterized by low speeds
and also the masses are quite low (Fig. 8). Focusing on the 10
km detections, i.e those possibly related to an emitting area, we
notice that the highest masses and velocities are concentrated
between about 40 and 60 degree of latitude. With respect to lon-
gitude, the higher masses seem to be related to the area between
- 180 and -120 deg while the higher speeds are connected to the
area between 100 and 150 deg.
In Figure 9 we report the trend of the particle dust speeds with
respect to they mass v / m

�, which resulted to be steeper than ex-
pected. We derived the power index gamma resulting � = �0.29
± 0.003. the power index � of the mass-dependent dust velocity
if all data are considered, and � = �0.53 ± 0.002 if the three
points at the lowest masses are discarded. We subdivide all the
dust speed data in to three sub-groups, according to the distance
from the nucleus where the data were collected, i.e. up to 15 km
(labelled as 10 km), from 15 to 25 km (labelled as 20 km) and
from 25 to 35 km (labelled as 30 km). We fit these histograms
by Maxwell distributions, and obtain a systematic increase of the

Fig. 9. Mass-dependent dust velocity plot with the derived power index
� = - 0.29 a) panel). Dust speed data divided according to the distance
from the nucleus where the data were collected: 10 km d) , 20 km c)
and 30 km b). It is evident that there is a systematic increase of the most
probable dust speed in the Maxwell distributions versus the nucleus dis-
tance.

most probable dust speed with the nucleus distance: 2.5 m s�1 at
10 km, 3.0 m s�1 at 20 km, and 4.3 m s�1 at 30 km.

3.3. Dust Flux measured by the MicroBalance System

towards different directions

The Micro Balances System (MBS) is acquiring scientific data
during the comet approach phase: starting from the first week
of May 2014 the MBS monitored the deposition of small dust
particles, i.e. with dimensions smaller than about 5 microns, on
the five Quartz Crystal Microbalances (QCMs) pointing towards
di↵erent directions. During the first 4 months of measurement
the MBS did not register any mass accumulation. After the
beginning of the bound orbit phase, in September 2014, two
of the five QCMs started measuring an increment of the signal
related to dust accumulation (Fig. 10). In particular, the QCMs
showing evidence of dust mass accumulation are the QCM1 and
QCM5. The QCM1 bore sight pointed roughly towards the Sun
during the bound terminator orbits phase while QCM5 pointed
towards the nadir direction, i.e. towards the nucleus.
We stress here that the QCMs are sensors characterised by a
residual thermal dependence due to the di↵erent responses of
the two quartz crystals constituting the QCM with respect to
the thermal environment (Palomba et al. 2002, Battaglia et al.
2004). Also thanks to the relatively stable temperature of the
QCMs, and to the well-characterized and quite stable response
of the sensors during the cruise phase (Della Corte et al. 2014)
and after the spacecraft wake up, we could perform the data
analysis selecting the QCMs readings at fixed temperatures.
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Mass	  dust	  flux	  of	  nanogram	  par>cles	  	  

• The	  integrated	  flux	  of	  
nanogram	  par>cles	  
coming	  from	  the	  Sun	  
direc>on	  is	  about	  3	  
>mes	  larger	  than	  the	  
flux	  coming	  directly	  
from	  the	  comet	  nucleus	  
(QCM1	  vs.	  QCM5).	  	  
	  
• Terminator	  areas	  eject	  
a	  flux	  of	  nanogram	  dust	  
a	  factor	  <	  15%	  than	  the	  
nucleus	  areas	  
characterized	  by	  a	  sun-‐
zenith	  angle	  <	  50◦.	  

micron-‐sized	  par>cles	  reflected	  by	  the	  solar	  radia>on	  pressure	  

QCM1	  -‐	  Poin>ng	  towards	  the	  Sun	  

QCM5	  -‐	  Poin>ng	  towards	  the	  nucleus	  
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N. of Detections vs. time: 
•  Outbursts 
•  High dust detection rate due to low phase angle 



CONCLUSIONS:	  GIADA@	  bound	  orbits	  
• GIADA	  detected	  two	  family	  of	  dust	  par>cles:	  	  
– 	  compact	  par>cles	  (Rotundi	  et	  al.,	  Science,	  2015)	  are	  associated	  to	  confined	  areas;	  
– 	  fluffy	  par>cles	  (Fulle	  et	  al.,	  2015)	  appear	  to	  have	  a	  more	  diffuse	  origin.	  	  
	  
• Dust	  emission	  with	  respect	  to	  nucleus	  illumina>on	  condi>ons:	  	  

– 	  strong	  correla>on	  for	  compact	  par>cles;	  
– 	  no	  strong	  correla>on	  for	  fluffy	  par>cles.	  
	  

• Monitoring	  the	  terminator	  dust	  environment:	  	  
– 	  increase	  of	  compact	  par>cles	  about	  4	  >mes	  higher	  @	  2.4	  AU	  than	  @	  3.2	  AU;	  
– 	  no	  evident	  increase	  for	  fluffy	  par>cles.	  
	  

• Compact	  par>cle	  speeds	  and	  accelera>on:	  
– 	  speeds	  at	  10	  km	  <	  than	  those	  at	  20	  km	  <	  than	  those	  at	  30	  km	  

	  =>	  dust	  at	  least	  >ll	  30	  km	  is	  accelera>ng.	  	  
	  

• MBS	  measured	  the	  mass	  dust	  fluxes	  of	  nanogram	  par>cles:	  
– 	  Solar	  direc>on	  about	  3	  >mes	  higher	  than	  the	  one	  coming	  from	  the	  nucleus.	  	  



To	  summarize	  what	  GIADA	  “saw”	  close	  to	  
perihelion….	  

Ø  Par>cles	  morphology	  shows	  evolu>on	  with	  >me,	  likely	  to	  reflect	  
different	  source	  regions:	  
–  recent	  collec8ons	  detec>ons	  shown	  a	  lot	  of	  small	  compact	  par8cles	  
–  compact	  par8cles	  are	  more	  abundant	  in	  the	  northern	  hemisphere	  during	  

the	  first	  part	  of	  the	  mission,	  now	  in	  the	  southern	  hemisphere	  	  
	  

Ø  Very	  few	  micron-‐sized	  par8cles	  during	  June	  measured	  by	  GIADA	  
	  
Ø  In	  August,	  higher	  flux	  thanks	  to	  “outbursts”	  and	  low	  phase	  angles	  
	  
Ø  Faster	  dust	  (-‐>35m/s)	  	  close	  to	  perihelion	  
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