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Characterization of cometary activity of 67P/Churyumov-Gerasimenko comet 

 

Abstract 

After 2.5 years from the end of the mission, the data provided by the ESA/Rosetta mission still leads to 

important results about 67P/Churyumov-Gerasimenko (hereafter 67P), belonging to the Jupiter Family 

Comets. Since comets are among the most primitive bodies of the Solar System, the understanding of their 

formation and evolution gives important clues about the early stages of our planetary system, including the 

scenarios of water delivery to Earth. 

At the present state of knowledge, 67P’s activity has been characterized by measuring the physical properties 

of the gas and dust coma, by detecting water ice patches on the nucleus surface and by analyzing some 

peculiar events, such as outbursts. 

We propose an ISSI International Team to build a more complete scenario of the 67P activity during 

different stages of its orbit. The retrieved results in terms of dust emission, morphology and composition will 

be linked together in order to offer new insights about 67P formation and evolution.  

In particular the main goals of the project are: 

1. Retrieval of the activity degree of different 67P geomorphological nucleus regions in different time 

periods, by reconstructing the motion of the dust particles revealed in the coma; 

2. Identification of the main drivers of cometary activity, by studying the link between cometary 

activity and illumination/local time, dust morphology, surface geomorphology, dust composition. 

The project will shed light on how (and if) cometary activity is related to surface geology and/or composition 

or is just driven by local illumination. The physical and compositional properties of the emitted dust give 

information about the state and the exposition time (i.e., on the evolution) of the surface and sub-surface 

layers where it is originated, and how they change during the comet orbit.  

The Team will exploit the great amount of data provided by the ESA/Rosetta orbiter, in particular the 

GIADA dust detector, the VIRTIS imaging spectrometer, the OSIRIS camera, the MIDAS atomic force 

microscope and the COSIMA and ROSINA dust and gas mass spectrometers, respectively. Cross-correlation 

among these data will allow combining different pieces of information (dust composition and morphology, 

nucleus composition, emission rate, geology), which, thanks to the support of dust models and laboratory 

measurements of cometary analogs, will lead to our goals. 

The proposing team is composed of members from teams of the above listed instruments and is strongly 

skilled in the analysis of Rosetta data. 

The first four months of activity are dedicated to goal #1 and will end with a summary meeting at ISSI 

facilities and an overview paper. A similar schedule is foreseen in the following 20 months for goal #2, for 

which two meetings are planned. 

The ISSI support will be necessary and fundamental to organize meetings at ISSI facilities, which will allow 

a quick and effective interaction among the team members. The project goals are well in line with the ISSI 

scientific activities.  

1. Scientific rationale and goals  

Comets are among the most primitive bodies in the Solar System still containing records of physical 

processes which led to the early Solar System formation. In particular, according to formation scenarios (e.g. 

Hartogh et al., 2011) they are supposed to have delivered to Earth’s surface, atmosphere, and oceans (Marty 

et al.; 2016) the ingredients (water and organics) essential for the emergence of life. 

The ESA/Rosetta mission was launched in 2004 and orbited the Jupiter Family comet 67P/Churyumov-

Gerasimenko (hereafter 67P) from August 2014 until September 2016. After 2.5 years from the end of the 

mission, the data provided by the 21 instruments on board the Rosetta orbiter and its lander Philae are still 

giving important clues about 67P formation and evolution.  

Rosetta escorted the comet along three stages of its orbit: 1) pre-perihelion: 67P was poorly active and its 

surface properties were mostly influenced by processes that occurred at the previous perihelion passage then 

modified far from the Sun (e.g., collisions and space weathering); 2) perihelion: approaching the Sun, the 

67P activity led to rejuvenation of its surface, exposing underlying and most primordial material; 3) post-

perihelion: nucleus and coma were partially renewed from the occurred activity. 

The suite of instruments on board Rosetta observed both the nucleus and the coma. The VIRTIS (Visible and 

Infrared Thermal Imaging Spectrometer) imaging spectrometer provided composition of the nucleus by 

acquiring visible and near-infrared spectra. It revealed the ubiquitous occurrence of the 3.2 m absorption 
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band, ascribed to organics (Capaccioni et al., 2015) but also affected by water ice (De Sanctis et al., 2015). 

Spectral modifications were observed after perihelion, i.e. flattening of the visible spectral slope, ascribed to 

the recent exposition of subsurface water ice caused by cometary emissions (Ciarniello et al., 2016). VIRTIS 

also studied the coma, finding a spatial correlation between the emission of the dust and H2O in the pre-

perihelion period (Rinaldi et al. 2016), suggesting that at this stage water vapour is the only gas pushing the 

dust. VIRTIS also detected some transient events as outburst, i.e. sudden increase of the dust emission, 

characterized by a change of the dust colour from red to blue, revealing the presence of very small grains 

(≤100 nm). The measured bolometric albedos indicate bright grains in the ejecta, which could be either 

silicatic or icy (Rinaldi et al. 2018).  

The OSIRIS (Optical, Spectroscopic, and Infrared Remote Imaging System) camera allowed the geological 

and morphological mapping of the nucleus surface (El Maary et al., 2015; 2016). It identified regions and 

periods of higher cometary activity by means of brightness variations (Tubiana et al., 2015) and surface 

changes (Hu et al., 2017). 

Gas and dust ejected have been analysed in situ by the GIADA (Grain Impact Analyser and Dust 

Accumulator) dust detector, the MIDAS (Micro-Imaging Dust Analysis System) atomic force microscope, 

and the COSIMA (Cometary Secondary Ion Mass Analyser) and ROSINA (Rosetta Orbiter Spectrometer for 

Ion and Neutral Analysis) dust and gas mass spectrometers. 

GIADA detected mm-sized dust particles belonging to two families, i.e. compact particles and fluffy 

agglomerates. Della Corte et al. (2016) mapped the spatial distributions of the fluffy and compact particles in 

the coma, finding a lack of correlation among them. Longobardo et al. (2019) developed an empirical 

approach to trace back the dust particles detected by GIADA in the coma down to the surface, finding that, in 

the first part of the pre-perihelion stage, fluffy and compact particles are generated from the same source and 

then are spread in the coma due to their different speed. This procedure has to be extended to the entire 

dataset, characterized by different spacecraft altitudes and illumination conditions, also with the help of dust 

dynamical numerical simulations (Ivanovski et al., 2017). Provided that the Rosetta data revealed seasonal 

changes of some dust properties (Fulle et al., 2016; Merouane et al., 2017), we could obtain different results 

with respect to the first part of the mission.  

MIDAS collected µm-sized dust particles and investigated their 3D surface structure (Bentley et al., 2016a). 

All particles were found to be agglomerates (Bentley et al., 2016b). Additionally, one extremely porous 

particle with a fractal structure similar to GIADA’s fluffy particles was imaged (Mannel et al., 2016). A 

particle catalogue (Boakes et al., 2018) is now giving the opportunity to access the whole MIDAS collection 

in a sophisticated way and allows the calculation of particle properties for the whole mission time.  

The m-sized particles studied by COSIMA are almost equally divided in compact and porous (Merouane et 

al., 2016). However, most of the compact particles are also aggregates of smaller units probably collected at 

low velocity, as was shown during charging experiments using the ion beam of COSIMA that lead to the 

fragmentation of the compact particles into their smaller constituents (Hilchenbach et al., 2017). Bardyn et 

al. (2017) reported elemental composition of some dust particles analyzed by COSIMA, suggesting a 

composition of ~50% organic matter (Fray et al, 2016) and ~50% of other anhydrous mineral phases. 

Occurrence of CAIs (calcium aluminum rich inclusions) was also suggested (Paquette et al., 2016).  

ROSINA monitored the gas activity from which gas production rates and activity distributions of different 

volatile species were derived (Kramer et al., 2017; Läuter et al. 2018). The comparison between coma and 

surface in-situ measurements performed by the Rosetta lander revealed an interesting link between the 

organics detected in the coma and the nucleus composition (Altwegg et al., 2017).  

An in depth characterization of cometary activity would shed light on the processes occurred during the 

evolution of the comet. In particular:  

a) the identification of the most and the least active regions would allow: 

i. the understanding of the main drivers of the activity, i.e. if it is related to the illumination only, or 

if it is also affected by other properties, such as surface composition, morphology, layering or 

physical properties (as supposed, e.g., by Fornasier et al., 2017);  

ii. to analyze the influence of the cometary activity on the surface geomorphology;  

b) the morphology of the emitted dust could be related to the exposition period and physical state of terrains 

(Schultz et al., 2015);  

c) the composition of the emitted gas and dust could be related to: 

i. the composition of the surface; 
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ii. the composition of the subsurface, i.e. the most pristine layers (e.g., Altwegg et al., 2017), which 

can be related to cometary formation. 

In order to answer the issues above, it is necessary to merge the different pieces of information provided by 

the Rosetta instruments. This process is needed also in perspective of future missions to comets, such as the 

planned JAXA/DESTINY+ (Toyota et al., 2017) or the studied NASA/CAESAR (Squyres et al., 2018), 

which will highly benefit by complementing the planned future measurements with results obtained by 

Rosetta. This is particularly true for NASA/CAESAR that going back to comet 67P will particularly take 

advantage of the combined dust/gas activity investigation proposed here.  

To analyze in detail the identified issues, we propose an ISSI International Team with complementary 

expertise, including team members of the Rosetta instruments listed above and experts of 3D dusty gas 

models and numerical simulations. Many Team members already started a collaboration to study the 

cometary dust properties (Güttler  et al., 2019). 

This project proposes to go beyond the state of art, by addressing the following key-goals: 

1. Retrieval of the activity degree of different regions of 67P surface in different time periods, by 

reconstructing the motion of the dust particles revealed in the coma; 

2. Identification of the main drivers and the effects of cometary activity, by studying the link between 

cometary activity and illumination/local time, dust morphology and composition, surface 

geomorphology 

The goal #1 requires the development of an appropriate algorithm to reconstruct the motion of the dust 

particles ejected from the nucleus. This algorithm has been developed by Longobardo et al. (2019) and 

combines the velocity of compact and fluffy particles measured by GIADA, the spacecraft altitude and the 

rotation of the comet, in order to obtain the geomorphological regions on the nucleus, from where each coma 

dust particle detected by GIADA was ejected. The algorithm has been applied and validated for the first part 

of the pre-perihelion GIADA dataset. We will extend its application to the entire GIADA dataset, 

characterized by different spacecraft altitudes, and we will validate it by using a dust model (Ivanovski et al., 

2017), currently applied to a couple of periods along the mission. The model describes the cometary 

environment in terms of dust velocity and acceleration regions, which will serve to relate the measured dust 

space distribution with probable ejection locations on the nucleus for the full duration of the mission, in 

order to identify more and less active regions, in terms of dust emission, in different seasons and local times. 

Since cometary activity causes the exposition of water ice on the surface, with a subsequent shortward shift 

of the 3.2 m band and a spectral slope flattening (Longobardo et al., 2017), the comparison between 

cometary activity maps and VIRTIS spectral maps (e.g., distribution of 3.2 m band center and spectral 

slopes) will further reinforce the identification of the most active regions. 

The goal #2 will relate the cometary activity maps obtained from goal #1 with Rosetta geometric information 

(coordinates, illumination and viewing angles) and with the data provided by the VIRTIS, OSIRIS, MIDAS 

COSIMA and ROSINA instruments. Most of these data are publicly available, including gas activity maps  

derived from ROSINA data (Kramer et al. 2018; Läuter et al. 2019). However, with our Team composed of 

instrument team members, we will have access to proprietary data, too. 

The cometary activity maps will be firstly related with maps of illumination and with local time, in order to 

study the link between illumination and activity. In the regions where this link would not arise, or would 

deviate from the comet average, we will study cometary activity as possibly triggered also by other surface 

or dust properties, e.g. a) morphology and/or b) composition.  

a) A link with dust morphology could be expected: it is in fact believed that fluffy particles are more 

abundant in more pristine - less processed terrains (e.g., Shultz et al., 2015). We will analyse the cometary 

activity maps and the fluffy/compact particles ratio in each nucleus region, as revealed by GIADA, supported 

by the morphological maps provided by OSIRIS, to observe a possible correlation between emission of 

fluffy agglomerates and surface physical state (e.g, rough/smooth terrains). The events revealed by both 

GIADA and MIDAS instruments will give us information on the physical properties of dust particles ejected 

by different terrains. 

b) The link between activity degree and coma dust composition can be analysed by searching for possible 

events revealed by both GIADA and COSIMA, and associate dust composition with source region activity. 

COSIMA data would be also used to produce dust analog mixtures reproducing the comet composition. 

Spectra of these mixtures will be acquired and compared with the VIRTIS spectra, giving new constraints 

about the dust composition and its possible daily and seasonal variability, due to cometary activity.  
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The comparison of cometary activity maps with ROSINA and VIRTIS data would allow relating the peaks 

of dust cometary activity as revealed by goal #1 with the gas density peaks observed by ROSINA. This could 

reveal which gases are correlated with dust emission during the different stages of the comet’s orbit. 

2. Timeliness and project program 

The project is divided in Work Package 1 (Trace-back) and Work Package 2 (Data Fusion). WP1 will last 

four months, whereas WP2 will start from the end of WP1 until the end of the project, for a total duration of 

20 months. The main topics of each WP are summarized below. 

2.1 WP1: Trace-back 

 Review of developed dust models and extension of their application to the entire mission period 

 Review of the developed trace-back algorithm, validation by means of the dust model, extension to the 

entire GIADA dataset and retrieval of geomorphological regions from where detected dust particles 

(fluffy and compact) are emitted in different time periods  

 Determination of the activity degree of different comet regions in the three mission stages (pre-

perihelion, perihelion, post-perihelion), as inferred by VIRTIS data (e.g., distribution of spectral features 

or changes, relatives to exposition of water ice), and comparison with results obtained by GIADA 

 Production of dust activity maps, one for each mission stage 

 Collect published gas activity maps for later comparison 

 

2.2 WP2: Data Fusion 

 Comparison between dust activity maps and geometric information (illumination maps, local time) 

 Review of the geomorphological maps obtained by OSIRIS 

 Analysis of the relation between emitted fluffy/compact particles and the physical state of comet terrains, 

by combining GIADA, MIDAS and OSIRIS data 

 Analysis of the COSIMA dataset (retrieval of the elemental composition of the dust particles measured) 

 COSIMA-GIADA cross-correlation, to search for possible events detected by both instruments and to 

associate dust composition (COSIMA) with source region activity (GIADA, WP1) 

 Preparation of dust analog mixtures reproducing the comet dust composition suggested by COSIMA data 

 Acquisition of spectra of laboratory mixtures and comparison with VIRTIS spectra 

 Comparison between dust activity maps obtained in WP1 with ROSINA data (density peaks of water 

vapour and other gases) 

 Review and interpretation of all the results obtained by data fusion activities 

3. Expected output 

Two peer-reviewed overview papers, one for each WP, will be produced by the Team. The papers will 

include appropriate acknowledgements of ISSI’s support. Team members will also produce independent 

papers related to the topics of the project. A final report will be provided to ISSI. 

4. ISSI added values 

The logistic support (meeting rooms, projection facilities, Internet connection, facilities for teleconferences) 

and funding provided by ISSI are necessary and fundamental to carry on the proposed research activity, since 

they will allow a quick and effective interaction among the team members. A web page of the project will be 

maintained on the ISSI’s server, giving to the scientific community the possibility to be informed about the 

ongoing research activities and the obtained results, as well as to consider the latter in perspective on future 

studies on comets. The presented research concerns Planetary Science, which is among the research fields 

covered by ISSI, and the ISSI sponsorship will increase the impact of our results.  

5. Schedule 

Three meetings are planned (hereafter M1, M2 and M3) at ISSI premises. Each meeting will last three days, 

for a total of 99 person-days, i.e. almost 20 person-weeks. 

The project will start presumably between July and November 2019. The kick off (KO) meeting will consist 

in a teleconference organized by the Team Leader. The first four months will be devoted to WP1activities.  
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The preliminary agenda of M1 meeting (KO+4 months) will include: review and interpretation of WP1 

results, discussion of the paper concerning the WP1 activity, identification of high-priority activities of WP2 

(on the basis of WP1 results), discussion of data fusion strategies, scheduling of WP2 activities. 

The WP2 timeline will be definitively determined during the M1 meeting. However, we propose here a 

preliminary schedule.  

The first nine months of WP2 activity (from KO+4 to KO+13 months) will be focused on comparison of 

WP1 results with geometric information, with OSIRIS (geomorphological maps) and MIDAS data (dust’s 

physical properties) and on review of COSIMA data. At the M2 meeting (planned at KO+13 months) the 

outputs of all these activities will be presented and discussed. Then, a discussion of strategies for the 

remaining activities will be held, and the project schedule will be updated on the basis of the results obtained 

thus far. Finally, a preliminary draft of the WP2 scientific paper will be discussed. 

The following nine months (from KO+13 to KO+22 months) will be dedicated, on one side, to preparation of 

laboratory mixtures (on the basis of COSIMA results), acquisition of their spectra at INAF FTIR facility, and 

comparison with VIRTIS spectra, and, on the other side, to the comparison between GIADA and ROSINA 

activity maps. All the results will be discussed and interpreted at M3 meeting (planned at KO+22 months), 

where a final wrap-up will also take place, and the WP2 paper and the final report will be discussed. The 

latter will be finalized, submitted and delivered in the last two months (from KO+22 to KO+24). 

6. Facilities 

The Team requires from ISSI computer equipment and Internet connection for each scheduled meeting. 

Preparation of analogs and acquisition of their visible and near-infrared spectra will be performed at FTIR 

spectrometer facility (which covers the VIRTIS spectral range), available at INAF-IAPS laboratories. 

7. Team and financial support 

We require the standard financial support for each meeting at ISSI: per-diem rate for all the team members 

(+ 1 young scientist member), and travel reimbursement for the Team Leader. One team member is from 

Bern and does not require funding. All team members are available to participate in the activities and 

meetings of the project. 

Andrea Longobardo (INAF-IAPS, Rome, Italy, Team Leader) 

Herve Cottin (LISA-UPEC, Paris, France) 

Carsten Güttler (Max Planck Institute, Göttingen, Germany) 

Stavro Ivanovski (INAF-Osservatorio Astronomico di Trieste, Trieste, Italy) 

Thurid Mannel (Space Research Institute Austrian Academy of Sciences, Graz, Austria) 

Sihane Merouane (Max Planck Institute, Göttingen, Germany) 

Giovanna Rinaldi (INAF-IAPS, Rome, Italy) 

Martin Rubin (Berna University, Bern, Switzerland) 

Cecilia Tubiana (Max Planck Institute, Göttingen, Germany) 

Vladimir Zakharov (Université Pierre et Marie Curie, Paris, France) 
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 Cottin, H., Fray, N., 2008. Distributed Sources in Comets. Space Science Reviews 138   
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 Cottin, H., et al. (2012) The PROCESS experiment: an astrochemistry laboratory for 
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 Cottin, et al., (2015) Photochemical studies in low Earth orbit for organic compounds 
related to small bodies, Titan and Mars. Current and future facilities. Bulletin de la 
Société Royale des Sciences de Liège 84, 60-73. 

 Cottin, H., et al. (2017) Astrobiology and the Possibility of Life on Earth and 
Elsewhere…. Space Science Reviews 209, 1-42. 

 Cottin, H., et al. (2017) Space as a Tool for Astrobiology: Review and Recommendations 
for Experimentations in Earth Orbit and Beyond. Space Science Reviews 209, 83-181. 
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Güttler, C., et al. (2017). Characterization of dust aggregates in the vicinity of the Rosetta 

spacecraft. The Monthly Notices of the Royal Astronomical Society, 469:S312-S320. 

Ott, T., Drolshagen, E., Koschny, D., Güttler, C., et al. (2017). Dust mass distribution around 
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the context of the heritage of the Giotto mission to comet Halley and of forthcoming 

new observations at Comet 67P/Churyumov-Gerasimenko” 

 2018 Co-I of GIADA/Rosetta mission. A member of the scientific teams of 

SERENA/BepiColombo and LICIACube/DART missions.    

Honors 

 Rosetta Group Achievement Awards, ESA (2004/2017). 

 Main-belt Asteroid (1981 EP12) was renamed “11802 Ivanovski” by the IAU  for the 

contributions to the exploration of comets, particularly on the dynamics of aspherical dust 

grains in cometary atmospheres (2017). 

 Young Scientist prize 2003, Inst. of Mechanics, Bulgarian Academy of Sciences 

Selected Publications: 
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0496-3. 
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Romstedt, and K. Torkar, Fractal cometary dust - a window into the early Solar 
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Suppl. 2, p.S459-S474.  
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Rubin, M., Fougere, N., Altwegg, K., Combi, M. R., Le Roy, L., Tenishev, V. M., and Thomas, N., 
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Rubin, M., Tenishev, V. M., Combi M. R., Hansen, K. C., Gombosi, T. I., Altwegg, K., and Balsiger, 
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Dust coma: 
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