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The scientific report (WORD or PDF file – maximum of eight A4 pages) should be submitted online within one month of the event. It will be published on the ESF website.
Proposal Title: Analysis of the role played by light scattering properties in the expected asteroid signals which will be recorded by Gaia.

Application Reference N°: 6416
1) Purpose of the visit
Each asteroid brighter than visual magnitude 20 when crossing the field of view of Gaia will produce a signal which will be measured. Gaia will obtain a number of the order of 60 - 70 distinct photometric measurements for each asteroid during the mission lifetime. These  sparse photometric data will be very important, because they will be processed by algorithms aimed at carrying out an overall inversion of photometric data, in order to derive from them  an estimate of the spin properties (rotation period, orientation of the rotation axis) and overall shapes (fit by triaxial ellipsoid models for sake of simplicity). This will be done using a genetic algorithm approach which is expected to be able to produce acceptable photometric inversions for numbers of objects of the order of tens of thousands, a very important achievement.. Several technical problems, however, must be faced. Among them, one of the most important and difficult ones is an assessment of the role played by the sunlight scattering properties of asteroid surfaces. In the past, the applicant has adopted a simple geometric scattering approach, and has been able to obtain reasonable inversion of a sample of bright objects observed in the past by the Hipparcos satellite by using a genetic algorithm specifically developed for this purpose. At Helsinki University, recently, important advances have been obtained in applying a more realistic Lommel-Seeliger model of light scattering phenomena to objects having overall triaxial ellipsoid shapes. The purpose of the visit has been therefore to carry out a joint analysis of the problem of inversion of asteroid photometric data observed by Gaia, by exploiting the synergy between the work carried out by the applicant and his Finnish colleagues. 
2) Description of the work carried out during the visit
The rigorous mathematical treatment of the Lommel-Seeliger scattering law applied to the case of bodies having ideal triaxial ellipsoid shapes has been implemented in a numerical code written in FORTRAN language. The next step has been to update accordingly the computation of predicted magnitudes for triaxial ellipsoid asteroids in the genetic algorithm developed by the visiting scientist to perform the inversion of sparse photometric data. The algorithm has been updated and thoroughly debugged, and it has then been applied to a few sets of real photometric data obtained in the past by the Hipparcos satellite.  During the visit, Dr. Cellino gave also a seminar, mainly aimed at students, about the physical properties of the asteroids as they can be derived by means of different techniques, and in particular from the expected Gaia observations.. 
   
3) Description of the main results obtained

The preliminary results obtained during the visit will have to be refined and extended by means of a systematic application of the new algorithm to the whole available Hipparcos data-set, something that could not be completely accomplished in the limited time of the visit. It seems, however, that the results obtained so far are already encouraging, suggesting that the residuals of the solutions can be improved in many cases, although the quality of the Hipparcos data is in several cases too poor to allow us to obtain much better solutions with respect to previous inversion attempts. 
4) Future collaboration with host institution (if applicable)

The collaboration between the Torino and Helsinki teams will be continued in the future, in particular in the field of photometric data inversion. The results obtained using the genetic algorithm developed by the visiting scientist, and other independent algorithms developed by the Helsinki team will be systematically compared using both simulated and real data, in order to compare and optimize different approaches to the problem of inversion of sparse photometric data.
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
Depending on the final results of the systematic application of the updated genetic algorithm to the whole Hipparcos data base, a new article will be possibly prepared and submitted to some important journal devoted to planetary science studies. Even in case of not-too brilliant results, a presentation will be prepared, to be published in the proceedings of the imminent "Asteroids, Comets, MEteors 2014" meeting, which will take place in Helsinki in June 2014.
6) Other comments (if any)

