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1) Purpose of the visit
The purpose of the two visits were focused on starting a collaboration between the ESA Gaia mission Science Alerts Group and the groups in Queen's University Belfast and the University of Turku.

The purpose of the visit to Turku University was to provide an initial assessment of the Gaia ESA mission for the detection of Supernovae (SN) close to their galaxy nucleus. During the visit, several suitable SN candidates would be revised and a spectroscopic confirmation using bround-based telescopes would be raised. These spectra would be analised in order to provide the main chanacteristics of the transient object: SN class, redshift and epoch of explosion.
The purpose for the visit to Queen's Unversity Belfast was to gain expertise in working with follow-up data on transient astrophysical objects. Photometric and spectroscopic data compiled between January and July 2015 will be used to study the characteristics for one single object that satisfies good observability requirements.

The expected outcome of this second visit is:

•
Gain expertise in working with photometric and spectroscopic data for SNe.

•
Avail of local expertise in modelling SN spectra.

•
Provide the characteristics of the initial set of followed objects.

The project final product is the first study on nuclear SNe, providing an insight on possible differences between the nuclear and peripheral populations. The long time benefit of this project is to enable the systematic detection of the nuclear populations with Gaia and gain the expertise to lead an independent research in the topic. Finally, towards the end of the mission, Gaia discoveries will enable to provide an alternative measure of local CCSN rates and the characterization of the nuclear SN population.

     

2) Description of the work carried out during the visit
The visit to Turku has allowed to:
- Provide an initial assessment of the Gaia SNe discovered close to the nucleus. Several candidates were analised according to their host galaxy properties and information provided by the Gaia mission itself.
- Select two of the best candidates for spectroscopic confirmation with the Nordic Optical Telescope.

- Undertake an exploration of techniques for optimal extraction of spectroscopical data.

The visit to Belfast has allowed to:
- Select a suitable transient object for the study: an optical transient in the Pinwheel Galaxy: M101-OT.
- Complete a full archival search to retrieve photometric data on the object of study. Due to its location in a bright galaxy, M101, the progenitor star that originated the detectable outburst could be located. The archival data contains serpendipitous exposures dating to 15 years before discovery. 
- Learn the techniques related to the reduction of photometric and spectroscopid data and develop tools to automatize this process.
- Develop the analysis of the photometric data in order to determine the characteristics of the studied object, such as the temperature for the progenitor star and its radius, and the evolution of this parameters at the moment of outbrurst.
- Obtain an interpretation of the spectroscopic signature and compare it with similar objects in literature.


   
3) Description of the main results obtained

The results from the visit to Turku has allowed to make a public announcement with the properties for the SNe classified by NOW was done using the Astronomer's Telegram portal:

http://www.astronomerstelegram.org/?read=7628
The results from the visit to Belfast are summarized below:

- The progenitor of M101 is detected in archival images, up to 15 years prior to the outburst. The outburst was detected by Gaia and by amateur astronomers, who publicly announced the transient.

- At early stages, from 15 to 8 years before discovery, the progenitor shows no major activity and the best estimate is a F type giant 12-14 M⊙. Single black body reproduce well the early photometry for the progenitor, suggest no evidence for a second component caused by existence of dust surrounding the object.

- Starting at approximately eight years before the outburst, the progenitors starts to expand and cool down. Around the epoch of maximum light, the bolometric luminosity had increased by nearly four orders of magnitude, confirming an episode of major activity.

- The expansion velocities measured from 12 to 164 days after discovery show low expansion velocities of the order of 50-150 km/s. These are very low compared to SN expansion velocities, in the range of thousands od km/s.
- Comparison of M101-OT spectral features at later epoch suggest the formation of molecular bands, resembling the characteristics of MIII giants.
- The results suggests a possible Luminous Blue Variable origin for the detected outburst.


4) Future collaboration with host institution (if applicable)


Future collaboration with both the University of Turku and Queen's University Belfast will be continued for characterisation and follow-up of Gaia SNe are expected in the nearby future, when the Gaia Science Alerts team restarts the public announcement of SN candidates.
As well, future collaboration will be continued for the study another transient object, a SN close to the galaxy nucleus. The data reduction and analysis techniques gained in Queen's will be key for the success of this project.

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)
The main results obtained during the exchange visit to University of Turku and Queen's University Belfast are included as part of a chapter in the PhD thesis: Gharacterising the Gaia transient Sky, submitted by the degree of Doctor of Philosophy, at the University of Cambirdge. As well, the results will be submitted in the form of a research article to the journal Astronomy and Astrophysics journal in 2 - 3 months time. The funding received from ESF will be properly acknowledged.
6) Other comments (if any)

