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1. Multiband EM Follow-up of GW triggers.
(PISA)

An important component of the multimessenger investigations is the synergy between gravitational waves and high-energy and very high-energy gamma rays. In fact, the current space-born observatories, such as Fermi and Swift, provide large field of views coupled with a good localization, which are key to search for EM counterparts to GW sources. In the case of transient signals, this connection could be quite elusive: although the suggested counterpart of a merger could be GRB, there is a high chance of having off-axis GRBs, which would appear very faint and difficult to detect. Therefore, together with the prompt follow-up of GW triggers, there is need for a detailed search for subthreshold gamma-ray events, carried on satellite data, in particularly Fermi-LAT and Fermi-GBM. Such subthreshold pipeline search will produce a list of candidate gamma-ray transients whose utility is twofold. In one way, it will help constraining the number of transient candidates observed by other facilities, in particularly optical, strongly supporting the search for an EM counterpart.

2. Signatures of Neutron Star equation of state using transient GW signals
Constraining the NS EOS by investigations of BNS coalescences, through the comparison of models (by Numerical Relativity as well as analytical methods) and GWs estimates of late inspiral, merger and post-merger phases (by burst and CBC pipelines). 
Trento (NR modelling and GW ISCO&merger&postmerger estimation), Rome1 (effects of tidal deformability of NS, others ?), Urbino (GW inspiral estimation). Others ? 

3. Multimessenger investigations of GRBs and other High Energy Astrophysical transients
The activities aimed to unveil the emission engine by multimessenger observations and test astrophysical models (e.g. GRB time reversal scenario by Ciolfi&Siegel). 
INAF (X/Gamma follow-up, GRBs observations and models), PISA (GRB observations, GW analysis), Trento (NR and astrophysical models of the GRB engine, GW analysis), Urbino (GRB analysis). Others ?
(From Napoli, maybe can be used in more general context, if needed)

However, different models (e.g., Mészáros, Rep. Prog. Phys. 69 (2006) 2259) predict different time delays between the GW emission and the GRB prompt gamma-ray emission (mainly in the energy range 0.1-1 MeV), which can also easily exceed ~103 s (Ciolfi & Siegel, ApJL 798 (2015) L36).

The goal of this study is the definition of a typical time delay between GW and prompt gamma-ray emissions, exploiting a set of coordinated multimessenger observations of GRBs, in order to select the preferred emission scenario. The crucial observations for this study have to be coordinated with the GW interferometers and the satellites detecting the GRB prompt gamma-ray emission, such as Swift and Fermi. 

4. Multimessenger investigations of Pulsars
The activities targeting continuous GW emission from NSs and their implications… 
Roma1 is leading.., Roma2, Pisa, ...?
(Pisa)

The multimessenger investigations of periodic signals from pulsars is crucial to understand the physics of neutron stars. The EM observations, mainly in radio, X rays and gamma rays are very important for the search for periodic GW signals, by providing a list of potential GW-emitting pulsars, or list of locations where pulsars might be hidden, such as supernova remnants. The availability of continuous data stream from the Fermi satellite provides a very important ingredient in this sense, by allowing for a continuous monitoring of the time evolution of a set of pulsars. In fact, gamma-ray emitting pulsars are very promising GW candidates, since they are young, very energetic and close. For instance, gamma-ray data can be used to build updated timing solutions for a selected list of pulsars, that can be loaded in a database accessible to the GW search pipelines in the Virgo collaboration. In particular, this pipeline will naturally also provide a list of pulsar glitches, which according to various models are thought to happen with emission of Gws. Also the list of Fermi unidentified sources is a very important baseline for GW directed searches carried on in this projetc (link con Roma)

A crucial part of this activity will be also the optimization of existing GW search techniques and the development of new ones, including the ones based on resampling.

3 - Project development, with identification of the role of each research unit and research organizations involved, with regards to expected targets, and related modalities of integration and collaboration

Ca 1500 characters

The contribution of the Research Unit (RU) of the University of Pisa (PI) is focused on the multimessenger relations between gravitational waves and high energy and very high-energy gamma rays. This focus is motivated by the presence in the RU of researchers of Virgo and Fermi groups in Pisa, working together with researchers at the University of Napoli, active in both Virgo and Very High Energy projects, such as ARGO or CTA. The research pursued by this unit are grouped in three main lines: A) First, the development of a multimessenger pipeline for gamma-ray data provided by the Fermi mission, that will identify transient phenomena on short timescales, down to the typical duration of a GRB. This will expand the existing tools since it will be focused on faint, subthreshold transients not accessible by the standard pipelines. The output of this pipeline provides a natural synergy with other RUs, since it will be fundamental for EM follow-up (INAF) and parameter estimation (Trento). B) the analysis of GRB light curve evolution in connection with the GW signals, in order to probe the hidden dynamics of these transients in connection with the GW waveforms, and this activity will be carried out in synergy with Urbino and INAF. C) The multimessenger investigations of periodic signals from rotating neutron stars, by supporting the GW searches with the EM input from different wavelenghts, mainly gamma rays. This activity will start with an automatic pipeline that will build the pulsar timing solutions using Fermi data, including glitches, that will be ingested by a database and accessible from the different GW pipeline searches in Virgo, such as the Roma one, and the development of new GW pulsar searches pipeline based on the resampling techniques 

B) The development follow-up strategies for the upcoming VHE experiments such as CTA, that will be carried out together with INA (to check)
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1) Sviluppo pipeline detection multimessenger con Fermi GBM & LAT

Particolarmente importante per subthreshold

Localizzazione+timing

Supporto follow-up 

Supporto GW detection

Sinergie con Urbino (FIRB), Trento, INFN & INAF (FIRB)

Multimessenger, in stile “external trigger”

Massimizzare l'impatto di info EM sulla rivelazione GW 

1) Pulsar timing

Gestione database pulsar timing solutions + source candidates (per ricerche narrow band,targeted, directed)

Sviluppo pipeline automatica: timing solution da pulsar gamma (Fermi-LAT, ma anche XMM e Chandra)

2) Sviluppo pipeline CW detection

Ripartire con attività resampling, in modo accurato delle info di timing da altre bande

3) Glitches

Pipeline per lista aggiornata glitches, da supporto a pipeline GW

Sinergie con INFN (FIRB), INAF, Roma  

4 – Possibile application potentialities and scientific and/or technological and/or social and/or economic impact of the project
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