
1. Publishable Summary 
There are three main objectives to GW ASAP. The first is a host identification project where I identify 
supermassive black hole binary (SMBHB) candidates using electromagnetic observables in galaxy 
catalogues. From these candidates, we select those systems which show signs of major mergers and 
populate them with SMBHBs, providing us with possible gravitational wave (GW) sources in the Pulsar 
Timing Array (PTA) frequency band. This pseudo-simulated background will be used to assess and map 
the degree of GW anisotropy in the local universe. The second goal is to integrate anisotropic searches 
into various IPTA data analysis libraries, thereby providing us with a new and more general tool to search 
for GWs with PTAs. The map of the GW anisotropy will enable us to restrict the priors that we use in the 
likelihood function evaluation— a crucial step for direct GW detection. The third objective is to use the 
anisotropy method to search for resolvable GW sources, e.g. SMBHBs. The anisotropic search routine 
can be extended to a multipole moment determined by the angular resolution of the PTA, and can serve 
as a coarse all-sky filter to search for GW “hotspots”. We can then run the search for single sources in 
these restricted areas of higher probability.

Work performed since the beginning of the project 
Since beginning this project, I have achieved my second objective— to integrate the theoretical technique 
used to search for anisotropy in the stochastic GW background searches. Starting with a rigorous 
analysis of the assumptions made in the PTA GW searches (paper 6), I co-led the first search for 
anisotropy using EPTA data, Figure 1 (paper 1) below. I have now produced preliminary results for 
NANOGrav (Mingarelli for NANOGrav, in prep), and looked to the future to determine how PTA science 
can be done with the Square Kilometre Array (paper 4). Furthermore, my contributions to Lentati et al. 
(2015; paper 2) include analyzing the EPTA 18 year dataset and placing limits on both the isotropic 
stochastic background and developing new skills to set limits on the primordial GWs from inflation. This 
limit garnered much interest, and I am now applying my new skill set to the NANOGrav 9-year data and 
Parkes PTA data. The new NANOGrav isotropic GW background paper will soon be submitted: here, I 
have written a large portion of the astrophysics section, describing at what frequency a SMBHB 
transitions from being driven to merger by ejecting stars (stellar hardening), to when it is driven to merger 
by GW emission. Finally, I helped to develop a new formalism where one can map the nanohertz GW 
background using Cosmic Microwave Background methods, in order to retain the polarization information 
of the background (paper 5). We then applied this method to ground-based interferometers (paper 3), 
which is the first time PTA methods have informed ground-based interferometer GW searches.

Figure 1. Left: 95% upper limits on the GW strain amplitude in each sky pixel. Taylor, Mingarelli et al., 
(2015) accepted to Physical Review Letters. Right: Preliminary NANOGrav anisotropy results. This is 
the posterior averaged, spherical harmonic decomposition of the power of GW background using the 
best 6 NANOGrav pulsars. The ~5% variation in power indicates the background is largely isotropic. In 
both panels, white stars are pulsar locations.
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Main Results 

Below are publications related to GW ASAP, described above. Furthermore, I gave invited talks at McGill 
University (Montreal, Canada), at Caltech (Pasadena, USA) and an invited seminar at Columbia 
University (New York, USA). I also presented my work at the American Physical Society Meeting (Apr 
2015), the American Astronomical Society Meeting (Jan 2015), and at the Theoretical Astrophysics in 
Southern California Meeting (Nov 2014). 
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I further decimated my research to the public by giving podcast interviews on Physics Central (https://
soundcloud.com/physics-central/gravitational-waves), for Story Collider (to be released with my Springer 
Thesis publication), for the AstroMcGill Podcast (upcoming) and gave an online interview to “Occupy Me”, 
a website which provides career inspiration for young women, http://www.occupyme.co.uk/dr-chiara-
mingarelli-astrophysicist/. Finally, I spoke about PTAs on Amy Poehler’s “Smart Girls”— an online show 
with millions of viewers aimed at inspiring young women to pursue challenging careers.

Expected final results and their potential impact and use

This paragraph pertains to results expected in the next year, 2015-2016. By largely achieving the 
anisotropic analysis goal before completing the host identification project, I took advantage of the 
momentum developed by working with the EPTA data analysis libraries with Stephen Taylor (paper 1) and 
the NANOGrav libraries with Justin Ellis at Caltech. Many of the techniques in Taylor, Mingarelli et al. 
(2015) will be used in Mingarelli for NANOGrav (2015; in prep), and in the IPTA analysis (when IPTA data 
are ready). Moreover, by giving invited talks on GW ASAP, I’ve been able to expand my network of 
experts who will support my Host Identification Project (first objective) to include Prof. Chung Pei Ma and 
Dr. Steve Croft of UC Berkeley, which is now underway (Mingarelli et al., in prep), and expected to be 
completed by Spring 2016. This will be the first systematic search for GW hosts in galaxy catalogues, and 
as such, I will first look for resolvable GW host galaxies and set limits on SMBHB masses and mass ratios 
using NANOGrav data. Following this, I will build up a stochastic GW background from possible SMBHB 
host galaxies in order to gain spatial information, which in turn will inform future PTA anisotropic and 
continuous wave searches (Mingarelli et al., in prep). Arzoumanian et al., (incl Mingarelli) will  soon be 
submitted to either Nature or Physical Review Letters, which includes contributions I’ve made to the 
astrophysical interpretations of the limits on the isotropic GW background. Moreover, a collaboration with 
Paul Lasky at the Aspen Center for Physics will result in an important paper dedicated to primordial GWs 
(Lasky, Mingarelli et al.) in which we set the most stringent limits on primordial GWs to date. By the end of 
2015 I will have a high-impact first-author paper, and will have made significant contributions to up to 3 
Physical Review Letters.
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