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The detection of the first binary merger event GW170817 opens the door for multi-messenger
astronomy. Match filter for gravitational wave provides exact estimation for chirp mass as well
as bounds for mass ratio and tidal deformability, revealing the EOS can not be too stiff. At the
same time, EM spectra fitting gives the lower limit for mass ejecta in the remnant, corresponding
to a new lower limit of tidal deformability. Together with the maximum mass constrain from
radio pulsar observations, combined analyzing can provide more narrow bound for R1.4(radius at
1.4 Msun). Simulations for BNS mergers construct the bridge from microphysics to astronomy
observation, and find many universal relations which could be used to combined multi-messenger
information. In the half year use of XC-Trial, I set the necessary environment, and successfully
compile and run Lorene and Einstein toolkit, which are needed for simulation. I made several
simulations of BNS mergers within the power law and tables of EOSs as well as one higher
resolution simulation for binary black hole, and get the gravitational wave from the last few
circles in insprial phase to the post-merger/ringdown phase. Since there is a limit of cores in
XC-Trail, I can not do high resolution simulations for BNS mergers, but from the basic one, it
could still show how density evolution in BNS merger progress, as well as the gravitational wave
during the inspiral, merger and post-merger phase.

Codes
In the BNS/BBH simulation, Lorene and Einstein toolkit are needed. LORENE is a set of C++
classes to solve various problems arising in numerical relativity, and more generally in
computational astrophysics. It provides tools to solve partial differential equations by means of
multi-domain spectral methods and calculates various quantities of neutron star like mass, radius,
moment of inertia and so on. It could also be used to generate the initial data for simulation. The
Einstein Toolkit is a community-driven software platform of core computational tools. It is based
on the “Cactus-thorns” format, each thorn has their own usage, so that with the list of thorns,



many functions could be achieved, such as HDF5 parallel file I/O, adaptive mesh refinement.
For solving the evolution issues, we use the Whisky code, which evolves the equations of general
relativistic hydrodynamics (GRHD) and magnetohydrodynamics (GRMHD) in 3D Cartesian
coordinates on a curved dynamical background. It was originally developed by and for members
of the EU Network on Sources of Gravitational Radiation, and now it was renamed to GRHydro
in Einstein toolkit.

Simulations of BNS and BBH mergers
I used the power law EOS with Gamma=2 to generate the initial data at the beginning, both of
the neutron stars are 1.3 Msun. Fig. 1 shows the evolution of fluid density, the binary orbiting for
several circles, then merger happens, and the orbital angular momentum transfer to spin angular
momentum of the remnant. Some of the material are deformed after merger and eject to outside,
some still remain in the system. After losing the angular momentum based on differential
rotation, the remnant spin down and become more stable. For exploring the gravitational wave, I
did a higher resolution simulation for BBH merger with the same parameters as GW150914, and
reproduced the GW template in time-series for last inspire, merger and ringdown phase, which is
showed in Fig. 2. After that, I attempted to exploring the gravitational wave for BNS merger. Fig.
3 shows the time-domain GW output for EOS of the power law with Gamma =2 and APR EOS
table. We could determine the merger time so that post-merger GW could be identified, but
since the resolution is not high enough, such templates are not suited to be used to distinguish
different EOS.

Fig. 1

I gave a presentation in RIKEN-RESCUE(the University of Tokyo) joint seminar in March,
introduced my progress in simulation and discussed. Higher resolution GW template for BNS
and NS-BH merger are needed, so I plan to improve the resolution to get satisfied template and
use the Pycbc, a code for GW data analyzing designed by LIGO collaboratory, to generate the
simulated noise, so that we can estimate uncertainty of parameters and put forward the prospects
of detection in the future.
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