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history of Early Universe
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Horizon Run 5 (HR5) is a cosmological
hydrodynamical simulation which captures the
properties of the Universe on aGpc scale while
achieving a resolution of 1lkpc. This enormous
dynamic range allows us to simultaneously capture
the physics of the cosmic web on very large scales
and account for the formation and evolution of
dwarf galaxies on much smaller scales. On the
back of a remarkable achievement of this, we have
finished to run follow-up simulations which have 2
times larger volume than before and are expected
to complementary to some limitations of previous
HR simulations both for the study on the large
scale features and the expansion history in a

distant Universe. For these simulations, we
consider the sub-grid physics of radiative
heating/cooling, reionization, star formation,

SN/AGN feedbacks, chemical evolution and the
growth of super-massive blackholes. In order to
do this project, we implemented a hybrid
MPI-OpenMP version of the RAMSES code,
‘RAMSES-OMP’, which is specifically designed for
modern many-core many thread parallel systems.
These simulation successfully reproduce various
observation result and provide a large amount of
statistical samples of Lyman-alpha emitters and
protoclusters which are important to understand
the formation and expansion history of early
universe. These are invaluable assets for the
interpretation of current ACDM cosmology and

current/upcoming deep surveys of the Universe,
such as the world largest narrow band imaging
survey, ODIN (One-hundred-square-degree Dark
energy camera Imaging in Narrow band).

[+ GC-21] Horizon Run 5 Black Hole
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Merging of two supermassive black holes would
generate gravitational waves that can be detected
by the Pulsar Timing Array (PTA) in the nHz band.
In order to assess the plausibility of GW detection
with PTA and to develop the data analysis scheme,
it is important to wunderstand the underlying
properties of black holes and black hole binaries.
In this work, we present mass and redshift
distributions of black hole mergers using the
Horizon Run 5 (HR5) data and discuss their
implications for GW detection. We find a general
conjecture about the black hole merger tree is true
with the Horizon Run 5. For example, a) relatively
lighter black holes merge at higher redshifts and b)
binary mergers do contribute to the formation of
more massive black holes toward low redshifts. We
also present our plan to use the black hole
properties extracted from the HR5 data in order to
generate simulated GW signals to be injected into
actual PTA data analysis pipelines. Mass and
distance obtained from the HR5 would be key
ingredients to generate a more realistic PTA
source data set.
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