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[1. Background]
The observation of the most distant galaxies had been one of the most cutting-edge research topics in astrophysics.
In particular, James Webb Space Telescope (JWST), operational since 2022, has unveiled galaxies existing just
0.5 billion years after the BigBang, evidenced by the the detection of oxygen emission lines. In this study, we
perform three-dimensional hydrodynamical simulation and follow formation and evolution of early galaxies within
the first billion years after the BigBang.

[2. The purpose of research collaboration)

In this study, we perform three-dimensional hydrodynamical simulation and follow formation and evolution of early
galaxies within the first billion years after the BigBang. We use galaxy formation simulations performed by Prof.
D. Ceverino at Universidad Autonoma de Madrid.

[3. Method]

In order to compare simulated galaxies and observed ones, we develop a physical model of radiation field and
calculate spatially resolved oxygen line emission from each galaxy (Nakazato et al. 2023). We also develop an
algorithm to identify high-dens regions in galaxies (Nakazato et al. 2024).

[4. Result]

We show that the early universe is dense and galaxy merger happens frequently, which leads the surrounding gas
to be tidally compressed and form clumpy structure. Through the merger-induced gas compression, galaxies
experience bursty star formation. The formed stars finally end in supernovae explosion and expel a significant
abundance of metal (oxygen) to galaxies. Some massive galaxy samples are already metal-enriched at the cosmic
age of 0.8 billion year, whose metal abundance is comparable to the present-day galaxies. Our theoretical predictions
of clumpy morphologies driven by galaxy-galaxy merger and subsequent chemical evolution are consistent with the
latest JWST observations.
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Figurel: Evolution of galaxy through merger via projection of gas density. When a galaxy experience merger,
the surrounding gas is compressed to form multiple clump structures. These clumps merge with each other for
only a few million years and evolve to a single massive system.

Figure2: The science building at Universidad Autonoma
de Madrid.




