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We made significant contributions to the data analysis pipeline of the Prime Focus Spectrograph on

the Japanese Subaru Telescope. Despite delays caused by the Covid pandemic, we developed new tools,
shared our data with the public, and prepared the scientific data analysis.

We proposed to develop a novel spectral analysis pipeline, based on
convolutional neural networks, to maximize the information gain for the upcoming Subaru Prime Focus
Spectrograph. With an international team of collaborators, we started the development of such a tool

in order to understand star formation in the early Universe by analyzing the chemical composition
of old, metal-poor stars in the Milky Way. We wanted to optimize the convolutional neural network as
a citizen science project, preceded by a series of public lectures on Artificial Intelligence (Al).
However, we had to adapt our plans due to Covid.
The final pipeline will allow the community to extract stellar parameters, such as chemical
composition, of thousands of stars in real time for upcoming observations.
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1. WHERMAML IO &
We have entered the era of big data astronomy, where telescopes obtain petabytes of data per

day, too much for manual analysis. In order to maximize the scientific gain, we need to develop
next-generation,

Al-based algorithms to optimize the data analysis. The Subaru telescope on Hawaii is a
Japanese-owned telescope that has already contributed to several breakthrough discoveries in
astronomy (lye et al., 2006, Nature, 443, 186; Tanaka et al. 2009, ApJL, 505, 9; Sheppard et al.,
2018, MPEC). In 2020, it will be equipped with the “Prime Focus Spectrograph” (PFS) that will
out-perform other multi-fiber spectrographs by a large margin. The PFS is a spectrograph with a
fiber positioner system to be mounted at the prime focus of the Subaru telescope. The
instrument allows simultaneous spectral observation of up to 2400 astronomical targets in a

wide field of view of 1.3 degree diameter at a time (Takada et al., 2014, PASJ, 66, 1).

2. WHEEDHW
One prime scientific goal of PFS is to understand the early Universe and first galaxies by

observing their present-day remnants in our cosmic neighborhood. The first galaxies are the
building blocks of our present-day Universe and most questions of galaxy formation, stellar
evolution, and the chemical composition of the Universe are causally connected to them.
However, only a handful of galaxies have been observed at redshift z>10 (Bowens et al., 2011,
Nature, 469, 504), due to their intrinsic faintness. Therefore, many fundamental questions
related to the early Universe remain open: reionisation (Robertson et al., 2015, ApJ, 802, 19),
the production of the first metals (Nomoto et al., 2013, ARA&A, 51, 457) and especially of r-
process elements (Ji et al., 2016, Nature, 531, 610), the origin of supermassive black holes
(Volonteri, 2010, A&Arv, 18, 279), and the UV luminosity function (Bowens et al., 2015, ApJ,
803, 34). Finding answers to these questions is crucial to understand the Universe: When do
the first stars form and where are the first organic elements synthesized?

The PFS can answer these questions by obtaining thousands of spectra of old, metal-poor stars
in the Local Group. These stars have preserved the chemical fingerprint of their birth
environments and their analysis is called “Galactic Archaeology”. With the cutting-edge
technology of Subaru PFS, this approach will allow to construct the chemical and dynamical
history of the Milky Way and therefore to create a clearer picture of galaxy formation in the early
Universe. However, the bottleneck of this approach remains the unprecedented amount and

quality of spectroscopic data in the optical wavelength regime.

3. WHEDTE
We originally planned to combine public intelligence (citizen science) with artificial intelligence

(machine learning) to analyse spectra of very metal-poor stars. For this purpose, we generated

a large training set of such spectra.



4. WFIERR

We were not able to complete this research project as intended for two main reasons: First, the
Covid pandemic did not allow to hold any public lectures on Al, which delayed our plan to
include the citizen science aspect of our project. Additionally, this also delayed the installation of
the PFS spectrograph on the Subaru telescope. Second, | started a new job at the German
Government Agency in 2023. If | had continued to work at the University of Tokyo, we could
have extended the grant and finished the project in 2023.

However, we still made important contributions to the data pipeline of the PFS Galactic
Archaeology working group: we created a large template of synthetic libraries, including a new
linelist for the most relevant atomic transitions. We contributed to the PFS SSP document by
developing further science cases and optimizing the upcoming observations. We established

further collaborations between the USA, China, and Germany to share data and results.
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