
Subaru Telescope Collaboration

Introduction

The ASIAA has had a long-term collaboration with the National

Astronomical Observatory of Japan (NAOJ) on developing next generation of

OIR instruments, focusing on the wide-angle observation capabilities of the

Subaru telescope.

We have completed wide-field camera, Hyper Suprime Cam (HSC) in

2013. Currently, we are conducting the commissioning for the Prime Focus

Spectrograph (PFS), a multi-fiber spectrograph, with science operation

expected in early 2024. ASIAA also joined the development of the next-

generation infrared facility, ULTIMATE, to expand the Subaru telescope's

infrared observation capabilities. These instruments are expected to bring

about breakthroughs in the study of large-scale structures and cosmology.

The HSC installation on prime focus of Subaru Telescope (left) and an image of 

cluster from HSC survey (right)

Subraru Instrumentation

Hyper Suprime Cam

HSC has 900 million pixels with a field of view of 1.5 degrees in diameter.

It is the largest visible-light camera among large-aperture astronomical

telescopes up to date. HSC offers sharp imaging quality and extremely high

sensitivity, capable of detecting celestial objects as faint as magnitude 26 in

just a 5-minute exposure. For research that requires the detection of faint

objects in large sky areas, it is currently the most efficient equipment in the

world.

Prime Focus Spectrograph

PFS uses the optical system of HSC and is equipped with 2,394 optical

fibers on its focal plane. Each optical fiber has two micro-motors that allow

precise positioning on a celestial object. Signals from these celestial objects

are transmitted through these optical fibers to the spectrograph, enabling

simultaneous acquisition of spectra in the wavelength range from 0.38 to 1.3

mm. Scientists can use these spectra to estimate the distance and physical

properties of these celestial objects.

ULTIMATE Subaru

ULTIMATE is a project with the latest Ground Layer Adaptive Optics

(GLAO) technology. It corrects image degradation caused by atmospheric

turbulence, achieving high-resolution near-infrared imaging and spectroscopy

in the wavelength range of 1 - 2.5 mm and provides approximately 0.2 arc-

second imaging quality over 20’ FoV. It will bring a comprehensive wide-angle

observation capability when ULTIMATE is used together with HSC and PFS.

Science

Scientists have utilized HSC data for "weak gravitational lensing

surveys" to study the distribution of dark matter in Universe with weak

gravitational lensing . After the completion of PFS, there will be 360 nights of

survey observations to further measure the redshift (as the distance

indicator) of distant galaxies. Coupled with the images obtained by HSC,

PFS will significantly impact the study of dark energy in the universe.

Through this project, Taiwanese astronomers collaborate with

astronomers around the world. This collaboration is of significant importance

in joining the advanced astronomical research in Taiwan and increasing its

visibility in the field of astronomy.

The PFS is ready on prime focus of Subaru Telescope (left) and array of micro-motors 

and optical fiber on PFS focal plane (right).

Technical Development

Developing both astronomical research and instrument technology is the long-term strategy of our institute. By joining the instrument development teams,

we provide crucial subsystems to gain the opportunity to participate in significant survey projects. Through the instrument development process, we establish

independent key technologies.

In HSC, we developed the filter exchange system and participated in the testing of CCDs and wide-angle corrector lenses. We successfully completed a

precise and reliable filter exchange system while also acquiring the technology for high-sensitivity CCDs, enabling Taiwanese manufacturers to participate in the

production of precision optical systems. In PFS, we were in chare of the development of the fiber positioning system (FPS) and the system integration of the

prime focus instrument as well as the metrology camera system. The FPS accurately measures the positions of over two thousand optical fibers within five

seconds (with an error of less than 3 mm). The development process of PFS has allowed us to acquire design and integration testing capabilities for large

mechanical and optical systems, as well as the technology for precision positioning measurements.

Through participation in ULTIMATE, we can further enhance our capabilities in the design and testing of infrared-related technologies. These skills will

become a stepping stone for participating in the development of next-generation telescope instruments. Even if Taiwan cannot provide substantial funding for the

construction of super-large telescopes, we can still contribute by providing crucial technology, enabling our astronomers to have the opportunity to participate in

the most important astronomical research with the use of state-of-the-art observational equipment.

Distribution of dark matter using HSC image Metrology Camera System at Cassegrain Focus. Conceptual design of ULTIMATE-Subaru


