FMOS: the fiber multiple-object spectrograph VI: on board
performances and results of the engineering observations
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ABSTRACT

FMOS: the Fiber Multiple-Object Spectrograph is the next common-use instrument of the Subaru Telescope,
having a capability of 400 targets multiplicity in the near-infrared 0.9—1.8um wavelength range with a field
coverage of 30" diameter. FMOS consists of three units: 1) the prime focus unit including the corrector lenses,
the Echidna fiber positioner, and the instrument-bay to adjust the instrument focus and shift the axis of the
corrector lens system, 2) the fiber bundle unit equipping two fiber slits on one end and a fiber connector box with
the back-illumination mechanism on the other end on the bundle, 3) the two infrared spectrographs (IRS1 and
IRS2) to obtain 2x200 spectra simultaneously. After all the components were installed in the telescope at the
end of 2007, the total performance was checked through various tests and engineering observations. We report
the results of these tests and demonstrate the performance of FMOS.
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1. INTRODUCTION

The next common-use instrument of the Subaru Telescope, the Fiber Multiple-Object Spectrograph (FMOS)* 3
is almost completed after 8 years of development. All the mechanical components: the prime focus unit* (PFU:
Fig. 1) including the Echidna fiber positioner®” and the corrector lenses,® the fiber bundle unit,” and the two
infrared spectrographs called IRS1!? and TRS2!' 13 (Fig. 2 and Fig. 3), were assembled and mounted on the
telescope at the end of 2007. Since then the engineering observations have been carried out for three times
(December 2007, January and May 2008) to check the basic capability of the system with the full mechanical
configuration. Although another engineering observation was scheduled in February, it was canceled owing to
unexpected leakage of the coolant inside of the Echidna. Several other engineering observations are required
before opening the system to common use from the later half of 2009. In this paper, after brief description of
the required items during the engineering observations in section 2, the results are reported with typical images
in section 3, and we discuss the expected performance as well as the current problem in section 4.
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Figure 1. The prime focus unit (PFU) including the corrector lenses, the Echidna fiber positioner, and the instrument-
bay to adjust the instrument focus and shift the axis of the corrector lens system (left). How to access the PFU while
observations (right).

Figure 2. The infrared spectrograph IRS1 located parallel to IRS2 (near side).
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Figure 3. IRS2 installed in the 4th floor of the dome of the Subaru telescope.

2. ENGINEERING OBSERVATIONS

The primary purpose of the engineering observation is the verification of the basic performance of the instrument:
1) image quality of the prime focus through the corrector lenses, 2) pointing accuracy of the telescope with the
FMOS PFU, 3) accuracy of the fiber configuration on the telescope and guiding stability using fiber bundles, and
4) total efficiency of the system compared with the expected value from the measurement of each component.
The total system performance including the fiber configuration and the detector readout time is estimated from
these results, which should be confirmed by the real observation of the faint objects at the end of the engineering
observation.

Before verification of the image quality, we have to align the position of the corrector lenses with the axis
of the primary mirror of the telescope minimizing the coma aberration of stellar images at several positions in
the field taken by the sky camera installed in the Echidna unit. The aberration at the center of the field is also
measured by the Shack-Hartmann camera in the PFU. After this adjustment, we measure the position of the
instrument-rotator axis to determine the offset from the mechanical origin of the Echidna, and then the rough
pointing analysis script of the telescope is executed. Next, we measure the image sizes and the positions of the
bright stars in the field of 30’ diameter again, to confirm the tilt and curvature of the focal plane in addition to
mapping the distortion pattern of the field. Here, the prime focus is ready for the farther test of the Echidna by
setting the focal plane parameters to the Echidna control software.

To check the accuracy of the fiber configuration, a part of the galactic plane (or an open cluster) is observed
after the fiber configuration for the field. Focus position of the fibers can be confirmed using the images of the
guide stars through guide fiber bundles. Since the focus position of the sky camera is not exactly the same as that
of the Echidna fibers, we have to make a small offset to the focus position before exposures of the spectrographs.
Next, we measure the count of each object taken by ITRS1 and IRS2 with various small offsets of the field to
make sure that all the fibers are configured at the best position. The exact focus position is also confirmed by
checking the count of each spectra at various focus positions. In this observation, we can also determine the total
efficiency of the system for point sources, which should be compared with that for uniform surface brightness
using a blackbody source. At the best focus and field position, the guiding stability is tested for the assumed
long exposure using the guide star images on the guide fiber bundles in addition to monitoring the count of each
spectrum taken by the sequential short exposures of the spectrographs.
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