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Abstract: In FY2022, Prime Focus Spectrograph (PFS) completed five engineering observation runs as of January. The biggest achievement in them must be the engineering first light using the end-to-end optical

path of PFS with Spectrograph Module 1 (SM1) in September. 470 science grade optical fibers are successfully positioned on the target stars in a field of NGC1980 on the primary focal plane of Subaru Telescope, and
spectra were observed at once in the blue (380-650um) arm and the red (630-970um) arm, with the spectra of twenty flux calibration standard stars. Besides, auto guiding (AG) loops using PFS AG cameras and
telescope control via Gen2 were successfully closed with errors less than 0.1 arcsec. This was the last step just before proceeding to the final tests using the Telescope AG system. The key performances of PFS were
also examined. Convergence precision and speed of the fiber positioning modules Cobras showed good stability in the repeated convergence processes. The spectroscopic data are under analyses to characterize
spectrum traces on detectors, wavelength calibration with arc lamp spectra, throughputs with flux standard star spectra, and so on. Newly developed GenZ commands supported operations of those measurements.
Through the engineering run in FY2022, we also found some issues such as the focal position difference between AG cameras and the science fiber tips with 0.55-0.60mm. Finer tuning of the fiber positioning process
1s also necessary for maximizing the observation efficiency. In FY2023, PFS collaboration will keep tackling those issues, besides the NIR camera integration, for realization of the science operation.
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Timeline ot PFS engineering observation in FYZ2022
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because of hardware
trouble on the electronics
box and on the coolant
leak sensor on PFI

Sky-PFI coordinate transformation Engineering First Light and achievements following
In Run 6, it is found that the targets on sky were apart from science fibers with 1-2 mm shift on PFI plain

and about 1 deg rotation after Cobra convergence to a designed configuration. The cause of the offset was After various efforts for introducing sky objects onto the science fibers, we succeeded in the
pursued with raster scan, a new|y deve|oped function for this purpose (Takagi’ Arai, Koshida et al. )’ on engineering first |Ight in Run 7. 470 fibers are allocated to stars distributed in a field of NGC 1980, an open
defocused bright star images. cluster in Orion, beside 20 fibers allocated to flux standard stars at the same time.
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addition, we succeeded in observing sky objects with 600 more fibers |
in the blue and red arm of the additional spectrograph module, SM3,
in the same run.

Data reduction such as sky subtraction, wavelength calibration or §
flux calibration on these data is ongoing using calibration data taken §

Auto-guiding system

In FY2022, PFS auto-guiding (AG) system was
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the sky-PFl coordinate transformation section, PFS hardware installation Offset from AG best focus position (mm)

will be completed in the next FY, starting with the first NIR camera in  Figure 12: Focal position search for science fibers by
. eie . . through-focusing. Both of blue-arm flux variation in
spring. PFS system performances such as on-sky sensitivity with the full  fibers aligned on stars (blue symbols) and one in fibers

Instead, an AG error correction system through Gen2 was developed (Jeschke, Yoshida et al. ) and used in
engineering observation in FY2022. AG loops were successfully closed with the system with a typical guide error
smaller than 0”.1 .

Final test of the normal flow using Subaru telescope control system via MLP1 with MELCO is planned in the next
engineering run in Feb. 2023.

off from stars shows consistent gap around 0.6 mm from

system will be completed in FY2023 before open use of PFS starts in < foous position. (In courtesy of Yabe et al.)

FY2024.

SUI‘HITI&I‘_V: PFES experienced 5 engineering observation run by December in FY2022. In spite of difficulties such as the bad weather and the telescope and instrument troubles during those runs, important key

performance evaluations were carried out to assure the functions of PFS such as the PFI position repeatability at the primary focus of the telescope, Cobra positioning repeatability, focal positions of AG cameras and
science fibers, and so on. Fiber positioning accuracy was dramatically improved by the intense analysis of the repeated raster scan data, obtained by the Gen2 functions newly developed for this purpose. PES auto-
guiding system has been proven to be able to close the guiding loop successfully with telescope control via GenZ2. After all those efforts, we achieved the engineering first light in September with the field of NGC1980.
Many spectra of stars and galaxies has been taken in the consecutive engineering runs along with calibration data. Data reduction such as sky subtraction, wavelength calibration and flux calibration with the pipeline
1s under examination with those spectrograph data. In the last run in FY2022, in Feb. 2023, auto-guiding system will be tested and certified to be functional with Subaru telescope control system, as designed. In FY
2023, whole PFS modules will be installed in Subaru, followed by completion of the engineering observation before the open use and SSP with PFS will be started.
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