Bringing SOUL on sky
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ABSTRACT

The SOUL project is upgrading the 4 SCAO systems of LBT, pushing the current guide star limits of about 2
magnitudes fainter thanks to Electron Multiplied CCD detector. This improvement will open the NGS SCAO
correction to a wider number of scientific cases from high contrast imaging in the visible to extra-galactic source
in the NIR. The SOUL systems are today the unique case where pyramid WFS, adaptive secondary and EMCCD
are used together. This makes SOUL a pathfinder for most of the ELT SCAO systems like the one of GMT,
MICADO and HARMONI of E-ELT, where the same key technologies will be employed. Today we have 3 SOUL
systems installed on the telescope in commissioning phase. The 4th system will be installed in a few months. We
will present here the results achieved during daytime testing and commissioning nights up to the present date.
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1. INTRODUCTION

The Large Binocular Telescope! (LBT) is equipped with 4 Single Conjugated Adaptive Optics (SCAO) systems.?
All of them are composed by a pyramid WaveFront Sensor (WFS) working with Natural Guide Stars (NGS)
and coupled with an Adaptive Secondary Mirror® (ASM) as corrector. Two of these systems* feed two NIR
spector-imager (LUCI1 and LUCI2), while the remaining two® feed the focal stations of LBTL. SOULS is aimed
to upgrade all the 4 systems enabling the AO correction using stars 2 to 3 magnitude fainter. In fig.1 we report
a view of LBT with highlighted LBTT and the 2 LUCI together with the position of the 4 SOUL WFSs.

In this work we will report about the current status of the SOUL commissioning (sect.2), the calibration of
the SOUL-LUCII system (sect.3) and the main result obtained on-sky with LUCI1 and LBTI (sect.4).

2. THE UPGRADE

The SOUL upgrade has been described already in Pinna+2016,° where the system details are reported together
with the performances estimated via numerical simulations. These have been performed analytically” and with
E2E tools.® Here (fig.2), we report an update on the expected performance for SOUL in terms of SR values
in R and Ks-band, compared with those estimated for FLAO under the same conditions. Considering the
curve of SR=20% in R-band, we expect that SOUL will deliver diffraction limited images on stars 3 magnitude
fainter, moving the current limit from mpg = 10 to 13 in good seeing conditions. This is a dramatic increase
in the number of target available for SHARK-VIS.? In the K, — band plot, we can take as reference the line of
SR=50%, showing a gain of about 2 magnitudes for good seeings and even larger in poor conditions (> 1.27).
Being able to deliver SR(K)> 50% with reference star mg = 15 and diffraction limited down to mg = 16, SOUL
is opening to extra-galactic targets, as bright AGN, diffraction limited images and long slit spectroscopy with
LUCI2. This is a key feature at LBT, where LGS are available for GLAO correction only.'°
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