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1 Scope of the document 
This document provides an overview of the current performance of SOUL-LUCI1 at LBT to the observers 
that intend to use the instrument. 

2 Intro duction  
SOUL is the upgrade of the FLAO and LBTI AO systems. Here we report about the upgrade of the FLAO 
system on the SX side of LBT, where it feeds the instrument LUCI1. The main goal of the upgrade is to allow 
AO operations with fainter guide stars, significantly improving the number of targets that can benefit of the 
turbulence correction, without the use of laser guide stars. SOUL-LUCI1 is pushing the boundaries of the 
previous  limit on AO star brightness of about 1.5-2.0 magnitudes, and offering a wide pool of applications 
from high contrast on local object to high resolution in the extragalactic field. A wider description of the 
project and its main bibliography can be found on the webpage soul.arcetri.astro.it. 

 The SOUL-LUCI1 commissioning is in its final phase, but not yet completed. Here we report the 
performance characterization obtained so far. With the progress of the commissioning, this document will 
be updated and new issues released.  As reported in the document, the system in its current status is 
already able to provide high quality data on a wide range of targets.       

3 Tools for observers  
Here is a list of list of the key tools for the observations with SOUL-LUCI1. 

¶ LUCI User Manual (PDF on the LBTO webpage)  
SOUL-LUCI1 uses the N30 camera in imaging mode only; here you can find all the information about 
available filters and all camera features.   
 

¶ SOUL SR calculator  (web tool available on the science with SOUL webpage)  
this tool provides an estimation of the AO performance (Strehl ratio and PSF FWHM) for a set of 
input parameters (magnitude of the AO reference star, distance of the target, seeing, scientific 
wavelength). The performance values are based on numerical simulations that are compared to on 
sky measurement in this document.  
 

¶ LUCI  Exposure Time Calculator (web tool) 
select the diffraction limited option; insert in the  Strehl ratio field the output obtained by the SOUL 
SR calculator (seeing value is not needed anymore in this step), magnitude and type (point or 
extended) of your target 
  

¶ LBTO Observing Tool (SW tool, to be downloaded and installed) 
this is the tool for preparing  the observation; follow the instructions reported in the linked 
webpage 
 

¶ Contact the project PI: observers are welcome to contact the project PI for a preliminary evaluation 
of a possible targets  (enrico.pinna@inaf.it) 

  

http://soul.arcetri.astro.it/science-with-soul/
https://sites.google.com/a/lbto.org/luci/documents-and-links/LUCI_UserMan.pdf?attredirects=0
http://adopt.arcetri.astro.it/strehl.html
http://soul.arcetri.astro.it/science-with-soul/
http://luci-etc.lbto.org/calculator.py#MIDDLE
https://sites.google.com/a/lbto.org/observing-tool-manual/
mailto:enrico.pinna@inaf.it
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4 On-axis performance  

4.1 Strehl ratio   
We report here (Figure 1) the Strehl Ratios (SR) measured on sky during the commissioning nights. The SR is 
measured on the AO reference star as imaged on LUCI1 N30 camera1.  

 

 

Figure 1. Top: on-sky SR in H (1650nm) as a function of WFS magnitude and seeing in the line of sight as measured by the DIMM 
(color code). The simulations results are plotted as solid lines for reference. 

 Bottom: same plot as above, rescaled to J (left) and K (bright) bands. 

The on-sky SRs (diamonds) are compared with the simulation results (lines) and the color indicates 
the seeing in the line of sight. To produce this figure, we used a data set of 151 observations sorted in 
ƳŀƎƴƛǘǳŘŜ ōƛƴǎ ƻŦ лΦн ŀƴŘ ǎŜŜƛƴƎ ōƛƴǎ ƻŦ лΦлрέ όрс ōƛƴǎ ƛƴ ǘƻǘŀƭύΦ 9ŀŎƘ Ǉƻƛƴǘ ƻŦ ǘƘŜ ŦƛƎǳǊŜ ŎƻǊǊŜǎponds to the 

                                                           

1
 Most of the SRs have been measured with FeII or H filters and a few in H2 or Ks ones and then rescaled using 
aŀǊŎƘŀƭΩǎ ŀǇǇǊƻȄƛƳŀǘƛƻƴΦ 9ŀŎƘ {w ƳŜŀǎǳǊŜƳŜƴǘ ƛǎ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀ ǘƻǘŀƭ ŜȄǇƻǎǳǊŜ ǘƛƳŜ ŦǊƻƳ ŀ ŦŜǿ ǘƻ ǘŜƴǎ ƻŦ ǎŜŎƻƴŘǎ 
just averaging the sub-frames, without any shift & add or frame selection process. The use of these technique can 
significantly improve the SR values. 
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average SR in the corresponding 2D bin (magnitude/seeing).  The simulation curves include an average 
amount of telescope vibrations and correspond to the values available on the SOUL SR calculator. These 
can vary significantly with wind (strength and direction) and dome environment (instrumentation like 
pumps etc). We have quite a good agreement between on sky measurement and simulations. Above 60% 
at 1650nm we observe a higher dispersion attributed to the NCPA2, not compensated in most of the cases. 
On sky results are missing on the very faint end (WFS mag> 15), as we are still optimizing the system for low 
fluxes. It is important to note that the magnitude shown here (WFS mag) is the one computed on the flux 
measured by the SOUL WaveFront Sensor (WFS). As we will detail in Appendix 1, this magnitude can be 
approximated as R magnitude3 for an M3 type star and R-0.9 for a G2V one.  

4.2 FWHM  
In Figure 2 we report the measured FWHM4 on the AO reference star using the same dataset and bin 
process as in 4.1, but limiting the sample to data measured with H or FeII filters. The on sky values show a 
good agreement with simulations.  

 

Figure 2. FWHM of the AO reference star measured on sky on LUCI1 in H band (or FeII) as function of the reference star mag and 
seeing (color code). Dashed line represents the diffraction limit. Solid lines are the values obtained via numerical simulation with 

average vibrations. 

4.3 PSF and contrast   
In this section, we report a selection of PSF images and contrast curves measured on AO reference stars at 
different magnitudes: from R5 (very bright end) down to R14.4 (this is not the working limit of the system, 
just where this collection stops). The SOUL system demonstrates here to deliver a remarkable level of 
correction even with reference star fainter than R12, when typically NGS SCAO systems drop their 
performance more drastically. No NCPA correction has been applied; low order static aberrations are 
present and may impact mainly on the higher SR values and on the shape of the first diffraction ring. 

                                                           

2
 NCPA stands for Non Common Path Aberrations. NCPA can be partially compensated by the AO system, but this 

compensation is not still available for routine observations. 
3
 Where not differently specified, in this document we refer to Vega magnitudes. 

4
 The value is obtained with a fit of Moffat function and then averaging major and minor axis FWHMs. The Moffat fit, 

for high SR values can introduce an underestimation of the FWHM of a few %. This explains the values under the 

diffraction limit obtained for mag Ḑ7. 

http://adopt.arcetri.astro.it/strehl.html
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4.3.1 R5 - Very bright  
This star has been observed using the sub-windowing of LUCI with 256x256 frames allowing  to reduce the 
DIT down to 0.3s. Even reducing the DIT, the star peak was saturating the detector. The peak flux has been 
measured using a neutral density (ND2) in LUCI. This allowed the measurement of main peak and first ring 
fluxes, used to recover the correct scaling of the contrast in the saturated image.     
 

AO Parameters Value 

AO reference star V 5.8 -  R 5.4 -  J 4.7 

Seeing  
(DIMM Line of sight) 

0.9έ-1.3έ (07Jul2020) 

# of corrected modes 500 

AO loop frequency 1700 Hz 

WFS binning 1x1 (40x40SA) 

Strehl ratio  73% (FeII+ND)    82% (H2 + ND) 

 

  

              

Figure 3. Left: intensity radial profiles for H2 and FeII filters, top and bottom respectively.  
Right: the corresponding frames displayed in log-scale. 
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4.3.2 R8.6 - Bin 1 bright  
 

 

AO Parameters Value 

AO reference star 
B 10.3 - V 9.3 - R 8.6   

Sp. T. = K3 

Seeing  
(DIMM Line of sight) 

0.7έ-0.8έ (01Nov2018) 

# of corrected modes 500 

AO loop frequency 1700 Hz 

WFS binning 1x1 (40x40SA) 

Strehl ratio (2150nm) 80% 

- 

 

Figure 4. H2 filter (2150nm), sum of 60 frames of 0.3s exposure each.  
Left: intensity radial profile, normalized to the peak. 
 Right: frame displayed in log-scale with ǎƛŘŜ оΦупέΦ 
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4.3.3 R12.2 ɀ Bin1 Faint  
 

 

AO Parameters Value 

AO reference star 
V 12.3 - R 12.2 

Sp. T.   K5 D 

Seeing  
(DIMM line of sight) 

1.1έ (01Nov2018) 

# of corrected modes 500 

AO loop frequency 401 Hz 

WFS binning 1x1  (40x40 SA) 

Strehl ratio (2150nm) 80% 

 

 

Figure 5.  Filter H2(2150nm), sum of 15 frames of 3.0s exposure each.  
Left: intensity radial profile, normalized to the peak. 
 Right: frame displayed in log-ǎŎŀƭŜ ǿƛǘƘ ǎƛŘŜ оΦупέΦ 
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4.3.4 R12.0 - Bin 2 bright  
R12 results on the edge for bin1 and bin2 configuration. The configuration is selected automatically by the 
AO system based on the flux recorded on the WFS. This star was providing a slightly smaller flux w.r.t. to 
the previous one, even if the catalogue was reporting a brighter value in R. This resulted in having the 
system to select Bin2 instead of Bin1 configuration, correcting a lower number of modes, but at higher 
frequency for a better vibration rejection. 

 

AO Parameters Value 

AO reference star V 12.8 -R 12.0   

Seeing  
(DIMM Line of sight) 

0.9έ-0.11έ (03Jul2020) 

# of corrected modes 250 

AO loop frequency 1200 Hz 

WFS binning 2x2 (20x20 SA) 

 

 

 

Figure 6  Top: H2 (2150nm) Intensity radial profile (left) and log display of the frame (right). 
Bottom: FeII (1650nm) Intensity radial profile (left) and log display of the frame (right). 
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4.3.5 R13.5 - Bin 2  
 

AO Parameters Value 

AO reference star 
B 15.7 - R 13.50  

Sp. T: M3 D  

Seeing  
(DIMM Line of sight) 

0.9έ (09Jul2019) 

# of corrected modes 250 

AO loop frequency 870 Hz 

WFS binning 
2x2  

(20x20 SA) 

Strehl ratio (1650nm) 63% 

 

 

Figure 7. Filter FeII (1646nm), sum of 40 frames of 2.0s exposure each.  
Left: intensity radial profile, normalized to the peak. 
 Right: frame displayed in log-ǎŎŀƭŜ ǿƛǘƘ ǎƛŘŜ оΦупέΦ 
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4.3.6 R 14.4 ɀ Bin 3  
 

AO Parameters Value 

AO reference star B 14.3 - V 14.0 - R 14.4   

Seeing  
(DIMM Line of sight) 

1.0έ όлфWǳƭнлмфύ 

# of corrected modes 250 

AO loop frequency 870 Hz 

WFS binning 
3x3  

(13x13 SA) 

Strehl ratio (2150nm) 47% 

 

 

Figure 8. Filter Ks (2150nm), sum of 10 frames of 10s exposure each. 
  Left: intensity radial profile, normalized to the peak.  

Right: frame displayed in log-ǎŎŀƭŜ ǿƛǘƘ ǎƛŘŜ оΦупέΦ 

 

  

  


































