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SOULLUCI1 Performance

1 Scope of the document
This document providean overiew of the current performancef SOULLUQL at LBTo 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 L.B/hereit feeds the instrument LUCI1. The main goahefupgrade is to allow
AOQOoperationswith fainter guide starssignificantlyimprovingthe number of targes that can benefitof the
turbulence correctionwithout the use of laser guide stars. SGQUICI1 is pushintpe boundaries of the

previous limit on AO star brightness of about 3250 magnitudesand offering a wide pool of applicatien

from high contrast on local object to high resdtunt in the extragalactic fieldA wider description of the

project and itanainbibliography can be found on theelspagesoul.arcetri.astro.it

The SOULUCI1 commissioning is itis final phase but not yet completed. Here we report the
performance characterizatioobtained so far. With the progress tife commissioning, tsidocument will
be updated andhew issus released As reportedin the document the systemin its current statusis
already able to provide high quality data on a wide range of targets.

3 Tools for observers
Hereis a list oflist of the key tools for the observati@with SOULLUCI 1.

1 LUCI User ManudPDFon the LBTO webpaye
SOULLUCI1 uses the N30 camera in imagimmglenonly; here you can find all the imfoation about
available filters and alamera features

1 SOUISRcalculator (webtool available on thescience with SOUWkebpage
this tool provides an estimation of the AO performance (Strehl ratio and PSF FibiHM3¥et of
input parameters (ragnitude of the AO reference star, distance of the target, seeing, scientific
wavelength).The peformance valuesire based on numerical simulations that are compared to on
sky measurement in this document.

1 LUCIExposureTime Calculator (webtool)
select thediffraction limitedoption; insertin the Strehl ratiofield the output obtained by the SOUL
SR calculator (seeing value ist meeded anymore in this stepinagnitude and typgpoint or
extended)of your target

1 LBTO ®servingTool (SW too] to be downloaded and install¢d
this is the tooffor preparing the observation; follow the instructianreportedin the linked
webpage

1 Contact the project Plobservers arevelcome to contact the project Pl farpreliminary @aluation
of a possible target (enrico.pinna@inaf.jt



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
Wereport here (Figurel) 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 ¢amera

SOUL LUCI1 on-sky SR @1650 nm
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Figurel. Top on-sky SR in KL650nm)as a function ofWFS magnitudend seeingin the line of sightas measured by the DIMM
(color code) Thesimulations resilts are plotted as solid linefor reference.
Bottom: same plot as above, rescaled to J (left) and K (bright) bands.

The onsky SRs (diamonds) are compared with shreulation 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

YIAyAGdzRS o0Aya 2F noduw YR aSSAy3a O0AYya 2Zpéndsichiep £ 0 p
! Most of the SRs have been measured with Fell or H filters and a few in H2 or Ks ones and then rescaled using
al NOKFf Q& | LILINRBEAYFGAZ2Y® 91 OK {w YSI&AdINBYSyid A& LISNF 2N

just averaging the suframes, wihout any shift & add or frame selection process. The use of these technique can

significantly improve the SR values.
3
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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 os@dL. SBalculator 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 dispersiattributed to the NCPAnot 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 ate that the magnitude shown her@VFS magis the one computedon the flux
measuredby the SOUL WaveFront SensdvKS. As we will detail iPAppendix 1 this magnitude can be
approximated as R magnitutor an M3 type star and-B.9 for a G2V one.

4.2 FWHM
In Figure2 we report the measured FWHMnN the AO reference star using the same dataset and bin
process as id.1, but limitingthe sample todata measured with H or Fell filterBhe on sky values show a
goodagreement with simulations.

SOUL LUCI1 on-sky FWHM in H
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Figure2. FWHM of the AO reference star measured on sky on LUCI1 in H band (or Fell) as function of the reference star mag and
seeing (color code)Dashed line represents the diffraction limit. Solishes are the values obtained via numerical simulation with
average viloations.

4.3 PSFand contrast
In this sectionwe reporta selection oPSF images arabntrast curves measured on AO reference stair
different magnitudes: fromR5(very bright endl down to R14.4(this is not the working limit of the system,
just where this collection stopsyhe SOUL system demonstrates here to deliveeraarkable level of
correction even withreference starfainter than R12 when typically NGSSCAO systesndrop their
performance more drasticallNo NCPA correction has beapplied; low order static aberrations are
presentand mayimpactmainly on the higher SR values and on the shdphefirst diffraction ring.

2NCPA stands for Non Common Path AberratidiGPA can be partially compensated by the AO system, but this
compensation is not still avable for routine observations.
® Where not differently specified, in this document we refer to Vega magnitudes.
*The value isbtained with a fit of Moffat function anthen averaging major and minor axis FWHNIke Moffat fit,
for high SR values caniiatiuce an underestimation of the FWHM of a few %. This explains the values under the
diffraction limit obtained for madp7.

4
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4.3.1 R5-Very bright

This star has been observed using subwindowing of LUCI with 256x256 frames allowiogeduce 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 measuremein @@k and first ring

fluxes, used to recover the correct scaling of the contrast in the saturated image.

AO Parameters Value

AO reference star V5.8- R5.4- J4.7

Seeing

(DIMM Line of sight 0.9¢-1.3 (07Jul202

# of corrected modes 500
AO loop frequency 1700Hz
WEFS binning 1x1 (40x40SA)
Strehl ratio 73% (Fell+ND)82% (H2 + ND)
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Figure3. Left intensity radial profiles for H2 and Fell filters, top and bottom respectively.
Right the coresponding frames dislayed in logscale.
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4.3.2 R8.6-Bin 1 bright

AO Parameters Value
B10.3-V 9.3-R8.6
AO reference star Sp.T.= K3
Seeing A oo
(DIMM Line of sight) 0.7¢-0.8¢ (01Nov2018
# of corrected modes 500
AO loop frequency 1700Hz
WFS bining 1x1 (40x40SA)
Strehl ratio (2150nm) 80%
10° = 3
- ]
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8 10% = —
e E 3
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N E =
4 | |
g 10 = =
= - .
10'5 B L L | | L | 1 1 | L L L ‘ 1 L L | L | L
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Distance from the peak [mas]

Figure4. H2 fiter (2150nm), sum of 60 fraes of 0.3sexposure each
Left intensity radial profile, normalized tahe peak
Right framedisplayed in logscalewith 8 A RS o ®y n ¢ @&
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4.3.3 R12.2 zBinl Faint

Normalized radial intensity
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AO Parameters Value

V12.3-R12.2

AO reference star Sp. T.K5 D

Seeing

(DIMM line of sight) 1.1¢ (01Nov2013

# of corrected modes 500
AO loop frequency 401Hz
WEFS binning 1x1 (40xD SA)
Strehl ratio (2150nm) 80%
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Figue 5. Filter HZ2150nm) sum of 15 frames of3.0s exposure each
Left: intensity radial profile, normalized to the peak
Right frame displayedinloga OF £ S gAGK aARS odyné d
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4.3.4 R12.0-Bin 2 bright

R12 results on the edge for Hirand bin2 configuration. The configuratimselected automatically by the
AO system based on the flux recorded on the WFS. This star was providing a slightly smallext.flox w
the previous one, even if the catalogue was reporting a brighter valuR. iThis resulted in having the
system to select Bihinstead of Binl configuration, correctimglower number ofmodes but at higher
frequency for a better vibration rejection.

AO Parameters Value

AO reference star V 12.8R12.0

Seeing

(DIMM Lineof sight) 0.9¢-0.11% (03Jul2020)

# of corrected modes 250
AO loop frequency 1200Hz
WEFS binning 2x2(20xD SA)
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Figure6 Top H2 (2150nm)ntensity radial profile(left) and log display of the framéright).
Bottom: Fel (1650nm)intensity radial profile(left) and log display of the framéright).
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435 R135-Bin2

Normalized radial intensity
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AO Parameters Value

AO reference star B éf)?TR'\ﬁsDo
Seeing 0.9¢ (09Jul20.9)
(DIMM Line of sight)
# of corrected modes 250
AO loop freqency 870Hz
WES binning (20)2(2(028A)
Strehl ratio (1650nm) 63%
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Figure?. Filter Fell (1646nm)sum of 40 frames of 2.0s exposure each.
Left:intensity radial profile, normalized to the peak.
Right frame displayediniga O £ S gAGK aARS odyné od
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436 R14.47Bin3

AO Parameters Value

AO reference star B 14.3V 14.0-R14.4

Seeing

(DIMM Line of sight) 1. 6N pwaz

# of corrected modes 250
AO loop frequency 870Hz
_— 3x3
WES binning (13x13SA)
Strehl ratio (250nm) 47%

Figure8. Filter Ks (2150nm), sum of 10 frames of 10s exposure each.
Left intensity radial profile, normalized to the peak.
Right frame displayed inloga OF £ S gAGK aARS odyné d
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