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RATIONALE

Closed loop Laser Guide Star Adaptive Optics in daytime has novel and useful applications in astrophysics and in 
Satellite laser communications.  It has not been attempted yet.
In astrophysics the usefulness is for science cases at Thermal wavelengths, imaging and spectroscopy, for observations to 
be executed in the first hours of the day with conventional telescopes, and for Solar Physics observations at the solar  limb 
Chromosphere and Corona, for example during CME events.

In satellite laser communications the usefulness of LGS-AO is for uplink beam pre-compensation, without the need of 
on-board satellite reference sources, which is practicable only for geostationary satellites. AO with on-board satellite 
reference sources is suffering in general from anisoplanatism, due to the satellite motion, which implies that the uplink 
transmission beam has to go through a different atmosphere than the downlink, AO-corrected beam. The point-ahead 
technique may be applied without limitations by using sodium LGS-AO techniques.

In the frame of the ongoing ESO-ESA collaborative R&D agreement, the demonstration of LGS-AO at visible wavelength 
using Pyramid WFS and uplink correction is being designed, to be installed at the ESA 1m Optical Ground Station at 
Tenerife. This is the CaNaPy project, done in collaboration with several institutes and industries. Thanks to the assessed 
feasibility of daytime LGS detection, it will include a demonstration of daytime LGS-AO operation for SatComm. The reported 
experiment aims at establishing the SNR of the LGS which will be seen in monostatic propagation of the laser beam, from 
OGS in daytime.

CONCLUSIONS

A successful experiment was done to characterize the feasibility of the 
LGS-AO in daytime.
 
The results show that for the ESA OGS with CaNaPy, we should expect an 
LGS flux SNR, vs the sky background, of about 400 with 10ms integration 
time. The results also show that in daytime the LGS flux at the ground is 
similar to nighttime.

We conclude that using the MOF filter, the sky background flux is very 
efficiently suppressed, even in thin cirrus conditions; the LGS flux is well 
sufficient to drive LGS-AO in daytime for correction at visible 
wavelengths.

Advantage can be taken by the polarization of the LGS photons, when optical 
pumping is used; in an operational scenario, we have learned how the launch 
telescope and the instrumentation should be shielded from sunlight.

Further information may be obtained by writing to david.alaluf@esa.int
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ABSTRACT

We report on experiments done using the La Palma Swedish Solar Tower, observing the sodium Laser Guide Star in daytime, 
using a Magneto-Optical filter. The ESO Wendelstein Laser Guide Star Unit 20W CW 589nm laser was generating the LGS at 
the Earth’s Mesosphere, with the laser launch telescope at 92m distance from SST.
As a result, we have obtained the photometry and the background effects vs distance from the Sun. The final goal is to 
demonstrate closed-loop LGS-AO in daytime, for Optical Feeder Satellite Communications operating 24/7, as well as for 
astrophysics of the Sun Coronal Mass Ejections, which influence the space weather and can have strong consequences on 
human made power grids and activities.  Other applications of daytime LGS-AO are for thermal imaging of astrophysical 
objects. 
The experimental results and several system aspects of daytime LGS-AO setups will be discussed.

The laser beam is propagating out of 
the ESO WLGSU launch telescope 
container, in daytime. The 300mm 
laser beam is invisible against the 
bright sky. In the background, the 1m 
SST Solar Tower imaging the LGS 
(picture below)
 

SETUP

The ESO Wendelstein Laser Guide Star Unit (WLGSU), located in front of the 
William Herschel Telescope, has been used to propagate a 19.3 W CW laser beam 
in daytime, with circular polarization emission and the D2b repumping line at 10% 
relative intensity, creating a ‘plume’ LGS of 54.5” at the focal plane of the Swedish 
Solar Tower (SST), which is at about 90m distance.

A dedicated setup was made at the SST lab, hosting a quarter waveplate to linearize 
the polarization of the LGS photons, image scaling optics, a 0.5nm FWHM prefilter, a  
100 mÅ FWHM Magneto-Optical Filter (MOF) working at a temperature of 185°C and 
a pair of crossed-polarizers with an intrisic throughput of 97% and an extinction ratio 
100 000:1 each.

This set up has created a focal plane for the ZWO ASI1600pro camera, with an 
image scale of 0.16”/pxl, for a format of 1600x1600 pixels.
 
The LGS was pointed at a fixed position on the Sky, at ALT 85.8, AZ -60.9, after the 
SST stopped at the same location while tracking the Sun. We had to wait that the 
Sun exits the laser launch telescope unvignetted angle before starting the 
experiments. Then repeating measurements at different time intervals the distance 
between the LGS and the Sun, hence the sky background, was changing. 

Optical layout of the SST imaging setup, including the 0.6nm pre-filter and the 0.005 nm MOF, close to the pupil. Two 
different CCD were located at the image plane. The ZWO camera is the red one.
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RESULTS

Thin cirrus clouds have affected the measurements, giving increased 
background at different times in the measurement days. The variability of the 
sky background, even with thin cirrus clouds, still allows the needed  LGS 
SNR to be achieved.
Even in this worst-case scenario results are good.  We have been able to 
detect at 20ms integration time the plume with good SNR. When observed in 
monostatic propagation, the plume will look like a round spot. The LGS plume 
observed from the SST in daytime was 54.5” x 2.4” fwhm.

The ZWO camera readout noise at fast frame rates was consistently around 
100 ADU. We present the main results integrating numerically the LGS plume 
into a round LGS, as it will be seen in monostatic propagation from ESA 
Optical Ground Station at Tenerife. The sky background is computed from the 
same images as the LGS plume The LGS integrated flux measured was 
comparable to night observations, giving e.g. for a Shack Hartmann 10x10 
WFS at 1 kHz with a 1m Telescope, 235 ph/ms/subap and on a Py-WFS with 
40x40 pxl Pupils, 18 ph/ms/pxl. 

Results demonstrating the 
feasibility of using the LGS 
in daytime are shown in the 
figure to the right. 

A SNR was defined as the 
ratio of the flux in the LGS 
plume vs the Sky 
background, measured on the 
same image, integrated over 
an Area corresponding to the 
circular LGS, 2.4” fwhm, as it 
will be seen from the ESO 
OGS in monostatic
propagation.

Figure a) shows the ratio between the integrated flux over the LGS plume 
area and the sky background, which can be considered a SNR useful to 
assess the feasibility of LGS sensing in daytime.  
Figure b) shows the sky background photometry, measured on the same 
frame as the LGS image. Both quantities are presented as a function of the 
time of the day as well as of the angular separation between the Sun and the 
LGS. Measurements taken for integration times of 3s, 1s and 100ms. Cirrus 
clouds have been present at times


