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We present the later developments of the FASS monitor (Full Aperture Scintillation Sensor) in terms of optics, mounts and operation aiming to transform the instrument into a fully autonomous remotely supervised monitor. We also show some recent results obtained in a last campaign carried out at Paranal observatory between February 27th and March 4th, 2023, with the participation of ESO (MASS-DIMM), University of Durham (SHIMM & Stereo Scidar) and NOIR Labs (RINGSS).

INTRODUCTION

The FASS monitor (Full Aperture Scintillation Sensor) provides estimates of 2 (ℎ ) profiles, together with seeing, and isoplanatic angle. The estimate of 0 is still under development. The aim of the monitor is to support observations requiring the characterization of total atmospheric parameters as well as stratified information of turbulence strength in altitude. The technique uses the wavefront scintillation phenomena, and the processing is based on frequential image processing of these patterns. So far, the development of FASS has been aimed to validate the method rather than developing a fully autonomous monitor to support rutinary operations observatories. We present the later developments in the sensor in terms of optics, mounts and operation aiming to turn FASS into a fully autonomous remotely supervised monitor. Finally, recent results obtained in a campaign at Paranal observatory that congregated 4 groups working on turbulence profiling.

FASS optics

The current configuration of FASS uses any telescope between 9" and 12" diameter installed in an Alt-Az structure. It is equipped with two sCMOS low-cost cameras; one to acquire the beacon star image and the other to center and track the star, generating scintillation images from an optic set-up conjugated at the pupil or at negative altitudes to allow for scintillation build-up of speckles (scintillation patterns).

The goal of the last Paranal campaign was to test the generalized mode of FASS where a new optics had to be designed to include the ground layer by artificially propagating the wavefront inside the optics and beyond the telescope aperture. This is called negative conjugation and Fig. 1 (left) shows the setup elected for the instrument. By defocusing the pupil image towards the aperture, a negative conjugation is achieved without the need of an intermediate focus. This provides an extremely simple optics that consists of a color bandpass filter (400-700 nm) followed by an accelerator lens to increase the scintillation speckle contrast. 

The choice of negative conjugation value

The negative conjugation distance ℎ and hence ℎ ′ is the result of a compromise between conflictive objectives:

 Scintillation images caused by low altitude turbulence require longer propagation inside the optics.  The propagated pupil image must be fully contained in the active area of the detector.  The longer the propagation path, the stronger the diffraction rings.  The size of the smallest speckle must be at least twice the size of the pixel projected on the pupil plane.

This trade-off can be clearly understood by the three cases studied in Fig. 2. Shorter propagations yield speckles with faint contrast, where longer propagation into the optics give better contact at the cost of stronger diffraction rings. After extensive simulations confirmed by on-sky data, the optics parameters shown in Table 1 were finally selected for the instrument.

Table 1. Optic parameters.

The mount and dome

So far, the development of FASS has been aimed to validate the method rather than developing a fully autonomous monitor to support rutinary operations in observatories or site-testing. For the latter, we are introducing two hardware components that will allow a robust, simple, and automated operation.

A high precision, intelligent mount: Industrial grade brushless direct drive motors and built-in electronics. Direct-drive motors have zero backlash (no periodic error), are virtually silent when in motion, and provide fast slewing speeds of up to 50 °/s. They require minimal maintenance as there are no gears requiring lubrication. Another appealing characteristic of this mount is that, by providing the resolution of the camera pixel together with the time and geographical position, it can automatically find where the mount is pointing in the sky. This is achieved by taking numerous photos of the night sky and comparing them to known catalogues of star positions.

An automated dome:

The dome is constructed of fiber glass in a single piece with overlapping shutter seams for maximum weather resistance. It is an 8-foot diameter dome with a shutter opening that extends well past Zenith. The dome weighs 220 pounds and it is easy to handle and install ideal for deploying FASS in different observatories. Slaved to the mount.

LATEST ON-SKY RESULTS

Next, we present a summary of the results obtained in a last campaign carried out at Paranal observatory between February 27th and March 4th, 2023. Several sensors concurred to this activity, namely: Figure 5 shows the correlation plots for the days in which all instruments operated. Results show good agreement, but in some cases, biases are found which are under study. The number of simultaneous data points also varies among combinations.

• FASS [1] • MASS/DIMM [2] • RINGSS [3] • SCIDAR [4] • SHIMM [5]
Figure 5. Seeing, correlation plots: Good correlations are generally seen among 4 sensors. FASS, RINGSS and SHIMM were located on the same zone on the Paranal plateau, so they were subjected to similar ground turbulence.

Figure 6 shows total seeing comparisons time plots for the FASS-RINGSS and FASS-SHIMM. Very good matching was observed specially when pointing at the same beacon star. Mimosa was generally selected for this purpose.

Finally, Fig. 7 shows free atmosphere profiles (h > 500 m) between FASS and S-SCIDAR. The resolution of S-SCIDAR has been reduced to match the one of FASS. A good agreement between the profilers is observed where two clear bands of turbulences are identified; one near the ground and a second at very high altitudes (h > 10 km).

Figure 6. Seeing, sequence for three nights: good coincidence is seen for segments where the beacon star was the same (e.g. Mimosa). The sensors were separated by no more than 8 meters, but having different buildings close to them.

Figure 7. Free atmosphere vertical profiles (h > 500 m): FASS-SCIDAR (left column) and FASS-RINGSS (right column). Some discrepancies exist at lower altitudes. Some stretching of FASS profiles is also noticeable.

CONCLUSIONS

Good progress towards the full FASS monitor has been achieved. Final integration of mount and dome is planned for December 2023, where a remotely operated monitor will be commissioned at Santa Martina observatory in the outskirts of Santiago. The monitor will be easily transportable to other observatories for more comprehensive evaluation and comparison purposes. Results from the Paranal campaign are under study which will allow further software developments during the final trimester of 2023 in order to improve operational aspects and to improve the profile estimation.
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 11 Figure1(right) shows the defocused image where a good speckle contrast is obtained at the expense of concentric diffraction circumferences on the inner and outer edges of the pupil. The effect of this distortion is minimized and made negligible if the sampling of the image is restricted to the ring defined by the green loops.
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 2 Figure 2. The trade-offs in the selection of the negative conjugation value A good balance between these objectives is ℎ = -400 . For a star of magnitude = 2 an ade uate photon flu of e /pix/ms is obtained.

Figure 3 .

 3 Figure 3. Left: mount integration to FASS; right: Automated dome (in progress) Other specifications are: • The L-350 is designed for carrying payloads up to 45 kgs. • Azimuth and altitude encoder rings providing an 0.069 asec resolution • Pointing Accuracy: <10 asec RMS • Pointing Precision: 2 asec at sidereal velocity • Tracking Accuracy: 0.3 asec • Automatic model generation for telescope initial site calibration • Automatic tuning of servo loops for both axis and for different payloads

Figure 4 .

 4 Figure 4. Deployment of sensors on the Paranal plateau Figure 4 shows where the instruments were installed on the Paranal plateau. The three portable sensors (i.e. FASS, RINGSS and SHIM) were located in the same area, so local turbulence would be common. The stereo CIDAR and MASS-DIMM instrument are part of ESO's facilities and are installed in specific place on the plateau.
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