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ABSTRACT

LINC-NIRVANA is a near infrared interferometric imager with a pair of layer-oriented multi-conjugate adaptive
optics systems (ground layer and high layer) for the Large Binocular Telescope. To prepare for the commissioning
of LINC-NIRVANA, we have integrated the high layer wavefront sensor and its associated deformable mirror (a
Xinetics-349) in a laboratory, located at Max Planck Institute for Astronomy, in Heidelberg, Germany. Together
with a telescope simulator, which includes a rotating field and phase screens that introduce the effects of the
atmosphere, we tested the acquisition of multiple guide stars, calibrating the system with the push-pull method,
and characterizing the wavefront sensor together with the deformable mirror. We have closed the AO loop with
up to 200 Zernike modes and with multiple guide stars. The AO correction demonstrated that uniform correction
can be achieved in a large field of view. We report the current status and results of the experiment.
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1. INTRODUCTION

As seen in figure 1, LINC-NIRVANA,1 a near infrared interferometric imager on the Large Binocular Telescope,
employs a pair of layer-oriented multi-conjugate adaptive optics systems (MCAO)2 (ground layer and high layer)
to compensate for atmospheric aberration. For the ground layer, up to 12 guide stars in a 2-6 arcminute field of
view (FoV) can be used to measure the atmospheric turbulence, the corresponding aberration is removed via the
adaptive secondary mirror; for the high layer, up to 8 guide stars in the 2 arcminute FoV can be used to detect
the atmospheric turbulence, the corresponding aberration is removed via a Xinetics-349 deformable mirror. After
the turbulence correction, the piston error between the two arms of the Large Binocular Telescope, is corrected
by a delay line.

Since the adaptive secondary mirrors are used for the ground layer, we only integrated the high layer wavefront
sensor and its associated components in a laboratory, which is described in section 2. In section 3, we report
on multiple guide star acquisition. Calibration with the push-pull method is given in section 4. In section
5, we report the achieved AO correction with differing numbers of Zernike modes corrected. Finally, give our
conclusion in section 6.
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Figure 1. The schematic of LINC-NIRVANA. As seen in the figure, two annular mirrors are used to produce the multiple
fields of view for the LINC-NIRVANA MCAO systems.

2. LABORATORY SETUP

As seen in figure 2 (the corresponding optical path is shown in figure 3), the white light sources are connected to
the fiber plate by optical fibers to simulate the stars (since the magnitude requirement of guide and science stars
are different, the fiber splitter is used to reduce the intensity of the science stars). The distribution of guide and
science stars used in this paper is shown in figure 4. After the multiple atmospheric layer simulator (MAPS)3

and the collimator optics, the light reaches the Xinetics-349 deformable mirror. By a beam splitter in the FP20
optics, which forms the F number as 20, part of the light goes to the patrol camera; the other part goes to the
wavefront sensor. In the path of wavefront senor, in order to match the pyramid wavefront sensor,2 the star
enlarger are used to locally change the F ratio of guide stars from 20 to 225.4 The detailed description can be
found in a separate paper.5

3. MULTIPLE GUIDE STAR ACQUISITION

For a multiple guide star AO system, the first step is to image the light from the desired guide stars onto the
wavefront sensor, which is achieved by moving the star enlarger to acquire each guide star in the FP20 focal
plane in the high layer AO system of LINC-NIRVANA.6 There are several constraints for multiple guide star
acquisition:

1. Since the system works in an unilluminated portion of the focal plane, it is a blind positioning.
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Figure 2. The laboratory setup of the LINC-NIRVANA high layer wavefront sensor.

Figure 3. The optical path of the laboratory setup of LINC-NIRVANA.
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Figure 4. The distrubution of simulated stars in this paper. The 5 science targets are lable as GS, and surrounding 4
guide stars are lable as SS. The FoV of the fiebr plate is 1.87 by 1.87 arcminutes.

2. A homing procedure is needed to provide collision-free travel to the home position without knowledge of
the current position.

3. To save precious telescope time, the acquisition should be done in quickly;

4. To achieve maximum sky coverage, it should be possible to position neighboring star enlargers as close as
possible to one another.

5. To avoid damage, collisions between star enlargers has to be prevented.

As seen in figure 5, the procedure for multiple guide star acquisition can be divided into two steps: coarse
acquisition and fine acquisition. For coarse acquisition via the patrol camera, the distribution of guide stars is
detected together with the current position of each star enlarger. The assignment between guide stars and star
enlargers is then made within the aforementioned constraints. After coarse acquisition, the PSF of the guide
stars is not necessarily centered on the tip of the pyramid, so fine acquisition is initiated. For fine acquisition,
the wavefront sensor read-out and star enlarger positioning are combined in a loop. The wavefront sensor is used
to measure the tip-tilt error of each guide star, then the tip-tilt error is removed by applying a corresponding
movtion to the star enlarger.

With the laboratory setup, we successfully tested the procedure of multiple guide stars acquisition in the lab.

4. CALIBRATION

After guide star acquisition, since light from the guide stars passes both the wavefront sensor and deformable
mirror, the interaction matrix (which is inverted to produce the matrix for reconstructing the wavefront for the
AO system) can be measured.7

To deal with the vibration introduced by the optical bench, atmospheric turbulence, and static aberrations
in the optical system, the push-pull method8 is introduced. With this method, for each mode, two opposite
shapes (with the same amplitude, but with opposite sign) are applied to the deformable mirror. Then the two
corresponding sets of slope vectors are measured from the wavefront sensor. Half the difference between the two
vectors gives us the mean value of the slope signals for the given mode and thereby cancels out those aberrations.
The result is then multiplied by a constant value which reflects the scale factor between counts sensed on the
wavefront sensor and the voltages applied to the deformable mirror. Compared with the traditional push-only
method, the improvement of push-pull method is clear.7

To deal with the noise introduced by the wavefront sensor (e.g. the read out noise, saturation issues),
deformable mirror (e.g. non-linearities) and photon noise, we average the frames from the wavefront sensor to
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Figure 5. Two steps (coarse acquisition and fine acquisition) for multiple guide star acquisition. For coarse acquisition,
the image from the patrol camera is used to move the star enlargers; for fine acquisition, the wavefront sensor read-out
and star enlarger positioning are combined in a loop. The detailed descriptions are in the corresponding text.

calculate the slope vectors for the interaction matrix. The results shows that more than 30 frames is enough to
achieve the stable interaction matrix. In cases where only a a limited amount of time is available for calibration,
we found that it is better to take one frame for each shape applied to the deformable mirror, rather than multiple
frames per dwell.7

5. LABORATORY CORRECTION

After the calibration, the laboratory AO loop can be closed. For our PI control algorithm, results from the
low-order Zernike correction can be found in our paper.5 The correction with different Zernike orders are shown
in figure 6.

Figure 6 shows that for the layer oriented AO system, the AO performance increases with the number of
Zernike modes being corrected. Figure 6 also shows that uniform correction can be achieved in a layer oriented
AO system.

6. CONCLUSIONS

As of this writing, we successfully tested the LINC-NIRVANA laboratory setup, which includes: multiple guide
star acquisition, calibrating multiple guide stars at the high atmospheric layer, and the AO loop.
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Figure 6. The AO correction with different different number of Zernike modes. The corresponding FoV of the 5 science
targets (labed as SS1-SS5) are shown in figure 4. The deformable mirror and wavefront sensor were conjugated to the
5km atmosphere with 1.33m/sec wind speed. For all the science targets, the data were taken with different number of
Zernike modes corrected, but scaled for each science target.
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