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Introduction

Calibration wavefront sensing is required to remove the effect of non-common path wavefront errors in a high-contrast system. Unlike other technigues which have been used to remove non-common path errors, the calibration wave-front
sensor as developed here works during a science observation and therefore addresses the impact of speckles which evolve on short (typically on the order of a minute) time scales. Such speckle evolution time scales are short compared to a

science exposure and short compared to other calibration techniques.

The Gemini Planet Imager is an extreme adaptive optics system that will employ an apodized-pupil coronagraph to make direct detections of faint companions of nearby stars to a contrast level of the 10-7 within a few lambda/D of the
parent star. The calibration wavefront system for GPI will measure the complex wavefront at the system pupil before the apodizer and provide slow phase corrections to the AO system to mitigate errors that would cause a loss in contrast. The
calibration wavefront sensor instrument for GPI has been built. Here we will describe the instrument and its performance.

The P1640 instrument is a high-contrast instrument for the Palomar 5 meter telescope. The P1640 system calibration unit has been built, integrated with the AO system and science instrument, and tested on the telescope and on the sky.
Both calibration systems were developed in parallel and share the same fundamental design. The P1640 CAL system is nhow awaiting the upgrade in the Palomar AO system to a three-thousand actuator system (P3K).
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Fig. 2. Optical layout of the P1640 calibration system is shown on the left. The CAL system takes the bright star-light rejected
by the coronagraph at the focal plane mask, and recombines it with a fraction of the light going to the science camera. The
high-order camera is shown on the right.

Fig. 1. Optical layout of the GPI calibration system is shown on the left. Solid drawing of the GPI Cal Vbox, to right, and an ‘

image of the final instrument hardware on the lower right. The square extensions on the sidewalls of the instrument are high
and low order cameras.
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Fig. 3. The optical layout of the system is shown with the layout of the left. It traces the light from the :
focal plane mask at the lower left of the image to an OAP, phasing mirror, pickoff beamsplitter and fold

mirror. The LOWFS relay lenses are housed in the lens tube that attaches to the camera faceplate. The Cal Phase Measurement: ABCD. Pupi 1 Spataly icred, picated Zygo Phase Meausement
photograph on the left shows the LOWFS camera body as assembled for testing. . T
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¢ 4 s s Mfgmudjs 7 75 s Fig. 7. Absolute accuracy of the HOWFS instrument. The processed Zygo data of

the microscope slide phase errors is shown on the left while the HOWFS
measurement of the same microscope slide is shown on the right. Absolute
agreement of these open loop errors is on the order of 4.5 nm, rms.

Fig. 6. Layout of HOWFS sensing arm.
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Fig. 4. Precision of the LOWEFS tip/tilt measurement for different stellar
magnitudes. At 8" magnitude we can achieve point knowledge to 2 mas in 20

seconds.
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Fig.5. Absolute measurement accuracy of the Cal LOWFS. The image on the left Fig. 8. Degradation in the HOWFS performance as a function of stellar Fig. 9. Test results shown here were performed at the Palomar
is derived from the Zygo measurement of phase errors in a microscope slide. magnitude. These measurements were made with a single HOWFS pupil. These Observatory (top). Calibration measurements are shown by the grid
The image on the right is a measurement of the same slide with the LOWFS in measurements agree with our two goals of 1 nm, rms in 1 minute at 5*" pattern and the letter F (middle). A measurement of the pupil phase is
our GPI Cal instrument. Absolute agreement to the 3.8 nm, rms level has been magnitude and 12 nm, rms in 1 minute at 8" magnitude. shown in the bottom image. The current system performs at the ~13 nm,
demonstrated. . rms level.
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