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AO observations can now confront simulations

Simulations at Max-Planck- AO observations:
Institut fUr Sonnensystemforschung O. von der Luhe

AO is used the great majority of the time,
at telescopes where it is installed
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e Motivations for this "Meeting within a Meeting"
 What is AO and how does it work?

e Science with AO: Current Examples

e How should somebody decide whether to use AO?
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Today’s AO systems on 6-10m
telescopes operate in the near-IR (/)g,\
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« Basic scaling:
- Atmospheric coherence length 7, o< 0P

« So for shorter A, need
- More degrees of freedom
- Faster wavefront control
- Brighter guide stars (laser or natural)




Characteristics of today’s AO systems %_A\\'
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e« The need for guide stars close to your target

- Natural Guide Star AO: m, < 12 - 14 w/in ~ 30”.
Need to measure high-order wavefront distortions.

- Laser Guide Star AO: m, < 18 - 19 within ~ 60”.
Tip-tilt star needed to stabilize image.
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Photometry and astrometry f/)l\
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e Time varying PSF is an issue
e Several specific methods have been developed to cope

e Current state of the art: Relative Astrometry

- Galactic Center: astrometry to 170 pas using many stars

- For more isolated systems, relative astrometry to a few mas




Strengths and weaknesses 2\
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compared with seeing-limited <

e AO Strengths:

Much higher spatial resolution than seeing-limited (10-50X)

Enables higher spectral resolution if spectrograph is designed
for AO

Higher contrast for faint objects near bright objects

Can have higher sensitivity if AO system is designhed for low
background (e.g. adaptive secondary mirrors @ MMT, LBT)
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« AO Weaknesses:
- Lower sky coverage fraction (LGS still needs m,=18-19 star)




Strengths and weaknesses of AO .
compared with Hubble Space Telescope (/3&;\

e AO Strengths: 8-10 meter ground-based telescopes

- Spatial resolution of 8-10m telescope, compared with 2.4m

- In near-IR, AO has ~4X the spatial resolution of HST at same A

- Means that AO in the near-IR has same spatial resolution as Hubble in
the visible (e.g. A = 2 um compared with 0.5 pum)

- Extremely fruitful paradigm: papers use HST data in visible plus AO in
near-IR to obtain a long wavelength reach at high spatial resolution

- Today’s 8-10m ground-based telescopes have very powerful
spectroscopic capabilities, especially for IR 3D spectroscopy




Future directions: a quick overview &\
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e Larger fields of view
- Multi-Conjugate AO (Gemini S) of order 1 - 2 arc min
- Ground-Layer AO (MMT, VLT) of order several arc min or more

« Higher contrast
- Dedicated planet-finding instruments (e.g. GPI, SPHERE)

e Higher sky coverage fraction
- Multi-Conjugate AO or Multi-Object AO, with AO-corrected IR
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« Dramatic growth in science with adaptive optics over
past 5 years

- Current pace >150 refereed science papers/yr
- AO now scheduled for half of all Keck 2 time

e Laser guide stars: in routine use at Keck, Gemini N

- Soon at VLT, Subaru, Gemini S
- Key enabler for extragalactic science

e Solar AO used the majority of the time at those

We are excited about AO’s strong science contributions!






