Figure 4: (above left), Gemini North
instrument cluster.
Figure 5: (above right), Gemini South
instrument cluster.

The LLT is also a large installation. Its job is to propagate the laser’s light into the sky, while precisely tweaking its
direction so that the laser light “anticipates” how the atmosphere will shift its position in the sky. These shifts are
called “tip-tilt,” and this can be sampled with a nearby star that can be relatively dim compared to the star required
for higher-order AO corrections. When the laser light reaches an altitude of about 90 kilometers, it excites naturally
occurring sodium atoms (deposited by meteors when they burn up in the upper atmosphere) and causes them to glow,
producing a point source of light. This laser guide star is then used by the AO system to sample atmospheric turbulence, or wavefront distortions to light, so that a rapidly deforming mirror can “unbend” the starlight and deliver very
high-resolution near-infrared images to the instrument’s focus.
However, that’s only the tip of the LGS technical/logistical iceberg. In order to propagate a laser into the night sky,
military and aircraft control agencies must be notified in advance. A system (or people) must also be in place, to track
and shut down the laser in the unlikely event that an aircraft were to fly into its beam (to date, this has never even
come close to happening). Add to this the significant level of technical maintenance required of even the Gemini solidstate laser, and you begin to appreciate the magnitude of the engineering effort needed to make the system work. But
it does, and because of this Gemini can provide users with near-diffraction-limited images in the near-infrared over a
significant fraction of the sky, and produce data like that seen in figure 3.
Supporting the Queue
Possibly the most concentrated collection of technology of any telescope in the world is situated at the Cassegrain focus
of both Gemini telescopes (see figures 4 & 5). Here, clustered on the instrument support structure (ISS), is about ten
tons of instrumentation, along with instrument “switching” optics, cryogenics, fiber optics, power cables, and heat
transfer lines. To compound to the complexity, all of this must turn to compensate for field rotation as the telescope
tracks on the sky.
For the most efficient operation of the queue (see page 48) it is critical that most or all of the instruments mounted
on the ISS are aggressively maintained and operational for nighttime use. According to Bernadette Rodgers, head of
science operations at Gemini South, “The high rate of completion of queue programs at Gemini depends critically on
our ability to switch between instruments rapidly and efficiently during the night. Being able to change instruments in
the time it takes to slew to a target—in response to changing weather conditions, program priority, or a sudden Target
of Opportunity trigger—is essential to the efficiency and productivity of the queue.”
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