Monitoring the Solar System

Due to their relatively close proximity, transient events in our Solar System can
be extremely compelling because we can watch them in great detail and over
time frames that are generally short. However, many of the most interesting
events are completely unpredictable. An effective program that identifies potential Targets of Opportunity (ToO) is a must. During the past 10 years, Gemini
has established a model ToO program that ranges from the timely study of
weather on nearby planets and moons to Gamma-ray Bursts (GRB) at the very
edge of the observable universe (see article starting on page 44). Gemini’s multiinstrument queue provides a unique strength that allows observations at literally
a moment’s notice and with a diverse assortment of instrumentation ranging
from optical through mid-infrared imaging and spectroscopy. Furthermore, the
geographical distribution of the two Gemini telescopes provides better temporal
coverage due to the 6- to 7-hour time difference between Gemini North and
South (this is especially relevant for solar-system objects on the ecliptic, since
they are visible to both telescopes over the course of any given night).
Figure 1: (above), Gemini North adap-

So, it’s not surprising that time-dependent, solar-system observations are featured heavily in Gemini’s nightly logs and

tive optics image of Jupiter in the near

ultimately in highly cited scientific papers. One of the most cited and publicized of these is the ongoing ToO program

infrared showing the Great Red Spot (and

headed by Henry Roe (Lowell Observatory) to monitor and observe the weather on Saturn’s moon Titan. This pro-

“Red Spot Junior” below) as white ovals.

gram, in operation since the first Hokupa‘a images of Titan in December 2001 (however, this was not a ToO program

This image was obtained on July 14,

at that time), is a model of the effective use of diverse resources. Figure 3 shows a short-lived weather feature observed

2006, when both storms were aligned on
Jupiter’s meridian.

in the clouds of Titan in 2004 thought to have been caused by a surface cryovolcanic feature. The current ToO
program features regular global monitoring of Titan’s atmosphere with the NASA InfraRed Telescope Facility (IRTF),
a new dedicated 0.5-meter robotic telescope at Lowell Observatory in Flagstaff Arizona, a data pipeline to provide
alerts, and the use of both Keck and Gemini’s adaptive-optics technologies to furnish rapid and detailed follow-up
observations when a weather event is detected.
This is exactly what happened in April 2008. A brightening of Titan’s near-infrared signature was detected by the
IRTF on the night of April 13. Observations using the Gemini North Altair adaptive optics (AO) system with the
Near-Infrared Imager (NIRI) were made on the very next night. This event (see Figure 4, page 10) was the brightest
weather event the team had ever detected.
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Figure 2: (above), Gemini North nearinfrared image of Saturn and Titan.
Image obtained on May 7, 2009, using
the Altair adaptive optics system with the
Near-InfraRed Imager (NIRI).

Figure 3: (right), Artist’s conception of
a methane cryovolcano/geyser on Titan
with Gemini’s Altair adaptive optics
images (inset) with clouds (right) and
surface features (left) indicated by blue
arrow. Gemini background artwork by
Jon Lomberg.

9

gf_0610_xyr_planets_solarsystem.indd 3

4/22/10 11:26 AM

Figure 4: Gemini North near-infrared
AO images highlighting the variable

However, the circumstances of this event were unusual and unexpected. When Emily Schaller (a Caltech graduate
student at the time) received the IRTF spectra, the magnitude of the event made her skeptical at first. Her skepticism

bright clouds and more static high strato-

soon led to excitement when it became apparent that this event was real and represented an unprecedented storm on

spheric haze. On March 27, 2008, there

Titan. She immediately alerted her colleagues to trigger the Gemini ToO observations. The resulting Altair/NIRI ob-

were essentially no clouds present. The

servations showed that the new methane-based weather feature was located in the tropics of Titan where the existence

green box indicates the initial location of

of a mostly desert climate was thought to exist. Furthermore, the energy of the event triggered atmospheric planetary

the large storm. The original storm rotates

waves that traveled to other latitudes on Titan, a process very similar to that which occurs in the Earth’s atmosphere.

to the night side of Titan after a few days
with Titan’s 16-Earth-day rotational

On a larger scale, the outer planet Neptune displays a variety of weather features like those on gas giants, and which

period.

are extremely latitude dependent. A mid-infrared program using the MICHELLE spectrograph/imager and headed
by Heidi Hammel (Space Science Institute), probed stratospheric ethane and methane emissions and produced the
first published mid-infrared images of Neptune. Corresponding W.M. Keck Observatory near-infrared AO images
complement these Gemini mid-infrared data, which were both obtained on July 4-5, 2005. These data (see Figure 5)
showed no correlation between the stratospheric features in the Gemini images and the tropospheric clouds detected
in the near-infrared Keck observations. Instead, the emissions came predominantly from the south polar regions, and
were much like those found on Saturn. It was initially a surprise to find this similarity to Saturn, given the differences
between the two worlds. However, astronomers are now starting to suspect that the polar regions on all four giant
planets harbor interesting dynamical structures.
July 4, 2005, was a busy 24-hour period at Gemini North. As data for the Hammel et al. Neptune research (above)
was being obtained, astronomers from around the world were ascending to the summit area of Mauna Kea to participate in a very different type of solar-system observation program. This time, astronomers were monitoring an explosive event made possible by a demolition-style cometary collision. Called Deep Impact, the mission sent a spacecraft
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Figure 5: (above left), Neptune images

to Comet 9P/Tempel 1 (9P) and sacrificed both the spacecraft and a washing machine-sized impactor which violently

at mid- and near-infrared wavelengths

collided with the comet’s nucleus and stirred up its subsurface. Gemini led in the mid-infrared observations of this

obtained in July 4-5, 2005, with the
mid-infrared imaging capabilities of MICHELLE on Gemini North (A,B, and C)

event both before the collision and after it successfully spewed up debris from inside the comet and dispersed a core
sample for all to see and study. When the results came in, the Gemini MICHELLE observations (Figure 6), combined
with observations from the W.M. Keck, Subaru, and other observatories revealed a peak flux at 11.2 microns due to

and near-infrared (NIRC2) AO images

emissions from relatively transparent (i.e., poorly absorbing), magnesium-rich crystalline olivine. Models fitted to the

from the W.M. Keck Observatory (D),

data suggest that a composition of amorphous carbon, pyroxene, olivine, and magnesium-rich crystalline olivine were

with polar regions enhanced in (E).

Figure 6: (above right), Imaging and
spectroscopy of two temporal epochs of
Comet 9P/Tempel 1 obtained before and
after the Deep Impact collision.

all present and that grain size distribution peaked at 0.2 micron.
The unique Gemini data set from the Deep Impact event also allowed for a time-of-flight analysis, in which it was
found that grains were being released from the nucleus for about an hour after the impact. Different minerals traveled
at various speeds, implying that the nucleus of the comet is inhomogeneous. The Gemini data provided the only
means to produce an estimate of the total ejected mass of the impact, which came out to be about 1.5 x 106 kilograms
an hour after the impact. This is approximately equivalent to 25 fully loaded tractor-trailer trucks. Two highly cited
papers, including one in the journal Science, were generated by the Gemini team led by David Harker (University of
California, San Diego) and Chick Woodward (University of Minnesota).
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