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fig01-HR8799e-PR-main.pdf

fig01bw-HR8799e-PR-main.pdf
fig02-HR8799e-PR-main+label.pdf
One of the discovery images of the system obtained at the Keck II telescope using adaptive optics system and the NIRC2 Near-Infrared Imager. Image shows all four confirmed planets indicated as b, c, d and e in the labeled image. Planet "b" is a ~5 Jupiter-mass planet orbiting at about ~68 AU, while planets c, d, and e are ~7 Jupiter-mass companions orbiting the star at about 38, 24 and 14.5 AU. 
Credit: NRC-HIA, C. Marois & Keck Observatory

fig03-HR8799e-PR-main+arrow.pdf
fig04-HR8799e-PR-main+arrow+label.pdf

Same as Fig 1 and 2, but where arrows have been added to illustrate the possible planet orbital motions (assuming face-on circular orbits) for the next 10 years.
Credit: NRC-HIA, C. Marois & Keck Observatory 

fig05-HR8799e-PR-2010solcomp.pdf
Schematic representation of the HR 8799 planetary system compared to our solar system (viewed pole on and at the same distance as HR 8799). HR 8799 planet orbits are plotted assuming a pole-on view and circular orbits. A Kuiper Belt-like ring and an asteroid-like belt of dust, suggested by excess infrared light seen by the IRAS and ISO satellites, have been added. The HR 8799 dust disk is one of the heaviest detected by ISO and IRAS. It is thought that HR 8799e and HR 8799b dynamically interact with those dust disks in a way very similar to Jupiter with the asteroid belt and Neptune with the Kuiper Belt.

Credit: NRC-HIA & C. Marois

fig06-HR8799e-PR-pos075.png

A 3D representation of the HR 8799 planetary system and the solar system in the Milky Way. The orbits of Jupiter, Saturn, Uranus and Neptune are shown with the Sun located at the center. HR 8799 is located 90 degrees away from the Milky Way galactic center, lower than the Sun. All orbital diameters are greatly exaggerated here to be visible. Background Milky Way image credit: Atlas image courtesy of 2MASS/UMass/IPAC-Caltech/NASA/NSF. 
Credit: NRC-HIA & C. Marois

fig07-HR8799e-PR-adi.png
Example of the image processing used to separate the planets from the star. On the left is a 20-second snapshot from the Keck telescope, showing the bright starlight scattered by the hexagonal Keck telescope into a six-sided diffraction pattern, similar to a "lens flare" in a camera. The b planet is visible as a dot at about 7:00. The full sequence of snapshot images is used to make a reference pattern that can be used to remove the diffracted starlight. The middle image shows the same 20-second snapshot after the reference pattern has been removed - the outer planets are now clearly visible. Over the course of an hour, these snapshots are rotated to put at the same orientation and then combined into a single highly sensitive total image, shown on the right image.
Credit: NRC-HIA, C. Marois & Keck Observatory

fig08-HR8799e-PR-Finding-chart.pdf

HR 8799 finding chart. HR 8799, an A-type star having 1.5 times the mass of the Sun and 5 times its luminosity, is located in the constellation of Pegasus. It is 129 light years from Earth and happens to be visually located not far away from 51 Peg, the first star to have a confirmed planet indirectly detected by radial velocity measurements in 1995 (note that HR 8799 and 51 Peg are located close in the sky, but are quite far apart in space; 51 Peg being 50 light years from Earth). On December 8th, 2010 and for mid-northern latitudes, the Pegasus constellation can be seen south, near Zenith, at 7pm.

Credit: NRC-HIA & C. Marois

mov01-HR8799e-PR-2009-2010movie.gif
mov02-HR8799e-PR-2009-2010movie+date.gif

The 2009-2010 orbital motion observed for the four HR 8799 planets. Data is from the W.M. Keck II telescope. 
Credit: NRC-HIA, C. Marois & Keck Observatory

mov03-HR8799e-PR-dyn-movie-fast.gif

An animation demonstrating plausible orbital motion of the HR 8799 planets through one complete period (~465 yrs) of HR 8799b (blue). The orbits depicted come from a model in which this massive planetary system is stable for at least 160 Myr. In this model, HR 8799c, d, and e are in a 1:2:4 mean motion resonance, which means that for each full revolution of HR 8799c (red), HR 8799d (green) orbits exactly two times, and HR 8799e (orange) orbits exactly four times (HR 8799b does not participate in a resonance). 

Credit: LLNL & Q. M. Konopacky
mov04-HR8799e-PR-galmov-sing.mov

A 3D representation of the HR 8799 planetary system and the solar system in the Milky Way. The orbits of Jupiter, Saturn, Uranus and Neptune are shown with the Sun located at the center. HR 8799 is located 90 degrees away from the Milky Way galactic center, below the solar system. All orbital diameters are greatly exaggerated here to be visible. Background Milky Way image credit: Atlas image courtesy of 2MASS/UMass/IPAC-Caltech/NASA/NSF.

Credit: NRC-HIA & C. Marois

mov05-HR8799e-PR-adi.mov
Movie showing the image processing used to separate the planets from the star. On the left are a series of snapshots from the Keck telescope, showing the bright starlight scattered by the hexagonal Keck telescope into a six-sided diffraction pattern, similar to a "lens flare" in a camera. As the movie plays and the Earth rotates, the "lens flare" pattern remains fixed while the planets and star appear to rotate (just as the stars overhead move at night). The planets are visible as dots starting at about 7:00 (planet b) and 10:00 (planet c). This series of images is used to make a reference pattern that can be used to remove the diffracted starlight. The middle image shows each 20-second snapshot after the reference pattern has been removed - the outer two planets are now clearly visible.  

Over the course of an hour, these snapshots are rotated to put the same orientation and then combined into a single highly sensitive total image, shown building up on the right image. HR 8799d and HR 8799e can clearly be seen slowly appearing in the right image while the noise is being averaged-out by combining a greater number of snapshot images.

Credit: NRC-HIA, C. Marois & Keck Observatory

