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WISE is a NASA funded mission

The Principal Investigator is Professor Ned Wright of UCLA

Jet Propulsion Laboratory is responsible for the mission management and operations

Ball Aerospace built the spacecraft

Space Dynamics Lab built the payload

The Infrared Processing and Analysis Center will handle the processing of the data from the mission

The University of California at Berkeley is responsible for the Education and Public Outreach for the mission.
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The background image is of the Milky Way Galaxy as seen in the 2MASS survey, which was done in near infrared wavelengths near 2 microns. 2MASS stands for the 2 Micron All Sky Survey.

The images along the bottom depict various objects of interest for the WISE survey: asteroids, brown dwarfs, the Milky Way, and Ultra Luminous Infrared Galaxies (ULRIGs).
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The Infrared Astronomical Satellite (IRAS) was launched by NASA in the 1980s and conducted the first all sky survey in mid infrared wavelengths. This image is of the center of the Milky Way Galaxy and shows the resolution and sensitivity of that survey.
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Since the 1980s, infrared detector technology has improved greatly and views like this are now possible. This is the same region of the center of the Milky Way as seen by a military satellite in the 1990s called MSX. Since IRAS, however, no satellites have used this new technology to map the entire sky. WISE will map the entire sky at mid infrared wavelengths with the resolution and sensitivity shown in this view.
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WISE has 4 infrared detectors on board that will simultaneously image the sky in 4 different infrared wavelengths: 2 are near infrared and 2 are mid infrared. The near infrared view shown here is of the Milky Way plus the large and small Magellanic Clouds (two small satellite galaxies of the Milky Way) from 2MASS, which was done from the ground at shorter wavelengths than what WISE will see. The mid infrared view is from the IRAS survey and shows the same portion of sky as the 2MASS view. 
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Modern all sky surveys have recently been carried out across the electromagnetic spectrum (or soon will be). The GALEX has done an all sky survey in ultraviolet light. In visible light there is the Digitized Palomar Observatory Sky Survey (DPOSS). The Japanese AKARI mission has recently carried out an all sky survey in far infrared light. The Planck mission will soon complete the most sensitive-to-date survey of the sky at microwave wavelengths. WISE will fill the gap in modern, sensitive all sky surveys in near and mid infrared wavelengths. 

The James Web Space Telescope (JWST) will be NASA’s replacement for the Hubble Space Telescope and will largely see infrared light. The catalogue produced by WISE will serve as a resource to help astronomers decide on objects to investigate with JWST.  
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The telescope and detectors are cooled by a cryostat filled with solid hydrogen. The coldest detectors will be cooled to 8 degrees centigrade above absolute zero. Cooling the telescope and optics reduces noise caused by the infrared radiation given off by the telescope itself. Putting the telescope in space also reduces the noise from the infrared radiation emitted by the atmosphere. It also allows the telescope to see infrared light that would be otherwise absorbed by the atmosphere. So with all of these advantages of being in space and being cooled, a 40 cm telescope is as powerful as 6,000 8-meter telescopes (or one 620-meter in diameter telescope) located on the ground.
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WISE will orbit Earth in what is called a Sun-Synchronous orbit. The spacecraft tumbles end over end with a period equal to the period of its orbit around Earth. That keeps its backside to Earth and the aperture to the sky. It orbits Earth going from polar region to polar region, thus staying approximately over the dividing line between day and night on Earth (called the terminator). Its solar panels stay in the sunlight to provide power to the spacecraft. 

When it is dawn or dusk in any given place on Earth, WISE will be moving in a path in the sky that stretches roughly from North to South and goes directly overhead.

At an altitude of 523 km, it will take WISE about 90 minutes to complete an orbit.

The orientation of the orbit in space will rotate at a rate of about 1 degree per day. This will keep the spacecraft in this Sun-Synchronous orbit throughout the year as Earth orbits the Sun.
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During an orbit the spacecraft is taking images every 11 seconds. During that eleven seconds a scan mirror in the telescope moves to counter the motion of the spacecraft and freeze the images onto the detectors so that there will be no blurring due to the spacecraft’s motion. 

The image field of view is a 47 arcminutes square (larger than the size of the full Moon, which is about 30 arcminutes across). 

Each image along the orbital path will overlap about 10%. In each successive orbit, the portion of sky imaged will be 90% the same, shifted to the East by 10% from the previous image. So in many orbits the same portion of sky will be imaged many times. The minimum number of times anywhere on the sky will be seen is 8 times.

After only 6 months the orbit will have rotated 180 degrees and the entire sky will be covered.    
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The maps above show how much parts of the sky will be covered by the WISE survey. The sky is shown in an aitoff projection, where the equator is the midplane of the Milky Way Galaxy. 

The spots most covered are the ecliptic poles (the spots 90 degrees away from the plane of Earth’s orbit around the Sun). They are basically seen every orbit. 

The least covered areas are along the ecliptic due to both the geometry of the orbit overlaps and data lost from passage through the South Atlantic Anomaly. The SAA is a region in Earth space above the South Atlantic where the Earth’s radiation belts come closest to Earth due to the geometry of the Earth’s magnetic field. 

The spidery arms emanating from the ecliptic poles are areas of extra coverage due to avoidance of the Moon. 
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The two images flickering here are from the Spitzer Space Telescope at 24 microns at 2 different times. This is a field of view in the constellation Taurus along the ecliptic (plane of Earth’s orbit around the Sun).

At first glance it appears that the images are not aligned, but in fact they are. Look carefully and you will see the faint points are stationary and it is the bright things that are moving. All the moving objects are asteroids. The faint objects are stars. Asteroids are bright at mid infrared wavelengths and they are many. WISE will see thousands of asteroids per day.
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The graph above shows the spectrum (intensity vs. wavelength) of a typical main belt asteroid (MBA; solid gray line) and a Near Earth Object (NEO; dashed gray line). The red dots are the sensitivities in the 4 WISE wavelengths. Ignore the other colored dots. 

The smaller hill-shaped lines to the left are the visible spectrum of asteroids. It is reflected light, and therefore matches the spectrum of the Sun. 

The larger hill-shaped lines are the emitted light from the asteroids due to their temperatures (which are very similar; the NEO is a bit closer to the Sun and hence a bit warmer and therefore peaks at shorter wavelengths). 

The image of Gaspra is from a flyby of the Galileo spacecraft on its way to Jupiter. From Earth, asteroids generally only are seen as unresolved points (or streaks in images with long exposure times).

Because WISE sees the light that asteroids emit, their brightnesses depend chiefly on their distances from the Earth and the Sun, and their sizes. The distances can be figured by determining the orbit of an asteroid. Once those are known the size of the asteroid can be determined.
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WISE will aid in the discovery of potentially hazardous asteroids both because it sees infrared light that eliminates any bias against dark asteroids (asteroids with dark surfaces that reflect little visible light) and because it sees a portion of the sky that is difficult for ground-based observers to view (90 degrees away from the Sun), which is also a place where hazardous asteroids are more likely to be located.

Besides discovering asteroids, the WISE data will help in refining the orbits of known asteroids and determining their sizes. Both pieces of information are critical in assessing risks from Near Earth Objects. 

WISE data will also help to study how uneven heating of an asteroid by the Sun can alter its orbit. This is also important to understand in assessing the risk of a NEO. How likely is an orbit to change once figured and how will it be changed?  
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Brown Dwarfs are stars that have too little mass to have ignited sustained nuclear fusion in their cores. They steadily cool as they age and are quite dim. Their sizes are not much larger than Jupiter. It turns out that objects with masses about that of Jupiter and higher do not get physically bigger until they are actually massive enough to ignite nuclear fusion (red dwarfs). They are just progressively denser. 

Because of their cool temperatures, Brown Dwarfs are best found in infrared light.

The graph above shows the spectrum of a Free Floating Planet like Jupiter one light year away (green line) and a 200 Kelvin (200 degrees centigrade above absolute zero) brown dwarf closer than alpha centauri. The red dots are the WISE sensitivities at the 4 WISE wavelengths (the other colored dots are to be ignored). If something like Jupiter were within 1 light year of the Sun, WISE will see it. Also WISE can detect some of the coolest brown dwarfs possible if they are closer than the nearest known star.

GL 229 B was one of the first brown dwarfs discovered. 

The reddish image is Jupiter as seen in the infrared (5 microns).
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When stars form, they typically do so in a cluster. Usually there are a few big, hot stars and lots of little cool stars. We do not know just how many cool stars are typically made during star formation. WISE will help us survey the Solar Neighborhood for cool stars and have a more complete census. 

Despite their greater numbers, the cool stars collectively contain less overall mass than the big stars.
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This is image is from a simulation of the Solar Neighborhood, within 25 light years of the Sun (located in the center at the cross hairs). The image shows all known stars in this volume.
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This image shows what we expect the Solar Neighborhood to look like after the WISE survey finds all the cool stars (shown in red) in this same volume of space. It is likely that one or more cool stars may be found closer to the Sun than alpha centauri, which is currently the closest known star system to the Sun.
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This image is from a large infrared survey of the Milky Way Galaxy done by the Spitzer Space Telescope. It shows the dust and gas in the Milky Way where stars are being born (HII regions) and also shock fronts in the interstellar medium (the stuff between the stars) from supernovas (called supernova remnants, SNRs).

WISE is an all sky survey and will therefore see the entire Galactic plane and will allow astronomers to study the overall structure of the Galaxy. 
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This image from the Spitzer Space Telescope shows the nearby galaxy M81 in infrared light. The dust in the galaxy traces out the spiral arms where stars are born. 

WISE will image all nearby galaxies. 
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This image shows the galaxies seen in the 2MASS survey plotted on the sky with the Milky Way shown for reference. The dots are color coded to show relative distances and hence reveal the large scale structure of the Universe: huge, interconnected filaments of galaxies surrounding enormous voids. 

2MASS surveyed galaxies out to a distance of about 1.3 Billion Light Years (cosmological redshift of 0.1). WISE will survey galaxies out to 5 times that distance (125 times greater volume).
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The most luminous galaxies in the Universe are called Ultra-luminous Infrared Galaxies (ULIRGs). These are galaxies that result from the mergers of more than one galaxy. During the process the appearance of the galaxy is distorted and a large amount of star formation is triggered. Star formation leads to a large amount of cosmic dust, which enshrouds the star forming regions. The dust absorbs the intense light from the numerous stars newly formed making the galaxies relatively dim in visible light. But in infrared light the dust glows brightly. Extra luminosity can be added by the activity of supermassive blackholes consuming matter in the centers of these merging galaxies. These active galactic centers often become surrounded in a disk or torus of dust and gas. 

Galaxy mergers happened more often in the past (far away) when galaxies were closer together. The peak of this activity is expected to have occurred within the volume of galaxies that WISE will be able to sample. After much analysis, one ULIRG will eventually emerge as the most luminous one found in the WISE survey. It is likely that that galaxy is not only the most luminous in the WISE survey but also in the entire observable Universe! 
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The WISE payload is a cryogenically cooled telescope and detector suite. It consists of a 40 cm diameter afocal primary mirror (it does not bring the light to a focus, only concentrates it to a secondary mirror that sends the light to additional optics that split the beam 4 ways and finally to 4 focuses on 4 different detectors.

The Payload was built by Space Dynamics Lab at Utah State University.  
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The detectors are solid state chips with arrays of a million pixels sensitive to infrared light. The mid-infrared arrays are made from silicon doped with arsenic. The near infrared detectors are made from Mercury, Cadmium, and Telluride.   
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The primary mirror is made of aluminum rather than glass and coated with gold. This is more reflective for infrared light. 

The images at the top show the assembly of the optics. 

Below is the cryostat assembled with the bipods that connect it to the spacecraft and the ejectable cover. In this configuration it looks a lot like R2-D2 from Star Wars. The final piece to be fit on the payload is the aperture share that blocks stray light from the Sun, Moon, and Earth from getting into the telescope.
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The cryostat in its R2-D2 appearace. 
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The cryostat with the optics installed within (left). Primary mirror (coated with gold) is visible. In the right image, the aperture shade has been painted white (to reflect Sunlight) and attached.
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The spacecraft was built by Ball Aerospace Corporation in Boulder, CO. In the image on the left a technician uses a wooden mock-up of the spacecraft bus to plan out the placement of all the wires and electronics boxes needed to operate the spacecraft and telescope.

The image on top right shows the high gain antenna that will allow for radio communications with the spacecraft while in orbit.

The image at bottom right shows the star trackers. These are mini telescopes used to provide navigation information to the spacecraft.

Slide 29
On the left is the actual spacecraft bus with mass simulators attached to simulate the mass of star trackers and the high gain antenna for testing of the bus. On the right is the spacecraft bus with the real star trackers attached.
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The full flight system all assembled. The payload is attached to the spacecraft bus, plus the solar panel and antennae are also attached.
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Various tests were done on the completely assembled flight system. The acoustic test, shown in the left image, simulated the noise of launch with towers of speakers surrounding the spacecraft. Note the size of the people in the image. That’s quite a sound system.

In August 2009, the WISE flight system was delivered to Vandenberg Air Force  Base to be readied for launch.

At VAFB final tests are done and the Flight System is mated with the launch vehicle (a Delta II rocket).
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Hundreds of people are responsible for the success of the WISE mission, but the science team (pictured above with the full flight system) set the vision for the mission.
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It has been a long road for the WISE mission from the first proposal to NASA in 1998 to the launch in late 2009 and publishing of the final WISE Atlas and Catalogue 2 years later.
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This all sky image combines data from the 2MASS and IRAS surveys and gives a sense of the infrared that WISE will see only in much greater detail and sensitivity.
