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This week in history
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MARCH 22, 2016: The tiny Comet PANSTARRS P/2016 BA14 passes just 0.024 AU from Earth, the closest known 
cometary approach to Earth thus far in the 21st Century and the third-closest known cometary approach to 
Earth in history. Despite its closeness, it was never brighter than 13th magnitude. This and other close comet 
approaches to Earth are discussed in a future “Special Topics” presentation.

MARCH 24, 1993: The team of Eugene and Carolyn Shoemaker and David Levy discovers a “squashed comet” 
from Palomar Observatory in California. Comet Shoemaker-Levy 9 1993e, as this object was known, turned out 
to be a string of individual comet nuclei that had been ripped apart as a result of a close approach to Jupiter 
the previous year, and in July 1994 each of these nuclei would impact Jupiter. These events are discussed in 
Comet Shoemaker-Levy 9’s future “Comet of the Week” presentation.

MARCH 25, 1811: The French astronomer Honore Flaugergues discovers a comet that would later become 
known as the Great Comet of 1811. This comet, one of the brightest of the 19th Century and, intrinsically, one of 
the brightest comets ever seen, found its way into several items of popular culture at the time and afterwards, 
and is a future “Comet of the Week.”

MARCH 25, 1996: Comet Hyakutake C/1996 B2 passes 0.102 AU from Earth, becoming in the process one of the 
brightest and most spectacular comets of the 20th Century and exhibiting one of the longest cometary tails 
ever seen. It is this week’s “Comet of the Week.”

COVER IMAGEs CREDITS: 
Front cover: This artist’s concept shows the Wide-field Infrared Survey Explorer, or WISE spacecraft, in its orbit around Earth. 
From 2010 to 2011, the WISE mission scanned the sky twice in infrared light not just for asteroids and comets but also stars, 
galaxies and other objects. In 2013, engineers brought the spacecraft out of hibernation to hunt for more asteroids and 
comets in a project called NEOWISE. Courtesy NASA/JPL-Caltech.

Back cover: This graphic shows the orbits of all the known Potentially Hazardous Asteroids (PHAs), numbering over 1,400 as 
of early 2013. These are the asteroids considered hazardous because they are fairly large (at least 460 feet or 140 meters 
in size), and because they follow orbits that pass close to the Earth’s orbit (within 4.7 million miles or 7.5 million kilometers). 
But being classified as a PHA does not mean that an asteroid will impact the Earth: None of these PHAs is a worrisome 
threat over the next hundred years. By continuing to observe and track these asteroids, their orbits can be refined and 
more precise predictions made of their future close approaches and impact probabilities. Courtesy NASA/JPL-Caltech.
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MARCH 26, 2014: Brazilian astronomer Felipe Bragas-Ribas and his colleagues announce their discovery of 
two thin rings around the centaur (10199) Chariklo, found when that object occulted a star the previous June. 
Centaurs are discussed in a previous “Special Topics” presentation, and the results of asteroid occultations are 
discussed in a future “Special Topics” presentation.

MARCH 27, 1996: The German Roentgensatellit (ROSAT) satellite detects x-rays coming from the vicinity of 
Comet Hyakutake C/1996 B2, the first “real-time” detection of x-rays from a comet (although archived ROSAT 
data of earlier comets were later found to show x-ray emission). It would be four years before a full explanation 
of these cometary x-rays could be determined. Comet Hyakutake is this week’s “Comet of the Week,” and 
x-ray observations of comets is one of the items discussed in this week’s “Special Topics” presentation.

MARCH 27, 2134: Comet 1P/Halley will pass through perihelion at a heliocentric distance of 0.593 AU. This will be 
an exceptionally favorable return of Comet Halley, with a passage by Earth of 0.096 AU six weeks later. Comet 
1P/Halley was the subject of a previous “Special Topics” presentation.

MARCH 28, 1802: The German astronomer Heinrich Olbers discovers the asteroid (2) Pallas, the second-known 
asteroid and the third-largest asteroid in the main asteroid belt. Main-belt asteroids, including the discovery of 
Pallas, are discussed in Week 1’s “Special Topics” presentation.

MARCH 28, 1973: Harvard astronomers Richard McCrosky and Cheng-Yuan Shao recover the near-Earth 
asteroid (1862) Apollo, which had been lost since the time of its discovery in 1932. The orbit of Apollo is now 
well established, and it will next pass close to Earth again (0.035 AU) in November 2046; during the interim it will 
also make two close approaches to Venus (0.070 AU in September 2021 and 0.058 AU in July 2039). It and other 
near-Earth asteroids are discussed in a previous “Special Topics” presentation.

MARCH 28, 2012: NASA’s Mars Reconnaissance Orbiter (MRO) mission detects a fresh 50-meter-wide impact 
crater, surrounded by several smaller fresh craters, near the Martian Equator south-southwest of Olympus Mons, 
although the craters were not noticed until two years later. The craters did not appear in images taken the 
previous day, allowing the time of impact to be narrowed down to within a one-day period.

MARCH 28, 2019: Hungarian scientist Ildiko Gyollai and his colleagues announce their conclusions that a study 
of the Martian meteorite ALH 77005 – recovered from the Allan Hills region of Antarctica in 1977 – indicates 
evidence of fossilized biosignatures from possible ancient microbes. These conclusions are under investigation 
and await confirmation at this time. The possibility of life in Martian meteorites is the subject of a future “Special 
Topics” presentation.

*There are no calendar entries for march 23.
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COMET OF THE WEEK:  Hyakutake C/1996 B2 
Perihelion: 1996 May 1.40, q = 0.230 AU

Following the discovery of Comet Hale-Bopp in mid-
1995, the entire world was awaiting its expected good 
show in 1997. But while we were waiting, another 
comet came by and provided another stunning show. 
This object was discovered on January 30, 1996 by a 
Japanese amateur astronomer, Yuji Hyakutake, who 
curiously had discovered another comet (C/1995 Y1) 
just five weeks earlier only three degrees away from this 
one’s discovery location.

At the time of its discovery this newer Comet Hyakutake 
was about 10th magnitude and moving very slowly 
from night to night. Once its orbit was determined the 
reason for the comet’s slow apparent motion became 
obvious: it was headed almost directly towards Earth. 
It would pass only 0.102 AU from Earth on March 25 – 
the seventh-closest approach of any known comet to 
Earth in the 20th Century, and, intrinsically, the brightest 
comet to pass this close to Earth since the mid-16th 
Century.

Comet Hyakutake brightened rapidly during the 
ensuing weeks, and reached naked-eye visibility 
by the beginning of March. By mid-March it had 
brightened to 3rd magnitude and was exhibiting a 
coma almost one degree in diameter, with an ion 
tail up to five degrees long or longer. On the night of 
its closest approach, when it was located near the 
Big Dipper, it was as bright as magnitude 0, with a 
coma 1 ½ degrees in diameter, and according to my 
measurements exhibited an ion tail over 50 degrees 
long; telescopically the inner coma was quite active 
with distinct jetting activity. Two nights later, when 
the comet passed near the North Celestial Pole, the 
brightness had dropped slightly to 1st magnitude, 

however our view of the tail had become more 
broadside, and I measured a length of 70 degrees – 
the longest cometary tail I have ever seen – and some 
observers reported it as being as long as 100 degrees.

The comet continued fading somewhat as it receded 
from Earth, and the apparent tail length also 
decreased somewhat, although by this time a dust 
tail was also beginning to appear; I was still measuring 
lengths as long as 45 degrees by mid-April. By this 
time its elongation was starting to get low as the 
comet made its approach to perihelion, and when it 
disappeared into evening twilight during the last week 
of April it was between 2nd and 3rd magnitude.

There was hope that the comet might brighten again 
as it passed through perihelion, but this did not happen. 
It did, however, put on a good showing in the LASCO 
coronagraphs aboard the joint NASA/ESA SOlar and 
Heliospheric Observatory (SOHO) spacecraft that had 
been launched in late 1995, where it exhibited not only 
regular ion and dust tails but also a straight third tail that 
analysis indicated was made up of massive particles 
that had been ejected from the nucleus during the 
preceding few days. Following perihelion it was picked 
up from the southern hemisphere during the second 
week of May as a 3rd-magnitude object deep in 
morning twilight with a bright 3-degree-long dust 
tail. It faded as it receded from the sun and traveled 
southward, dropping below naked-eye visibility in early 
June, with the final visual observations being obtained 
during the latter part of August and the final images 
being recorded in early November.

As might be expected, Comet Hyakutake was intensely 

Photographs I took of Comet Hyakutake on March 27, 1996. Left: Standard lens, giving the approximate naked-eye appearance. 
The bright star above the comet’s coma is Polaris. Right: Telephoto lens, giving the approximate appearance in binoculars.

http://sohowww.nascom.nasa.gov


studied from a scientific standpoint, and was observed 
with a number of instruments, including the Hubble 
Space Telescope which detected the presence of 
several small “condensations” in the inner coma that 
were apparently very small fragments (no more than 
15 meters across) that had recently broken off the 
nucleus. Meanwhile, radar bounce measurements 
obtained with NASA’s Deep Space Network antenna 
in Goldstone, California indicated that the nucleus was 
quite a bit smaller than expected, no more than 2 to 
3 km in diameter. The fact that, intrinsically, the comet 
was as bright as it was – comparable to the intrinsic 
brightness of Comet 1P/Halley – indicates that a much 
larger percentage of the nucleus’ surface area was 
active than was Halley’s.

One of the most remarkable scientific observations 
of Comet Hyakutake was the detection of x-rays by 
the German Roentgensatellit (ROSAT) x-ray astronomy 
satellite, initially on March 27 and then on several 
subsequent occasions. The x-rays came from a 
crescent-shaped region some 30,000 km sunward of 
the comet’s nucleus, and once the scientific team 
knew what to look for, they were able to identify x-ray 
detections from several previous comets in archived 

ROSAT data including, remarkably, from the otherwise 
obscure Comet Arai 1991b some six weeks before 
that object’s discovery. The origin of cometary x-rays 
remained a mystery for some time, but was finally 
explained by observations of Comet LINEAR C/1999 S4 
by the Chandra X-ray Observatory in July 2000, which 
showed that they are produced by charge-exchange 
reactions between very energetic particles in the solar 
wind and neutral atoms and molecules in the comet’s 
environment.

One other noteworthy scientific result came from 
analysis of magnetic field data taken by the joint 
NASA/ESA Ulysses spacecraft in May 1996, at which 
time Ulysses was located at a heliocentric distance of 
3.7 AU. The data indicates that Comet Hyakutake’s 
ion tail was at least 3.8 AU long – by far, the longest 
cometary tail ever detected – and moreover exhibited 
distinct curvature, which is contrary to previously held 
assumptions. This appears to vindicate some of the 
extremely long tail measurements that some observers 
made in late March, which were longer than was 
geometrically possible – under the assumption that the 
ion tail points directly away from the sun in a straight 
line.

Comet Hyakutake was the first “Great Comet” to 
appear after the development of much of modern 
computer and communications technology, including 
the Internet. It thus enjoyed a strong virtual presence, 
including a NASA-sponsored “Night of the Comet” 
World Wide Web “party” at the time of its closest 
approach to Earth. Together with the impacts of 
Comet Shoemaker-Levy 9 into Jupiter two years earlier 
and the display of Comet Hale-Bopp the following year 
– both of these objects being future “Comets of the 
Week” – Comet Hyakutake helped spawn a dramatic 
renewal of popular interest in comets during the mid- to 
late 1990s. Such are among the legacies of what was 
truly a most remarkable comet.

Photograph of Comet Hyakutake I took on the evening of 
April 16, 1996.

Comet Hyakutake as it appeared in the LASCO C3 
coronagraph aboard SOHO on May 4, 1996. Image courtesy 
NASA/ESA.

X-ray image of Comet Hyakutake, taken by the ROSAT 
satellite on March 27, 1996. Credit is listed on the image.
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The “visible” light that our eyes see, and that most 
of our telescopes detect, is only a very small part of 
the electromagnetic spectrum. The full EM spectrum 
encompasses everything from the long-wavelength, 
low-frequency, low-energy radio waves, on down 
through infrared, then “visible” or optical light, and 
then into the shorter-wavelength, higher-frequency, 
and higher-energy ultraviolet, x-rays, and gamma-
rays. A wide variety of different physical processes 
and mechanisms contribute towards producing the 
various forms of EM radiation, for example, radio 
waves are generally produced by cold molecular gas, 
infrared is often produced by warmed-up dust re-
radiating higher-energy forms of light, and ultraviolet, 
x-rays, and gamma-rays are usually produced by hot 
gas and very energetic processes.

For most of human history our knowledge of 
the surrounding universe was restricted to what 
information we could gather via “visible” light. This 
gives us, at best, a rather limited view of that universe, 
with many of the processes that operate in the 
universe being hidden. The opening up of the various 
other regions of the EM spectrum over the past several 

decades has accordingly given us a much more 
comprehensive and complete picture of the universe 
and the various processes that operate within it than 
was ever possible before.

Much of the EM radiation in space is blocked from 
Earth’s surface by our planet’s atmosphere – which 

special Topic: “Small Bodies” and the 
electromagnetic spectrum

The spiral galaxy M51 in Canes Venatici as imaged in several regions of the electromagnetic spectrum. The processes that 
produce the various forms of EM radiation are described under each image. Courtesy NASA/University of Chicago.

The Karl G. Jansky Very Large Array in New Mexico. Courtesy 
National Radio Astronomy Observatory.

http://www.messier.seds.org/m/m051.html
http://www.vla.nrao.edu


is fortunate for us, especially with the higher-energy 
forms of radiation like ultraviolet, x-rays, and gamma-
rays, since otherwise we wouldn’t be here to 
appreciate the fact. There are two primary “windows” 
whereby some EM radiation does reach the surface; 
one of these is in the optical part of the spectrum, 
which includes the “visible” light that we see, and 
which extends slightly into the ultraviolet – enough 
to produce suntans and sunburns – and partially 
into the infrared, with some regions being blocked 
by atmospheric gases and others regions able to 
reach the ground. (The gases that block some of the 
infrared include the “greenhouse” gases like carbon 
dioxide and water vapor, which also prevent surface-
produced infrared radiation from escaping into 
space.)

The other “window” is in the radio region of the 
spectrum. Radio waves from space were discovered 
somewhat by accident in 1931 by a Bell Labs 
engineer, Karl Jansky, who was investigating the 
source of a “hiss” that appeared in a radio antenna 
that he had built, and found that it came from the 
center of our Galaxy in Sagittarius. An American 
engineer and radio astronomer, Grote Reber, built 
a radio dish in his backyard in Illinois in 1937, and 
is generally credited as developing the science of 
radio astronomy. Today radio astronomy is a very 
active arena of astronomical investigation, and via 
the technique of interferometry and large systems 
of radio telescopes such as the Very Large Array in 
New Mexico it is possible to achieve extremely high 
resolution of astronomical objects.

Our studies of the other regions of the EM spectrum 
had to wait until the beginning of the Space Age. 

As early as the late 1940s sounding rocket flights 
carried ultraviolet detectors above the atmosphere 
which allowed for a few minutes of observations, but 
more intense studies had to wait until the capability 
of launching satellites into orbit could be achieved. 
Today almost every region of the EM spectrum has 
one or more astronomical telescopes in Earth orbit (or 
occasionally elsewhere) collecting observations on a 
full-time basis.

As is true for other types of astronomical objects, the 
“small bodies” of our solar system (and other planetary 
systems, for that matter) have been examined in 

The various “windows” in Earth’s atmosphere that permit some regions of the electromagnetic spectrum to reach the surface.

Radar images (combined with data from NASA’s tracking 
antenna in Goldstone, California and the Arecibo radio 
telescope in Puerto Rico) of the near-Earth asteroid (163899) 
2003 SD220 obtained on December 16 and 17, 2018, during 
that object’s close approach to Earth. Courtesy NASA.

http://www.vla.nrao.edu
http://www.gdscc.nasa.gov
http://www.naic.edu/ao


all the various regions of the EM spectrum. Since 
observations in the optical part of the spectrum 
primarily constitute the observations discussed 
throughout these “Special Topics” presentations, here 
I will focus on the other regions of the EM spectrum. 
To a pretty large degree, the developmental history 

of “small bodies” observations in these other regions 
of the spectrum parallels that of most other types of 
astronomical objects.

The first radio observations of the solar system’s “small 
bodies” utilized radio waves in an active sense, i.e., 
radar. A meteor passing through the atmosphere will 
ionize molecules in the air around it, which in turn 
leave a radar-detectable echo. The first widespread 
use of radar took place during World War II, and 
shortly thereafter several radars of that era, including 
at Jodrell Bank Observatory in England, were specially 
adapted for use in detecting meteors, and the 
first successful usage of this process came with the 
Draconid meteor shower on October 9, 1946. (The 
Draconid shower was especially strong that year, with 
rates peaking at 3000 to 6000 meteors per hour; they 
are associated with Comet 21P/Giacobini-Zinner, 
which is a future “Comet of the Week.”)

Radar observations of meteor showers are quite 
routine nowadays. Indeed, several daytime meteor 
showers, detectable only via radar, have been 
discovered over the past few decades; the strongest 
of these, the Arietids, peaks around June 7 every 
year and has a peak rate of about 60 meteors per 
hour.

Radar can also be used to detect objects passing 
near Earth. This was accomplished for the first time in 
June 1968 when the near-Earth asteroid (1566) Icarus 

ALMA image of Comet 46P/Wirtanen obtained on 
December 2, 2018 shortly before that object’s close 
approach to Earth. Courtesy ALMA/ESO/NAOJ/NRAO/
Martin Cordiner/NASA

Processed ALMA image of the planet-forming (and comet-forming) disk around the young star Oph-IRS 48 in Ophiuchus. 
Courtesy ALMA/NRAO/Nienke van der Marel.

http://www.jodrellbank.net/visit/whats-here/lovell-telescope
http://www.almaobservatory.org


passed 0.04 AU from Earth; MIT Lincoln Laboratories’ 
Haystack Radio Observatory in Massachusetts 
and NASA’s large tracking antenna in Goldstone, 
California both recorded successful detections. MIT 
student Paul Kamoun utilized the giant Arecibo radio 
telescope in Puerto Rico to accomplish the first radar 
detection of a cometary nucleus, of Comet 2P/Encke 
in November 1980, and the first radar detection of 
a long-period comet took place in May 1983 with 
Comet IRAS-Araki-Alcock 1983d during that object’s 
close approach to Earth. Today the Arecibo radio 
telescope and the Goldstone antenna are utilized 
quite frequently for radar detections of passing 
asteroids and comets, and have found that a non-
trivial percentage of these objects are either binary or 
at least “contact binary” in structure. Radar has also 
been utilized for related investigations, for example, 
the detection of water ice in Mercury’s polar regions 
that is the likely result of cometary impacts.

The first radio observations of a comet were made 
in 1957 of Comet Arend-Roland 1956h (a future 
“Comet of the Week”), but such was the state 
of technology at the time that little in the way of 
scientific observations could be performed other 
than in the evolution of large-scale phenomena in 
the comet’s coma and tail. The first useful scientific 
radio observations of a comet were made in late 
1973 of Comet Kohoutek 1973f – also a future “Comet 
of the Week” – and these revealed the presence 
of numerous complex molecules, including various 
organic molecules. The radio observation of comets 
has expanded greatly since then and is a routine 
part of cometary investigations today, and numerous 

substances have now been identified in comets’ 
comae and tails.

The region of the radio spectrum with wavelengths in 
the millimeter to centimeter range is usually referred 
to as the “microwave” part of the EM spectrum, and 
the region with wavelengths slightly less than one 
millimeter is usually referred to as the “submillimeter” 
part of the spectrum; these are sometimes treated 
as their own respective regions of the EM spectrum. 
Earth’s atmosphere is rather opaque in this part of 
the spectrum, although instruments placed at dry 
high-altitude sites, such as Mauna Kea in Hawaii and 
Chile’s Atacama Desert, can access these regions 
to an extent. Sub-millimeter telescopes, in particular, 
have proven instrumental in demonstrating that 
sublimation of carbon monoxide plays a significant 
role in driving cometary activity. The Atacama Large 
Millimeter/submillimeter Array (ALMA) telescope 
in Chile has been quite effective in examining the 
planet-forming – and comet-forming – disks around 
newborn stars. Meanwhile, the Submillimeter Wave 
Astronomy Satellite (SWAS) spacecraft, launched in 
1998, has been able to examine comets from space in 
this part of the spectrum, including Comet 9P/Tempel 
1 around the time of the Deep Impact encounter 
in 2005. (This is discussed in that comet’s upcoming 
“Comet of the Week” presentation.)

The dust in comets and asteroids, especially when 
warmed by sunlight, can produce strong signals in 

the infrared, and since part of the optical “window” 
extends into the infrared ground-based infrared 
observations of these objects has been possible for 
some time. Carl Lampland at Lowell Observatory in 
Arizona performed the first infrared observations of 
a comet as far back as 1927 when he observed the 
brilliant Comet Skjellerup-Maristany 1927k with an 

I took this photograph of Comet Hale-Bopp and Launch 
Complex 36 at White Sands Missile Range, New Mexico, 
shortly before the launch of a sounding rocket on the 
evening of March 24, 1997. The desert landscape is lit up by 
the nearly full moon.

Composite infrared image (wavelength 24 microns) of 
the components of the split Comet 73P/Schwassmann-
Wachmann 3, obtained by the Spitzer Space Telescope 
between May 4 and 6, 2006. The image shows several 
distinct components as well as a string of dusty debris 
between them. Image courtesy NASA.

http://www.haystack.mit.edu/obs/haystack
http://www.gdscc.nasa.gov
http://www.naic.edu/ao
http://science.sciencemag.org/content/258/5082/635
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http://www.cfa.harvard.edu/swas
http://lowell.edu
http://www.wsmr.army.mil
http://www.spitzer.caltech.edu


infrared thermocouple; his observations were enough 
to show that the pre-perihelion infrared emissions were 
due to reflected sunlight, whereas the post-perihelion 
emissions were due to heated dust within the nucleus 
and coma. It would be another four decades before 
another comet was observed in the infrared, these 
observations being performed of Comet Ikeya-
Seki 1965f – a future “Comet of the Week.” Infrared 
observations of comets (and asteroids as well) are 
quite routine nowadays; one of the early results from 
infrared comet observations was the identification 
of silicate grains in the coma of Comet Bennett 
1969i – next week’s “Comet of the Week” – that are 
essentially identical to those that have been detected 
in the atmospheres of red giant stars.

Observations in the mid- and far-infrared require 
the usage of spacecraft above the atmosphere. 
All-sky infrared surveys were carried out by the 
InfraRed Astronomical Satellite (IRAS) mission in 1983 
and the Wide-field Infrared Survey Explorer (WISE) 
spacecraft in 2010; among many other discoveries, 
IRAS discovered six comets (including the Earth-
approaching Comet IRAS-Araki-Alcock 1983d), the 
“asteroid” (3200) Phaethon (the apparent parent 
object of the Geminid meteors), and a long dust tail 
following Comet 10P/Tempel 2, while WISE discovered 
17 comets and several near-Earth asteroids, including 
the first-known (and, so far, only known) Earth “Trojan” 
asteroid, 2010 TK7. (Trojan asteroids are the subject 
of a future “Special Topics” presentation.) Although 
WISE’s two longest-wavelength detectors ceased 
functioning once its liquid helium coolant ran out, its 
two shorter-wavelength detectors remain operational, 
and it was reactivated in late 2013 to search for 
Earth-approaching objects under the mission name 
Near-Earth Object Wide-field Infrared Survey Explorer 
(NEOWISE); to date NEOWISE has discovered 17 

comets and numerous near-Earth asteroids.

Other infrared space telescopes that have observed 
“small bodies” include NASA’s Spitzer Space 
Telescope and ESA’s Herschel Space Observatory 
(the range of which extended into the far-infrared 
and submillimeter regions of the EM spectrum). 
One of Spitzer’s most dramatic observations was 
the detection of a tail and a coma (apparently 
produced by sublimation of carbon dioxide) around 
the “asteroid” (3552) Don Quixote in 2009; this had 
long been considered a likely “extinct” comet, and 
the Spitzer observations showed that it is still active 
at a low level. Meanwhile, the James Webb Space 
Telescope, currently scheduled for launch in March 
2021, will be an infrared-sensitive instrument and will 
certainly be observing comets and asteroids from time 
to time.

The first space-based ultraviolet observations of 
a comet were performed by a sounding rocket 
launched from White Sands Missile Range in New 
Mexico of Comet Ikeya-Seki 1965f, although little in 
the way of useful scientific results came from these. 
Sounding rockets remain a relatively inexpensive 
(albeit brief) means of obtaining ultraviolet 
observations from space, and various other comets 
have been so observed since then; I had the privilege 
of witnessing a couple of sounding rocket launches 
from White Sands to study Comet Hale-Bopp in 1997.

The first ultraviolet observations of comets from orbit 
came in early 1970 when the Orbiting Astronomical 
Observatory 2 (OAO-2) satellite detected a large 
cloud of hydrogen surrounding Comet Tago-Sato-
Kosaka 1969g (a previous “Comet of the Week”); 
the existence of such a cloud had been predicted a 
few years earlier by the German astronomer Ludwig 

All-sky images taken by the SWAN ultraviolet telescope aboard the SOHO spacecraft on July 25 and 27, 2002. These are the 
discovery images of Comet SWAN C/2002 O6; the comet is the bright, diffuse, moving object in the lower right quadrant of 
the images. Courtesy NASA/ESA.

http://irsa.ipac.caltech.edu/Missions/iras.html
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http://earthriseinstitute.org/comet6.html
http://swan.projet.latmos.ipsl.fr
http://sohowww.nascom.nasa.gov


Biermann. OAO-2 detected a similar, larger cloud 
around Comet Bennett 1969i a couple of months 
later; the Orbiting Geophysical Observatory 5 (OGO-
5) satellite also detected this cloud around Comet 
Bennett and also a smaller cloud around Comet 2P/
Encke late that year. These “Lyman-alpha clouds” – so 
named due to the strongest ultraviolet spectral line 
of hydrogen – are now known to accompany almost 
all comets that visit the inner solar system, and the 
ultraviolet-sensitive Solar Wind ANisotropies (SWAN) 
telescope aboard the joint NASA/ESA SOlar and 
Heliospheric Observatory (SOHO) spacecraft routinely 
detects them. Several researchers scan the publicly-
accessible SWAN images in search of previously-
unknown comets, and to date 16 comets have been 
so discovered, all but the first two of these being near-
real-time discoveries.

Several additional space-based ultraviolet telescopes, 
such as the International Ultraviolet Explorer (IUE) and 
NASA’s GALEX mission, have examined comets from 
time to time; IUE, in particular, studied several comets 
during its 18 years of operations. Several atoms and 
molecules, such as hydroxyl (OH), diatomic sulfur 
(S2), and CS, have emission lines in the ultraviolet, 
and missions such as these helped examine their 
abundances and the processes that produce them.

The first x-rays from a comet were detected by the 
German Roentgensatellit (ROSAT) x-ray astronomy 
satellite on March 27, 1996, from Comet Hyakutake 

C/1996 B2 (this week’s “Comet of the Week”); the 
x-rays were found to be coming from a crescent-
shaped region 30,000 km sunward of the comet’s 
nucleus. This detection came somewhat as a surprise, 
but once researchers knew what to look for they 
found several previous detections of cometary x-rays 
in archived ROSAT data, including, rather remarkably, 
in the otherwise unremarkable Comet Arai 1991b 
some six weeks before that object’s discovery. X-rays 
have since been detected in several other comets 
by ROSAT as well as by other x-ray astronomy satellites 
like the Italian-Dutch BeppoSAX mission and NASA’s 
Extreme UltraViolet Explorer (EUVE) – which, despite 
its name, also observed in the x-ray part of the EM 
spectrum – and the Chandra X-ray Observatory. For 
several years the origin of cometary x-rays remained 
a mystery, but EUVE and Chandra observations of 
Comet LINEAR C/1999 S4 in July 2000 showed that 
they are produced by charge-exchange reactions 
between very energetic particles in the solar wind 
and neutral atoms and molecules in the comet’s 
environment.

At this time there have apparently been no positive 
reports of gamma-rays from comets or asteroids, 
although since these are normally produced by very 
energetic processes involving atomic nuclei it would 
seem that these would not apply to the more benign 
environments involving the solar system’s “small 
bodies.” However, surprises often come in science, 
and it is perhaps not entirely out of the question 
that cometary and/or asteroidal gamma-rays may 
become an active area of investigation someday.

X-ray image of Comet LINEAR C/1999 S4, taken by the 
Chandra X-ray Observatory on July 14, 2000. Courtesy NASA.

Ultraviolet image of Comet Machholz C/2004 Q2 obtained 
by NASA’s GALEX spacecraft on March 1, 2005. The purple 
is due to emission from the hydroxyl (OH) molecule and 
the yellow is due to emission by the CS molecule. Courtesy 
NASA/JPL-CalTech/University of Washington/Jeffrey 
Morgenthaler.

http://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1968-014A
http://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1968-014A
http://swan.projet.latmos.ipsl.fr
http://sohowww.nascom.nasa.gov
http://sohowww.nascom.nasa.gov/data/summary/swan/swan-images.html
http://sci.esa.int/web/iue
http://www.galex.caltech.edu
http://www.mpe.mpg.de/ROSAT
http://www.ssdc.asi.it/bepposax
http://www.ssl.berkeley.edu/euve
http://chandra.harvard.edu
http://chandra.harvard.edu
http://earthriseinstitute.org/comet2.html
http://www.galex.caltech.edu
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