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perspectives

This Is Goodbye (for now)

T

his is my final issue of Mercury.
It’s a very bittersweet moment for me,
because I’ve thoroughly enjoyed being at
the helm of this prestigious astronomy magazine
for the past two-and-a-half years. This group of writers are the best team I’ve edited and I’ll miss their
diverse collection of voices that I’ve had the pleasure of collaborating with for nine issues.
What’s more, I love the ASP’s mission and wholeheartedly support its work to educate STEM topics
through the lens of astronomy. Of all the organizations I’ve worked for in my capacity as a science
communicator, the ASP is the brightest beacon of
hope. We live in challenging times; this is a golden
age of science advancement, but it is being undercut by a “fake news” culture that breeds distrust in
the basic foundations of science, profoundly eroding education systems around the world. It’s rapidly
becoming an essential role for non-profits like the
ASP to step in to dispel myth, superstition and outright lies, while developing programs that are easily
(and often freely) available for formal and informal
educators. It’s for these reasons (and more) that I
will be sad to stand down as Mercury editor.
So... why leave?

THE MAGAZINE OF THE ASTRONOMICAL SOCIETY OF THE PACIFIC

astrosociety.org
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Editor & Producer: Ian O’Neill
Editorial Board: Ian O’Neill, Linda Shore

Well, the time has come to advance my career to
a whole new level, using the skills I’ve developed
over the past fifteen years in a new position at
another institution I also hold in high regard. I’ll be
joining the NASA Jet Propulsion Laboratory’s communications team as a media relations specialist
and writer!
As the ASP and JPL collaborate on many joint
programs, I hope to continue working with the ASP,
not as staff, but on a more advisory level. So, expect
to see me at the occasional ASP Awards Gala, or in a
Mercury guest column every now and again!
Thank you all for a wonderful nine Mercury
issues, it has been an experience that I will never
forget. I’m excited to see how the next editor will
further evolve the magazine.

Dr. Ian O’Neill
Editor, Mercury
editor@astrosociety.org | @AstroSocietyPac
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first word

In Memory of Katherine Johnson

by Linda Shore

We will always remember her love of learning new things.

O

ne of the greatest honors of my life was personally presenting NASA mathematician, Katherine Johnson, with ASP’s
Arthur B.C. Walker II award in her Virginia home. Katherine
had been unanimously selected as the inaugural recipient of the
2016 award, recognizing outstanding contributions by an African
American in both astronomy related research and for promoting
diversity in science. ASP Board Member Schlyeen Qualls and I presented her with the plaque while she was surrounded by a group of
awe-struck students from nearby Hampton College—a renowned
HBCU (Historically Black Colleges and Universities)—who filmed the
event and got the once in a lifetime chance to meet a living icon.
Katherine’s two daughters, Joylette, and Katherine, were there as
well. It also happened to be Katherine Johnson’s 98th birthday that
we all joyously celebrated at her church.
You probably know the amazing story of Katherine Johnson.
Undeterred by the tremendous racial discrimination, gender bias,
and stereotypes of 20th Century America, she entered high school at
age 10, began attending West Virginia State College at 15, and graduated summa cum laude with degrees in mathematics and French at
18. At NASA she determined the orbital trajectory for Alan Shepard’s
first space flight, verified the computer calculations for John Glenn’s
first orbit of the Earth, calculated the trajectories for Apollo 11’s historic Moon landing, and used her tremendous mathematical talent

On her 98th birthday, my husband David and I had the honor of spending time with Katherine
Johnson at her Virginia home to present her with the ASP’s Arthur B.C. Walker II award. Here,
Katherine and David discuss the physics of baseball [Linda Shore/ASP]

to bring the ill fated Apollo 13 astronauts safely back to Earth.
For her immeasurable contributions to the US space program
and being a pioneer for African American women in science, at age
96 Katherine Johnson received the Presidential Medal of Freedom
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from Barack Obama. The following year, the Katherine G. Johnson
Computational Research Facility was formally dedicated at the NASA’s
Langley Research Center where Johnson had worked from 1953
until her retirement in 1983. Her story was revealed to the world in
2017 when the movie “Hidden Figures” was released.
But what I will remember most is her conversation with my
husband, David Barker, an artist and baseball fanatic. David was a
hardball pitcher earlier in his life, and one of the things he wanted
to know was what it had been like for Katherine to receive the
Presidential Medal of Freedom with his own idol, Willie Mays.
Johnson and Mays were sitting literally side by side during the
ceremony, and Katherine told us how Willie was hard of hearing and
didn’t seem to fully realize that President Obama was introducing
the baseball legend. She described getting Mays’ attention by leaning over and saying into his ear, “Willie, Willie…they are talking about
YOU!”
After having a chuckle about that, David pointed out that she and
Willie were actually being recognized for being experts at the same
thing—parabolic motion in a gravitational field. Katherine Johnson,
the expert at tweaking parabolas to successfully launch and return
astronauts to and from space; Willie Mays the expert at predicting
the precise parabolic path of a baseball falling to the ground. David
then described a trick outfielders use to make sure they are in just
the right spot to catch a fly ball. As they position their bodies on the
field, outfielders watch the falling ball and keep it lined up in the
same spot just under the brim of their baseball caps. Do that and
you’ll be lined up with the trajectory of the falling ball. I will never
forget the look in Katherine’s eyes as she processed this information. You could sense her doing calculations in her head. After a few
moments, her eyes twinkled, she smiled broadly, and exclaimed, “I
love learning new things!”

Katherine Johnson signs a baseball for my husband, David. [Linda Shore/ASP]

At most 100 years of age, Katherine Johnson was still passionate
about exploring, discovering, and learning. As long as her mind was
sharp, the universe could still reveal itself to her in awesome ways.
Stay inquisitive and open to new things, and you’ll be rewarded. It
was a lesson I will not forget.
Katherine Johnson passed away on February 24, 2020 at the age
of 101. She will be missed, but her legacy will surely live on in everyone she influenced and through her contributions to the exploration
of space. Sitting on a shelf in our home is a baseball that Katherine
Johnson signed for David. It will be a reminder to stay curious and
“love learning new things.”
LINDA SHORE is the Chief Executive Officer of the Astronomical Society of the Pacific.
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space news
A rundown of some of the most exciting developments in space and time—by Ian O’Neill

Dead or Alive? The Amazing Fading Betelgeuse
You would have been hard pressed to avoid the headlines predicting bright star Betelgeuse’s demise over the past couple of months.
But in case you didn’t hear, the once bright star is bright no more,
dipping to a record low, diminishing Orion’s shoulder to a shadow
of its former self. The reason for all the excitement is down to the
giant star’s age—it’s a star that has come to the end of its life and,
because it’s so massive, when it does die, it will explode as a bright
supernova. Due to its close proximity to our solar system (a mere 700
light-years), we’d be treated to a historic lightshow that would likely
outshine the full moon. Now that Betelgeuse is acting weird, we starwatching humans are morbidly excited that the star might be chiming its death knell and we’ll soon to be treated to a supernova in our
cosmic backyard. A rare and historic event indeed.
Astronomers have been keen to point out, however, that news of
Betelgeuse’s imminent demise is premature and, while the dimming
is certainly strange, it’s not as if Betelgeuse is a particularly steady
burner. Classed as a “semiregular variable star,” historic observations
of the red supergiant star have revealed cycles in brightness every
400 days. A secondary cycle of 2,100 days has also been detected.
It’s possible that the current dimming event is another such cycle or
a blend of two. For now, it’s hard to say.*
There is another theory as to why the massive star might be acting strange. Observations by the SPHERE and VISIR instruments on
ESO’s Very Large Telescope (VLT) show the star appears to be chang-

The VLT’s view of Betelgeuse’s strange asymmetry in December 2019. [ESO/M. Montargès et al.]

ing shape and belching out huge quantities of dust. The asymmetry
of the star could mean there’s some extreme stellar activity going
on, but it could also mean that clouds of dust are simply blocking
our view of Betelgeuse.
Whatever the cause of this recent dimming event, it is true that
Betelgeuse is very close to dying. “Close,” however, is relative. It could
detonate in 100,000 years, but it could blow tomorrow. One thing is
for certain, Betelgeuse has no regard for our schedule and will continue hogging the science headlines for some time to come.

*Editor’s note: At time of print, AAVSO astronomers report that Betelgeuse is brightening once more, revealing that the recent dimming may have indeed been linked with cyclical behavior.
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space news
A Clockwork FRB Source Ticks to its Own Rhythm
Until recently, fast radio bursts (FRBs) appeared to be random. Only
a handful of these flashes of intense radio emissions had been
detected, and because of their unpredictable (and short-lived)
nature, they were only discovered after they had been serendipitously recorded by radio telescopes after looking at unrelated
targets in the universe. These occasional bursts seemed to be impossible to predict, but now the cosmos has ended its torment and
provided a source of FRBs that doesn’t only repeat, it’s generating
FRBs on a regular cycle. (And no, it’s not aliens.)
Every 16.35 days, the source (named FRB 180916.J0158+65)
generates a pattern: for four days, it erupts with a burst or two every
hour and then goes quiet for 12 days. Then, the whole thing starts
up again, as regular as clockwork.
A bizarre clock this may be, but now astronomers using the
Canadian Hydrogen Intensity Mapping Experiment (CHIME)
Collaboration in Canada have found an FRB source that seems to be
transmitting its own special kind of Morse code, perhaps they can
decipher what kind of mysterious phenomena can create such a
signal. “The discovery of a 16.35-day periodicity in a repeating FRB
source is an important clue to the nature of this object,” the researchers write in their study.
The signal is being generated in the outskirts of a massive spiral
galaxy some 500 million light-years away in a bright star-forming
region. The researchers suggest that the FRB source could be orbit-

The source of FRB 180916.J0158+65 has been pinpointed (green circle) to the outer edge of an
unnamed spiral galaxy 500 million light-years away. [Gemini Observatory/NSF’s National OpticalInfrared Astronomy Research Laboratory/AURA]

ing a low-mass black hole that regularly eclipses (or stimulates) the
powerful emissions when it passes in front. Another study suggests
that the repeating FRBs are generated by an extreme type of neutron star that is in orbit with a much more massive star.
“The observations are consistent with magnetically-powered
radio emission originating in the magnetospheres of strongly magnetized neutron stars, the classical magnetars,” they write.
While a few FRB repeaters have been discovered before, it’s exciting to know that this special repeater could contain valuable information about which high-energy phenomena really causes these
strange flashes in the night.
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space news
Our Black Hole Bends Stars Out of Shape
Four bizarre shape-shifting stars have been discovered near the
center of our galaxy, showcasing the extreme nature of spacetime
immediately surrounding the Milky Way’s monstrous supermassive
black hole, Sagittarius A*.
As examined by a recent study published in the journal Nature,
astronomers pored over 13 years of observations from the W. M.
Keck Observatory to track the orbits of the stars near the black hole
behemoth to find that, when they make their closest approach, they
morph into something decidedly un-star-like.
For most of their 100 to 1,000-year orbits, this new class of star
(called “G objects”) go about their stellar business resembling regular stars, but as they make their closest approach, they get stretched
out and deformed, resembling a trail of gas. As they leave the black
hole’s gravitational maw, they morph back to their star-like shapes
and continue on their way.
“These objects look like gas but behave like stars,” said Andrea
Ghez, of the UCLA Galactic Center Group and co-author of the study.
These four new G objects have been designated G3, G4, G5 and
G6, joining G1 and G2 that were discovered in 2005 and 2014,
respectively. Now there are six known G objects, astronomers
believe that they are all part of a common population of extreme
stars that “play chicken” with the black hole they orbit. What’s more,
it’s thought that all six objects were once binary stars that have since
merged—and the extreme gravitational environment is what likely

An artist’s impression of the part-star, part-gas “G objects” near our black hole. [Jack Ciurlo]

sped up the merging process.
“Mergers of stars may be happening in the universe more often
than we thought, and likely are quite common,” added Ghez in a
statement. “Black holes may be driving binary stars to merge.”
While these stars aren’t doomed as they dash deep into the black
hole’s gravitational well, it doesn’t mean they survive unscathed.
After making its closest approach in 2014, G2 likely lost some of
its stellar gas, which was stripped away and consumed by the
black hole—an event that may explain why there was an observed
increase in brightness of Sagittarius A* around the same time.
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space news
Sorry, Mole, Your Mars Vacation Is Over
It’s been nearly a year since the heat probe attached to NASA’s Mars
InSight lander started digging into the Martian soil, and yet it still
remains awkwardly sticking out of the ground like a discarded child’s
toy.
The instrument, called the Heat Flow and Physical Properties
Package (HP3), is designed to hammer itself five meters (16 feet)
deep like a mini jackhammer so it can measure the heat propagating
through the Red Planet’s crust. It is hoped that the data recorded by
HP3 will reveal valuable information about how Mars evolved and
how rocky planets come to be.
Aptly nicknamed the “mole” (for reasons that probably don’t need
explaining) the 40-centimeter (16-inch)-long device should have
burrowed itself out of sight long before now. But Mars, apparently,
has little patience for being probed by alien robots and has done a
great job rejecting the mole from going about its business.
The problem is the composition of the material the mole has been
trying to tap into. InSight’s landing site seems to have an unusually
thick “duricrust”—a layer of cemented topsoil—that wasn’t predicted. For the mole to burrow, it needs relatively loose particles of
soil at the surface to create the friction needed for it to gain traction
and dig underground. In reality, the cemented particles just cause
the mole to bounce around in place.
Realizing more friction was needed, last summer, InSight’s mission scientists used the lander’s robotic arm scoop to press the mole

This raw image recorded by the Instrument Deployment Camera (IDC) on InSight shows the scoop
applying pressure to the end of the probe on the 435th day of its mission. [NASA/JPL-Caltech]

against the side of the shallow hole it was sticking out of—a technique known as “pinning.” While this had some success, the mole
popped back out of the hole. Now, the InSight team will attempt
a little more force, by using the scoop once again, but this time to
push down on the mole’s rear end to hopefully send it on its way.
The operation is expected to take a few weeks and, lacking many
other options, let’s hope it works.
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space news
Hello, Mini Moon, What Are You?
Do you ever get the feeling you’re being stalked? That sixth sense is
on fine form if your arm hairs are currently standing on end—you
are being stalked. Well, we all are.
On February 15, astronomers of the Catalina Sky Survey in Arizona
spotted a small object, measuring only a few meters wide, drift
by. Its trajectory, however, didn’t suggest it was a regular asteroid
encounter. This object is in orbit around Earth and it has been for
around three years.
The little space guest, designated 2020 CD3, is a temporary terrestrial satellite and only the second “mini-moon” discovered so far
(the first was 2006 RH120, which was also discovered by the Catalina
Sky Survey). While it might be exciting to know that our planet has a
second natural satellite in tow (in addition to our Moon, of course),
don’t get too used CD3 hanging around for long. Follow-up observations by the Gemini Observatory of the 6-12 ft (1.9-3.5 m) object
suggest it’s going to be ejected from our planetary neighborhood in
the next month or so.
“Obtaining the images was a scramble for the Gemini team
because the object is quickly becoming fainter as it moves away
from Earth. It is expected to be ejected from Earth’s orbit altogether in April,” said John Blakeslee, Head of Science of the Gemini
Observatory, in a statement
The urgency to observe the interplanetary tagalong is because
the car-sized object may not actually be natural. Not content with

Earth’s mini-moon, 2020 CD3, as seen against a backdrop of streaks, which are background stars seen
through three different filters. [Gemini Observatory/NSF’s NOIARL/AURA]

just littering our own planet, we’ve been shedding artificial debris
into space since the beginning of the space age, so there’s a chance
CD3 may not be a space rock. There’s a chance it might be a remnant
rocket stage from a previous decade.
“Additional observations to refine its position will help us determine this mystery object’s orbit and its possible origin,” said lead
astronomer of the Gemini observations, Grigori Fedorets.
One thing is for certain, however, it’s not Elon Musk’s old Tesla
Roadster that SpaceX launched in 2018.
“It’s not mine,” Musk tweeted on Feb. 26.
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annals of astronomy

The “Black Death Scapegoat“ Conjunction of 1345

by Clifford J. Cunningham

The medieval conjunction of Saturn and Jupiter was blamed for a plethora of events, including the greatest catastrophe to befall Europe.

P

lanetary conjunctions are a striking sight in the sky, even now
when no significance is attached to them. Centuries ago, however, they were infused with meaning, one of the most prominent being the conjunction between Jupiter and Saturn 675 years
ago in 1345.
The 14th Century saw the peak of what became known as
“conjunctionist astrology.” Great significance was attached to the
planetary conjunctions of 1325, 1345, 1349, 1357, 1360, 1365 and
1373. Conjunctions of Jupiter and Saturn occur at 20-year intervals,
accounting for those of 1325, 1345 and 1365. To understand astronomy of that period, one must deal with its ugly step-sister astrology,
as it had ramifications far beyond mistaken belief. The 1325 conjunction, for example, prompted Dante to incorporate it in the Divine
Comedy, the greatest of all literary works from the medieval period.
He used the conjunction to bolster his prophecy of a great leader
who would reform Christianity.
Even before it happened, the 1345 conjunction elicited a spate of
publications across Europe. In England, John Ashenden took material from Arab sources to fashion a prognostication for the king of
England. Edward III, he wrote, would enjoy victory over his enemies.
In 1357, Ashenden felt compelled to write about the upcoming 1365
conjunction too, specifically attacking the “cruel and bestial” Scots,
England’s chief enemy of the time. The linkage of Saturn-Jupiter

Conjunctions are beautiful celestial events in the night sky, but in medieval Europe, they were viewed
with superstition. [ESO/Y. Beletsky]

conjunctions with English royalty had a long life: William Lilly linked
the 1603 and 1623 conjunctions to the lives of James I and his son
Charles I.
The most famous tract on the 1345 event was written in France by
Gersonides, whose works in Hebrew were not translated into English
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Pieter Bruegel’s famous painting depicting the aftermath of The Black Death. [Public Domain]

until 1990. He states at the outset “that it is known by experience
that a conjunction of Saturn with Jupiter signifies great and general
events.” He noted that Mars would be joining these two planets in
the same constellation, Aquarius. This portended “the destruction
of a nation and a kingdom by a nation of a different religion.” More
ominously he predicted “diseases and deaths which will last for a
long time.”
According to calculations made by Donald Olson in 1990, Mars
and Jupiter were in conjunction on March 1; Mars and Saturn were in
conjunction on March 4; and the all-important Jupiter-Saturn conjunction took place March 21, 1345. But that was not all.
The French astronomer Johannes de Muris, who observed the
solar eclipse of 1321, also wrote about 1345, noting that: “Before the
conjunction of Saturn and Jupiter occurs there will be a very great

eclipse.” This refers to a lunar eclipse on March 18. He goes on to
presage that the position of Saturn during the eclipse means “the
signification of this eclipse will be stronger with respect to human
nature, causing lengthy sicknesses in some.”
Both prognostications indicated the events of 1345 would be felt
for years to come, so the conjunction became the scapegoat for the
greatest catastrophe Europe had ever experienced: The Black Death.
Between 1347 and 1351, upwards of 25 million people died of the
bubonic plague. Another outbreak of plague happened in 1373, the
year of a Saturn-Mars conjunction; astrologers in 1373 reverted to
the 1345 event to explain why the plague had returned.
The German scholar Henry of Langenstein wrote a treatise in 1368
in which he refuted the widespread belief that a comet in that year
portended future events. The University of Paris, where he taught
philosophy, was so impressed it encouraged him to write three more
treatises critiquing astrology. The last of these, published in that
plague year of 1373, dealt with planetary conjunctions, especially
the one of 1345. Henry wrote there was no residual influence of the
1345 event in 1373, and denied any connection between it and the
1373 conjunction. However, he reluctantly admits that, since the
influence of Saturn and Mars is maleficent, it could produce the 1373
pestilence, even without Jupiter. Finally, he insists that plague is due
to many causes, superior (planets or stars) and inferior (terrestrial
bodies).
If you want to see a conjunction of Jupiter and Saturn, the wait is
short, as there will be one on Dec. 21, 2020 when the planets will be
only 6 arcminutes apart. As the closest such conjunction in centuries, it will be spectacular.

DR. CLIFFORD CUNNINGHAM was recently seen chatting with Apollo 11 astronaut Michael Collins.
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astronomer’s notebook

The Brown Dwarf Desert

by Jennifer Birriel

Is it real, or just a mirage?

B

rown dwarfs were first hypothesized by Shiv Kumar in 1962.
Originally, these objects were called “black dwarfs,” presumably because they would not shine in visible light. By the
mid-1970s, black dwarfs were proposed as potential candidates for
dark matter in galaxy clusters. It wasn’t until 1978, however, when
the term “brown dwarf” was published in a study that calculated the
expected infrared emission from these enigmatic objects. By the
1980s, “brown dwarf” became the de facto term for objects that fall
between stars and planets. While they were still considered to be
good candidates for dark (missing) matter, none had been detected.
The first confirmed brown dwarf was discovered in 1994 in the
Pleiades cluster. Within the next five years, brown dwarfs were found
in binary systems and in exoplanetary systems. By 2000, it seemed
that, while brown dwarfs were common in the field and in star clusters, there appeared to be a paucity of brown dwarfs close to F and
M type stars. This phenomenon has been dubbed the “brown dwarf
desert.” An intensive infrared search for sub-stellar companions
revealed that both brown dwarfs and giant planets (with masses
5-10 times the mass of Jupiter) rarely occur within 75-300 AU of G,
K, and M stars. Further surveys revealed other possible brown-dwarf
deserts in wide, ultra-cool binary systems and in stellar associations
with intermediate mass stars and even those with high mass stars.
On the other hand, another study found evidence that the brown

Artist’s impression of two brown dwarfs. [Caltech/Chuck Carter; NRAO/AUI/NSF]
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In the H-R diagram, brown dwarfs can be found in the lower right (coolest and dimmest) of the main
sequence. [NASA]

dwarf desert does not exist in wide binaries: there is no unusual
dearth of brown dwarf companions at distances in excess of 1,000
astronomical units (AU) from F and M type stars.
Two early explanations were proposed for the existence of the
brown dwarf desert: either brown dwarfs don’t form in the central
regions of a collapsing protostellar disk or they do form but are
destroyed by inward migration and eventual merger with the central
star. Fundamentally, these two mechanisms reduce to the question
of whether brown dwarfs form in the same way as planets or in the

same way as stars.
By 2014, it seemed that there was a particularly arid region in the
desert: brown dwarfs with masses between 35 to 55 Jupiter masses
(MJ) with orbital periods of less than 100 days are particularly rare.
Astronomers argued for the existence of two distinct brown dwarf
populations: those with masses under 42.5 MJ that form like gas
giant planets, and those with masses greater than 42.5 MJ which
form in a manner like low-mass stars.
Some recent observations cast doubt on the “dryness” of the
brown-dwarf desert. In one case, a single brown dwarf with a 5.3day orbital period was discovered around a solar-type star in the
open cluster Rupert 147. A radial velocity search for extrasolar
planets of 15 solar-type stars revealed the existence of nine objects
with masses consistent with brown dwarfs, all of which reside in the
brown-dwarf desert region. Additionally, the Multiobject APO Radial
Velocity Exoplanet Large-area Survey (MARVELS) has revealed the
presence of 10 new candidate brown dwarfs orbiting within one AU
of their solar-type host stars.
Even more perplexing is the discovery of a transiting planet
from Kepler and K2, designated EPIC 212063875b, that just so
happens to lie smack in the middle of that particularly dry region
of the desert noted above. One group of researchers argues that
EPIC 212063875b probably formed in the outer region of the host
star and then migrated into the brown-dwarf desert. This object
could just be an extremely rare oddity. On the other hand, EPIC
212063875b and the seven brown dwarfs just discovered using the
SOPHIE spectrograph seem to be hinting that the brown-dwarf desert might actually be more of an oasis!
DR. JENNIFER BIRRIEL is Professor of Physics in the Department of Physics, Earth Science, and
Space Systems Engineering at Morehead State University in Kentucky.
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armchair astrophysics

Cosmic Expansion Just Got More Complicated

by Christopher Wanjek

The Hubble constant is proving to be a constant source of confusion.

T

he universe is flying apart. And so, too, is a leading theory
attempting to determine how fast the universe is flying apart.
Such is the drama of science.
Astronomers have known for nearly 100 years that the universe
is expanding, as predicted by Einstein’s theory of general relativity.
Russian physicist Alexander Friedmann introduced the concept in
1922 based on pure math; Belgium priest and astronomer Georges
Lemaître independently proposed the idea based on observations
in 1927; and American astronomer Edwin Hubble used the Mount
Wilson Observatory to determine an actual expansion rate in 1929.
Hubble estimated that the universe was expanding at a rate of
500 kilometers per second per megaparsec (about 3.26 light-years).
That’s much, much faster than what we estimate now, but this was
an impressive feat, nonetheless, considering that most astronomers
at this time thought the Milky Way Galaxy was the entire universe.
This relative rate of expansion became known as the Hubble
constant, written as H0. But its precise value remains unclear. More
than mere trivia, understanding the expansion rate allows us to
understand the fate of the universe and, perhaps, the nature of dark
energy and dark matter.
Measurements in recent years have determined H0 to be either 74
km/sec/Mpc or 67 km/sec/Mpc, which may sound close enough for
jazz, or astronomy, but these numbers are quite incompatible. The

An all-sky map of the CMB, compiled from nine years of NASA WMAP data. [NASA]

74 figure is based on measuring Cepheid variable stars and supernovae, called standard candles. These have a known, intrinsic brightness, more or less. So, by measuring their apparent brightness, we
can determine their distance and, based on redshift, how fast they
are moving away from us.
The 67 figure is based on precision measurements of the cosmic
microwave background (CMB), or afterglow of the Big Bang. Why
this perfectly legitimate technique produced a result so different
from the other method is simply not known.
But now comes a new measurement from a new method,
announced at the 235th Meeting of the American Astronomical
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Five lensed quasars and the foreground galaxies studied by the H0LiCOW collaboration. [ESA/Hubble, NASA, Suyu et al]

Society in Honolulu on January 8, 2020. An international team
measured the light from six quasars more than 5.5 billion light-years
away. Each quasar was situated directly behind a galaxy, from our
perspective, so that the light bent around the intervening galaxy to
form four glowing blobs, sometimes called an Einstein Cross.
Their experiment is called H0LiCOW, short for H0 Lenses in
COSMOGRAIL’s Wellspring, in which H0 is the Hubble constant,
COSMOGRAIL stands for Cosmological Monitoring of Gravitational
Lenses, and Wellspring means a bountiful source of light. (Holy cow,
that’s certainly a strained acronym!)
How does this work? The light from a quasar fluctuates regularly. It
travels at a constant speed, but because it takes four different routes
around the lensing galaxy, the light arrives to us at four different
times, differing by several hours. Astronomers can use these time
delays to constrain a rather accurate measurement of the quasar
distance and, based on redshift, its receding velocity.
This nifty technique produced yet another new estimate for H0: 73
km/sec/Mpc. That’s close to the standard candle technique, which
could imply the H0 is in the 73–74 range. But, then, this implies that
the CMB technique is wrong. And if the technique is wrong, then

other CMB measurements—age of the universe, percentage of ordinary matter, dark matter, and dark energy, flatness and more—also
could be wrong.
H0LiCOW team member Geoff Chih-Fan Chen of the University of
California, Davis, called it a “crisis in cosmology” at the AAS meeting,
threatening to undermine the well-established Lambda cold dark
matter (ΛCDM) model of Big Bang cosmology. ΛCDM agrees very
well with almost all observations, such as galaxy distribution, except
for that pesky Hubble constant. Something’s got to give.
We may know more in a year or so. The H0LiCOW team now has
data for 10 lensed galaxies, up from the six on which their study is
based. Analysis is time-intensive, though. The James Webb Space
Telescope, should it launch in 2021, will be able to map velocities
more accurately.
Fortunately, we do have some time to figure this out. Whether the
H0 is as low as 67 or has high as 74, we have about 22 billion years
before the universe rips itself apart.
CHRISTOPHER WANJEK is a Baltimore-based writer and author of Spacefarers: How Humans Will
Settle the Moon, Mars, and Beyond (Harvard, 2020).
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research focus

How Much Do We Actually “Weigh”?

by M. Katy Rodriguez Wimberly

It’s a fundamental question about our galaxy that astronomers are still unable to answer—and dark matter is only making matters worse.

O

nly 100 years ago, on April 26, 1920, astronomers Harlow
Shapely and Herber Curtis argued whether our galaxy,
the Milky Way, was just one of many galaxies or the entire
Universe—a discussion at the Smithsonian Museum of Natural
History in Washington, D.C. that became known as The Great Debate.
Many said Shapely, who believed the Milky Way to be the entire
Universe, won. However, shortly after the debate, Edwin Hubble
studied Cepheid variable stars at the Mt. Wilson Observatory to
prove that, in fact, it was Curtis’ main argument that was correct—
there are many, many more galaxies other than the Milky Way. In the
ten decades since the Great Debate, while we are acutely aware that
there are countless billions more galaxies in the Universe, astronomers are still diligently working to figure out another fundamental
metric: our galaxy’s mass.
Mass is truly a foundational property of physical objects. Think of
some of the most famous physics equations. You may recall E=mc2
or F=ma? Many of the fundamental equations rely on knowing the
mass (m) of the object in question. So, knowing precisely the mass of
the Milky Way in its various components—such as dark matter content, stars, gas and dust—allows us to learn more about the Universe
and how nature itself works. You see, our cosmic backyard (the Milky
Way and smaller satellite galaxies within our galaxy’s dark matter
halo) is a rich playground in which to study many aspects of astro-

The Milky Way is a common sight under dark skies, but how much mass does it contain? [Pexels]

physics largely due to our ability to conduct detailed observations of
the nearest objects.
My current research project compares observations to simulations
of the Milky Way’s satellites with the goal of refining the upper and
lower limits of our galaxy’s dark matter mass. The observations are
from Gaia, a European Space Agency space telescope mapping the
proper motions of over 100 million stars in and around the Milky
Way. From these proper motions—the actual movement of stars in
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Gaia’s view of the Milky Way. [Gaia/DAPC/ESA]

space—full 3-D position and 3-D velocities can be calculated (known
as 6-D “phase space” information). The simulations I am using,
named “Phat ELVIS” , contain dark matter only and explore the Milky
Way plus it’s satellites. I use the phase space information to understand which dark matter halos in Phat ELVIS I investigate to determine the upper and lower dark matter mass limits for the Milky Way.
There are many ways to determine the mass of a galaxy. Often,
astronomers measure mass by extrapolating the number of stars in
a galaxy and the chemical makeup of those stars. This is a common
way to “measure” the stellar mass of a galaxy. Since we don’t (yet!)
directly observe dark matter, we cannot take the same approach to
determine the dark matter mass. Dark matter mass is often inferred
through the distribution of rotational stellar velocities in a galaxy. If
galaxies were not surrounded by a dark matter halo, the rotational
velocity of the stars in the outskirts of the galaxy would be much
lower than the stars closer to the center. What we see when looking
at these rotational velocity curves for galaxies is that the stars in the

outskirts actually have similar velocities as those centric stars! This
increased velocity is due to an invisible mass we call dark matter.
Now, this is a great way to “measure” dark matter mass when we can
see an entire galaxy, but how is it possible to do this when you’re sitting inside a galaxy?
Like measuring stellar rotational velocities to then infer dark matter mass of an extragalactic galaxy, the Milky Way’s dark matter mass
can be worked out by calculating the escape speed from counterrotating stars in the galaxy’s outer halo. Two other common, and
recently popular, methods are to use a dark matter mass estimator
equation involving the density, potential and anisotropy (directional
variation) of the satellites—galaxies or globular clusters—surrounding our galaxy and to compare phase space distributions in
simulations and semi-analytic models to observed distributions to
then infer the mass. Three recent studies have utilized the incredibly
precise proper motion observations from Gaia’s second data release.
This one telescope has truly revived a centurial question.
Unfortunately, the results of these investigations prove this great
question is not yet answered—only the limits are further refined.
Prior to the second data release of Gaia’s proper motions, the limits
on the Milky Way’s dark matter halo’s mass were 0.8—4.5×1012 MSun.
(Here MSun means solar masses, where one solar mass is 2×1030 kg.)
These limits have been refined through the three methods discussed
earlier over six investigations to 0.7—1.54×1012 MSun. While these are
the extremes of the six results, it’s important to note that not all six
masses agree with each other within their respective error bars—in
other words, there’s still a lot of science to do!
KATY RODRIGUEZ WIMBERLY is a PhD Candidate and NSF Graduate Research Fellow in the
Astronomy & Physics Department at University of California, Irvine, and one of ASP’s Board Members.
She studies galaxy evolution using both optical telescopes and cosmological simulations.
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research focus

Can Nuclear Star Clusters Help Trace Galactic Evolution?

by James Negus

You may have heard about globular clusters and open clusters, but nuclear star clusters are quickly garnering serious attention.

W

hen was the last time you witnessed the brilliance of a
dark night sky? What captivated your attention when you
peered above? Was it the Milky Way’s rich band of gas,
dust, and stellar light? Or did few radiant local stars and their respective constellations astonish you? Possibly, the sheer vastness of
space was sufficient enough.
The expansive nature of the universe often bypasses human
comprehension. In the Milky Way alone, astronomers conservatively
estimate that over 100 billion stars reside in a disk 100,000 lightyears in diameter and 1,000 light-years thick. Such a volume implies
that the average distance between stars is over four light-years (37
trillion kilometers). For reference, if the Sun and our nearest stellar
neighbor Proxima Centauri were the size of a grapefruit, then their
physical separation would be comparable to the distance between
Los Angeles and New York City—quite the isolation if you ask me.
However, despite the immense average distance between the
stars, gravity finds a way! The tremendous gravitational forces near
the center of a galaxy, in particular, can form breathtaking structures known as stellar clusters. Globular clusters (GCs), for example,
are dense and spherical clusters of older generation stars that are
strongly bound by gravity and orbit the center of a galaxy’s halo.
Another type of cluster, called open clusters (OCs), are stellar groups
that also orbit the center of a galaxy, but are less gravitationally

The Milky Way’s nuclear star cluster in the infrared (VLA). [ESO/Stefan Gillessen, Reinhard Genzel, and
Frank Eisenhauer]
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Galaxy-wide images with zoom-ins of the central regions that contain the NSCs in the late-type spiral galaxy NGC300 (left) and the early-type galaxy NGC205 (right). [ESO/ HST]

bound and found in the galaxy’s disk.
What about even closer in, near the heart of the galaxy? Here,
nearly all massive galaxies in the universe host a supermassive black
hole (SMBH). There is, however, another intriguing cosmic wonder
that frequently co-inhabits this dynamic zone—nuclear star clusters,
or NSCs.
NSCs are the densest and brightest stellar systems in the cosmos, and these wondrous stellar communities are quickly garnering attention in the astronomical community. They can be 40 times
more luminous than GCs, often extend up to 13 light-years across,
and may host over half a million stars that collectively exceed 100
million solar masses! Compared to their sister clusters, they also
feature a greater diversity of multi-generational stars, stellar masses,
and stellar densities. These immense structures are truly fascinating;
yet, their origin and evolution remain inconclusive. Astronomers are
intrigued to uncover when and why they form at the center of galaxies, and if these answers can provide clues for comprehending the
nature of galactic evolution.
To address this matter, Nadine Neumayer at the Max Planck

Institute for Astronomy, Anil Seth with the University of Utah, and
Torsten Böker at the European Space Agency extensively analyzed
NSCs using observations and theoretical models.
Their efforts were made possible with the Hubble Space Telescope
(HST). Its spectroscopic and imaging observations peered deep into
the previously hidden depths of galaxies, and they revealed that
NSCs are in fact very abundant in the universe!
The authors report that the fraction of definitive NSC detections
in late-type galaxies (all classes of spiral and irregular galaxies) is
between 50-75 percent, and 70 percent in early-type galaxies (ellipticals and lenticular galaxies).
Their analysis also confirms that these central clusters host a
strong blend of multi-generational stars, with older metal-poor
stars being more prevalent. To account for the abundance of older
stars and to resolve the galactocentric location of the clusters, they
reason that their formation likely occurs early in a galaxy’s lifetime
and in-situ (locally) near the galactic center where the gravitational
potential and gas density are highest.
Not so fast, though! Numerical simulations offer an alternative
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explanation. The leading models explore the dynamical friction and
orbital decay of massive GCs, which populate inner galactic regions.
After tracing the evolution of the GCs, they show that GCs are able
to coalesce and generate mass and density profiles consistent with
typical NSCs. Thus, they reveal an alternative evolutionary model,
one in which less dense GCs spiral towards the center of their host

galaxies and form the NSCs.
To further examine how the formation, growth, and evolution
of NSCs influence the dynamics of galactic evolution, the authors
consider the prime galactocentric location of NSCs and their relation to SMBHs, which also tend to occupy this region. They report
strong correlations between SMBH and NSC mass with host galaxy’s
mass and consider the possibility that NSCs may assume the role
of SMBHs for low mass galaxies. Essentially, the two objects may be
similar expressions of a universal central massive object that develops within the core of all galaxies. In this model, NSCs occupy the
core of galaxies with stellar masses between 100 million to a billion
solar masses. Above this limit, SMBHs are dominant.
However, the Milky Way galaxy challenges this notion since it
harbors a SMBH and a NSC. Clearly the presence of these two entities within a galaxy is not binary. Rather, they may be linked via an
alternative, interactive, process. For example, a NSC that wanders
too close to a SMBH may experience many tidal disruption events
that shred apart its stars. Subsequently, accretion can then induce
the formation and growth of a SMBH.
To truly understand how NSCs influence galactic and SMBH coevolution, more robust observational and theoretical studies are
needed. Future generations of NASA telescopes, such as the James
Webb Space Telescope, will enhance our ability to distinguish NSCs
within a host galaxy and aid the development of refined models
that can more accurately illuminate the nature of these spectacular
clusters.

Hubble exposes the richness of the nuclear cluster within our Milky Way galaxy. The infrared image
reveals more than half a million stars that populate the stellar group. At the center, the cluster envelops the Milky Way’s central supermassive black hole. [NASA, ESA, and Hubble Heritage Team (STScI/
AURA, Acknowledgment: T. Do, A.Ghez (UCLA), V. Bajaj (STScI)]

JAMES NEGUS is currently pursuing his Ph.D. in astrophysics at the University of Colorado Boulder,
and also serves as the ASP’s Junior Board Fellow. He analyzes Active Galactic Nuclei and their role in
galactic evolution utilizing the Sloan Digital Sky Survey. Find out more about James on his website.
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education matters

Unpolluted Night Skies: A Human Right?

by Brian Kruse

Light pollution and satellite constellations not only jeopardize the future of astronomy.

S

everal years ago, there was an effort in a number of communities to codify a “Children’s Outdoor Bill of Rights.” These documents remain as guides for the development of activities in
both the classroom, and out of school time venues. In San Francisco,
where ASP headquarters is located, the San Francisco Parks and
Recreation, as well as San Francisco Unified School District, adopted
this document in recognition that “direct exposure to nature is a necessary component of a child’s physical and emotional wellbeing, and
cognitive development.”
The Bill of Rights lists a number of activities children should have
access to:
1) Explore all wild places in the City;
2) Harvest and eat a fruit or vegetable;
3) Plant a seed and watch it grow;
4) Visit and care for a local park;
5) Splash in the ocean or a bay;
6) Play in the sand and mud;
7) Discover urban wildlife;
8) Sleep under the stars;
9) Climb a tree; and
10) Ride a bike.
Astronomy educators certainly welcome the recognition of the
ability to “sleep under the stars” as a right every child should have. As

The SpaceX Starlink satellite trails are causing concern among astronomers. [NSF/CTIO/AURA/DELVE]

such, it might make more sense to us to say children have the right
to see more than the brightest stars and planets. What about the
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right to view the Milky Way as it stretches across the sky?
Most of the communities adopting the Outdoor Bill of Rights
are urban areas, where the night skies are often degraded due to
the overwhelming amount of light human activities create. In my
own neighborhood, with hills screening my view of the core area
of downtown San Francisco, a recently renovated park has banks of
lights to illuminate a set of soccer fields. On nights when fog is not
present, only a few of the brightest stars in the more prominent constellations are viewable after the lights are turned off at 10 p.m. The
Milky Way, the variety of Messier objects, comets, and even meteor
showers still elude me even on the darkest nights in the city.
About the same time as the Children’s Outdoor Bill of Rights was
first created, the Starlight Declaration was made. The first of several
declarations said: “An unpolluted night sky that allows the enjoyment
and contemplation of the firmament should be considered an inalienable right equivalent to all other socio-cultural and environmental
rights. Hence the progressive degradation of the night sky must be
regarded as a fundamental loss.”
A number of educational programs have served to inform the
public about issues related to the loss of the night sky. These include
activities teachers can use in their classrooms to investigate issues
related to lighting, and the ability to observe the night sky. In particular, Globe at Night allows students to upload their observations
into a worldwide database, where they can look to see which areas
have the darkest skies, as well as those with the brightest.
It is true many people enjoy seeing the passage of satellites in the
night sky. But in this modern era, too many are cause for concern.
Many budding engineers and other contributors to the space
program, as well as astronomers, have credited their sight of Sputnik
crossing the sky as an inspiration for their career paths. In the present day, the International Space Station in particular thrills people as

they gaze in wonder at the speck of light carrying humans 254 miles
above them.
However, the past year has seen the professional astronomy
community raise their voices in concern over SpaceX’s Starlink
project. As dozens of these satellites are released, they have formed
bright trains, interfering with imagery from many ground-based
telescopes. As their orbits mature, they will disperse, forming constellations of their own. The sheer number of satellites the project,
and others like it, will eventually release promises to introduce the
potential for thousands of extra points of light in the night sky. At
this time the final impact after full deployment is unknown. It is
possible the satellites will only impact viewing in the hours close to
sunset and sunrise. Their final brightness is also uncertain.
What is certain, is the times when people are most likely to notice
the satellites is also the time when school children are most likely
to turn their faces up to see the sky. What will they see, the static
constellations of the distant stars, or the moving ones of a myriad of
satellites? If we are to take the ability to view the night sky without
artificial interference as a basic human right, what do we say to our
children who ask us what it was like to see the stars?
Many science fiction stories have contained a planet-wide ecumenopolis. In these planet-cities, the natural sky is unavailable to
the citizenry. They adopted technology at the expense of experiencing the natural universe, closing off the people from the ability to
look up with the potential for wonder and inspiration. The goal of
bringing the internet to the world through a global network of satellites is laudable.
However, one has to wonder if in accomplishing that goal we lose
at least a little of what makes us human.
BRIAN KRUSE manages the formal education programs at the ASP.
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a little learning

Mission Accomplished

by C. Renee James

Anthropomorphizing robotic space missions via social media can help students better connect with their understanding of the solar system.

I

have a confession to make: I just wasn’t that hyped about the 50th
anniversary of Apollo 11. There. I said it.
But hear me out. I am a NASA fan all the way. I grew up in
Houston. I visited Johnson Space Center probably every year as a
child, seeing the giant Saturn V rocket lying on its side in the open
air next to a cow pasture (it’s now housed in a building, but still next
to a cow pasture), touring mission control, and generally making
plans to become an astronaut when I grew up.
Even though these field trips happened in the late 1970s, my
elementary school-self felt as though the Moon landings were from
a different era. When social media erupted in July 2019 with the
question, “Where were you when Neil Armstrong stepped foot on
the Moon?” all I could answer was, “Probably doing flips in the amniotic fluid.” Two months shy of becoming an air-breather, I have no
memories of Apollo 11 or any of the other Apollo missions. Despite
my interest in that era, it retains a certain history book feel for me,
like the Wright brothers, but farther and with more movies about it.
As an Astro101 instructor, I have to wonder… if a space junky like
me considers Apollo 11 to be somewhat dusty, what must it be like
for my hundreds of students whose parents are probably younger
than I?
Space exploration that I can relate to is quickly creeping into that
same fog of history. The Space Shuttle program ended about the

Buzz Aldrin descends from the Apollo 11 lunar lander to become the second man to walk on the Moon
in 1969—an event that may feel antiquated to many who weren’t alive 50 years ago. [NASA]

time my current students were in middle school. I was in middle
school when that era began, and for the 30 years that it was active,
I told myself that I would travel to see a launch “someday.” Someday
never came. Instead, I took my summer class into our small campus
planetarium to watch the last Space Shuttle launch in July 2011.
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Those students are now nearly 30.
(Public Service Announcement: You should never watch a launch
of anything on a planetarium dome unless you want to have a heartstopping moment of terror as it becomes clear that the launched
vehicle is veering desperately off course. Just kidding, you’re just
watching it on curved screen.)
It was a stark lesson on mission mortality, but truth be told, the
30-year run of the Space Shuttle program is pretty impressive. There
are precious few spacecraft that have endured for more than a few
years. Our spacefaring trailblazer Sputnik, for instance, lasted mere
months (b. 4 October 1957; d. 4 January 1958) before incinerating in
Earth’s atmosphere.
There is no denying that the planetary missions throughout the
decades have written practically everything we know about our
solar system. Unfortunately, many of them are, like the Apollo missions, relegated to the ancient history pile reserved for anything
over a few years old. I want students to understand where our solar
system understanding comes from, though. What I don’t want is for
them to feel as though they’re watching movies about the Wright
Brothers. I want them to be engaged, even if the mission ended
when they were 10.
So how can you get students engaged in solar system discovery?
Answer: The same way I can get my own children to feel sorry for a
burned-out lightbulb. You anthropomorphize it.
The Galileo Mission to Jupiter (b. 18 October 1989; d. 21
September 2003), for instance, hitched a ride on the Space Shuttle
Atlantis, voyaging bravely past Venus, skirting past the asteroid
Gaspra, and even discovering Ida’s little secret: a tiny satellite asteroid named Dactyl. It witnessed the destruction of Comet Shoemaker
Levy 9 in 1994, which gave it just a hint of foreboding. Something
about plunging to one’s death into Jupiter’s unforgiving atmosphere

rang a bell.
Galileo imaged. It measured. It did everything we had asked of it,
and more. And then, just shy of its 14th birthday, we told Galileo to
deliberately plunge into the Jovian atmosphere. It might have been
unclean, you see. We didn’t want any hardy contaminants to wind up
on Europa, still one of our best hopes for life elsewhere in the solar
system. And, ever-faithful, Galileo did what it was told.
See? Don’t you feel just a tiny twinge of sorrow for an inanimate
object? The Galileo mission was in the dark ages as far as my students are concerned, but with the magic of anthropomorphizing,
they see that it had a purpose in life, some firsts, and a tragic death.
It was gratifying to find out that I’m not the only one who has
turned planetary missions into personalities. Just look at the
MESSENGER probe to Mercury (b. 3 August 2004; d. 30 April 2015).

To save Europa from biological contamination, NASA had to ditch Galileo in Jupiter’s atmosphere. So,
technically, it’s this ice moon’s fault the spacecraft had to burn. [NASA/JPL-Caltech]
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A Twitter message (top) and a social media graphic posted by NASA just before the MESSENGER
spacecraft crashed into the surface of Mercury in 2015. [NASA]

Before MESSENGER, all Mercury photos—and most Mercury data—
presented in ASTRO101 classes came from Mariner 10, which flew
during the same era as the final Apollo missions. Ancient history, in
other words. To make matters worse, Mercury’s odd rotation-revolution resonance meant that Mariner 10 mapped only a fraction of the
planet’s surface, leaving astronomers in the dark about quite a bit.
MESSENGER, in contrast, spent four Earth years orbiting Mercury,
giving everyone the opportunity to update pretty much everything about the innermost planet. Although MESSENGER lacked
humans, it certainly did not lack humanity. This mission rode the
wave of social media, with active accounts on Facebook, Twitter, and
Instagram. It tweeted updates on its science, sometimes with the
most wretched puns. It tweeted things like “Weeee….4000 orbit and
still going!”
This little spacecraft was clearly having fun.
And then the party ended.
“Well my last orbit starts in about 4 hours,” @MESSENGER2011
tweeted on 30 April 2015.
Then, a few hours later, “Well I guess it is time to say goodbye to
all my friends, family, support team. I will be making my final impact
very soon.” With a macabre sense of humor, MESSENGER’s social
media team tweeted, “MESSENGER’s last act? That’s SMASHING!”
Feeling a bit like I’d just witnessed the death of a pet, I questioned
the timing of such an insensitive tweet. Then I questioned my own
reaction. It was a spacecraft, for heaven’s sake. Not a beloved cat.
Still, the personality that had been created by its social media team
was gone, its chapter ended. Now I try to get my students to feel a
connection with the mission by interweaving the social media posts
with the scientific discoveries. If nothing else, it gives the subject a
sense of humanity.
Cassini (b. 15 October 1997; d. 15 September 2017) is another
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spacecraft that ended its mission in a spectacularly celebrated
“Grand Finale,” vaporizing in Saturn’s atmosphere. The Cassini mission holds a special place in my heart. It was launched during my
first full-time teaching gig in 1997, and for the next seven years, I
continually updated my solar system class with new and improved
images and information about the ringed planet (well, one of them,
anyway). Two missions in one, Cassini dropped off the Huygens
probe at Titan, revealing a wondrous world of methane lakes and ice
boulders, and inspiring me to make my first—and last—space music
video.
Following Cassini’s progress was like watching a child grow up,
one that was destined to meet a tragic, early end. It was almost 20,
the same age as my students, give or take when it made its final
plunge. Like MESSENGER, Cassini had cultivated its own social media
presence. Unlike MESSENGER, though, it was studying a wildly alien
and stunningly gorgeous world. As the astronomical community
geared up to say farewell, I tasked a group of students to create a
short video on the life and death of Cassini. Their video was comically tragic, perfectly capturing the absurdity of mourning the
planned end of a machine while also intensifying that sadness.
“See you, sweetie,” Cassini says to a baby Huygens probe. “I’ll come
pick you up in 13 years!”
I will never forget the final image of that video. Just after the
animation of Cassini’s incineration in Saturn’s atmosphere was a
cartoon of an ever-patient Huygens probe sitting next to a birthday
cake with a 13 on it. “Mommy?” it seems to say. “When are you coming back?”
Yes, we did observe a moment of silence for it that day. I think
some of my students even teared up.
The good (?) news is that there are spacecraft peppering our solar
system as I type, and even more missions in the making. Just as

An artist’s impression of the NASA Cassini spacecraft tragically disintegrating as it completed its mission in 2017. Yes, I said “tragically.” [NASA/JPL-Caltech]

surely as they are launched, they will eventually die, some in spectacular fashion (I’m looking at you, Parker Solar Probe). We will never
run out of ways to make students feel sorry for inanimate objects. I
mean…we will always have the opportunity to help students better engage with our understanding of the solar system. Educational
mission accomplished!
DR. C. RENEE JAMES is a science writer and professor of physics at Sam Houston State University,
where she has taught introductory astronomy since 1999. She is the author of two books, “Seven
Wonders of the Universe That You Probably Took for Granted” (2010) and “Science Unshackled”
(2014), plus dozens of popular astronomy articles.
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cosmic views
by Jason Major

This Is Our Sun

T

he first image from the NSF’s Daniel K. Inouye Solar Telescope
shows the “surface” (i.e., the photosphere) of the Sun in the
highest resolution ever obtained, revealing magnetic formations
as small as 30 kilometers wide squeezed between cells of convective
activity larger than the state of Texas.
After two decades of development, the Inouye Solar Telescope
opened its 4-meter mirror to the Sun’s light from its position atop Haleakala in Maui, Hawai’i on December 12, 2019, capturing the image
seen here at a wavelength of 789nm.
Looking like a tightly-packed bag of caramel kettle corn, the
cellular shapes are created by the upwelling of solar plasma in a
boiling-type motion. Rising magnetic fields, which capture some of
the super-hot plasma and transport it up into the Sun’s corona, trace
bright swirling paths between them.
“It’s all about the magnetic field,” said Thomas Rimmele, director
of the Inouye Solar Telescope. “To unravel the Sun’s biggest mysteries,
we have to not only be able to clearly see these tiny structures from
93 million miles away but very precisely measure their magnetic
field strength and direction near the surface and trace the field as it
extends out into the million-degree corona, the outer atmosphere of
the Sun.”
Knowing how small-scale structures on the Sun are connected to
the solar atmosphere—in which Earth resides—will ultimately lead
to better and longer-term predictions of space weather and geomagnetic storms that can directly affect satellites and sensitive groundbased electrical systems.
Learn more about this image and watch a video of the region in
action at the observatory’s website.
[NSO/AURA/NSF]
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cosmic views
by Jason Major

Asteroid Pallas Appears Tailor-Made for the Golf Course

C

ould this be Alan Shepard’s long-lost lunar golf ball? If it is, it’s grown quite a bit since
1971! Actually, this is an image of Pallas, the third most massive object in the main
asteroid belt after Ceres and Vesta (and just ahead of Hygiea, which I featured here
in the Fall 2019 issue of Mercury!). New 3-D models of Pallas, made from observations
by the SPHERE instrument on ESO’s Very Large Telescope, show details of Pallas
like never before. They reveal an extensively cratered surface reminiscent of the
dimples on a golf ball.
In fact, 10 percent of the 318-mile (512-kilometer)-wide Pallas is covered
with craters more than 19 miles (30 km) wide. The international research
team, led by Pierre Vernazza from the Laboratoire d’Astrophyisque de Marseille in France, believes this is due to the high 34.8º inclination of Pallas’
4.6-year-long orbit around the Sun. This puts Pallas on a repeated highspeed collision course through the asteroid belt, making it receive impacts at
twice the velocity on average than its more well behaved asteroid neighbors.
In addition to the smaller-scale craters the team identified a relatively
enormous crater on Pallas’ equator, measuring an estimated 250 mi (400 km)
across. This is thought to be the result of an impact with a 12-25 mi (20-40
km)-wide object 1.7 billion years ago—an impact that created a whole family
of smaller asteroids that currently trail Pallas in its orbit.
“From these images, we can now say that Pallas is the most cratered object that
we know of in the asteroid belt,” said MIT postdoc Michaël Marsset, lead author of the
team’s research paper published in Nature Astronomy on Feb. 10. “It’s like discovering a new
world.”

JASON MAJOR is a graphic designer and space enthusiast living in Rhode Island. He has written online articles for
Discovery, National Geographic, Universe Today, and has had processed images featured by The Atlantic, Astronomy

[ESO/P. Vernazza et al.]

Magazine, Science Channel, and NASA. You can find more of his work at LightsInTheDark.com.
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Red Planet Rush
A quartet of space probes is heading to Mars soon looking to answer lots of new questions—and an old one.
By Steve Murray

The terrain of Jezero Crater, as imaged here by the HiRISE camera on NASA’s Mars Reconnaisance Orbiter,
promises to be a science gold mine for the Mars 2020 mission. [NASA/JPL-Caltech/Univ. of Arizona]
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T

his year kicks off a busy decade for Mars. Four missions will
transport two landers, three rovers, and two orbiters to the
Red Planet, taking advantage of the biennial alignment that
makes for a shorter trip. More capable instruments will tackle new
science questions and dig deeper into an old one: was there ever life
on Mars?

Treasure Hunt
NASA will launch Mars 2020 on July 17 with some major new tools.
“Mars 2020 isn’t your mother’s Curiosity,” said Michael Meyer, Lead
Scientist for the NASA Mars Exploration Program. “Its instruments
look similar, but they’re vastly improved, and there’s a very different
approach to its experiments.”
The new rover contains three “firsts.” A small, solar-powered demonstration helicopter will pioneer heavier-than-air flight on another
planet, and two microphones will capture the sounds of its own
landing, the Martian winds and the audible effects of its laser (which
can help determine a material’s composition). Finally, the Mars
Oxygen In situ resource utilization Experiment (MOXIE) will attempt
to produce oxygen from atmospheric carbon dioxide, a capability
that future astronauts will need on Mars.
Mars 2020 will also beef up the search for ancient life. Curiosity
was designed to answer the question of whether Mars was ever
habitable, but “Mars 2020 is taking that one step further,” said Meyer,
“and looking for signs of life. The difference is between determining
whether or not Mars could have had life and determining whether
or not Mars ever did have life.” The new rover is scheduled for a
February 2021 touchdown in Jezero Crater. Scientists believe the site
was once an ancient lake in which its waters might have harbored
life billions of years ago.
The Curiosity rover found promising signs of organic molecules

NASA’s Mars 2020 rover looks virtually the same as Curiosity, but there are a number of differences in
the suite of scientific instruments it will use on the Red Planet. [NASA/JPL-Caltech]

by processing soil samples in its onboard chemical lab. Compelling
evidence for life, however, will almost certainly require direct study
of samples in Earth-based labs. Therefore, Mars 2020 will take a
more powerful approach to the task by collecting and storing surface samples in special tubes for a future Earth return mission. “One
of the reasons Jezero Crater was picked,” said Meyer, “was because
of its evident diversity in minerals. For the first sample return from
another planet, having a diversity of materials is key.”
NASA and European Space Agency (ESA) missions are pursuing very different strategies in their search for ancient life signs (or
biosignatures). Mars 2020 is sticking with surface exploration, like
that of Curiosity, while the ESA rover will drill beneath the surface to
recover samples that have largely avoided the damaging effects of
galactic cosmic rays, solar radiation, and weathering. “When the sciTABLE OF CONTENTS
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Going Deep

An artist’s impression of the Mars 2020 helicopter, a small autonomous rotorcraft that will be tested
for surface operations. [NASA/JPL-Caltech]

entific community designed the kind of rover they wanted, it actually had a combination of instruments and the ability to drill down a
couple of meters,” said Meyer. But instruments plus a drill make for a
complex and expensive mission.
“We decided that you have two options,” he added. “You could
either go deep or you could go far. We said, this is the first sample
return mission, so let’s go for horizontal mobility because we could
get a greater diversity of samples.
“The Europeans wisely said, OK we’ll take the other approach;
we’ll take the vertical approach. So they’ll be doing something that
we’re NOT doing and I think that’s a good complement for us and for
them.”

A collaboration between ESA and the Russian space agency
Roscosmos will put an ambitious instrument suite on Mars that can
hunt for signs of life beneath the planet’s surface.
The ExoMars (for “exobiology”) launch includes the Russian
Kazachok (“Cossack”) lander and the ESA Rosalind Franklin rover,
named after the chemist who helped discover the structure of DNA.
“One of the most important requirements for ExoMars was to go
old,” said Jorge Vago, ESA ExoMars Program Scientist, “so we actually
tried to find a place that was four billion years in age.” The mission
will touch down in March 19, 2021 on Oxia Planum, a plain that once
held water in its distant past.
ExoMars is actually a two-part program that began in 2016 with
the launch of the Trace Gas Orbiter (TGO) and Schiaparelli lander.
The TGO was successfully inserted into orbit, where it continues to
study Mars’ atmosphere and serve as a communications relay, but
Schiaparelli crashed during its landing attempt. The 2020 mission
would therefore be the first Mars lander by the European-led program. Engineering difficulties, however, have also beset the new
effort. The mission’s braking parachutes—the largest ever used at
Mars—experienced two test failures in mid-2019 that put the launch
schedule in jeopardy. Although new design modifications seem to
be working, some critical parachute tests still lie ahead.
The Kazachok lander will measure radiation, subsurface structure, and water distribution in its local environment as the Rosalind
Franklin searches over a wider domain using ground penetrating
radar, three types of spectrometers, and other instruments. To search
for evidence of ancient life, however, the rover will operate a firstever drill that can bore 6.5 feet (2 meters) down into the Martian
surface.
Why dig? “Ionizing radiation from the sun is a very destructive
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agent for biomolecules,” said Vago. “It penetrates through the atmosphere and into the subsurface, but its effects go down with depth,
so we go deep with the drill. The subsurface of Mars is also a wonderful freezer; it’s a great way to preserve organic molecules.”
The Rosalind Franklin will also have a new tool set to tackle an old
chemistry problem. Life searches from Viking to Curiosity have tried
to detect organics by heating surface samples and examining the
resulting gases. Most of these heating tests were thwarted, however,
because of something in Martian dirt that we now better appreciate:
perchlorates. “No one knew they were going to encounter perchlorates when Curiosity was designed,” said Vago. “But they dissociate at
around 200 degrees Centigrade and destroy any organics.”
The ExoMars team thinks it has two solutions to this dilemma.
First, the rover will use a laser desorption mass spectrometer (a

device that hasn’t been tried on planetary missions before) to shoot
crushed soil samples with high-power ultraviolet energy. This process avoids heating and should therefore avoid the effects of perchlorates. Second, the rover will analyze small crushed samples in
one of 30 single-use ovens but will heat them gradually. “You heat
the samples stepwise,” said Vago, “and see what comes out at each
stage.” Measurements will be taken at a series of temperatures both
below and above the perchlorate dissociation point.
Even with these new methods, however, evidence of life might
still be ambiguous. “We’re not dealing with pristine biomolecules,”
said Vago. “We’re dealing with their residues. I’d say that the probability of finding something to suggest there may have been life at
the landing site is, maybe 50 percent.
“Being able to prove there was life? That’s a much tougher call.”

An artist’s impression of the ExoMars rover Rosalind Franklin on Mars. [ESA]

The ExoMars rover undergoing environmental tests before launch. [ESA]
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that they’ll try to land on or near April 24—China’s Space Day.
Like other 2020 rovers, Huoxing-1 will examine soil chemistry,
employ a ground penetrating radar to probe for water and ice, and
will look for biomolecules during a nominal 90-day mission lifetime.
Joint studies by the orbiter and rover will also help to refine maps of
Mars’ surface topography.
It’s possible (but not confirmed) that the rover may even attempt
to cache samples as part of its science profile. Such a capability
would hint at a possible future sample return mission. Huoxing-1,
therefore, could be the opening move in a burgeoning Chinese Mars
program.

Hope From a Young Nation
An artist’s concept of China’s Mars lander and rover on the surface of the Red Planet. [Xinhua/Alamy]

A Daring Trifecta
China will also be heading to Mars in 2020, and in a very a big
way. The Mars Global Remote Sensing Orbiter and Small Rover
(Huoxing-1 or “Mars-1”) program follows the impressive 2013 and
2019 Chang’e lunar missions and will include an orbiter, a lander,
and a rover on a single launch.
Huoxing-1 is actually China’s second shot at Mars. An orbiter
launch in 2009 failed when the Russian rocket that carried it crashed.
China has designed its new mission as an independent project,
using a Chang Zheng 5 (Long March 5) rocket to carry its complex
payload.
After its arrival at Mars in February 2021, Huoxing-1 will spend two
months surveying landing sites from orbit before sending the lander
and rover to the surface. News sources indicate that they’re currently
considering two sites in the Utopia Planitia region and many believe

The United Arab Emirates is looking to 2020 as the year that it joins
the community of Mars exploring nations. The Emirates Mars Mission
(EMM, or “Hope”) orbiter would be the first space mission beyond
Earth orbit for the UAE, and would represent an interplanetary first
for the Arab world. Its scheduled arrival at Mars in early 2021 would
also coincide with the 50th anniversary of the nation’s founding. It’s
a bold effort, as the United Arab Emirates Space Agency was only
established in 2014.
Hope will launch aboard a Japanese rocket and will study how
hydrogen and oxygen escape from Mars’ atmosphere and how the
loss of these water components has affected the Martian climate.
The Laboratory for Atmospheric and Space Physics (LASP) at the
University of Colorado Boulder, is constructing the Emirates eXploration Imager (EXI), an ultraviolet spectrometer, while Arizona State
University is building the Emirates Mars Infrared Spectrometer
(EMIRS). The partnership with US universities assists the UAE on
several levels.
“A key objective of EMM is to be fundamentally disruptive to our
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education and science sectors,” said Omran Sharaf, EMM Mission
Lead. “As teaching institutions, [universities] could facilitate a learning relationship whereby our engineering and science experts could
upskill throughout the joint development process.”
The universities supporting the Hope mission had deep experience in Mars atmospheric science. “The MAVEN mission to Mars
was built at Colorado, and was focused on the upper atmosphere,”
said Philip Christensen, Regents Professor in the Department of
Geological Science at Arizona State University, “while we at ASU
had built an instrument for the Mars Global Surveyor that measured
properties of the lower atmosphere.
“Oxygen and hydrogen get ionized in the upper atmosphere by
the solar wind, and then get stripped off into space,” he explained.
“Those high energy ionized particles show up best at ultraviolet
wavelengths. Deeper in the atmosphere, you’ll find warmer gases
with larger particles like water droplets, CO2 molecules, and dust
that emit energy at much longer infrared wavelengths. So, with both
instruments on the same orbiter, you could simultaneously study
the atmosphere from the surface all the way up to the top.”

Hope will become the first probe to develop an integrated picture
of Martian atmospheric chemistry over the entire globe, and to characterize its long-term seasonal changes. “We see EMM as an inflection point in the development of the Emirates’ efforts in the space
sector and planetary sciences,” added Sharaf. “It will help in developing all of our innovation and science capabilities.”

An Eventful Decade Ahead
If all this hard work is successful, 2021 will see three new rovers on
the surface of Mars and two new orbiters in its skies. And the decade
to follow should also see even more sophisticated visits to and near
the Red Planet. A joint NASA/ESA Mars Sample Return mission is
already being planned for a 2026 launch. The project includes a stationary lander, an ESA Sample Fetch Rover and a Mars Ascent Vehicle
that would return the [Mars 2020] samples back to Earth in 2031. The
Japan Aerospace Exploration Agency (JAXA) is preparing a Martian
Moons eXploration (MMX) mission to orbit Phobos and Deimos. The
probe is scheduled to enter orbit in 2025 and even return a sample
of Phobos in 2029.
Since the Mariner 4 Mars fly-by in 1965, increasingly capable
machines have explored on and above Mars, and that trend will
continue through the 2020s with better measuring, imaging, and
collecting. So when humans eventually walk the sands of the Red
Planet, our best and most experienced “astronauts” will already be
there.
Editor’s note: Just before this issue went to print, NASA announced the name of the Mars 2020 rover.
After a national school competition, Virginia seventh-grader Alexander Mather won with his suggestion: “Perseverance.” Read more.

Artistic rendition of what the Hope satellite will look like. It’s essentially designed to be a state-ofthe-art weather satellite. [UAE Space Agency]

STEVE MURRAY is a freelance science writer & NASA Solar System Ambassador. A former
research engineer, he follows developments in astronomy, space science, & aviation.
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Goodbye, Spitzer
After 16 years of reshaping our view of the infrared universe, NASA’s “little telescope that
could” has been decommissioned and will remain in solar orbit as a testament to the
scientists and engineers who operated it.
By Sarah Wells

An artist’s rendition of the Spitzer Space Telescope in front of a backdrop
of the infrared universe it observed. [NASA/JPL-Caltech/R. Hurt (IPAC)]
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T

he mood was bittersweet as hundreds of scientists, engineers,
friends and family spilled into the Jet Propulsion Laboratory’s
(JPL) Pickering Auditorium on January 30th in Pasadena, Calif.
The crowd itself was a testament to the mission they’d come to
celebrate: the Spitzer Space Telescope. Described by many involved
with the project as the “little telescope that could,” Spitzer was a telescope that pushed scientific boundaries and, for many in the auditorium that day, spanned a significant part of their lives and scientific
careers. After a successful (and, at times, harrowing) 16-years on the
job, Spitzer was placed into safe mode and the mission was declared
finished at 2:30 p.m. PST.
While its successes are clear now, including the discovery of new
rings around Saturn, a nearby seven-planet exoplanet solar system
and a survey of our Milky Way galaxy, Spitzer was not always given
the priority it deserved, said Mike Werner, the mission’s project scientist. In order to accomplish the scientific feats that it did, the team
behind this telescope and those who used its observations had to
be innovative and tenacious, he added.
“The evolution of Spitzer over the years from the initial concept to
the concept that’s flying today has actually been quite tortuous,” said
Werner.

into something more like the mission it ultimately became: a freeflying space telescope.
However, unlike the final form of the Spitzer mission, Werner says
the designs proposed in the 80s were far more terrestrial than the
mission would go on to be, keeping Spitzer sequestered to lowearth orbit. It would take several more iterations before Spitzer
landed on its final form, an Earth-trailing solar orbit that allowed it to
simultaneously maintain sensitivity and communication with scientists on Earth without subjecting it to infrared feedback from Earth’s
own emissions.
The 80s did however cement another key aspect of Spitzer’s
identity: its membership as one of NASA’s four great observatories.
When Spitzer launched in 2003 it became the youngest telescope
to join the great observatories, joining the Hubble Space Telescope,

A New Telescope
While Spitzer’s scientific mission officially began in August 2003,
Werner says the original proposal for the telescope can be traced
back to the 1970s. Originally the telescope, then named Space
Infrared Telescope Facility (SIRTF), was imagined as a craft that
would launch with the space shuttle to complete infrared missions
a couple of times a year before returning to Earth for data collection and analysis. While Werner says this was a great pipe dream, the
scope of the project quickly changed and, in the 1980s, transformed

Spitzer Project Manager Joseph Hunt stands in Mission Control at NASA’s Jet Propulsion Laboratory in
Pasadena, California, on Jan. 30, 2020, declaring the mission complete. [NASA/JPL-Caltech]
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The Cat’s Paw Nebula as imaged by Spitzer. This star-forming region is awash with star formation, a stellar process that the infrared telescope can observe through dense gas and dust. [NASA/JPL-Caltech]

the Compton Gamma Ray Observatory and the Chandra X-ray
Observatory. These four telescopes were designed to help scientists
view our universe in as many ways and wavelengths as possible,
and as the group’s infrared telescope, Spitzer was designed to see
through interstellar dust and back to the very beginning of our universe.
By designing its instruments to “see” in the infrared, Spitzer was
able to use this small wavelength to see objects too cold and too
old to be seen in the visible, x-ray or even gamma-ray spectrum. The
sensitivity required to view objects in this wavelength meant that
Spitzer had to be kept incredibly cold, down to minus 450 degrees
Fahrenheit (-270 degrees Celsius), using a technique called passivecooling designed specifically for the mission.
Yet, even with Spitzer’s highly anticipated possibilities, Werner
says the mission was urged time and again to save costs wherever
possible.
“NASA developed an aversion to really expensive missions like
Hubble, which at the time was an expensive mission” said Werner.

“We were quite costly in those days as well, but we were told to that
we had to bring our down to less than $500 million. So that was a
big part of why we downsized.”
But far from derailing Spitzer, Werner says these constraints
helped develop an unprecedented level in innovation and ingenuity
in Spitzer’s mostly young science team.
“Spitzer has proven capable of addressing some of the most exciting problems in modern astrophysics,” he said. “And because of that,
we’ve attracted really capable young people to use Spitzer to attack
those problems. And those of us who are sort of the elder statesmen, are just sitting back in our rocking chairs and enjoying the
scenery.”
When Spitzer launched in 2003 the mission cost $776 million and
by decommission on January 30th had pushed costs to $1.36 billion.
While this amount might still sound astronomical, it was magnitudes
smaller than the Hubble Space Telescope’s launch cost alone at $1.5
billion, not including mirror repairs or continued mission maintenance.
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Changing Course
When launched in 2003 on a Delta II rocket from Florida’s Cape
Canaveral Air Force Base, Spitzer began what would be called its
“cold mission,” meaning the portion of the mission during which
all three of its scientific instruments were cold enough to operate
thanks to the telescope’s self-contained coolant system. This leg
of the mission had originally been Spitzer’s primary objective, but
when the telescope’s coolant ran out in 2009—only six years into its
mission—the mission team had to improvise.
Without coolant, the telescope lost usability of two out of three of
its scientific instruments, which included a large portion of its science team, says Werner.
“When we got from the cryogenic mission to the warm mission,
two of our instruments were no longer useful,” said Werner. “And so,
we were dropping key people, and functionality and teams, along
the side of the road so to speak. On the other hand, there’s been tremendous continuity in a kind of small core of people who have been
working with Spitzer since its launch. That includes myself and a few
others. We sort of provide an institutional memory, if you like.”
But the team that remained was able to continue to use Spitzer’s
remaining instruments and usher the telescope into its extended
“warm mission” that would last for another ten-years, longer than
the original mission itself. It was during this part of Spitzer’s time
that some of the mission’s most amazing scientific discoveries were
made.
It was during Spitzer’s warm mission that Kartik Sheth, a NASA
program scientist, proposed the first extragalactic survey of the
extended mission, a survey called S4G (Survey of Stellar Structure
and Galaxy). During this mission, for which Sheth was the principle investigator, Spitzer completed deep surveys of the sky that
spanned collectively more than 600 hours to map over 3,000 galax-

ies. While Spitzer only looked at each galaxy for a few minutes, Sheth
said the deep nature of Spitzer’s infrared gaze and its sensitivity is
what enabled it to be so well-suited for this type of project.
“We calculated how long it would take to do [this survey] from the
ground,” said Sheth. “And we calculated that it would take us five to
ten years to do this survey. Spitzer was unique because it was agile,
and because it was a small telescope it had a large field of view. We
needed a small telescope that was extremely sensitive, so Spitzer
was perfect for that … I think the other really amazing thing about
Spitzer is that because its so fast and so sensitive, it really was able
to detect light from the furthest galaxy [which is] really invisible to
most other telescopes.”
In addition to S4G helping scientists learn more about the lifecycle of distant galaxies, which can help us better understand our own,
Sheth says S4G and Spitzer also provided a cosmological benchmark
by mapping for the first time such a detailed and deep view of our
universe.
“We’re really able to get a true picture of where all the stars were
in all these different kinds of galaxies in the local universe,” he said.
“And the reason we love this survey is because it’s the ultimate truth
for any cosmological simulation or model that you might develop,
because that’s the universe today, and you have to end up there. So,
Spitzer therefore gave us the benchmark data that will be available
forever.”
Spitzer was also instrumental in helping scientists learn more than
ever before about the evolution of stars themselves, said JPL staff
scientist and astronomer, Farisa Morales. Morales arrived at Spitzer
soon after its launch as an undergraduate researcher under the wing
of Mike Werner. New to hands-on astrophysical research, Morales
found her way to the study of stellar nurseries and the composition
of stars in our universe.
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and that structure that we have over here? In other words, the solar
system is not as unique maybe as we once thought.”
Part of what made Spitzer so powerful was its ability to see in the
infrared both stars still being born in far away galaxies to mysteries
in our own backyard, said Morales.

An Explosion of Exoplanets

This artist’s rendering shows a giant exoplanet causing small bodies to collide in a disk of dust. Spitzer
was able to use its infrared gaze to show astronomers that other stars also possess solar system-like
rings of debris. [NASA/JPL-Caltech]

From studying the influx of data Spitzer was collecting about
these dusty stars Morales was able to follow-up on an important
hunch: what if there were other stars in our own galaxy with dual
belts of debris just like our solar system? When turning to the data
for confirmation, Morales was shocked to find such stars appearing
again and again that fit these criteria that would have been hidden
in plain sight without Spitzer’s infrared vision. This important discovery meant that our solar system might not be as unique as we once
believed.
“It was clearly in the data after my analysis that there are two belts
of debris and to me that was astonishing and interesting—and very
reminiscent of our solar system,” said Morales. “We have an asteroid
belt of rocky material and the Kuiper belt of icy bodies. [The question was] why do planetary systems have to have that architecture

On an even smaller scale still, Spitzer has been a true trailblazer
when it comes to the field of studying exoplanets, particularly
because the telescope was never designed to search for exoplanets
in the first place, said Nikole Lewis, assistant professor of astronomy
at Cornell and deputy director of the Carl Sagan Institute.
“Spitzer was not originally designed to do the types of observations, what we call high precision time series observations, that were
needed to do the bulk of these types of exoplanet observations,”
said Lewis. “When Spitzer was finally launched in 2003, exoplanets
were not really a big thing. I think in 2003 there were probably just a
few dozen known exoplanets.”
Lewis said that researchers using Spitzer were able to get around
this lacking design feature by making use of the telescope’s long
duration stares—the same kind of approach used in its extra galactic
surveys. She added that this approach allowed exoplanet scientists
using Spitzer to observe exoplanets in two different ways: through
observing transits (tell-tale dips in light when an exoplanet passes
in front of its star) or by observing infrared light from the planet
itself. The former is an approach used today by exoplanet surveys
like NASA’s Transiting Exoplanet Survey Satellite (TESS) and was
used when Spitzer found the infamous Trappist-1 system of seven
exoplanets, but Lewis said actually observing light from these planets is a technique unique to Spitzer and one that allows not only
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spheres.
“The first use of Spitzer to look at an exoplanet was basically to
look at the infrared light from the planet itself,” said Lewis. “Spitzer
was actually the first facility to detect light from an exoplanet
directly.”
While Spitzer made many incredible discoveries during its 16-year
tenure, Lewis said that the leaps and bounds it helped make in the
exoplanet community, particularly those doing characterization of
exoplanets’ atmospheres, has launched thousands of careers and
paved a way forward for missions like TESS as well as the highly
anticipated James Webb Space Telescope (JWST.)

Passing the Torch and Spitzer’s Legacy
Because of the breadth of science Spitzer was able to accomplish in
its lifetime, nailing down a singular legacy is hard. Instead, Werner
says much of its legacy lies in the indominable human spirit it
crafted along the way.
“[Spitzer] is a good example of what human beings can do when
they’re properly motivated, supported and empowered,” said
Werner. “In that sense I consider Spitzer to be a kind of monument
to the human spirit. It’s an example of the very best humans are
capable of.”
Along with being a trailblazer for future missions, Spitzer also
leaves behind a treasure trove of untapped data in its archive at
Caltech. While Spitzer’s mission might have come to an end, the
data it left behind is still being pored over by scientists making new
discoveries and developing new techniques to better understand
our world. This data will also be incredibly important for missions
like the JWST that plan to take Spitzer’s infrared helm in 2021. With
any luck, that mission will pick-up where Spitzer left off, particularly
when it comes to the exploration of exoplanets and their composi-

Rendering of an exoplanetary atmosphere that uses Spitzer data. [NASA/JPL-Caltech/MIT]

tions.
While it can be hard to close a chapter as influential as Spitzer,
Werner says it was the right time to do so. Despite all the trials and
tribulations along the way, Spitzer and its team persevered and
closed a near two-decade mission with purpose and reflection.
“One of the nice things about the way we turned it off is that it
was put in a deterministic state,” said Werner. “We can envision in our
mind Spitzer bravely orbiting the sun—it’s nice to have a picture of
what’s Spitzer’s actually doing.”

SARAH WELLS is a science and technology journalist based in Boston who’s interested
in how innovation and research intersect with our daily lives. Her work has been published in Undark, Smithsonian.com, Inverse, Gizmodo, and Space.com, among others.
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re f l e c t ions
By Ian O’Neill

Time for “T” on Mars

T

here are few places in the solar system that elicit such vivid imaginings than the Red
Planet. However, the desert world often removes the need to imagine and creates its own
art that matches, or even surpasses, our most bizarre sci-fi fantasies.
Take, for example, these T-shaped dunes near Mars’ north pole that were recently imaged
by the HiRISE camera on NASA’s Mars Reconnaissance Orbiter. While we are deeply familiar
with the beautiful barchan dunes that resemble their terrestrial cousins, it’s not immediately
obvious how a Mars dune can take on such a uniform and repetitive “T”. But, as described by
the HiRISE team in a statement, while these are barchan dunes, they reveal a far more confusing surface wind pattern than what would shape the “regular” crescent-shaped barchans.
“[These dunes] may be suggesting varying wind conditions and perhaps the dunes are in the
process of changing directions,” they write.
So, while many of the Martian landscapes may look like sci-fi CGI, they’re not. It’s just
Mars doing its wonderful thing. [NASA/JPL-Caltech/Univ. of Arizona]
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On February 14, for the 30th anniversary of Voyager 1’s famous “Pale Blue Dot” photograph, NASA
released a new version that applied modern image processing techniques. [NASA/JPL-Caltech]
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