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Astronomy is a universal science. No mat-
ter where you are in the world, you can go 
outside (clear skies willing!) and gaze into 

the infinite night, naming constellations, spotting 
meteors, and tracking the phases of the Moon. In 
our evolving thirst for knowledge, humanity has 
turned to technology to super-boost that gaze; we 
blast telescopes into space and construct advanced 
observatories in some of the most extreme envi-
ronments on Earth. Our aim is to study the uni-
verse, and our place in it, for all of humanity. Why? 
Knowledge is the purest commodity; the more we 
know, the better humanity becomes.

Unfortunately, knowledge isn’t always so pure 
and, sometimes, the process of gaining it is not so 
universal.

In the case of the Thirty Meter Telescope (TMT) 
and its planned construction site—arguably the 
best location in the Northern Hemisphere to do 
astronomy: the mighty Maunakea at Hawai’i’s Big 
Island—astronomy’s thirst for knowledge has been 
stopped dead in its tracks by an extremely pas-
sionate roadblock, literally. But why? Well, it turns 
out that not everyone wants to see the planned 
next-generation ground-based telescope atop 

Maunakea. This passion isn’t one of anti-science, 
however, it’s one of tradition, history, spirituality, 
and indigenous rights.

As discussed by our CEO Linda Shore (page 4), 
the TMT debate has become so polarizing that it 
inspired us to shine a spotlight on a variety of views 
for this issue of Mercury. In addition, I’ve included 
a view (page 6) from one of the observatories on 
the mountain’s summit that has been impacted by 
the protests. Also, in Brian Kruse’s column (page 
21), he explores the importance of perspective, and 
how it applies to the TMT dispute. Finally, to gain a 
broad overview of some of the key problems fac-
ing Hawai’i, science writer Sarah Wells penned the 
feature “At an Impasse” on page 34.

While the TMT is a main thrust of the Fall 2019 
issue, it is only the beginning. We hope that future 
issues will include a variety of voices so, in a small 
way, we might improve how our thirst for knowl-
edge can better serve all of humanity.

Dr. Ian O’Neill
Editor, Mercury

editor@astrosociety.org | @AstroSocietyPac

http://astrosociety.org
http://astrosociety.org
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To Build or Not to Build
The ASP is committed to promoting inclusion in astronomy, so this is an opportunity for the Society to shine a light on the growing TMT controversy. 

by Linda Shore

first word

In this issue of Mercury, we present what will be the first in an 
ongoing series of articles on a deeply sensitive and divisive 
story—the building of the Thirty Meter Telescope (TMT) on 

Hawai’i’s Maunakea. Like most controversies, the question at the 
core of the matter is simple: Should the TMT, an instrument that will 
make enormous contributions to our understanding of the cos-
mos, be built a top a mountain viewed as sacred and important to a 
group of people who don’t want it there? 

Some astronomers are using social media to offer opinions 
where respectful and fact-based exchanges of information are rare.  
On Facebook, I have seen too many posts about the TMT quickly 
devolve into heated—and usually offensive—debates on the impor-
tance of religion, beliefs, and indigenous rights when they stand 
in conflict with the needs of science. Faced with this kind of vitriol, 
many astronomers fear reprisal for themselves or their institutions 
and are choosing to stay silent; others are avoiding the topic all 
together. Who can blame them? We live in a world just a tweet away 
from public humiliation. 

Discourse around this question has become so divisive among 
professional astronomers that many avoid making a formal public 
stance. Indeed, during the research process for this issue, we found 
the incendiary topic of the TMT to be one of caution; astronomers 
and indigenous people alike were often reluctant to share their 

point of view on any forum, let alone an astronomy publication such 
as Mercury. It’s for these reasons that we are extremely grateful to 
those who were able to provide their perspectives and elucidate the 
issues facing all parties in this debate.   

When we spoke with people on and off the record, we found 
opinions about the TMT are not predictable. Some astronomers are 
deeply opposed to building the TMT on Maunakea, while there are 

A fallen plumeria flower, which is commonly used in traditional leis across the Pacific Islands, includ-
ing Hawai’i. [CRASH:candy (source) CC BY-NC 2.0]

https://www.flickr.com/photos/crash-candy/2064683762/in/photolist-49s3xU-fjqiH-SRXAch-6Gx6Sk-2PGVi-9w6Rs9-24jRroW-cPwuRA-XU6yYN-ZZev1T-8veKBD-29U79uz-r5DSiV-kDDYm-sjD88H-nURhx8-b2VQsX-nxJJd3-dM3AhH-8TiGtT-G35e5Y-fiCmo-dakyHc-L74heh-qdtCsc-nVWGdG-nVpFqR-o5XQEw-4qoeQA-SpUVd9-8UoyzK-wS2EHQ-gHJzP-8tRyQs-8vhPeJ-9bctgf-22TqQZn-oUpA9o-5qbe5L-o32nbL-pUeKr5-7hDWRe-ofm5Vn-VdCrHF-9ZakZE-xBViX1-p4URWT-Rh3gBa-2aTpE6U-GUCPiu
https://creativecommons.org/licenses/by-nc/2.0/
http://astrosociety.org
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indigenous Hawaiians who enthusiastically support the telescope.  
Many people hold nuanced opinions that aren’t so black and white.  
But what unites almost everyone involved in the debate is the 
fear that ignoring this issue will lead to serious unintended conse-
quences, including the end of astronomy research on Maunakea, 
severe injury to a protester or researcher on the mountain, or per-
haps something worse.

So why is the ASP plunging into this controversy?  
The ASP has a 130-year history of bringing people together to 

celebrate, learn, and engage in astronomy.  The ASP is committed 
to promoting inclusion, involving people in the awe and wonder 
of astronomy regardless of race, ethnicity, cultural beliefs, religion, 
gender, gender preference, age, or ability. Given our history and mis-
sion, we feel it our duty to provide the community with venue for all 
sides to participate in respectful, compassionate debate.  This issue 

of Mercury culminates with a journalistic piece (by science journal-
ist Sarah Wells, on page 34) offering—as best we can—an unbiased 
description of how the TMT found itself in the center of a battle 
between scientific progress, religious beliefs, cultural norms, and 
indigenous rights.  As the TMT story unfolds, Mercury will continue 
to describe what is happening, present a wide variety of viewpoints, 
and include authors whose voices are often underappreciated, mis-
understood, or neglected.  Our hope for this project is best embod-
ied by this quote by the Dalai Lama:

If you can cultivate the right attitude, your enemies are your best 
spiritual teachers because their presence provides you with the opportu-
nity to enhance and develop tolerance, patience, and understanding.  

LINDA SHORE is the Chief Executive Officer of the Astronomical Society of the Pacific.

Star trails swirl over the Gemini North telescope atop Maunakea. [Gemini Observatory/AURA/Joy Pollard]

http://astrosociety.org
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Science Lost
During a recent trip to Hawai’i, I spoke with Keck Observatory’s chief scientist to find out how the TMT dispute has affected operations.

by Ian O’Neill

editor’s journal

After landing in Hawai’i last September, my wife and I made 
the routine drive south down to Kailua, a seaside town 
embedded in the beautiful and rugged Kona coast along 

the western flank of Hawai’i’s Big Island. We’d visited Big Island once 
before, but this time we decided to take a proper week-long vaca-
tion on the scenic and welcoming island that we fell in love with. 

On arriving, the impact of the ongoing dispute over the Thirty 
Meter Telescope (TMT) quickly became apparent. The first thing we 
noticed were Hawaiian flags, flying upside down, attached to the 
backs of trucks, and outside shops and residences. Representing a 
“nation in distress,” the flags display the growing unrest in the state 
against the $1.4 billion international project, which was planned to 
be currently be under construction at the summit of Maunakea, a 
4,205 meter (13,796 ft) dormant volcano that is host to some of the 
most powerful telescopes on the planet. Since July, the main access 
road has been blocked by kia’i, or protectors of the mountain, effec-
tively shutting down the supply route for construction crews.

On discussing the flags with the owner of our favorite lunch spot 
near Kailua’s harbor, he talked about the development of Maunakea 
for observatories and he said that, while an astronomy advocate 
himself, there was no excuse for the “ongoing desecration” of the 
mountain, even if it is in the name of science. 

Regarded by some Native Hawaiians as a sacred place, Maunakea 

has been a flash point for protests, said John O’Meara, chief scientist 
of the W. M. Keck Observatory, which operates twin 10-meter opti-
cal/infrared telescopes at the mountain’s summit.

“The history of building anything on Maunakea has always had 
some opposition, going back over half a century now,” O’Meara told 
me during a visit to Keck’s headquarters in Waimea, which is located 
in the north of the island and northwest of Maunakea. “In many 
ways, the TMT is the straw that breaks the camel’s back.”

The view of Maunakea during final approach into Kona International Airport on Hawai’i. [Ian O’Neill] 

http://www.keckobservatory.org/
http://astrosociety.org
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I’d arranged to speak with O’Meara because, as a scientist, I 
wanted to gain an insight to how the dispute had impacted opera-
tions for an existing world-class observatory such as Keck. And, 
while embedded in the stresses of trying to manage the day-to-day 
problems of restricted access to the observatory, O’Meara was sym-
pathetic to many of the protester’s concerns.

“[The TMT] is a very small focal point for a much larger, historical 
issue amongst the Hawaiian population … it’s about land rights, it’s 
about issues of sovereignty, it’s about things I can’t even put into 
context,” he said, adding that it’s not a binary dispute simply about 
whether or not the TMT should be built. “This is a rallying point, 
which is bringing people together to voice this wider issue.” 

An Unprecedented Shutdown
While the protest on the access route has halted TMT construction 
work, for a month after the recent blockade started in mid-July, all 
of the existing 13 telescopes were also shut down because staff 
couldn’t travel up the mountain to support operations. As Keck 
operates two telescopes, that was a collective 60 nights of observa-
tions that will never be recovered—but how much science was lost, 
really?

“That’s an impossible question to answer,” O’Meara said. “On 
any given night, we could make a profound scientific discovery 
that would be on the front page of every newspaper in the world.” 
Besides losing observational data of planned campaigns, serendipi-
tous transient events that might have been captured by an opera-
tional telescope facility will never be known if they happened during 
that month-long shutdown, he added. 

The hiatus was particularly unfortunate for researchers who only 
had one or two days of observing time booked—as when that time 
is gone, it’s gone—and for graduate students who were finishing up 
thesis work.

“Keck typically puts out one high-impact science paper per day on 
average and Maunakea is responsible for 40 percent of astronomi-
cal research in the world,” he said. “So, this place in particular has 
such a high scientific impact that, when it stops, there’s an incredible 
amount of science that is lost.”

This year’s shutdown was the longest in Keck’s history and the lon-
gest for the entire summit in the 50 years that Maunakea has been 
hosting astronomical observatories, an unprecedented occurrence 
that would normally be reserved for extreme natural events. 

“This was like a REALLY bad weather event,” said O’Meara, but a 
weather event of this prolonged magnitude is unheard of in the usu-
ally crystal-clear skies above Maunakea.

Inclement weather can make an appearance on Maunakea’s summit, but usually, the skies are 
pristinely clear. [Jimmy Emerson (source), CC BY-NC-ND 2.0] 

https://www.flickr.com/photos/auvet/29860054330/in/photolist-mPP6X-fddugo-hfhR5T-7MX5nk-pCNcpg-aXFuMx-MWJVqp-Detvko-aBeZ93-6WDZvm-GqH7pB-MuCzQW-iSif2x-CQFufU-8d5P2H-4roRxr-6LxaX8-g6bMWf-7MX4Ze-7MZ8CD-b12yjH-b12CLg-b12CiZ-xrxBvQ-vWh61-jyQnqC-7Nq4h8-5LAwDW-8DsWiv-LZacyH-7TNzAv-8Dw363-3Rhm-MPjmua-kGGH-MWMvQ2-LZbMc3-5WSEds-9UVKxf-MPiC6x-LZace4-4SJSMs
https://creativecommons.org/licenses/by-nc-nd/2.0/
http://astrosociety.org
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Eying La Palma?
For reasons outlined in Sarah Wells’ terrific report in this issue of 
Mercury (page 37), the TMT dispute has reached an impasse, so 
much so that the arguments for moving the observatory to its 
“backup” site on the summit of La Palma in the Canary Islands is 
gaining volume.

While La Palma may be a fine site to do many kinds of astronomy, 
for the mid-infrared observations that the TMT is designed to carry 
out, it doesn’t pass muster, said O’Meara.

“To equate the two sites is a fallacy,” he said bluntly. “The turbulent 
atmospheric layers at La Palma are worse, the average amount of 
water vapor is higher; the two sites are simply not comparable. In 
terms of raw science impact, Maunakea is the best place on Earth.”

While TMT Head of Operations Christophe Dumas comments that 
if the TMT was forced to move to its La Palma backup site the science 
would be “slowed down” and not necessarily lost, O’Meara contends 
that moving to the Canary Islands would have a very negative sci-
ence impact. “Moving TMT to La Palma may be seen as a convenient 

solution, but in so many ways it doesn’t make much sense,” O’Meara 
said. As a comparison, the highest elevation of La Palma is 2,423 
meters (7,959 ft), some 42 percent lower than Maunakea, there is 
therefore much more infrared-absorbing moisture in the volume of 
atmosphere above La Palma.

Understated Complexity
One of the more frustrating aspects of the Maunakea standoff is the 
global oversimplification of the issues on both sides of the debate, 
particularly across social media networks, said O’Meara. Pitching 
the polarizing “two sides” argument—indigenous rights vs. colonial-
ism—only serves to muddy the waters, causing tempers to flare far 
from Hawai’i’s shores.

“There are aspects of this problem that are four years old. There 
are aspects of this problem that are 50 years old. There are aspects of 
this problem that are 200 years old, if not longer,” he said. “But none 
of those aspects can be solved in a soundbite or a tweet, but many 
people have attempted to do so.”

Indeed, the protectors of Maunakea aren’t protesting the con-
struction of the TMT because they are against astronomy, and like-
wise, the TMT isn’t necessarily any different than the other projects 
that have been built on the summit in the past. But the fact remains 
that the future of the mega-telescope project on Hawai’i is looking 
more tenuous by the day and if there is a solution that can satisfy all 
parties in the debate, it’s not going to come from the anger being 
vented in some online forums. 

“I am 100 percent positive that whatever solution that comes out 
of this can’t be summarized in 280 characters or less,” O’Meara con-
cluded.  

DR IAN O’NEILL is a science communicator, astrophysicist, and Editor of Mercury & Mercury Online.The “Roque de los Muchachos” Observatory on La Palma. [ESO/R. Hook] 

http://astrosociety.org
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space news

Where Did THAT Neutrino Come From?

For the first time, astronomers have unambiguously tracked the 
astrophysical source of a single high-energy neutrino that slammed 
into the Antarctic ice on Sept. 22, 2017. Detected by the IceCube 
Neutrino Observatory—a matrix of detectors sunk into the ice at 
the South Pole—the event was significant in that its detection cor-
related with the observation of a gamma-ray burst by NASA’s Fermi 
Gamma-ray Space Telescope. 

The correlation of these two unrelated detections for the same 
source makes this an important multi-messenger astronomy event. 
Because the neutrino’s detection happened around the same time 
as the gamma-ray observation, researchers were able to pinpoint an 
active galaxy (called a blazar) some 3.8 billion light-years away as its 
likely source. It’s humbling to think that the neutrino’s journey began 
when life on Earth consisted only of single-celled microbes. 

Trillions of neutrinos pass through our bodies every second, but 
because they are so weakly interacting with regular matter, they act 
like tiny subatomic ghosts permeating throughout the cosmos. In 
the case of the energetic neutrino that created the event IceCube-
170922A, however, it was extremely unlucky to make a head-on 
collision with an atom in the ice, creating a burst of Cherenkov 
radiation (basically the electromagnetic equivalent of a sonic 
boom). What’s unlucky for the single neutrino was very lucky for the 
researchers who were then able to measure its energy and trajectory 
to better understand its source. And with the help of Fermi and radio 

observatories, they realized it came from the blazar TXS 0506+056.
With the first part of this detective puzzle solved, the next ques-

tion became: why is TXS 0506+056 generating neutrinos? No other 
blazars seem to be doing this; what makes this one special? There 
are theories. 

Blazars are galaxies that possess very active supermassive black 
holes in their cores. After taking a close-up look at the galaxy with 
radio observatories, astronomers witnessed a very complex struc-
ture of jets blasting from the core. While other blazars do have 
feeding black holes erupting with powerful jets, it seems that TXS 
0506+056 may play host to two interacting supermassive black 
holes that are erupting with their own colliding jets. It is basically a 
gargantuan particle collider and a hothouse for neutrino creation.

It’s thought that the jets from two interacting supermassive black holes created the conditions ripe for 
high-energy neutrino production, one of which hit the South Pole ice. [IceCube Collaboration] 

A rundown of some of the most exciting developments in space and time—by Ian O’Neill 

https://en.wikipedia.org/wiki/Multi-messenger_astronomy
https://science.sciencemag.org/content/361/6398/147
https://www.mpg.de/13962133/cosmic-collision-produces-neutrino?c=2249
https://www.mpg.de/13962133/cosmic-collision-produces-neutrino?c=2249
http://astrosociety.org
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space news

Hubble Observes a Spacetime Roller Coaster

Given enough mass, spacetime is to photons what a roller coaster is 
to theme park patrons—no matter the ups, downs, twists and turns, 
the photons have no choice but to strap in and endure the ride. 
To demonstrate this, the Hubble Space Telescope has released an 
observation that reveals just how complex and twisted the space-
time landscape can become when studying galaxies harking back to 
when the universe was young, over billions of light-years ago.

This image shows a galaxy cluster and four noticeable arcs of light 
surrounding it. The arcs are actually composed of 12 images of the 
same galaxy, far behind the cluster. Through the relativistic effect of 
gravitational lensing, the foreground cluster has warped spacetime 
so much that it has amplified the distant galaxy some 10 to 30 times 
brighter than it would be without the lensing effect. Without the 
help of this galaxy cluster’s awesome mass, Hubble’s optics alone 
wouldn’t be able to see it. As the cluster is so massive and spread 
over a large volume, the light from the galaxy has taken different 
paths before arriving in Hubble’s optics, creating the kaleidoscopic 
effect—not so dissimilar to another theme park attraction: a fun-
house mirror maze.

The so-called Sunburst Arc galaxy is located almost 11 billion 
light-years away, whereas the cluster in the foreground is approxi-
mately half as distant, at around 4.6 billion light-years away. With the 
help of this neat spacetime trick, Hubble is able to resolve features in 
the lensed galaxy as small as 530 light-years across, allowing astron-

omers to gather key details as to the nature of the galaxy. 
Interestingly, as its name suggests, the magnified galaxy contains 

regions of star-forming activity, not so dissimilar to the star-forming 
regions found in nearby galaxies in the local universe.

A massive galaxy cluster (catalogued as PSZ1 G311.65-18.48) has created a vast island of gravitational 
undulations, misshaping spacetime and magnifying the light of a distant background galaxy. [NASA, 
ESA and and E. Rivera-Thorsen (Institute of Theoretical Astrophysics Oslo, Norway)] 

 

https://hubblesite.org/contents/news-releases/2019/news-2019-58
https://hubblesite.org/contents/news-releases/2019/news-2019-58
https://en.wikipedia.org/wiki/Gravitational_lens
http://astrosociety.org
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space news
 

Sgr. A* Is the Milky Way’s Hammer Throwing Champ

A serendipitous observation has sent an international team of 
astronomers on a trail of discovery, ultimately leading them to an 
inescapable truth: our galaxy’s supermassive black hole is a track 
and field superstar.

Using the 3.9-meter Anglo-Australian Telescope (AAT) near 
Coonabarabran in New South Wales, astronomers detected a star, 
approximately 29,000 light-years away, careening through space 
at the breakneck speed of six million kilometers per hour (or 1,000 
miles per second!). Known as S5-HVS1, this star certainly stands out 
from the crowd; it’s traveling ten times faster than any other star 
in our galaxy and has exceeded the Milky Way’s escape velocity. In 
other words, it’s simply traveling too fast to be remain gravitationally 
bound to our galaxy. 

“The velocity of the discovered star is so high that it will inevitably 
leave the galaxy and never return,” said Douglas Boubert from the 
University of Oxford and co-author of a new study published in the 
journal Monthly Notices of the Royal Astronomical Society. 

Hypervelocity stars have been spotted before, but due to the 
S5-HVS1’s relatively close proximity, and follow-up observations 
by the European Gaia space telescope that is precisely measuring 
the positions and motions of billions of stars, the researchers were 
able to precisely backtrack the star’s journey through the galaxy. 
And it turns out that it originated from the heart of the Milky Way in 
the vicinity of our four-million solar mass supermassive black hole, 

Sagittarius A*, or Sgr. A*.
It’s thought that, approximately five million years ago, S5-HVS1 

was part of a binary star system living near Sgr. A*. At some point, 
the system strayed dangerously close to the gravitational behemoth 
and S5-HVS1’s partner was captured by the black hole’s immense 
gravity. Like an Olympic thrower releasing the hammer after spin-
ning at great speed, S5-HVS1 was launched at thousands of miles 
per second, starting its epic hypervelocity journey into intergalactic 
space.

“My favorite part of this discovery is thinking about where this 
star came from and where it’s going,” said Alex Ji, of the Carnegie 
Institution for Science. “It was born in one of the craziest places 
in the universe, near a supermassive black hole with lots of other 
nearby star friends; but it’s going to leave our galaxy and die all 
alone, out in the middle of nowhere. Quite a fall from grace.”

An artist’s impression of the hypervelocity star being “thrown” by Sgr. A*. [James Josephides] 

https://www.cmu.edu/mcs/news-events/2019/1112_runaway-star.html
https://academic.oup.com/mnras/advance-article/doi/10.1093/mnras/stz3081/5612212
http://astrosociety.org
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Bubbles of Gas Reveal a Supermassive Explosion 

Besides being very adept at flinging stars into intergalactic space, 
the Milky Way’s supermassive black hole appears to have been much 
more active in recent galactic history than we previously thought. 

This is according to a new study published in The Astrophysical 
Journal, which focuses on evidence for a particularly energetic erup-
tion (called a Seyfert explosion) that may have lit up the night skies 
for our earliest ancestors around 3.5 million years ago. This incred-
ible event would have outshone the brightest stars for hundreds of 
thousands of years. 

While we know smaller flares regularly erupt from Sgr. A*, this 
explosion would have been monumental and may help astronomers 
better understand the interplay between supermassive black holes 
and their relationship with the formation of stars in their host gal-
axies. The most recent evidence for this event was captured by the 
Hubble Space Telescope, which spied highly ionized clouds of gas 
streaming from the core of our galaxy that would have been gener-
ated by a gargantuan explosive event in the past. These new Hubble 
findings support earlier observations by NASA’s Fermi Gamma-ray 
Space Telescope and the European-led ROSAT X-ray telescope, which 
provided evidence of large bubbles of gas—known as Fermi bub-
bles—expanding perpendicularly from our galaxy’s plane and into 
intergalactic space. 

“These results dramatically change our understanding of the 
Milky Way,” said Magda Guglielmo from the University of Sydney 

and co-author of the study. “We always thought about our galaxy 
as an inactive galaxy, with a not so bright center. These new results 
instead open the possibility of a complete reinterpretation of its evo-
lution and nature.”

How supermassive black holes interact with their host galaxies 
continues to be a question in modern astrophysics. This new study 
adds another layer of detail as to how unexpectedly dynamic our 
galaxy’s core is, a finding that could help us understand just how 
important other supermassive black holes are in relation to the evo-
lution of their galaxies.

An artist’s impression of the massive bursts of gas exploding from the center of the Milky Way and 
impacting the Magellanic Stream. [James Josephides/Thorsten Tepper-Garcia/ASTRO 3D] 

https://arxiv.org/abs/1910.02225
https://astro3d.org.au/not-long-ago-the-centre-of-the-milky-way-exploded/
http://astrosociety.org
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space news
 

Now We Know Where Strontium Comes From 

When the US-based Laser Interferometer Gravitational Wave 
Observatory (LIGO) and Italy-based Virgo Interferometer both 
detected a gravitational wave signal on Aug. 18, 2017, scientists 
knew it was something special—the first detection of two neutron 
stars colliding. With unprecedented precision, the gravitational 
wave network was able to locate where in the sky the collision took 
place, allowing NASA’s Swift space telescope to confirm that a short 
gamma-ray burst occurred in the same location a fraction of a sec-
ond later, a telltale sign of a neutron star smash-up. This event went 
down in history as not only the first unambiguous observation of 
two neutron stars colliding, but also the first time an observation in 
the gravitational and electromagnetic domains had been achieved 
for the same astronomical event. This became the first so-called 
“multimessenger astronomy” event.

Follow-up observations by the Hubble Space Telescope and 
other observatories went a step further, zooming in on the rem-
nants of the collision site, discovering something quite profound. 
Cosmological models of neutron star collisions predict that heavy 
elements, such as gold and uranium, are produced via subatomic 
processes (known as the rapid neutron capture process, or “r-pro-
cess”) unleashed immediately after these collisions. The follow-up 
observations revealed that, yes, the 2017 event’s spectra proved that 
it was a factory of new element production—but which ones?

Now we know. Astronomers using the ESO’s X-shooter spectro-

graph on the Very Large Telescope (VLT) took aim at the cooling 
neutron star wreck soon after the collision was recorded and now 
the careful analysis has arrived at an answer.

“By reanalysing the 2017 data from the merger, we have now 
identified the signature of one heavy element in this fireball, stron-
tium, proving that the collision of neutron stars creates this ele-
ment in the Universe,” said Darach Watson from the University of 
Copenhagen in Denmark. Strontium is commonly found in soil on 
Earth and the chemical is used in fireworks to generate brilliant reds.

While we already knew that elements were generated by stel-
lar processes in the cores of stars and supernovae, the origin of the 
heaviest (r-process) elements had remained unproven, until now.

Artist’s impression of heavy elements being produced by a neutron star collision. [ESO/L. Calçada/M. 
Kornmesser] 

https://www.eso.org/public/news/eso1917/
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space news
 

Is Planet Nine a Black Hole? 

Speculation about what lurks in the frozen hinterlands of our solar 
system hit fever pitch in September, when researchers proposed a 
new origin for the gravitational weirdness that has been observed in 
the motions of tiny trans-Neptunian objects (or TNOs) well beyond 
the orbit of Pluto.

In 2016, planet hunters Konstantin Batygin and Mike Brown of 
California Institute of Technology (Caltech) announced their discov-
ery of TNOs that have a bizarre clustering and orbital inclinations. By 
their reckoning, the only explanation is that there must be a large 
planetary body, of between five and ten Earth masses on an extreme 
looping orbit around the Sun, dragging the TNOs off their natural 
rhythm. Alas, after years of effort, astronomers using optical and 
infrared observatories have come up empty handed.

But say if astronomers are looking for the wrong celestial object? 
Might the now infamous “Planet Nine” not be a planet after all? The 
only evidence we currently have is that there’s a five to ten Earth 
mass something out there. And what’s the most gravitationally 
endowed something that we know exists in our universe?

That’s right, this new research suggests that instead of survey-
ing the sky for a planet, perhaps we should be looking for a small 
black hole; a primordial black hole to be precise. This type of black 
hole is purely hypothetical and is thought to have been formed just 
after the Big Bang from density fluctuations in the soup of primor-
dial matter. Over the eons, these ancient black holes would have 

evaporated via Hawking radiation, the smallest ones popping out of 
existence first. Some theories, however, suggest that these objects 
still loiter around the cosmos today and may make up a substantial 
portion of dark matter. They might even be revealing their presence 
via microlensing events.

So, what if, instead of a planet, Planet Nine may actually be a 
primordial black hole? The new (and as yet to be peer reviewed) 
research gives some pointers as to how we might stumble across it, 
but others are skeptical. 

With tongue in cheek, Mike Brown responded to this new 
research, saying: “It might be a six-Earth-mass hamburger ... but, yes, 
it also might be a six-Earth-mass black hole. The physics, of course, 
doesn’t care one bit what the six-Earth-masses are made of.”

So, Planet Nine is most likely a planet, just a very distant and very 
cold planet that’s difficult to spot, and astronomers hope they’ll find 
it in the next few years. 

An artist’s impression of a primordial black hole. [ESO] 

http://www.astronomy.com/news/2019/07/primordial-black-holes
https://arxiv.org/abs/1909.11090
https://science.howstuffworks.com/planet-nine-black-hole.htm
https://www.technologyreview.com/s/613060/theres-probably-another-planet-in-our-solar-system/
http://astrosociety.org
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”“
It was 400 years ago, in January 1619, that one of the greatest 

comets of all time finally faded from view. Much has been written 
about that comet, but its impact on English literature has until 

recently been obscured by disinformation perpetuated by genera-
tions of scholars. These five lines from Book 2 of Paradise Lost (PL), 
written by John Milton and first published in 1667, have bedeviled 
scholars for more than three centuries:

Incensed with indignation Satan stood
Unterrified, and like a Comet burned,
That fires the length of Ophiuchus huge
In the Arctic Sky, and from his horrid hair
Shakes pestilence and war.

There are two astronomical aspects here: the constellation 
Ophiuchus, and the comet, with Satan thrown in for good measure. 
The key question that has caused scholarly consternation for 350 
years is: Why did Milton say Ophiuchus was huge in the Arctic sky? In 
trying to explain this passage, a variety of totally unsupported expla-
nations have been put forward by otherwise serious scholars. In 
1893, David Masson described Ophiuchus as “a large constellation in 
the northern heavens, stretching forty degrees,” even though most 
of it is in the southern hemisphere! W.T. Lynn, in 1908, tied himself 

in knots by suggesting the “arctic sky” referred to the position of the 
writer, meaning “as seen under the Arctic sky.” 

In 1913, Thomas Orchard faltered when he wrote Milton “appears 
to have been unfamiliar” with the position of Ophiuchus, even 
though Milton’s knowledge of astronomy was not only extensive, 

Great Comet Confusion
When thoughtful scientific examination sets the historic record straight.

An engraving of the 1618-1619 comet over the German city of Augsburg. [Public Domain]

by Clifford J. Cunningham

annals of astronomy
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enhances our perception of him as powerful and compelling.” 
To reach the truth, I looked at the Bainbridge book, which shows 

the comet running parallel to Ophiuchus. To confirm this, Dr. Donald 
Yeomans at the Jet Propulsion Laboratory ran an orbital calcula-
tion for me, proving the comet never appeared in Ophiuchus. The 
supernova did, but the comet didn’t. This conclusively disproved 
Sarkar’s contention, but it still did not answer the central question.  
The answer turned out to be remarkably simple. Milton never meant 
to say the constellation appeared huge in the Arctic sky. He was 
stating an astronomical fact, namely that the great comet appeared 
huge in the Arctic sky! If one inserts a comma after Ophiuchus in the 
third line, the meaning of the passage inverts, with the word “huge” 
becoming attached not to the constellation but to the comet. The 
great comet did indeed appear beside the constellation Ophiuchus, 
in Milton’s words “firing the length” of that constellation. The comet 
was not just bright, but exhibited a tail as long as 104º, which is 
why he described it as huge. As the comet dimmed it moved north-
ward, eventually disappearing in the Arctic sky near the Pole star in 
January 1619. Thus, Milton gave a perfectly proper explanation for 
its appearance, one that remained obscured by layers of scholarly 
misunderstanding until I solved the “comet conundrum” in 2016. 

This highlights the importance of scientific examination of claims 
made by literary scholars and art historians that impinge on science 
generally and astronomy in particular. I commend it as a fruitful area 
of study for young people embarking on a science career.

Readers can get the full details on my study in a journal published 
by the University of Toronto: Renaissance and Reformation, Winter 
issue of 2016. 

DR. CLIFFORD CUNNINGHAM was recently seen chatting with Apollo 11 astronaut Michael Collins.

but up to date—he even met Galileo, and mentions that great 
astronomer in PL. But Orchard did make some progress, being the 
first to correctly identify the comet in PL as the great comet of 1618 
(the great scholar Edward Gibbon, in 1788, wrote Milton was refer-
ring to the comet of 1664). Orchard even suggests “the apparition of 
this imposing object must have made a deep and lasting impression 
upon his mind.” Milton was a lad of 10 years old in 1618, so the sight 
of such a bright comet quite likely did make a big impression on 
him. 

In 2003, Malabika Sarkar wrote an entire book linking a supernova 
mentioned in PL, along with the comet, to the appearance of Satan 
in Milton’s prose poem. She based her thesis in large part on a book 
written by the English astronomer John Bainbridge in 1618, who saw 
the comet. “Bainbridge locates the 1618 comet in Ophiuchus,” writes 
Sarkar. “Within the context of seventeenth-century millennialism, the 
appearance of Satan as the comet and the new star in Ophiuchus 

Art depicting the 1618 comet over Augsburg. [Public Domain]

https://jps.library.utoronto.ca/index.php/renref/article/view/26541
https://jps.library.utoronto.ca/index.php/renref/article/view/26541
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astronomer’s notebook

by Jennifer BirrielBy the Light of Earth
Earthshine: A tool to study Earth’s albedo and (possibly) permanently shadowed lunar features.

Each month, when the crescent Moon is setting in the evening 
just after its New Moon phase, you can observe the “old Moon 
in the New Moon’s arms,” also known as the “ashen glow.” This 

phenomenon results from sunlight reflecting off Earth’s surface and 
atmosphere onto the lunar surface. Interestingly, Leonard Da Vinci 
was the first person to offer the correct explanation of what we now 
call “earthshine.” You can also observe earthshine during the waning 
crescent phase just before New Moon phase begins, but you’ll have 
to be up before sunrise!  

Besides being a beautiful sight, earthshine has already proven to 
be a useful scientific tool for studying the Earth itself. Earthshine is 
directly related to Earth’s reflective properties, or albedo. It peaks 
during spring in the Northern Hemisphere, between April and May, 
because during these months, Earth’s axis is tilted such that the Sun 
points toward higher latitudes that still have snow and ice on the 
ground. This snow and ice reflect more light than ground cover veg-
etation does in the summer. 

Astronomers began measuring earthshine starting in the early 
twentieth century using photographic plates. In 1926, French astron-
omer André Danjon built a “cat’s eye” detector to study earthshine. 
The device produced two images of the Moon, which allowed him to 
compare the brightness of two different lunar regions. Danjon made 
over 200 such observations through 1930 and then J Dubois took 

over his efforts until 1954. Then, in the 1960s, Gustav Bakos found 
that earthshine contained evidence of seasonal changes in Earth’s 
albedo.  

Since 1988, Big Bear Solar Observatory (BBSO) has been monitor-
ing Earth’s albedo.  Their work is embodied in “Project Earthshine,” 
and the data they have collected has contributed to studies of 
climate change. Project Earthshine is now carried out by a net-
work of three telescopes including the BBSO, a telescope in the 

Earthshine as seen from the International Space Station. [NASA]

https://science.nasa.gov/science-news/science-at-nasa/2005/04oct_leonardo
https://earthobservatory.nasa.gov/images/83782/earthshine
http://muuseum.to.ee/Main/Downloads/T26_A_001_068.pdf
https://ui.adsabs.harvard.edu/abs/1960AJ.....65R.482B/abstract
http://www.bbso.njit.edu/
https://ui.adsabs.harvard.edu/abs/2016GeoRL..43.4531P/abstract
https://ui.adsabs.harvard.edu/abs/2016GeoRL..43.4531P/abstract
http://research.iac.es/proyecto/earthshine/pages/earthshine-network.php
http://research.iac.es/proyecto/earthshine/pages/earthshine-network.php
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Canary Islands, and a third instrument in the Ukraine. The Danish 
Meteorological Institute and Lund Observatory are currently devel-
oping a globally distributed network of autonomous telescopes to 
expand the earthshine telescope network.  

Why not just use satellites? Some satellites have been used to 
monitor earthshine and there are even plans to place a small satel-
lite, a cubesat called CubeShine, in low Earth orbit to monitor earth-
shine. But satellites cost a lot more and their instruments degrade 
relatively quickly, so a network of ground-based ‘scopes has a dis-
tinct advantage for long term monitoring over decades-long time 
scales.

 Earthshine at the lunar surface averages 150 milliwatts per square 
meter, which is about one ten-thousandth of the illumination pro-
vided by sunlight at the lunar surface. During the lunar night, near 
zero lunar phase, earthshine is the dominant source of illumina-
tion at the lunar surface. Earthshine is also the dominant source of 
illumination for craters in the polar regions.  There are polar regions 
known as “permanently shadowed regions” (PSRs), since they never 
receive direct sunlight. (Although during non-zero phase these 

regions can be illuminated by sunlight scattered from surrounding 
lunar regions and this illumination can range from 1-2000 milliwatts 
per square meter.)  

Researchers David Glenar, Timothy Stubbs, Edward Schwieterman, 
Tyler Robinson, and Timothy Livengood modelled earthshine and 
thermal emissions from Earth at the lunar surface and determined 
that earthshine contributes to the sublimation of certain volatile 
compounds frozen in PSR craters. They also argue earthshine is 
a promising tool for future robotic lunar rovers in polar regions, 
although Jacob Kloos and John Moores dispute this claim.  

Images from Clementine instruments demonstrate that earth-
shine could be used as a source of natural illumination for scientific 
studies of the lunar surface during lunar night. The models of Glenar 
and colleagues indicate that earthshine provides illumination suf-
ficient for ground-based imaging and spectroscopic observations. 
This, they argue, should prove useful in optical searches for the 
detection of water ice and other volatiles in PSRs. Such observations 
could be made from surface by robotic rovers or by a satellite in 
lunar orbit!

The topic of earthshine should fit well with a discussion of lunar 
phases in an astronomy course. Since it is visible during the 1-5-day 
period before a New Moon, you could hold an early evening obser-
vation session, maybe even holding an “earthshine photography” 
competition with students voting on the best image. If you want 
to incorporate earthshine into an upper level course, check out this 
“relatively simple” calculation of the magnitude of earthshine, which 
actually requires a numerical solution! 

DR. JENNIFER BIRRIEL is Professor of Physics in the Department of Physics, Earth Science, & Space 
Systems Engineering at Morehead State University in KY. This ends her “Year of the Moon” column 
series in honor of the 50th anniversary of the Apollo Moon Landing.

How the Earth looks to the Moon when Earth sees the New Moon phase. [NASA Earth Observatory]

https://academic.oup.com/astrogeo/article/49/3/3.15/218632
https://meetingorganizer.copernicus.org/EGU2018/EGU2018-6119.pdf
https://ui.adsabs.harvard.edu/abs/2019Icar..321..841G/abstract
https://ui.adsabs.harvard.edu/abs/2019Icar..321..841G/abstract
https://iopscience.iop.org/article/10.3847/2515-5172/ab4195
https://apod.nasa.gov/apod/ap960530.html
https://iopscience.iop.org/article/10.1088/0143-0807/37/3/035601
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armchair astrophysics

by Christopher WanjekDarkness Calls
The tale of two searches for dark matter and how we might really be closing in on the source of the mystery.

Detect gravitational waves? Check. Image a black hole? Check. 
Capture dark matter? Why not? Astronomers have accom-
plished some extraordinary feats in the past few years and, 

perhaps, the elusive nature of dark matter is now within reach.
Dark matter remains one of the most enduring mysteries of 

astronomy. Observations of galaxies imply that there’s something 
more out there than meets the eye. That structure we see—swirling 
galaxies and colossal clusters of star stuff—requires gravity to pull 
the matter together, but if you add up all the matter we can see, it 
falls far short of what is needed to exert such a gravitational force.

Astronomers estimate that a whopping 85 percent of matter 
is in a form that doesn’t interact readily with what we can see—it 
doesn’t heat up to emit electromagnetic radiation, for example. 
Thus, the stuff remains “dark” to us; it’s undetectable to modern 
instrumentation.

So, what is it? There are a few theories. One is that dark matter isn’t 
anything at all. Some theorists have suggested that general relativ-
ity, the theory of gravity, could be wrong and that no dark matter 
explanation is needed. These “Einstein was wrong” concepts often 
don’t stand up to scrutiny, however.

Another major theory is that dark matter comprises undiscovered 
particles.  Why should we assume that we’ve discovered all known 
matter? After all, we didn’t discover antimatter until 1955 and neutri-

nos until 1965. The Big Bang theory of nucleosynthesis allows for the 
creation of baryonic and nonbaryonic matter, the latter of which did 
not contribute to the formation of the elements and could very well 
be dark.

The leading dark matter candidates are the theorized weakly-
interacting massive particles, or WIMPs. These would be elementary 

A simulated view demonstrating how pervasive filaments of dark matter are expected to be through-
out the universe. [Tom Abel & Ralf Kaehler (KIPAC, SLAC), AMNH]
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particles not part of the standard model of particle physics, unlike 
those quarks and leptons you may have heard about. The key word 
here is “massive.”  Neutrinos are abundant elementary particles, but 
they are too light to contribute much to the mass budget of the 
universe.

Searching for WIMPs isn’t for wimps. Like neutrinos, billions of 
dark matter particles should pass through us every second. More 
accurately, the Earth plows through dark matter reservoirs. Because 
dark matter rarely interacts with ordinary matter, scientists are plac-
ing detectors deep inside the Earth.  

The gist is that, below ground, few other errant particles would 
pass through the detector, but WIMPs, in passing through so easily, 
might by chance interact with a detector and deposit a bit of energy.

The Lawrence Berkeley National Lab is leading a project called 

LUX-Zeplin, with more than 30 collaborating institutions. The detec-
tor, with a tank of 10 tons of liquified xenon, will be about 5,000 feet 
below ground in the Sanford Underground Research Facility (SURF) 
in South Dakota, part of what used to be a goldmine.  

The detector will be 100 times more sensitive than its predecessor, 
called LUX, which operated in the same underground space. Should 
a WIMP interact with the xenon, it would emit a telltale flash of light. 
As of October 2019, the detector is in place and the tank will be filled 
with xenon by Spring 2020. Scientists expect to start collecting data 
soon after.

Another contender for dark matter is a theorized elementary 
particle called an axion. As with antimatter, scientists may be able to 
generate axions in a laboratory setting. Things get funky-sounding 
here, so hold on: The gist is that ordinary light photons amplified in a 
cavity under the presence of a very strong magnetic field can con-
vert themselves to some miniscule degree into axions. These axions 
would then pass through a steel wall otherwise blocking light and, 
on the other side, the axions would convert back into light.

In October, the international ALPS II collaboration based at the 
German research center DESY in Hamburg, installed the first of 24 
superconducting magnets, marking the start of an experiment that 
will be 1,000 times more sensitive than ALPS I.  Scientists hope to 
start collecting data in early 2021.

Note that LIGO I set the stage for gravitational wave detection, but 
the increased sensitivity of LIGO II (called “Advanced LIGO”) nabbed 
the prize.  Could it be that the moment is finally ripe to detect dark 
matter? We may not be in the dark for very much longer. 

CHRISTOPHER WANJEK is a science writer based in Baltimore.  His new book, full of light matter, is 
Spacefarers—How Humans Will Settle the Moon, Mars, and Beyond (Harvard University Press, 
February 2020).

Two of the cryogenically-cooled photomultiplier tubes to be used in the LUX-Zeplin experiment, 
which are capable of detecting a single photon generated after a WIMP collision. [LZ collaboration]
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education matters

by Brian KruseIt’s All a Matter of Perspective
From the classroom to the summit of Maunakea, the appreciation of different perspectives can bridge cultural divides.  

As a tool for artists, perspective made its appearance consis-
tently sometime in the early 1400s. It was not long before 
both linear and aerial perspective were utilized, giving depth 

and dimension to the scene, providing a more realistic view of the 
world.  

For many years I have pondered the relationship of art to science, 
and cultural change in general. Is it art that drives change within 
culture, or are the artists merely reflecting on new ways of thinking 
and giving them manifestation? As scientists, it seems we would like 
to have the science driving changes in perception, however I sus-
pect it is the artists who are leading us towards a more realistic way 
of seeing nature.  

Of course, this may break down with the modern abstract and 
minimalist schools of art. Though the roots of these predated the 
now pervasive quantum physics, and its emphasis on probability, 
and uncertainty.  So, perhaps the artists were a step ahead, prepar-
ing our perception for the coming change in scientific paradigms.

Teaching and learning are cultural processes. As such, they do not 
express themselves the same way in every society. Just as individual 
artists have different ways of expressing themselves, so too do 
cultures.  Many times, this is evident within individual classrooms, as 
learners from diverse backgrounds bring with them different ways 
of knowing, and responding, not only to the culture in which they 

find themselves, but also to the natural world they are studying in 
science courses. At times it is difficult as educators to recognize and 
respect the differences, particularly because we tend to give prefer-
ence to a rigid idea of what it means to learn science. As with the 
rest of our society, our western European roots are well established 
in not just the science we engage in, but also in how we teach, and 
learn in the formal classroom.  

Can art help us see Nature from a different perspective, thereby providing clarity? [Pixabay]
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Many students, particularly those from indigenous cultures, have 
a different approach to nature. While students brought up in a 
western European style culture take a taxonomic approach focus-
ing on the properties of individual parts, learners from indigenous 
cultures take a more nuanced approach, emphasizing relationships 
within systems. Cultures taking a relational approach to nature also 
tend to have a rich history of storytelling, bringing together different 
aspects of nature to create a coherent narrative.  

In some ways, these two approaches to nature are at the heart of 

Truly appreciating the night sky may require us to step away from the telescope eyepiece from time to 
time. [Photo by luizclas from Pexels]

every interaction and controversy having to do with conservation of 
natural resources. In these cases, the approaches are manifested in 
a tension between seeing nature as transactional versus relational. 
The transactional approach to nature is rooted in the viewpoint it 
is there for humans to make use of, to always think of the value we 
extract from either the place itself or the underlying resources. The 
relational approach recognizes deep connections to nature, with 
humans intimately connected to the Earth and the other lifeforms 
who also call it home. History is rife with the tension between these 
two viewpoints, with many members of the dominant western 
European culture crossing over to advocate for the more nuanced, 
relational approach to nature, resulting in legislation such as the 
Wilderness Act, Endangered Species Act, the Antiquities Act, and 
others. Of particular note are those who advocate the most strongly 
for the transactional viewpoint continue to fight for the exclusion, 
and rescission of any protections placed on land and species in an 
effort to add them to the inventory of places available for resource 
extraction.  

In so many ways there is little difference between the Hetch 
Hetchy valley in Yosemite National Park, Celilo Falls on the Columbia 
River, Bears Ears in Utah, Standing Rock, the coastal plain of the 
Arctic National Wildlife Refuge, the Tongass National Forest, and the 
summit of Maunakea. In every instance, not only is there a tension 
between a transactional vs. relational approach to the land, but 
there is also one between the dominant western European, and an 
indigenous culture.  

For an educator, providing a transformational experience for 
learners focused on relationships within systems can create a greater 
awareness of perspective than when focusing on individual ele-
ments.  Many times, such an experience requires a slowing down, 
to decrease the sensory load, allowing nuances to emerge of how 
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component parts interact in relationship. The creation or apprecia-
tion of art can provide such an experience, and park rangers in their 
interpretive practice do this on a regular basis as they tap into visi-
tors’ affective realm. While a seemingly ordinary venue may provide 
such an experience, many times it is in the most spectacular places 
where we feel closest to nature. Indigenous peoples certainly recog-
nized how some places evoke a greater feeling of relationship and 
perspective than others. Once such a place is gone, it is no consola-
tion to point to it as an object lesson of what could have been.

Slowing down, one might sense the interconnectivity within a 
forest, or observe the sophisticated dynamics within groups of com-
munal animals. To truly see the night sky may require stepping away 
from the eyepiece, taking in the depth of the vistas before you. We 
just might discover the truth John Muir knew: “When we try to pick 
out anything by itself, we find it hitched to everything else in the 
universe.”

Maunakea: A Matter of Perspective?
The Thirty Meter Telescope (TMT) has provoked a good deal of 
controversy. The process of getting the telescope constructed on the 
summit of Maunakea has seen both approvals and protests. Without 
a doubt, the telescope would provide a valuable addition to the 
tools astronomers use to explore the universe. When thinking about 
perspective, the TMT would certainly provide additional depth to 
the vision of our place in the greater cosmos. 

As detailed in this issue’s feature about the TMT’s stalled construc-
tion, the summit of Maunakea is already home to a suite of instru-
ments, so one might think the environment is already degraded, 
with little left to protest.  

In recent years issues of human rights, and in this instance, the 
rights of indigenous people, have attained greater prominence 

in our consciousness. Or at least in the minds of those who take a 
broader perspective to see the land, and those who live there, are 
not just resources to tap into for monetary profit—or, in the case of 
the TMT, adding to human knowledge, which in a way is a different 
kind of profit.  

Normally, I would celebrate the growth of knowledge, particularly 
when it comes to having a greater understanding of the universe. 
However, many times profit and knowledge come at the expense of 
another group’s rights and ability to practice their culture.  

Perhaps the scientists, much like some sects of the religious 
majority in our country, would decry this point of view, claiming 
they are the ones who are made to suffer persecution. The last I 
looked, no one is suggesting the destruction of a place sacred to 
the majority; no observatory is scheduled for construction on the 
grounds of Notre Dame, or the Temple on the Mount, or in Mecca, 
for example.  

The TMT is slated for construction on a mountain sacred to a par-
ticular group of people. It is not for anyone else to say what qualifies 
as sacred ground. To many of us, all ground is sacred, and worthy of 
protection from unbridled development and profit taking, no matter 
what form the profit takes.  

As John Muir said about the flooding of the Hetch Hetchy Valley: 
“These temple-destroyers, devotees of ravaging commercialism, 
seem to have a perfect contempt for Nature, and instead of lifting 
their eyes to the God of the mountains, lift them to the Almighty 
Dollar. Dam Hetch Hetchy! As well dam for water-tanks the people’s 
cathedrals and churches, for no holier temple has ever been conse-
crated by the heart of man.” 

BRIAN KRUSE manages the formal education programs at the ASP.
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a little learning

by C. Renee JamesRelatable
You’ll never watch “Finding Nemo” in the same way again.

Make the subject relevant!” 
It’s a frequent admonition to first-time teachers, and with 

it comes the veiled suggestion that if the teacher doesn’t 
try hard enough, the subject will be completely irrelevant to the 
students’ lives. The idea of “relevant” teaching makes me wonder 
why foundational subjects are taught if they aren’t, by definition, 
relevant. 

I have often been tempted to walk into an Astro101 classroom 
and say, “Today we are learning about objects in the Kuiper Belt. 
Your understanding of this will help you in budgeting for your future 
purchases of Kuiper Belt objects, or for KBO conservation measures 
or… okay, there is literally no reason you should know this except 
that you’re not an ant. You’re a human, and finding out about this 
amazing universe is not some chore or job training, but a chance to 
know your cosmic cousins better.”

I have no desire to make some of the irrelevant relevant. I do, 
however, want it to be relatable. I want them to look at the universe 
and see a glimmer of their own lives, and I want them to look at their 
own lives and see the universe reflected in them. 

It’s a pretty tall ask when you get to some of the more esoteric 
concepts. Mathematical derivations aren’t relatable, at least not to 
the non-science majors in my Astro101 classes. While I could stare 
at the derivation of Kepler’s Laws from Newton’s Laws and marvel at 

the beauty of mathematics, most of my students see only scribblings 
in a language they have never become fluent in.

Instead I have to find relatable analogies for the universe in every-

Ah, the humble light bulb... or is it a wonderful analogy for a star that can be used in the classroom to 
demonstrate stellar spectra? [Photo by Saya Kimura from Pexels (source)]

https://www.pexels.com/photo/bright-clear-close-up-dark-401107/
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day life. There are the obvious ones. Light bulbs and stove burners, 
as most Astro101 instructors know, are great ways to explore the 
relationship between luminosity, size, and temperature. Rainbows, 
they find, come from not just the Sun, but also light bulbs and stars. 
Gaudy neon signs, which are almost never actually neon, show them 
a different type of rainbow, one run through a shredder that they’d 
never seen before. They see it with their own eyes, and they can 
relate to the spectra of things far away. 

Parallax is best experienced in the blink of an eye, a trick that 
never fails to startle a surprising fraction of my students. In their 
18-plus years, it had never occurred to most of them to look at their 
outstretched finger – or anything else, for that matter – first with one 
eye and then the other. Intriguingly, many of those that had done 
it before later told me that they had always 
assumed the shift meant there was something 
wrong with their eyes. 

When you teach esoteric concepts to non-
science majors, you find analogies in some of 
the most random things. A minute-long scene 
from “Finding Nemo,” something my students 
still recall from their childhood, becomes the 
rapid neutron capture process. And since 
you were wondering, it’s the scene where the 
large sea turtle suddenly has a dozen baby sea 
turtles slam into him as they are whisked along 
the strong East Australian Current. I must have 
watched this movie a hundred times when my 
college-aged son was a toddler, but I have no 
idea what triggered the thought, “That’s a great 
analogy for the r-process!”

I think for many Astro101 instructors, there is 

a perpetual background whirr going on in our brains as we attempt 
to connect our subject matter to something more relatable. 

A black hole is like… well… it’s kind of like a hurricane. My stu-
dents know hurricanes. We lost several days during the fall semester 
of 2017 because one decided to park itself on our region. The tiny 
low pressure area is the problem. All the violence and destruction 
happen outside the eye, but only because everything is trying to go 
down the tiny atmospheric drain. No, black holes are not exactly like 
hurricanes, but this gives them a picture they can relate to. 

The problem with having part of one’s brain perpetually look-
ing for relatable material is that it find relatable material every-
where, even when it is unnecessary. A cool hanging sculpture at the 
Macquarie Centre in Sydney, a mall that none of my students will 

The turtles in “Finding Nemo” are a cool analogy of the rapid neutron capture process. [Screenshot courtesy of Disney/Pixar]

http://astrosociety.org


VOL. 48 NO. 4                 FALL 2019
26

TABLE OF CONTENTS

ever go to, looks like the IceCube neutrino observatory in Antarctica, 
a place that really needs no relatable analog. Perhaps if I were to 
take everyone on a week-long field trip to Australia and shoot a Nerf 
dart at the sculpture, we could see how the neutrinos trigger cer-
tain detectors, but I suspect mall security would frown on that. The 
40 hours of travel and $400,000 class airfare would also prove to be 
a rather high price to pay to experience what amounts to about 3 
minutes of class time. And because I know you’re wondering, here is 

the sculpture I am talking about. 
Although it is harmless to continually see class material in every-

day life (I hope), it can be problematic to introduce all of these analo-
gies to students. They are, after all, just analogies, not realities. By the 
end of a semester of stars and galaxies, my students have seen stars 
compared to light bulbs (for spectra), stove burners (for the luminos-
ity-size-temperature relationship), cars (in looking at the lifetimes of 
stars with different sized “fuel tanks”), and even dead gerbils (don’t 
ask…okay, fine. They relate to determining cluster ages from main 
sequence turnoff points). Spread out over fifteen weeks, they are 
more digestible and relatable, each an analogy for a different cosmic 
property. 

Unfortunately, there are plenty of times that instructors attempt 
to explain a single phenomenon with multiple analogies, a practice 
that needlessly muddies the waters. “Well, this is kind of like <relat-
able thing> in the sense that <explanation of cosmic property>, 
but you could also look at it like <this other relatable thing which 
is so wildly different from the first that the reader struggles to see 
how the two analogies are related and totally loses track of the 
cosmic property. Squirrel!>.” If a single analogy for a given phenom-
enon is so tenuous that it needs help from another, then perhaps it’s 
not the best one for the job. 

Even if you did get an amazing flash of inspiration after seeing art 
in a mall. 

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.

A sculpture in the Macquarie Centre near Sydney, Australia. It could be an analogy for a great crystal 
lattice, the Ice Cube neutrino observatory, or, better yet, just a sculpture in the Macquarie Centre. 
[Renee James]

https://icecube.wisc.edu/science/icecube/detector
https://www.amazon.com/Seven-Wonders-Universe-Probably-Granted/dp/080189798X
https://www.amazon.com/Seven-Wonders-Universe-Probably-Granted/dp/080189798X
https://www.amazon.com/dp/B00MABNA1S/ref=dp-kindle-redirect?_encoding=UTF8&btkr=1
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cosmic views
by Jason Major

Mars Says No to NASA’s Mole

Mars is apparently not too keen on being probed by Earthlings. Cap-
tured on November 3, 2019 with the arm-mounted Instrument De-
ployment Camera on NASA’s InSight lander, this image shows the 

16-inch-long HP3 “mole” probe a week after it was partially ejected from a 
hole it had previously bored. The “X” impressions are from the feet of the HP3 
support structure, which was removed to gain access to the instrument, and 

the square depression is from the Instrument Deployment Arm’s scoop.
Developed for NASA by the German Aerospace Center (DLR), the 
Heat Flow and Physical Properties Package (aka HP3) aboard 

InSight was designed to burrow a probe 16 feet below the 
surface of Mars over the course of 40 days to determine 

the temperature and source of the planet’s internal heat.
Nicknamed the “mole,” the HP3 probe encountered 

difficulties in March 2019 shortly after its first attempts 
to burrow into the surface of Mars. It was determined 
that a lack of friction from the Martian soil was pre-
venting progress and, after months of testing on Earth, 
on October 17 the InSight team tried a method called 
“pinning” which used the lander’s robotic arm to give 

the mole some support as it hammered downward.
Unfortunately, after just nine days and very little 

progress the mole was seen in IDC images exiting the 
hole. Citing “unexpected soil issues,” the InSight team 

suspects that loose material became dislodged inside 
the hole and deposited in front of the mole, forcing it back-

ward. Watch an animation of the mole exiting the hole it had dug.
Luckily the mole wasn’t fully ejected and using the lander’s arm the 

team was able to confirm that it’s still stable in place. Further investigation 
will determine the next steps in the surprisingly tricky challenge of tak-
ing Mars’ temperature. Read more about InSight’s mole recovery efforts. [NASA/JPL-Caltech. Edit by Jason Major]

https://mars.nasa.gov/resources/24673/insights-heat-probe-partially-backs-out-of-hole/?site=insight
https://mars.nasa.gov/news/8529/mars-insights-mole-has-partially-backed-out-of-its-hole/?site=insight
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Say “Hi!” to Hygiea, the Smallest Dwarf Planet

This image, made from data captured with the SPHERE instrument on ESO’s Very Large 
Telescope (VLT), shows Hygiea, the fourth-largest object in the main asteroid belt. 
But more than just a random chunk of rock and rubble caught between Mars and 

Jupiter, Hygiea may very well become the newest member of the dwarf planet club.
With a diameter of about 430 kilometers (267 miles), Hygiea and over 6800 

smaller asteroids that comprise its namesake family are thought to have been 
formed by a violent head-on collision two billion years ago with an object 75-
150 kilometers (46-93 miles) in size.

Astronomers expected to find obvious visible signs on Hygiea of such a 
large impact event, but in the images acquired by VLT/SPHERE in June-July 
2017, Hygiea is seen to be surprisingly spherical and lacking in large-scale 
craters (like what was found on Vesta by NASA’s Dawn mission). In fact, 
Hygiea is almost as round as Ceres, which is over twice its size!

Its shape and smoothness are thought to be the result of the very impact 
that created it. As molten material was flung into space after the collision—
which basically shattered the original object—it reaccumulated, flowed and 
coalesced due to rotation into a fairly spherical form, leaving no visible scar from 
the impact itself. Watch this animation of the reformation of Hygiea after impact.

This roundness, along with the facts that Hygiea orbits the Sun, is not a satellite 
of a larger body, and has not cleared its orbital path, satisfy the current IAU defini-
tions of a dwarf planet (the same definitions that reclassified Pluto in 2006). If officially 
confirmed, Hygiea will be the solar system’s smallest dwarf. 

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 

Magazine, Science Channel, and NASA. You can find more of his work at LightsInTheDark.com.

cosmic views
by Jason Major

[ESO/P. Vernazza et al./MISTRAL algorithm (ONERA/CNRS)]

https://www.eso.org/public/teles-instr/paranal-observatory/vlt/vlt-instr/sphere/
https://www.eso.org/public/usa/teles-instr/paranal-observatory/vlt/
https://www.eso.org/public/usa/teles-instr/paranal-observatory/vlt/
https://www.eso.org/public/news/eso1918/
https://www.youtube.com/watch?v=qhTEQsH2xMA
https://www.LightsInTheDark.com
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Passing Through
Two interstellar travelers have visited the solar system in as many years—how many more are out there?

By Steve Murray

The interstellar comet 2I/Borisov as imaged by the Hubble Space Telescope. [NASA/ESA]
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As giant planets orbit through the disks of young 
protoplanetary systems, their gravity can eject some pieces 
of disk material into interstellar space. Over the eons, 

chunks of planet-building debris (known as planetesimals) should 
have drifted through our galactic neighborhood, and astronomers 
have wondered where it was. All the asteroids and comets we had 
discovered to date seemed to be native to our solar system. 

Now, in the span of only two years, we’ve spotted two extrasolar 
visitors and a new analysis predicts that we can expect many more. 
The first was detected late in its visit and scientists hurried to study 
it while they could. The second was found earlier in its journey 
and offers more time for a detailed examination. Armed with what 
they’ve learned so far, astronomers believe we could be awash in 
extrasolar visitors.

“This is the material that makes up planets around other stars,” 
says Malena Rice, a Yale researcher involved in exoplanet formation 
and evolution, “and it’s here for us to examine up close. It’s a new 
way for us to study extrasolar systems.”

First Detection
Astronomers found the first object on October 19, 2017 using Pan-
STARRS1, a survey telescope located at Haleakala Observatory in 
Hawaii. They weren’t sure what it was at first and labeled it a comet 
(C) before changing it to an asteroid (A). That changed yet again, 
once its speed (clocked at an incredible 196,000 miles per hour, or 
87.3 kilometers per second) and hyperbolic path through the solar 
system pegged its extrasolar origin. The International Astronomical 
Union (IAU) assigned its first formal interstellar designation (I) 
to 1I/2017 U1, but people soon used the more popular name: 
‘Oumuamua, a Hawaiian term meaning “scout.”

The rocky surface of 1I/‘Oumuamua appeared to have a deep red 

color characteristic of many Kuiper Belt objects, and was highly elon-
gated—astronomers estimated its length between 330 and 3,280 
feet (100 and 1,000 meters).

1I/‘Oumuamua didn’t stick around very long, however. The inter-
stellar object (ISO) was already 40 days past its closest point to the 
Sun at the time it was detected and was already heading back out 
of the solar system.  “We effectively had only a week to observe it,” 
says Karen J. Meech, at the Institute for Astronomy at the University 
of Hawaii. Meech and her colleagues conducted some of the first 
measurements of the object, employing a variety of instruments. 
“We were part of the team that discovered ‘Oumuamua,” she adds, 
“and we had a huge campaign to characterize it quickly.” 

Useful observations ended about mid-December 2017, when 
distance and speed put 1I/‘Oumuamua beyond the capability of 
most telescopes, but its passage had energized planetary scientists 
around the world. Extrasolar objects were in our midst and were 
detectable after all.

Artist’s concept of interstellar object 1I/2017 U1 (‘Oumuamua) as it passed through the solar system. 
[ESO/M. Kornmesser] 
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Act Two
That’s where things stood until August 30, 2019 when Gennady 
Borisov, an amateur astronomer and telescope maker in Crimea, 
detected a second visitor. When first detected, the object was about 
three astronomical units (AU) from the Sun, where big telescopes 
don’t perform well. In fact, Borisov found it with a small instrument: 
a 2.1 foot (0.65 meter) telescope he built himself. 

This time, the object was found still on its way into the solar sys-
tem. There will be about a one year window to study the visitor and 
telescope time is in high demand. “People are excited,” says Meech. 
“Basically every asset that astronomers can get will be looking at it.”

The new object, now designated 2I/Borisov, is much larger than 
1I/’Oumuamua—1.2 to 10 miles (2 to 6 kilometers), and it will be 
traveling over 98,000 mph (44 kilometers per second) relative to the 
Sun when it reaches perihelion in early December. 

And because 2I/Borisov has a coma, the fuzzy envelope of gases 
that surround a comet, astronomers are focusing a lot of spectro-
graphic attention on it. “You want to see if the chemistry is the same,” 
says Meech, “and if its size, color, and shape are the same across 
all solar systems.” So far, that seems to be the case.  Meech and her 
colleagues reported their detection of cyanide gas (CN) around 2I/
Borisov in September, and October observations from the Hubble 
Space Telescope (see the cover of this issue of Mercury) showed that 
the object shares its structure and chemical composition with com-
ets in our own solar system. It’s still early, though, and there’s much 
more to learn. “We’re just scratching the surface as far as spectros-
copy goes, because those observations are still taken pretty close to 
the horizon. It will also be getting brighter as it comes to perihelion 
[its closest approach to the Sun] around December 7th.” 

Telescopes in the Northern Hemisphere should be able to study 
the comet until January, and then Southern Hemisphere instru-
ments will come into play. Meech estimates that by October 2020 
it will be nearly impossible to spot as it speeds out again from the 
solar system.

More at the Door?
So 1I/’Oumuamua and 2I/Borisov are pretty different in size, color, 
and chemical characteristics. Are they typical of other ISOs or could 
they be outliers in a bigger population of wandering planetesimals? 
Astronomers will need to find many more examples before they can 
make firm statements. Fortunately, some clever analyses are indicat-
ing that many more objects may be waiting discovery.

A team headed by Toni Engelhardt, of the Institute for Astronomy 
at the University of Hawaii, used historic data from three sky surveys 
to model confidence limits on the likely abundance of interstellar 
objects. Based on about 20 years of accumulated telescope time, 

Trajectories of comet 2I/Borisov and 1I/’Oumuamua as they passed through the solar system. [NASA/
JPL-Caltech] 
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what, they asked, was the likely population density of these objects 
given that we had not seen one? They made one prediction for 
“easy to see” objects such as comets with bright tails and another 
prediction for “hard to see” objects like asteroids. Their paper was 
published in 2017, however, before 1I/‘Oumuamua was discovered. 
When our first ISO detection was a “hard to see” object, the research 
team determined that the original modeling estimates were prob-
ably too conservative and revised their estimates upward in a subse-
quent paper. 

A more recent study tackled the same question in a different way. 
Malena Rice, a PhD student at Yale University, and her advisor Greg 

Laughlin modeled planetesimal ejection rates by looking at new 
data collected by the Disk Substructures at High Angular Resolution 
Project (DSHARP) project at the Atacama Large Millimeter/submil-
limeter Array (ALMA) in Chile.  

The idea that small objects are launched into space from giant 
planets in young, forming solar systems is the predominant theory 
for the origin of ISOs.  “We even expect that a huge fraction of mate-
rial in our own solar system got tossed out early in its formation,” 
Meech tells Mercury, “as the giant planets were being built and 
moving around. This ought to be a universal process that happens 
everywhere.”

Not every young planet meets the necessary conditions to pull 
this off, however.  “Most of the planets we’ve discovered in other 
systems are too small or too close to their host star,” says Rice, lead 
author of the new Yale paper. “Any material perturbed by these plan-
ets would probably remain in the system, trapped by the gravity of 
that star.” 

The problem for astronomers is that giant planets further out 
than 5 AU are extremely hard to detect with current planet hunt-
ing methods. Stellar transits much beyond 1 AU from their star are 
almost impossible to sense, and the long orbital periods of distant 
planets make radial velocity effects too slow to pick out of most data 
records. 

The DSHARP project provided an alternate perspective on 
the phenomenon. Headed up by Sean Andrews, of the Harvard-
Smithsonian Center for Astrophysics, researchers gathered high 
resolution images of 20 large protoplanetary disks to characterize 
the emission ring and depleted gap structures related to planetary 
formation.  “You’re not seeing the planets directly in these gaps,” 
explains Andrews. “You’re seeing what could be the interaction 
of the planets being born and their birth environments [adjacent 

The sharpest image ever taken by ALMA, showing the protoplanetary disk surrounding the young star 
HL Tauri, and an example of a possible origin of interstellar comets. [ALMA (ESO/NAOJ/NRAO)]
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disks].”
The Yale researchers examined the gaps in the disk images to 

estimate the prevalence of large, distant planets that could eject 
interstellar materials. “We focused on three representative systems,” 
said Rice. “They had big gaps that likely indicated big planets. We 
were looking for planets of Neptune mass or greater, and more than 
about 5 astronomical units from their host star.”

They then used data from these systems—number of candidate 
planets, planetary masses, and the mass of their surrounding dust—
to seed a simulation model estimating how often these large bod-
ies might eject planetesimals out of their systems over time.  Their 
results fit the idea that 1I/‘Oumuamua had been ejected from a 
DSHARP-type system, providing the first direct evidence that such 
objects could be ejected by large planets orbiting far from their sun 
in young protoplanetary systems. 

Rice and Laughlin extended their analysis to forecast that power-
ful new sky surveys like those planned for the Large Synoptic Survey 
Telescope (LSST) should be able to detect over 100 ISOs 1 meter 
(3.3 feet) in radius or larger per year. “Every model includes some 
assumptions, of course, “said Rice. “But if these distant, giant planets 
are as common as we think, we’ll be seeing a lot more of these inter-
stellar objects soon.”

Taking a Longer Look
It’s a good bet that the LSST will begin finding more ISOs like 
1I/’Oumuamu and 2I/Borisov when it comes on line in October 2023. 
With the biggest (3.2 gigapixel) digital camera in the world, the LSST 
will scan the entire southern sky every 3 days. One of its biggest 
strengths will be its ability to pick up transient events such as small, 
fast-moving ISOs and to quickly alert the astronomy community so 
that other instruments can be trained on them. 

Without hard performance data, however, LSST scientists can only 
be cautiously optimistic about the rate of ISO detections. “Right now, 
it’s difficult to predict based only on circumstantial evidence,” says 
Mario Juric, Associate Professor of Astronomy at the University of 
Washington and lead of the Solar System processing group for the 
LSST. “We’ve seen two in the last two years just with current discov-
ery instruments. With the emergence of the LSST, our detection rate 
should be a factor of 10 higher than that. We should find about a few 
each year, but we’ll only know for sure when LSST is operating.” 

So the solar system might be busier than we thought even a few 
years ago.  We should find out soon after the LSST begins operation.  
In the meantime, however, 2I/Borisov will be keeping astronomers 
very busy for some time. 

STEVE MURRAY is a freelance science writer & NASA Solar System Ambassador. A former 
research engineer, he follows developments in astronomy, space science, & aviation.

In this artist’s rendition, the LSST primary mirror is seen through the slit of the dome at sunset. [Todd 
Mason, Mason Productions Inc. / LSST Corporation]
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At an Impasse

The summit of Hawaii’s Maunakea hosts 13 telescopes and the Thirty Meter Telescope (TMT) is planned to join them—
but protests over the project’s cultural and ecological impact have stalled its construction.  [Arnie Watkins/Pexels]

As protests continue to stall construction of the Thirty Meter Telescope on Hawaii’s Maunakea, where do we go from here? 

By Sarah Wells
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Cold mountain winds whipped across hardened lava fields on 
July 15th as protestors bearing Hawaiian flags and winter coats 
took to the base of Hawaii’s sacred Maunakea to create a 

human barricade across the mountain’s single access road. 
Signs and banners reading “Protect Maunakea” and “Road Closed 

Due to Desecration” were held by both young and old kia’i, or pro-
tectors, taking a stand against what they believe to be the most 
recent in a long line of exploitative actions against Native Hawaiians: 
the building of the Thirty-Meter Telescope (TMT). 

If built, the telescope—a $1.4 billion dollar collaboration between 
Canada, Japan, China, India, the California Institute of Technology, 
the University of California and the University of Hawaii—would 
be one of the largest telescopes in the world and would join 13 
other telescopes at the top of Maunakea, a mountain which Native 
Hawaiian religion believes is the point at which their gods touch the 
Earth.

The protests against this project, which have continued since mid-
July, have brought international attention to the mountain and to 
date have successfully prevented building preparations to begin on 
the TMT, as well as temporarily halting research at many of the other 
telescopes already dotting Maunakea’s ridge, including the Keck 
Observatory and Caltech Submillimeter Observatory. While limited 
access to these telescopes has been restored, the Associated Press 
reports that altogether the telescopes on Maunakea lost 2,000 hours 
of research time—the longest sustained period of stalled operations 
since telescopes began appearing on the mountain in the 1970s.

Disinformation has worked to distort details of narratives on 
either side of the debate, but at the end of the day the protestors 
and those in favor of the telescope tend to agree on one point: it’s 
not just about the TMT.

Bigger Than the TMT
The TMT has come to symbolize the historic disenfranchisement of 
indigenous Hawaiians through exploitation of the island’s assets 
and ignoring of native voices. But, while there may be agreement 
from both parties about the injustices Native Hawaiians face, there is 
considerably less agreement about who that blame belongs to and 
whether the TMT can still be built on Maunakea in good conscience. 

While more public attention has been drawn to the issue this sum-
mer by the protests, the decision over the TMT’s fate has been an 
on-going conversation on the island for ten years now, and one that 
followed serious mismanagement of previous astronomy projects 
on the mountain, said Kealoha Pisciotta, a former systems specialist 
for the British-Dutch-Canadian telescope facility at Maunakea and a 
TMT critic.

Protests against the TMT’s construction have been commonplace on Hawaii since the project’s initial 
ground-breaking in 2014. [H. Doug Matsuoka (source), Creative Commons 2.0]

https://apnews.com/b0f1eb75a110437f83145abacd9afb75
https://apnews.com/b0f1eb75a110437f83145abacd9afb75
https://www.flickr.com/photos/hdoug/18134967988/
https://creativecommons.org/licenses/by/2.0/
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“We as the people who literally ‘own’ the mountain have a right to 
say ‘Hey, thirteen of the richest nations on the planet already have 
their observatories. There’s a legal limit, which is thirteen, and we’re 
putting our foot down’,” said Pisciotta. “They built all of those tele-
scopes without actually doing environmental impact statements… 
We forced them to do one and when they did do it … the executive 
summary pretty much said that the impact is very serious.”  

The University of Hawaii, which is responsible for managing the 
telescopes on top of Maunakea and leasing land for new ones, was 
sued by Native Hawaiians in 2017 over harmful cultural, archaeologi-
cal, historical and natural resource impacts that had taken place on 
Maunakea since the erection of the first telescope on the site in the 
1970s. Environmental impact reports found that these effects had 
continued unchecked on Maunakea for decades. 

Roy Gal, an astronomer and head of public outreach at the 
University of Hawaii’s Institute for Astronomy, agrees that the 
university may have mismanaged the use of Maunakea in the past, 
but contends that efforts have been taken since then to rectify the 

situation. 
When TMT officials decided on Maunakea in 2009 as the site of 

their next telescope, however, Pisciotta said it was a clear message 
that those helming the project had not heeded previous concerns 
regarding the environmental impact these telescopes were having 
to the mountain. Original plans to construct the TMT in October 
2014 were disrupted by protestors and the telescope’s building 
permits were revoked by Governor Ige on the grounds that “due 
process” hadn’t been followed in their initial approval. After complet-
ing contested case hearings, the project’s construction permit was 
reinstated in October 2018.

While Pisciotta maintains that this decision was arrived at unjustly, 
proponents of the telescope, including TMT Vice President of 
External Affairs Gordon Squires, say the project has followed proto-
col from the beginning and is poised to not only advance science 
with the work of TMT but to add value to Hawaii’s economy as well. 

With sophisticated equipment and an array of mirrors measur-
ing tens of meters across, Squires says that the size and sensitivity 

The twin Keck Observatory telescopes and the Subaru Telescope (right) take advantage of Maunakea’s unique environment to carry out cutting-edge astronomy. [W.M. Keck Observatory]  
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of the TMT as well as the proposed location at Maunakea positions 
it perfectly for deep-space observations, like identifying spectral 
signatures of the Big Bang and exoplanets, as well as carrying out 
detailed observations of our own solar system, including a closer 
look at Jupiter’s moons. Even more exciting would be the discoveries 
the TMT could make that haven’t yet been predicted, such as new 
insights into dark matter and dark energy, adds Squires. 

In a nutshell, the TMT’s mission is to discover what the universe is 
made of and elucidate our place in it.

And Maunakea, says Squires, is the perfect location to achieve 
these goals. The tallest peak in the world (as measured from its 
seabed base), Maunakea’s 4,205 meter (13,796 ft) summit is located 
above approximately 40 percent of the Earth’s atmosphere and, as a 
result, experiences cold, dry conditions—all prerequisites for captur-
ing sharp images using ground-based telescopes.

Finding a Way Forward
However, Pisciotta argues that these long-term scientific goals 
shouldn’t take precedence over damage being incurred to our 
planet and communities. 

“Modern science, in astronomical terms, is lacking a kind of rel-
evancy to the average person,” Pisciotta says. “I support astronomy… 
however, it doesn’t really translate into helping the people and the 
Earth right now.”  

This perspective is one that scientists around the world have 
started to speak-up about as well, as demonstrated by an Open 
Letter to the astronomy community with over 1,000 signatures from 
STEM graduates and undergraduates that condemn the actions 
taken against Maunakea protestors in efforts to continue TMT con-
struction, including the detaining of several Native Hawaiian elders 
during protests.

However, looking more broadly at those who support the tele-
scope complicates the debate even more. Just as not all scientists 
support the telescope project, not all Native Hawaiians oppose it.

“I agree that it is important for the native Hawaiian community to 
stand strong on issues that affect Hawaii, even if the opposition of 
TMT has been that rallying point,” Brialyn Onodera, an engineer at 
the National Solar Observatory in Hawaii, says. “At this point I don’t 
think I have any criticisms about the project after reading exten-
sively about the various issues concerning building an observatory 
Maunakea and how TMT seeks to rectify those issues.”

Onodera says she’s always had an interest in science and engi-
neering and that the observatories on Maunakea helped spark that 
in her. Her internship at the Keck telescope during the summer of 
2015 coincided with the first TMT protests, says Onodera, but she’s 
been strongly on the side of the telescopes from the beginning. 
Onodera believes that the TMT has made effective efforts to rectify 

On October 7, 2014, Hawaiian cultural practitioner, Joshua Lanakila Mangauil (center) and other 
Maunakea “protectors” disrupted the TMT’s ground breaking ceremony. [Occupy Hilo (source), CC2.0]  

https://www.flickr.com/photos/occupyhilo/15489459316/in/photostream/
https://creativecommons.org/licenses/by-sa/2.0/
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shortcomings brought up by protestors, including making sure the 
telescope will give value to the island through creating STEM educa-
tion funds. Onodera also believes the TMT project at its core is hon-
oring Maunakea’s sacred connection to the heavens, not desecrating 
it.

“What I want most for them to understand is TMT is modern 
astronomy and that it is simply an evolution of an art that Hawaiians 
view as sacred,” says Onodera. “Ancient Hawaiians were widely 
known as the best naked eye astronomers of their time and exten-
sively used the information they gained from night observations to 
improve their everyday lives. In the past century we have adapted 
and evolved to use technology in our lives and practices to imple-
ment culture values into modern STEM practices, why can’t TMT 
represent the same thing?”

When asked about Native Hawaiians who supported the TMT, 
Pisciotta said they’re often too young to have seen the scope of the 
exploitation enacted on the island through astronomy and other 
projects. While Onodera may fall into this category, another vocal 
proponent of the TMT certainly doesn’t. 

Like Onodera, a traditional Hawaiian navigator named Kalepa 
Baybayan believes that the TMT is an extension of Hawaii’s ancient 
traditions of navigation and astronomical observation. He also says 
that allowing astronomy projects like TMT on the island is essential 
for diversifying and strengthening the Hawaiian economy, which 
otherwise is largely propped up by tourism.

“We have very little industry here that we can export,” Baybayan 
says. “Tourism is our number one economic driver, so when you have 
an asset [like astronomy] that you can use to benefit an island com-
munity that really has very limited sources to do so, we would be 
wise to take advantage of that.”

These stances suggest more division than they do solidarity, 

however. A recent September poll conducted by the Honolulu Star-
Advertiser surveyed 800 Hawaii voters and 400 native Hawaiians and 
found that support for the TMT on Maunakea had dropped by nearly 
a third from numbers recorded in March 2018 following the sum-
mer’s protests, from 72 percent to just 27. 

In a statement responding to the poll numbers, Hawaii’s Governor 
David Ige said the results captured the sentiment of the island.

“The poll numbers are consistent with the desire of many resi-
dents to accommodate both concerns,” said Governor Ige.

However, Governor Ige was also in support of a new pamphlet   
released just after the poll numbers by the county’s mayor, Harry 
Kim, called the “The Heart of Aloha, Maunkea, a Way Forward,” which 
laid out grievances while still advocating for “a way forward” with the 
TMT project.

“This presentation is beyond a ‘yes’ or ‘no’ of the TMT project,” 
Mayor Kim wrote in the pamphlet. “This is about asking Hawai’i’s 
people to come together and finding a new path to go forward in a 
good way.”

Questions of Sovereignty and Science
While these poll numbers and the subsequent pamphlet don’t 
necessarily bring clarity to the issue, they do help reveal another 
underlying problem: While there may be agreement from both sides 
that Native Hawaiians deserve sovereignty over their land, how will 
it, and the island’s economy, be managed afterwards? 

Proponents of TMT like Baybayan argue that astronomy is the 
best way to use the island’s assets and provide future opportunities 
for Hawaiian children, but opponents of the telescope like Pisciotta 
argue that stepping away from the capitalist culture brought to 
Hawaii (by projects such as astronomy) is instead what the island 
needs.

https://www.kitv.com/story/41101740/results-are-in-new-poll-shows-steep-decline-in-tmt-support
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Regardless of how this question is decided in the future, the 
debate over the TMT is quickly reaching the end of its rope, scientist 
and head of TMT operations Christophe Dumas says.

“I would hope that in the next two-three months that a decision is 
made,” says Dumas. “Because that would allow us to start construc-
tion in the spring of next year, so we would have only lost an extra 
year compared to the original plan.” 

Should the stalemate continue, or a decision be reached against 
the TMT, Dumas says it would be time for the project to pack its 
bags and instead head to its alternate site at La Palma, one of Spain’s 
Canary Islands.

“We hope for solutions to be found rapidly, although the chances 
to resolve such issues in a timely manner appear smaller every day,” 
says Dumas. “In the meantime, we are preparing the grounds for 
starting construction as soon as possible, hopefully in Hawaii, if not 
on our alternate site.”

Dumas says that the La Palma site is less optimal for the kind of 

science TMT hopes to do, primarily due to it being lower in eleva-
tion and more humid, but that much of the science would not be 
lost should the project make the move. Instead, it would mostly be 
slowed down.     

However, the removal of the TMT from Maunakea would poten-
tially make it more difficult for the University of Hawaii to maintain 
its lease, which is already set to expire in 2030 and would require the 
removal of all telescopes from the site. 

It has been two months since Mayor Kim released his “way for-
ward” pamphlet concerning the TMT, but according to Squires there 
hasn’t been any substantial movement one way or another. While 
Squires still believes in the science the TMT would do on Maunakea 
and believes the project has taken the correct steps throughout the 
process, he admits that its future remains uncertain. 

“Construction around the world [of components for the] TMT has 
been ongoing since 2015, so over four years, so we need to start on 
site construction soon,” says Squires. “[And] what does “soon” mean? 
I honestly don’t know. This is an unprecedented situation and we are 
being respectful but also understanding that we are under pressure 
to get started.” 

As for Maunakea’s kia’i, Pisciotta says they have been successful so 
far in their efforts and will continue to stand against the project. 

“We will continue our stand until the TMT will not be built,” says 
Pisciotta. “They need to accept that they don’t have our clear and 
informed consent and that they’re violating our human and civil 
rights.” 

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 pub-
lished in Undark, Smithsonian.com, Inverse, Gizmodo, and Space.com, among others.

Artist’s rendition of how the TMT’s dome is designed to appear on Maunakea’s summit. [TMT]  
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reflec tions
By Ian O’Neill

Baby Stars Feed off Dusty Pretzel

Observing the birth of a star system is a profound astronomical achieve-
ment; the swirl of gas surrounding a bright blob of dense ma-
terial starting out its fusion-driven future marks the 

beginning of what could eventually be a diverse system of 
planets. However, most stars are not born alone and, in 
this dazzling observation by the Atacama Large Milli-
meter/submillimeter Array (ALMA), the initial stages 
of not one, but two stellar newborns have been im-
aged in striking detail.

Notably, this young binary system includes 
a looping dusty structure shaped like a pretzel, 
which is a wonderful cosmic fluke as it’s this 
structure that is literally feeding the hungry 
baby stars.

The looped baby binary was discovered in the 
[BHB2007] 11 system, the youngest member of 
a small stellar cluster in the Barnard 59 dark 
nebula and part of the Pipe nebula’s interstellar 
dust, according an ESO statement. 

The compact bright blobs have been interpreted as 
two circumstellar disks surrounding the individual stars. 

The extended pretzel-like structure is thought to contain 
as much as 80 Jupiter masses of material surrounding the in-

ner circumstellar disks.
“This is a really important result,” said study co-author Paola Caselli 

of Max Planck Institute for Extraterrestrial Physics, Garching, Germany. “We 
have finally imaged the complex structure of young binary stars with their 

feeding filaments connecting them to the disk in which they were born. This 
provides important constraints for current models of star formation.”

In this early stage of formation, gas and dust is being drawn into the glowing circumstellar 
disks, bulking them out. In a future stage, according to stellar evolution models, the research-
ers expect the stars to directly feed off their circumstellar disks as the extended disk of material 
(and dusty pretzel) becomes depleted. As the binary matures, it will evolve into a tightly orbit-
ing binary that may, if orbital dynamics allow, form a planetary system.

[ALMA (ESO/NAOJ/NRAO), Alves et al.]

https://www.eso.org/public/news/eso1916/
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An artist’s impression of the gamma-ray burst recently studied by the Hubble Space Telescope. Read more about this incredible discovery. [NASA, ESA, and M. Kornmesser] 

https://hubblesite.org/contents/news-releases/2019/news-2019-56
http://astrosociety.org
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