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The QHY268M-PH is essentially an APS-C version of the larger QHY600. APS-C sensor s —
format is approximately half the size (in area) of full frame format. This 26MP, 16-bit, ., e

New Monochrome Cameras for Deep Space

QHY600M-L Full Frame, 35mm Format

A more affordable USB 3.0 version of the popular Scientific, Full Frame, 61 Megapixel,
16-bit, QHY600 Series camera. 9576 x 6388 pixels @ 3.76um. Peak QE above 87%. User
selectable modes for optimizing gain, read noise, full well capacity and dynamic range.
Read noise 1e- to 3.7e- in standard mode. Full Well >80ke- in extended mode. Dark
Current 0.0022e-@-20C. Zero amplifier glow. 1 GByte (8 Gbit) image buffer. Dynamic
range 13.7 stops. Two year warranty handled in the U.S. List Price 53980

QHY268M APS-C Format

back- illuminated sensor has 6280 x 4210 pixels at 3.76um. Read noise 1.1e- (High Gain =

Mode) to 3.5e- (Low Gain Mode) Full Well Capacity is >80ke- in extended mode. Dark
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Current 0.0005e-@-20C. Zero amplifier glow. 1 Gbyte (8Gbit) image buffer. Dynamic W o

range is 14 stops. Two year warranty handled in the U.S. List Price $2399
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QHY294M-Pro 4/3-Inch Format

If you have been waiting for a higher performing replacement for cameras using the
4/3-inch monochrome Panasonic sensor, like the workhorse QHY163M, the wait is over.
The back-illuminated Sony IMX492 sensor in our QHY294M-Pro camera has higher
sensitivity, higher resolution and lower noise than the older Panasonic sensor. User
selectable resolution of 11.6 MP (4164 x 2796 @ 4.63um) or 47MP (8340 x 5644 @
2.314um) in "unlocked" mode. Read noise 0.6e- to 6.9e-. Full Well >65ke-. Dark current
0.002e-@-20C. Hardware Anti-Glow Reduction. 256MByte DDR3 memory. Dynamic
range > 13 stops. Two year warranty handled in the U.S. List Price $1295.

New Color Planetary Cameras

QHY5111485C 1/1.2-Inch Format

The 8.4 Megapixel QHYS5I11485C is about 4X the size of the 462C with 3864 x 2180 pixels at NN\
. 2.9.um. It is the same size in :':lrea as t.he p?pular Q.HYSIII.174M. This large .area, back- ﬂﬁ‘a 3 \g
illuminated sensor makes full disk solar imaging possible with commonly available solar o oeRar Wi
scopes up to about 100mm f/7. Likewise, it can image the full disk of the moon through " y >
700mm FL scopes and shorter. The QHY511485C has Sony's sHGC technology for read noise ‘3 .

as low as 0.6e-. It will output 44FPS 8-bit or 18.5FPS 16-bit images. The camera includes an A
AliSky lens and c-mount adapter. Two year warranty handled in the U.S. List Price $399.
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QHY5111462C 1/2.8-Inch Format

The QHY5I11462C is an incredibly sensitive back-illuminated color camera with extended NIR
response and high QE, even at the 830nm methane line. 1920 x 1080 at 2.9um. Its small
pixels, Super High Gain Conversion (Read noise as low as 0.5e-) and 135 FPS frame rate
make it ideal for imaging Jupiter, Saturn and Mars. The standard kit includes a 1.25" UV/IR
filter and 1.25" IR850 filter. The expanded kit adds an 890nm methane filter for planets plus
an AlISky lens and lens adapter for easy conversion into an AllSky camera. Two year
warranty handled in the U.S. List Price $299 with Standard Kit or $349 with Expanded Kit.

www.QHYCCD.com
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SPECTRUM by Peter Tyson

Overtones of Awe

IN SKY & TELESCOPE we often delve into the nitty-gritty of
astronomical observation and science. That’s the locus where
astronomers, both pro and amateur, inch forward into new terrain,
advancing our appreciation and understanding of the universe.

But astronomy offers abundant opportunity for stepping back
from that leading edge at any time to consider the big picture. Arwen Rimmer’s
article on biosignatures (page 34) epitomizes the kind of S&T story that leaves
you agog at both the scientific challenge and the philosophical implications.

Rimmer’s feature focuses on the efforts of researchers who are laying the
groundwork for detecting potential signs of life in exoplanet atmospheres. The
work is akin to Linnaeus’ formulation of the system of binomial nomenclature
for organisms. Just as we can’t talk about myriad individual species without a
clear descriptive architecture to help distinguish them, we can’t identify pos-
sible biomarkers if we haven't first outlined the
innumerable ways that chemicals can behave in
gaseous environments.

Even as you marvel at the daunting task
these actors on the scientific stage have set
themselves, you're vaguely yet inescapably
aware of the tantalizing backdrop. It’s that
age-old, far-reaching question that underlies all
their work: Is there life beyond Earth?

Finding life elsewhere would be one of the
greatest scientific discoveries of all time. If
we determined that life had emerged at least twice independently — here and
out there — we’d know that life is likely ubiquitous in the cosmos. Imagine the
shakeup to our anthropocentrism. Copernicus displaced Earth from the center
of the physical universe. Darwin unseated Homo sapiens from the center of the
biological universe. Unearthing extraterrestrial life, especially intelligent life,
might expel us humans from the center of the metaphysical universe as well.

Notwithstanding the threat to our collective ego, the possibility of life
extrinsic to our world might well lie at the heart of our love for the stars. If we
knew without a doubt that Earth held the only living things in the universe,
would we still “look up” with the same passion? How much of our fascination
with the physics and chemistry beyond Earth is due to that still hypothetical
component, the biology? Without an answer about the existence of extraterres-
trial beings, can we really be said to know ourselves?

How you answer these metaphysical questions is up to
you. But we hope you go through a two-stage process while
reading S&T: become engrossed in the specifics, then push
back in your chair, stare off into the distance, and wonder.

A Does life exist out there? Detail
of the Hubble Ultra Deep Field, a
view of nearly 10,000 galaxies
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Spend less time troubleshooting and more time imaging.
Introducing TheSky™ Imaging Edition for $595.

Have you ever blown an entire evening trying to
get one or more of your imaging devices to work?
If you have, you're not alone.

Our new imaging edition of TheSky™ can help
you become more productive by letting you control
all your imaging devices with a single amazing
software application, and from one very reliable
software developer.

TheSky Imaging Edition provides world class
device control, including cameras, mounts, focusers,
filter wheels, autoguiders, and rotators, all right out
of the box.

You'll enjoy lightning-fast renderings of the
sky with amazing detail based on your preferences.
Point to your object and start imaging.

SOFTWARE

With its integrated TPoint™ telescope modeling,
you'll spend less time hunting and more time
imaging. You can now polar align your telescope
without needing any pole stars, which is great when
relatively small patches of sky are visible.

TPoint also detects and compensates for any
flexure in your telescope. And its extreme pointing
accuracy is legendary — and unrivaled.

Available for Windows, macOS, and Linux,
you can migrate operating systems without losing
TheSky’s familiar look and feel.!

If you already own TheSky software, you might
be eligible for a discount with a current subscription.?

Spend more time imaging with TheSky
Imaging Edition.

BISQUE

Superior imaging solutions for discriminating astronomers.


www.bisque.com

FROM OUR READERS

4 The staff of Yerkes Observatory, including E.
E. Barnard (center of back row), stand in front

of the 40-inch refractor with Albert Einstein on
May 6, 1921.

the transition from naked-eye to tele-
scopic observing in the 17th century.
Michael Mendillo’s article, “The Schiller
Enterprise” (S&T: Jan. 2021, p. 64)
doesn’t reflect his true character well.

- = o 5 pa i T . Hevelius was one of many people

“ é‘;? ‘s L?i VR N s e V. ¢ who devised revisions of the constel-

' g A N lations and their subjects or, in his
case, entirely new ones in those years.
Mendillo says Hevelius’s comment that
astronomers have not used Julius Schil-
ler’s names for the constellations since
their release reflects “a fear of obscu-
rity.” In actuality, he may have simply
been anticipating a lack of public inter-
est. And the article reduces Hevelius's

af

Historical Astronomers

In “Wildfires Threaten Observatories” Unfortunately, clear skies in Wisconsin actual statement that the previous atlas
(S&T: Jan. 2021, p. 12), David Dickin- are not guaranteed. Barnard made sure  is not “universally convenient and mar-
son and Sabrina Garvin mention that not to miss them when available. He ketable, and . . . is owned by very few
Edward Emerson Barnard’s historic was reportedly in the observatory while among the learned” to “Hevelius was
California home near Lick Observatory  the temperature inside was -26°F. concerned with the practical matter of
burned down. He discovered Jupiter’s Oddly, while Barnard was there, a selling his new atlas.”
fifth moon, Amalthea, while living golf course started play in the shadow Johannes Hevelius was an ami-
there. Considering that Galileo found of the venerable dome. Being a daytime  able man who tried, in a contentious
the first four nearly 300 years before, sport, it probably did not bother him. era, to get along with others as best he
Barnard’s 1892 discovery was special. While the University of Chicago no could — as found by the young Edmond
In 1895, Barnard moved to the longer operates the telescopes at Yerkes, = Halley, who visited him in 1679 to iron
University of Chicago, which was pre- they and their domes will live on under  out a technological disagreement with
paring to open the new Yerkes Obser- the guidance of the Yerkes Future Foun-  Robert Hooke and John Flamsteed.
vatory on beautiful Geneva Lake in dation (S&T: Mar. 2020, p. 10). Hooke, Flamsteed, and Hevelius were
Williams Bay, Wisconsin. While there,  pennis Horvath all members of the Royal Society, and
he used the 40-inch (1-meter) refract- Greendale, Wisconsin Halley sent Hevelius a testimonial letter
ing telescope for more than 20 years. commending his kindness and candor.
His grand astronomical obsession Johannes Hevelius was a significant Eric Rachut
occupied virtually every starry night. and, in many ways, tragic figure during ~ Moody, Texas

Star Hopping with Sky Safari  under Scope Display in Observe, and in again on SkySafari to match my

[ have a comment about the S&T Test zoom in to match the selected optics, eyepiece and continue. It makes star
Report “SkySafari 6 Pro” by Rod Mollise the magnitude limit increases so I can hopping much easier.

(S&T: Jan. 2021, p. 30). The adjustable see the fainter stars. The resulting Mike Fratto

limiting magnitude of the display is image matches up with what I see in Syracuse, New York

a notable feature for those of us with the eyepiece.

manual mounts who have to star hop. To star hop, I select my finder and SS Mars

If I set the Magnitude Limit under optics on Scope Display and center my  Several years ago, I sailed from Nor-
the Stars option in the settings to the Telrad finder on the first star. Then, I folk, Virginia, to Tortola in the British
faintest star I can see straight on, [ match the image on SkySafari to what’s  Virgin Islands. [ was hand steering at
can match the screen with the night in my 8x50 finder and hop to my des- night with all the navigation lights off
sky pretty well. But if I also enter my tination with the finder or until  have = while two crew members slept below.

instruments into SkySafari, select them to switch to the eyepiece. I then zoom [ tethered myself for safety, had the
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compass lights off, and was steering
southeast by the stars. Then, I saw a
large ship heading toward my port side;
[ could see its red bow light. I was now
on alert for a converging course.

[ could tell that it was getting closer
because the red bow light was rising
higher. Then, I began to see stars under
the light. I finally figured out that it
wasn’t a ship but Mars! It was so red!

[ never had to change course to avoid
that collision.

We continued sailing using celestial
navigation and eventually found the
island Jost Van Dyke and then Tortola.

Ray Locke
Venice, Florida

Geminids in the City

[ was glad to see the Geminids receive
the recognition they deserve in “Get
Ready for the Geminids” by Joe Rao
(S&T: Dec. 2020, p. 14). For the past
couple of decades, I've considered them
the year’s best meteor shower. I've never

had very good luck with the Perseids,
and even the Leonids of the early 2000s
were in my opinion somewhat lacking,
since I apparently missed the peak due
to poor planning.

However, the Geminid meteor
shower of 1994 was truly memorable.
At the time, I was collecting data for
my PhD dissertation, imaging Seyfert
galaxies and quasars with a 24-inch
(0.61-meter) telescope on a rooftop on
the University of California, Los Ange-
les campus in the middle of some of
the worst light pollution modern cities
have to offer. The equipment, an optical
CCD camera and a liquid-nitrogen-
cooled infrared CCD camera (that was
made on campus), easily pulled signals
out of the murk. Visually, I struggled to
make out 2nd-magnitude stars!

During exposures, I'd leave the
dome and stroll around the roof. I

wasn't expecting much that night.
However, I was astounded to see these
bright tears that just kept coming!
Every minute or two, another pleas-
ingly bright one would slowly streak
through the mostly featureless sky. Of
course, [ couldn’t help but think about
how many I wasn’t seeing — it must
have been spectacular away from the
city. Yet it far surpassed any meteor
shower I'd seen before or since.

Brant Nelson
Ayer, Massachusetts

FOR THE RECORD

PuWe 1 is not the largest known plan-
etary nebula, as stated in “Springtime Blos-
soms” (S&T: Mar. 2021, p. 63), but it is one
of the largest planetaries known.

The table in “Catching Celestial Butter-
flies” (S&T: Feb. 2021, p. 18) should have
stated that M76 lies at +51° 34°.

SUBMISSIONS: Write to Sky & Telescope, One Alewife Center, Suite 300B, Cambridge, MA 02140, USA or email:
letters@skyandtelescope.org. Please limit your comments to 250 words; letters may be edited for brevity and clarity.

75, 50 & 25 YEARS AGO by Roger W. Sinnott

1946

1971
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Comet Hyakutake:

The Performance Begins

( May 1946

Chirp, Chirp “Professor E. B.
Frost [was] director of the Yer-
kes Observatory from 1905 until
1932. In his later years he was
blind, yet carried on some of his
own correspondence, printing in
capital letters on a narrow ribbon
of paper. At the end, he signed
himself, ‘E. B. Frost, IPSE.” | knew
him for only a little while but | shall
never forget his telling me about
Dolbear’s formula.

“In the middle of the night,
when a cricket in the dome is your
only companion, count the number
of chirps in 15 seconds, add 40
to it, and the result will be the
temperature, Fahrenheit. . . . This
is Dolbear’s formula. . . . | don’t
know who Dolbear was or what he
did. [But] I’'ve used his formula and
it usually works.”

Roy K. Marshall wrote this for
the column Astronomical Anec-
dotes. (For those whose Latin is
rusty, “ipse” means “himself.”)

( May 1971

Dimmer Skies “The extinction
coefficient is the loss in magni-
tudes of a star’s light at the zenith,
in clear-sky conditions. . . .

“A group of University of Wash-
ington astronomers, in a study
called Project Astra, is compiling
present and past measurements of
extinction, made at observatories in
all parts of the world, to study the
long-range changes in the earth’s
atmosphere caused by man-made
pollution. One of the first results is
a comparison of the extinction at
Mount Wilson Observatory at two
epochs half a century apart . . .

“Over the 50-year interval, the
extinction coefficient increased by
0.27 magnitude at a wavelength
of 3500 angstroms (ultraviolet), by
0.09 magnitude at 4400 (blue), and
0.10 magnitude at 5500 (yellow).
‘These are large differences,’” notes
[project chair Paul W.] Hodge . . .
‘We came to realize [that astronom-
ical extinction methods] far surpass
in accuracy the existing equipment
used in air pollution studies.””

( May 1996

Hubble Deep Field “[For] 10
consecutive days beginning last
December 18th, [the Hubble
Space Telescope] directed its gaze
to a nondescript field near the Big
Dipper’s handle. . . .

“The resulting montage was
unveiled to an eager gathering of
astronomers and journalists on
January 15th. [Space Telescope
Science Institute director Rob-
ert] Williams announced that the
results were ‘all that we could
have hoped for.” [The Hubble
Deep Field] contains over 1,500
galaxies, some as faint as 30th
magnitude . . . And they all lie in
a patch of sky no larger than that
covered by a grain of sand held at
arm’s length. This implies that over
50 billion galaxies now lie within
humanity’s grasp.”

Since then, other tiny fields
have been imaged even more
deeply by the Hubble Space
Telescope. The goal is to see what
galaxies looked like as soon after
the Big Bang as possible.

skyandtelescope.org ¢ MAY 2021
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GRAVITATIONAL WAVES

Ve

Pulsars Show Hint of Grawtatlonal-

wave Background

THE COLLISION of two stellar-mass
black holes creates a “pop!” of gravita-
tional waves that eventually surges over
Earth — and detectors — in a matter of
seconds. But when two supermassive
black holes merge, their pop draws out
like the sound in a slow-motion video.
The many-years-long signal blends in
with those coming from other super-
massive binaries in the universe. Now,
astronomers may have picked up a hint

A The NANOGrav observes pulsars scattered
throughout the galaxy, as illustrated here, in an
effort to detect gravitational waves.

of this constant low-frequency hum of
gravitational waves.

Pulsar-monitoring projects, also
known as pulsar timing arrays (S&T: Jan.
2019, p. 22), have been on the lookout
for this background buzz for more than
a decade. One such project, the North
American Nanohertz Observatory for

Gravitational Waves (NANOGrav)
announced significant progress at the
237th meeting of the American Astro-
nomical Society in January.

Pulsars, the compressed remainders
of massive supernova explosions, power
jets of plasma that sweep across Earth
like a lighthouse beam. Millisecond
pulsars, which whirl around as fast as
the blades in a kitchen blender, keep
especially regular time, rivaling atomic
clocks on Earth.

As early as 1979, astronomers were
already dreaming of using these time-
keepers to search for gravitational waves
— and now they’re doing just that,
looking for tiny changes in millisecond
pulsars scattered across the galaxy.

“We created a galaxy-size detector
within our own Milky Way,” says Joe
Simon (now at University of Colorado,
Boulder), who led the team that pub-
lished in the December 20, 2020, Astro-
physical Journal Letters. After analyzing
12% years of observations, NANOGrav
has detected a low-frequency signal that
looks exactly like what scientists would
expect colliding supermassive black
holes to emit — but the team can’t yet
be certain.

To establish that the low-frequency
buzz comes from gravitational waves,
NANOGrav scientists first need to

GAMMA-RAY BURSTS
Magnetars Make Some
Short Gamma-ray Bursts

HIGHLY MAGNETIZED neutron stars
can produce powerful flares that
masquerade as short gamma-ray bursts
(GRBs), astronomers argue, after find-
ing another GRB associated with a
magnetar. This time, the gamma rays
came from the magnetar itself rather
than the circumstances of its birth
(S&T: Apr. 2021, p. 9).

After spotting GRB 2004154, astron-
omers pinpointed it to the Sculptor
Galaxy (NGC 253), 11.4 million light-
years away. Observations showed this
GRB behaving much like so-called giant
flares coming from Milky Way magne-
tars. The team presented the observa-
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tions at January’s virtual meeting of the
American Astronomical Society and in
three papers, two in the January 14th
Nature and one published January 13th
in Nature Astronomy.

Rarely, magnetars can generate
powerful X-ray and gamma-ray flares.
Astronomers think twisted magnetic
field lines crack the neutron star’s dense
crust, releasing relativistic plasma
through the fracture.

Sculptor’s gamma-ray flare released
about a million times less power than
expected from the collision of two
neutron stars, which are thought to
make most short GRBs (those less than
2 seconds long). But a nearby magnetar
flare may look like a short GRB, just
like a nearby firecracker can sound as
dramatic as a remote blast of TNT.

Astronomers have triangulated other
short GRBs to neighboring galaxies,
but GRB 200415A is one of the most
convincing cases of magnetars as the
source. To make it a shoo-in, astrono-
mers would have liked to see the event’s
tail end, which might have revealed a

A Tangled magnetic fields of a magnetar release
a speedy blob of plasma accompanied by a
short gamma-ray flare.

PULSARS: NANOGRAV / T. KLEIN; GIANT FLARE:
NASA GSFC / CHRIS SMITH / USRA / GESTAR



establish that the signal they see is
correlated across space.

“Here on Earth, we're bobbing in
an ocean of low-frequency gravita-
tional waves,” Simon explains. The
passing waves slightly jostle our
planet, and as Earth moves toward
one pulsar, its signals arrive a little
sooner than expected. Signals from
a pulsar in the opposite direction
would come slightly later.

Gravitational waves are by their
nature quadrupolar, which means
that when they travel, say, along the
x-axis, spacetime squeezes along the
y-axis and stretches along the z-axis
(and vice versa). That same squeeze-
stretch action happens along mul-
tiple axes, so the actual correlation
pattern is complex and difficult to
suss out of the signal detected so far.

But scientists are confident they
will, and soon, with estimates rang-
ing from within the year to a few
years. “Trying to detect gravitational
waves with a pulsar timing array
requires patience,” says NANOGrav
chair Scott Ransom (National Radio
Astronomy Observatory). “It’s great
that these new results are exactly
what we would expect to see as we
creep closer to a detection.”

l MONICA YOUNG

LAUER ET AL. / ASTROPHYSICAL JOURNAL 2021

slowly fading pulsation. Unfortu-
nately, that telltale signal is too faint
to be visible outside our galaxy.

“The possibility that a subset of
short gamma-ray bursts is associated
with magnetar giant flares was sug-
gested long ago,” says Roberto Turolla
(University of Padua, Italy), who was
not part of this study. “This detec-
tion is key in proving it right.”

Scientists hope to find and study
additional magnetar flares with
StarBurst, a small gamma-ray-
detecting satellite in development as
part of NASA’s Astrophysics Pioneers
program. Eric Burns (Louisiana
State University) says, “The study
of GRB 200415A is really laying the
groundwork for future research.”

B GOVERT SCHILLING

COSMOLOGY
New Horizons Measures
“Extra” Visible Light

NASA’S NEW HORIZONS MISSION to
the outer solar system has turned its
cameras to far-off vistas — and found
more light than expected. This has
potential consequences for galaxy evo-
lution and perhaps even cosmology.

Team member Tod Lauer (NSF’s
NOIRLab) and colleagues used the Long
Range Reconnaissance Imager (LORRI)
camera to image regions above and
below the star-filled galactic plane and
measure the cosmic optical background.
The team subtracted all known sources
of visible light, including stars and
galaxies in the image, as well as light
from those outside the field of view that
scattered into the camera. Computer
simulations aided the removal of stars
and galaxies too faint for the camera to
resolve. The team also subtracted Milky
Way starlight scattered off interstellar
dust, basing the latter on observations
of galactic cirrus.

Yet when all the calculations were
done, there was still “extra” light they
couldn’t explain, Lauer and colleagues
report in the January 10th Astrophysical
Journal. “The total unknown amount
is more than the integrated flux from
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all known galaxies,” Lauer said at the
237th meeting of the American Astro-
nomical Society.

Some of the excess may yet find a
simple explanation. Shuji Matsuura
(Kwansei Gakuin University, Japan),
who also found an indication of “extra”
light with his colleagues in the Cos-
mic Infrared Background Experiment
(CIBER), suggested that the New Hori-
zons team might have underestimated
the amount that scattered Milky Way
light contributes to the background.
“My opinion,” he adds, “is that we have
to be careful to claim the existence of
the diffuse cosmic optical background
at this stage.”

But if it pans out, the New Horizons
result has some interesting implica-
tions. The team sees twice as much
optical background as predicted by
existing galaxy catalogs. Faint galaxies
might account for some of the extra
light, but other sources could contrib-
ute, too. Faint stellar halos around
galaxies, “lost” stars torn away during
galactic mergers, undiscovered black
holes, or even axions, a hypothetical
dark matter particle (S&T: Jan. 2021,

p. 16), might be part of the explanation.
Il MONICA YOUNG

Read the full story at https://is.gd/
NewHorizonsCOB.

Milky Way light scattered by galactic dust, using two models to represent the dust
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A Lauer and colleagues measured the visible-light background (black horizontal lines) in seven
regions outside the galactic plane. They then subtracted sources that make and scatter visible light
(colored bars). Known sources of light, including the total associated uncertainty shown by the error
bars, do not fully explain the background light New Horizons saw.
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BLACK HOLES
The Most Distant Quasar
and Black Hole Birth

THE EXISTENCE OF A QUASAR in the
infant universe is helping astronomers
understand black hole formation.

Feige Wang (University of Arizona)
and colleagues report the detection in
the January 20th Astrophysical Journal
Letters: a 1.6 billion-solar-mass black
hole just 670 million years after the Big
Bang (at a redshift of 7.64), around the
era when the first stars were beginning
to shine. The discovery leaves astrono-
mers wondering, how did the mass of
more than a billion Suns come together
into a black hole so early on?

One school (S&T: Jan. 2017, p. 24)
thinks that black holes come from mas-
sive stars. The very first generation of
stars — known as Population III stars
— would have fit the bill: They had on
the order of hundreds of solar masses,
burned fast, and died young.

The other school of thought skips

is artist’s impression shows the
L gas-guzzling black hole and the
powerful wind it generates.

stars entirely, instead positing the direct
collapse of cold clouds of gas, some-
thing not seen now but thought to be
possible in the crowded early universe.

The record-breaking quasar may help
decide the debate. Even if this black hole
were gaining mass at the maximum rate
100% of the time, it would still need to
have been huge — at least 10,000 times
the Sun'’s mass — to grow to 1.6 billion
Suns by the time it’s observed. Wang’s
team thus rules out a massive star for
the formation of this black hole.

“I think these large masses at red-
shifts greater than 7 put a huge amount

of pressure on models that assume Pop-
ulation III seeds,” agrees Mitch Begel-
man (University of Colorado, Boulder),
who was not involved in the research.
Besides powering the most distant
quasar known, the black hole is also
driving a gale of hot gas into the galaxy
at 20% the speed of light. The Atacama
Large Millimeter/submillimeter array in
Chile shows the host galaxy is currently
birthing 200 solar masses’ worth of
stars per year. Future observations will
investigate whether the hot gusts could
eventually halt the stellar churn.
Il MONICA YOUNG

GALAXIES

Astronomers Spot Galaxies Clustering in Early Universe

A TINY GALAXY CLUSTER was found
coming together just 770 million years
after the Big Bang. The discoverers say
the elongated protocluster consists of
two smaller systems of galaxies that will
probably merge into one.

Today’s clusters contain hundreds
of individual members, but billions of
years ago protoclusters were just slightly
denser regions of space. The protoclu-
ster LAGER-z7OD1 has 21 galaxies
packed together five times more tightly
than galaxies at similar distances.

Weida Hu (University of Science
and Technology of
China) and cowork-
ers reported the find
on January 25th in
Nature Astronomy, from
data collected by the
Dark Energy Camera
on the 4-meter Blanco
P An artist’s impression of

a protocluster in the infant
universe
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Telescope at the Cerro Tololo Inter-
American Observatory in Chile. Using
a narrowband near-infrared filter, they
singled out young galaxies by emis-
sion from their ionized hydrogen. This
hydrogen emits a specific ultraviolet
wavelength known as Lyman-alpha,
which redshifts to near-infrared as it
passes through the expanding universe.

Spectroscopic measurements with
the twin 6.5-meter Magellan telescopes
at Las Campanas Observatory, also in
Chile, confirmed the extreme distance
(corresponding to a redshift of 6.93) of
16 of the galaxies.

Hu and his col-
leagues expect LAGER-
z70D1 to evolve into a
massive cluster measur-
ing about 100 million
light-years across and
with almost twice the
mass of the nearby
Coma Cluster.

B GOVERT SCHILLING

IN BRIEF

NASA Extends Mars,
Jupiter Missions

NASA has granted extensions to

two key planetary missions: Insight’s
Mars operations have been extended
through December 2022, and Juno’s
work at Jupiter will go through Sep-
tember 2025. Insight will keep record-
ing the faint rumblings of marsquakes,
adding to the more than 480 detected
during its primary mission. However,
its heat probe, part of the Heat Flow
and Physical Properties Package
provided by the German Aerospace
Center, has been shut down following
failed attempts to dig into the Martian
surface. Meanwhile, Juno’s extension
adds another 42 orbits, taking it past
Ganymede on June 7th, which will re-
duce its 53-day orbit to 43 days. Close
encounters with Europa will follow in
autumn 2022, then a series of lo flybys
start at the end of 2023. Juno will face
higher radiation as it orbits closer to
Jupiter — a prime reason to save these
orbits for the end of the mission.

H DAVID DICKINSON

QUASAR: NOIRLAB / NSF / AURA / J. DA SILVA;
PROTOCLUSTER: ESO / M. KORNMESSER
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EXOPLANETS
Rocky Planet Found Around
10 Billion-Year-0ld Star

ASTRONOMERS USING the Transit-
ing Exoplanet Survey Satellite have
discovered three planets orbiting a star
about 10 billion years old — one of them
rocky. The star, TOI 561, resides in our

galaxy’s older and fatter thick disk, so its
planets have a nice view of the Milky
Way’s spiral from on high.

The planets have diameters 1.45, 2.9,
and 2.3 times Earth’s, respectively. The
innermost one is a rocky planet, whose
average density is similar to our own.
But it’s on an orbital period of 0.44 day,
and it’s anything but Earth-like. The
dayside surface temperature is around
2500K (4000°F). That’s at least twice

Magnetic Whirlpool
NASA’s Stratospheric Observatory for
Infrared Astronomy (SOFIA) has cap-
tured a new view of the Whirlpool Gal-

" axy (M51), 31 million light-years away
in Canes Venatici. By imaging polarized
light, SOFIA’s High-Resolution Airborne
Wideband Camera mapped out M51’s
magnetic field. The resulting magnetic
streamlines are shown overlaid on the
image at right. While radio observations
had revealed that the magnetic field
lines trace the spiral structure in the in-
ner parts of the galaxy, the SOFIA data
show for the first time that the field
lines in the outer arms do not follow

the same order. Intense star formation

o
&, .'

in these outer regions may be causing
magnetic chaos, and the gravitational
tug of neighboring galaxy NGC 5195
probably also plays a role.

H MONICA YOUNG

as hot as Earth’s magma, and it’s surely
molten. What it actually looks like is
uncertain because, as lead scientist
Lauren Weiss (University of Hawai'i,
Manoa) notes, “It exceeds temperatures
where geophysicists have made lava in
the lab.”

Astronomers have found planets
around old stars before, as well as
around stars with a paucity of heavy
elements. But this planet holds the
record as the first confirmed rocky
planet found around a thick-disk star.

“We now have evidence that the uni-
verse has been forming rocky planets
for the last 10 billion years,” Weiss says,
“more than double the age of our own
solar system, and nearly since the origin
of the universe itself.”

l MONICA YOUNG

A This artistic concept shows the rocky planet
circling TOI 561. Two larger and likely gaseous
planets are shown at left.
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GALACTIC
Black Hole Feasts on Star

A DISTANT SUPERMASSIVE black hole
is flaring in a surprisingly regular pat-
tern, and astronomers think it betrays
the piecemeal devouring of a star.

On November 14, 2014, the All-
Sky Automated Survey for Supernovae
(ASAS-SN), a global network of 14-cm
robotic telescopes, detected a flare in
the core of a misshapen galaxy 570 mil-
lion light-years away.

Astronomers initially thought the
flare, cataloged as ASASSN-14ko, was
a supernova, or maybe the temporary
brightening of a supermassive black
hole. However, when Anna Payne (Uni-
versity of Hawai‘i, Manoa) went back
over six years’ worth of data, she found
similar flare-ups occur every 114 days.

Payne and colleagues observed the
days-long flashes with various facilities,
including four large amateur telescopes

in Australia, South Africa, and Bra-
zil and several X-ray satellites. Payne
discussed the analysis at the 237th
meeting of the American Astronomi-
cal Society (AAS), and the results will
appear in the Astrophysical Journal.

In a second paper, presented at the
AAS meeting and posted on the arXiv
preprint server, Michael Tucker (also at
the University of Hawai‘i, Manoa) and
colleagues announced two nuclei at the
center of this galaxy, each one hosting
a feeding supermassive black hole. The
periodic flaring comes from the brighter
of the pair. The team suggests the galaxy
is in the late stages of a merger, which
would explain its irregular shape.

The flares can’t come from interac-
tions between the black holes, which are
4,500 light-years apart. Instead, Payne’s
team envisions a star in an elongated
orbit. Every time the star passes near
the black hole, it loses about three Jupi-
ter masses’ worth of gas, which heats up

A This artist’s concept shows a supermassive
black hole tugging the outer layers off a red
giant star.

and flares as it falls into the black hole.
The star survives, only to lose another
chunk during the next pass.

Without knowing what kind of star
is involved or how long the flares have
been happening, it’s hard to tell how
long this will last, Payne says. The team
plans to keep studying upcoming flares
expected in April and August 2021.

B GOVERT SCHILLING

SOLAR SYSTEM
Amateur Finds Jupiter’s
“Lost” Moons

AN AMATEUR ASTRONOMER has
found four of five “lost” Jovian moons.
The feat allows a recalculation of their
orbits, leaving only one of Jupiter’s 79
known satellites still unaccounted for.

The formerly missing moons are
among a group of 23 small Jovian
satellites that Scott Sheppard (Carnegie
Institution for Science) and colleagues
reported in 2003. Many of these were
later lost due to uncertain orbits; as of
late November 2020, five remained so.

The amateur, who gave his name
only as Kenneth, began his quest to
find the lost moons using the discovery
images stored in the Canadian Astron-
omy Data Centre’s Solar System Object
Image Search. Starting from initial
orbital information, he ran the clock
back to find additional “precovery”
images. Once he had found a moon in a
precovery image, he then used the posi-
tion data to extend the orbit back over a
longer time period. He could then hunt
for additional images.
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Kenneth tackled the five moons
one by one. Only the last, S/2003 ] 10,
proved too difficult to recover. The
Minor Planet Center has now published
Kenneth’s reports for the other four:
$/2003 ] 23,J12,] 4, and ] 2. (Unbe-
knownst to Kenneth, Sheppard had
already recovered S/2003 ] 2 and ] 23,
but his submissions to the Minor Planet
Center, along with Kenneth'’s, were
stuck in a processing backlog.)

Sheppard calls Kenneth'’s recoveries
“impressive.” Not only are the moons
faint, but with their wide-ranging orbits
they traverse an area of about 80 square
degrees. That’s a giant haystack to
search for dim needles, especially when
the powerful telescopes required to
image them have small fields of view.

Most small Jovian moons belong
to one of five distinct families, each
dominated by one big object that Jupiter
probably captured long ago. The Smaller
moons are likely fragments broken off
the larger main bodies during colli-
sions — rare events now but numerous
billions of years ago. Small moons thus
help probe the solar system’s history.
B JEFF HECHT

IN BRIEF

Galactic One-Two Punch

The Milky Way may have endured a
one-two punch early in its history.

A large fraction of the stars in our
galaxy’s halo are crash debris, scraps
from galactic collisions — includ-

ing many of the ancient balls of stars
called globular clusters. Astronomers
think the largest offender was Gaia-
Enceladus (S&T: Feb. 2019, p. 13),
which might have contributed more
than 20 globulars (S&T: Mar. 2021,

p. 11). But new work by Jeremy Bailin
and Ryker von Klar (both at University
of Alabama) suggests Gaia-Enceladus
was a double whammy. Instead of as-
suming that globulars’ current levels of
heavy elements match what was in the
gas that formed them, Bailin and von
Klar accounted for how levels would
have changed as stars within the
clusters died and spread their remains
around. They discovered that the glob-
ulars associated with Gaia-Enceladus
split into two distinct chemical groups:
There were two galaxies, not one,
Bailin reported at the 237th meeting of
the American Astronomical Society.

B CAMILLE M. CARLISLE

NASA GSFC



COSMIC RELIEF by David Grinspoon

TOM POLAKIS

The Cosmic
Conjunction

When the world’s got you down,

look up and tune into orbital time.

JUST AS THE HELLACIOUS year of
2020, so full of loss, conflict, cyni-
cism, and pain, was drawing to a close,
we Earthlings were treated to a rare
and stunning celestial arrangement as
the two bright gas giants Jupiter and
Saturn pulled to within a fingernail’s
width of each other on the night of the
winter solstice.

For those of us attuned to the heav-
ens, such a sight is not only a delight
in and of itself, but it can pull us out
of our quotidian reality. We enter into
sky time, recalling other spectacles,
other times and places when the stars
aligned for us. We remember our
favorite eclipses, rare meteor showers,
auroral light shows, the few really good
comets that have offered themselves to
our close inspection, and those bright
planetary congregations we’ve wit-
nessed during our few orbits.

My own wedding came (not by coin-
cidence) on a summer solstice coincid-
ing with a choice conjunction of the
crescent moon with two bright planets.
For me, every planetary conjunction
now has a little of that night in it. Each
watcher has their own associations,
and these peak sky happenings stitch
our life’s journeys together at a scale
beyond the day-to-day.

These memorable sightings also
bind us to human lives before and
after our own. My grandmother, who
is no longer with us, was not impressed
with the apparition of Halley’s Comet
in 1986. To explain why, she drew me
a picture from memory of the truly
magnificent appearance in 1910, when
she was only 10 years old.

The previous close meeting between
Saturn and Jupiter came in 1226 (not

A The Great Conjunction of Jupiter and Saturn, as seen just after sunset on December 21, 2020

counting their discrete 1623 ren-
dezvous, when few likely saw them
consorting so near to the Sun). Seen
only with naked eyes, that was the last
pre-telescopic, pre-Copernican super-
conjunction. Not too long after that,
we learned what the planets really are
and, concurrently, that our own world
is also a planet that could be seen
wandering through the skies of others.
With that knowledge, we’ll never see a
conjunction the same way again.

This orbital dance also connects
us to geologic and cosmologic time. It
has been proceeding since long before
there were humans, or hominids, or
mammals, or any creatures with eyes
who might have noticed.

Beyond the simple aesthetic enjoy-
ment, why are these cosmic configura-
tions so compelling?

Conjunctions, along with eclipses
and cometary apparitions, have long
been seen as omens. It’s not hard to
imagine why. The wandering planets,
by nature of their capricious move-
ments, can appear to possess agency
and awareness. When they cross paths,
it highlights their apparent personali-
ties, almost as if they were greeting

one another, or perhaps conspiring. In
truth, the awareness exists only down
here in the eyes of the beholders.

We don’t need to think of such
alignments as portents to appreciate
the wisdom in the perspective they
bring, to delight in the reminder of the
rhythmic and harmonious cosmos we
occupy, and to feel enmeshed in their
movements. After all, it is the shift-
ing parallax of our view from Earth’s
orbit, the fact that we observe from a
moving platform, that makes Saturn
and Jupiter seem to rush together and
then part so rapidly. This is a dance we
participate in.

When the world feels momentarily
dark, celestial spectacles can connect
us to places and times that transcend
our immediate worries and remind us
of the wider landscapes we inhabit.
Jupiter and Saturn will pass each other
this close again on March 15, 2080. I
won'’t get to see that one, but I'm glad
some of you will.

B Astrobiologist DAVID GRINSPOON,
an S&T contributing editor, is author of
Earth in Human Hands: Shaping Our
Planet’s Future.
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HIGH-ENERGY PARTICLES by Govert Schilling

COSMIC POWV

|

AIR SHOWER This artist’s concept shows an example of the air shower of
secondary particles that a high-energy cosmic ray creates when it hits Earth’s
atmosphere. The ground structure is one of the water tanks that serve as a Cher-
enkov-radiation detector for the Pierre Auger Observatory in western Argentina.
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ER RANGERS

Scientists are deploying vast
arrays on Earth to search for
the origin of the most energetic
particles in the universe.

n an uninhabited part of western China,

between the arid Gobi Desert and the moun-

tain peaks of the Tibetan Plateau, a novel
radio observatory is taking shape. This spring,
a few dozen weird-looking dipole antennas
will start “listening” for extremely energetic
neutrinos from outer space. Scientists will add
thousands of additional units over the next
five years, in an area 100 kilometers across.
Eventually, the Giant Radio Array for Neutrino
Detection (GRAND) will consist of 200,000
antennas in various parts of the world, covering
a total area as large as Nebraska. The ultimate
goal: solving the riddle of ultra-high-energy
cosmic rays.

Cosmic rays are energetic particles — elec-
trons, protons, heavier atomic nuclei, and
their antiparticles — that zip through space at
near-light speed. Most of them originate in the
Sun, in supernova explosions and remnants, or
in the vicinity of pulsars. But the origin of the
most powerful cosmic rays is one of the oldest
and largest mysteries in high-energy astrophys-
ics. Since the charged particles are deflected by
cosmic magnetic fields, their arrival directions
do not tell you where they came from.

“But we expect that ultra-high-energy cos-
mic rays are accompanied by extremely ener-
getic neutrinos,” says GRAND project manager
Charles Timmermans (Radboud University,
the Netherlands), “and because neutrinos have
no electrical charge, they point back to their
source.”
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High-energy Particles

Austrian physicist Victor Hess discovered cosmic rays
back in 1912, but studying them in detail has been frustrat-
ingly difficult. As soon as high-energy particles enter Earth’s
atmosphere, they collide with nitrogen and oxygen nuclei,
producing an avalanche of rapidly interacting and decaying
secondary particles. Only by capturing and measuring these
fleeting air showers can scientists hope to learn more about
the primary culprits. “From our data, we can derive the num-
ber of secondary particles at ground level, the arrival direc-
tion of the air shower, and the total energy,” says Antonella
Castellina (INFN Torino, Italy), co-spokesperson of the
international Pierre Auger Observatory, currently the largest
cosmic-ray observatory in the world.

For ultra-high-energy cosmic rays (UHECRs), an addi-
tional complicating factor is their sheer rarity. Particles with
energies above 8x1018 electron volts (8 EeV, about 1% of the
punch of a high-velocity baseball) only arrive at Earth at a
rate of one per square kilometer per year. Little wonder that
the origin of UHECRs is still pretty mysterious, even though
the first one was detected almost 60 years ago, in 1962.
“Finding the sources is by far the biggest challenge,” says
theorist Luis Anchordoqui (City University of New York).

Not that scientists are completely in the dark about the
origin of UHECRs. In 2017, the Pierre Auger collaboration
presented convincing evidence that they originate from
beyond the Milky Way, as most researchers already sus-
pected on theoretical grounds. Because of their high energy,
UHECRSs experience a smaller deflection by magnetic fields
than lower-energy cosmic rays — in general, less than 25°.
Looking at the arrival directions of more than 30,000 of
these “baseball particles” over a period of 12 years, scientists
found that about 6.5% more UHECRs are coming from one
half of the sky than from the opposite half. This anisotropy

Energetic air-shower particles
pass through the tanks at
velocities that are higher than
the speed of light in waten

is not aligned with the galactic center, as you might expect
in the case of a galactic origin, but with the slightly lopsided
distribution of external galaxies within 150 million light-
years or so.

One year later, the team announced a possible associa-
tion of even more energetic UHECRs (above 4x10'? eV) with
relatively nearby starburst galaxies (galaxies with an excep-
tionally high star-formation rate) — in particular, NGC 4945
in the constellation Centaurus, NGC 253 (Sculptor), M83
(Hydra), and NGC 1068 (Cetus). “At present, it’s just a strong
hint,” says Castellina — the statistical significance of the
correlation isn’t yet large enough to claim a discovery. More
data are crucial to obtain a higher degree of confidence, she
explains. “We keep observing.”

A Sea of Water Tanks

Located in the Pampa Amarilla northeast of the Argentinian
town of Malargtie, the Pierre Auger Observatory (named after
the French physicist who pioneered air-shower observations)
covers an area of 3,000 square kilometers — about the size of
Rhode Island. Its some 1,660 surface detectors, spaced about a
mile apart, consist of tanks that look like giant Jacuzzis, each
holding 12,000 liters of purified water. Sensitive silicon pho-
tomultipliers register the faint Cherenkov radiation produced
when energetic air-shower particles pass through the tanks at
velocities that are higher than the speed of light in water — a

» TEAM EFFORT Outreach coordinator Greg Snow (1954-2019) stands
with the final tank of the 1,600 originally deployed, signed by collabora-
tion members. Later, the array team installed additional tanks, part of a
more densely spaced section to enable detections at lower energies.

V PIERRE AUGER Long-distance view of a line of the observatory’s
Cherenkov water tanks (small white structures).

=
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phenomenon comparable to the sonic boom of a fighter jet
breaking the sound barrier.

Meanwhile, from four locations around the perimeter
of the observatory, a total of 27 wide-field telescopes with
3.6-meter segmented mirrors keep an eye on the sky above
the pampa, looking for the ultraviolet fluorescence caused
by the interaction of the air-shower particles with atmo-
spheric nitrogen atoms. The Pierre Auger Observatory started
operating in early 2004 while still under construction and
was officially inaugurated in November 2008. “Our stations
have recorded many millions of signals to date,” says Castel-
lina. “At energies above 3x1018 eV, where our detector is fully
efficient, the number of extensive air showers is on the order
of 15,000 per year.”

Using data from the surface detectors, scientists can
reconstruct the spatial orientation and the spread of the
air shower, as well as the number of secondary particles
that reach Earth’s surface. From the UV observations of the
fluorescence detectors, they estimate the total energy of the
primary cosmic-ray particle, while the altitude at which the
fluorescence trail reaches its peak brightness indicates the
incoming particle’s nature: Protons and electrons penetrate
to lower altitudes than heavier nuclei with the same energy.

Unfortunately, the fluorescence detectors can only operate
during cloudless and moonless nights — about 15% of the
time. That’s where radio observations come in — they don’t
care about weather or daylight. As Castellina explains, there
are two ways in which particle showers produce radio waves.
The more prominent source is electrons and positrons (anti-
electrons) produced by the decay of secondary cosmic-ray
particles: When they are deflected by Earth’s magnetic field,
they emit radio pulses. But relativistic charged particles mov-
ing through the atmosphere also emit a cone of radio waves
known as Askaryan radiation, after the Soviet-Armenian
physicist who predicted the effect in 1962.

Test observations with the Auger Engineering Radio
Array (AERA) — a network of more than 150 simple dipole
radio antennas — have demonstrated that astronomers can
also use radio detections to estimate the energy of primary
cosmic rays. That’s why engineers are now installing 1,660
radio antennas (one at every surface detector) as part of an
ongoing upgrade of the observatory, known as AugerPrime.
The upgrade also includes 1,660 flat particle detectors known
as scintillators, each with an active surface area of 3.2 by
1.2 meters, that will help characterize the secondary particles
in the air showers. These in turn provide more information
on the nature of the primaries. The AugerPrime deployment
has been delayed by the COVID-19 pandemic, but it should be
completed in 2022.

Hotspot Connection

In the Northern Hemisphere, the smaller Telescope Array
project in western Utah is also undergoing an upgrade, qua-
drupling its current dimensions (some 750 square kilometers)
to a size comparable to Pierre Auger’s. However, the Telescope
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A COSMIC RAYS The flux of cosmic rays bombarding Earth as a func-
tion of their energy per particle. Scientists think those above the “knee”
come from within the Milky Way, while those of higher energies come
from outside our galaxy. Ultra-high-energy cosmic rays lie around the
“ankle” or beyond.

Array lacks Cherenkov water tanks; it just consists of hun-
dreds of scintillators and three fluorescence detector stations.
“It’s not easy to compare the results of the Pierre Auger

Observatory and the Telescope Array,” says theorist Anchor-
doqui. “They are different experiments with different
properties, and they use different analysis techniques.” Still,
scientists from both projects are working together to combine
the two data sets.

Interestingly, the Telescope Array has detected a 40°-wide
UHECR hotspot in the sky centered in Ursa Major, possibly
associated with the starburst galaxy M82. If confirmed, it
would support the possible link between UHECRs and nearby
starburst galaxies found by the Pierre Auger collaboration.
“Everything seems to be closing together,” Anchordoqui says,
“although it’s still unclear what makes these handful of
starburst galaxies so special. There are many dozens of other
galaxies at similar distances that do not appear to contribute
as strongly to the observed UHECR flux.”

Central black holes can’t be the answer, he adds, since
they are found in almost every galaxy. Anchordoqui’s favor-
ite explanation is galactic superwinds — powerful gaseous
outflows that result from huge numbers of supernova explo-
sions. Indeed, M82 and NGC 253 show clear evidence of such
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superwinds. Shock fronts in the outflows could accelerate
particles to ultra-high energies.

Solving the mystery of ultra-high-energy cosmic rays has
been hampered by a somewhat unexpected property of these
baseball particles: At higher energies, they contain a higher
proportion of heavier nuclei. Pierre Auger data indicate that
the proportion of protons (hydrogen nuclei) eventually falls
off to some 20%; most of the UHECRs are nuclei of carbon,
nitrogen, oxygen, silicon, or even iron. Because of their larger
(positive) electrical charge, these nuclei are easier to acceler-
ate to near-light speed, even though they are more massive.
But for the same reason, they are also easier for magnetic
fields to deflect, making it harder to precisely trace them back
to their source.

Follow the Fluorescence

To firm up the UHECR/starburst galaxy correlation, astro-
physicist Angela Olinto (University of Chicago) says research-
ers need to gather more data at the highest possible energies.
“You need to be more sensitive, which means larger. However,
3,000 square kilometers is already quite a lot, so how do you
get there? The answer is: Go into space.” While Pierre Auger
and the Telescope Array can only monitor a relatively small
part of the atmosphere, an orbiting ultraviolet space telescope

An orbiting ultraviolet space
telescope could survey huge
portions of Earth’s nightside
for the fluorescence trails
produced by air showers.

could survey huge portions of Earth’s nightside for the fluo-
rescence trails produced by air showers.

The idea was first proposed some 40 years ago by Ameri-
can physicist John Linsley, who discovered the first UHECR
in 1962. However, NASA'’s plan for an Orbiting Wide-angle
Light-collectors mission (OWL) failed to materialize, and a
competing European/Japanese mission was likewise aborted
after many delays and financial setbacks. At present, the
only operational instrument looking for fluorescence trails
from space is a small UV telescope known as Mini-EUSO (for
Extreme Universe Space Observatory), which was installed at
the International Space Station in August 2019.

Olinto is the principal investigator of a major new initia-
tive called POEMMA, for Probe of Extreme Multi-Messenger
Astrophysics. Her team first proposed the billion-dollar

A TELESCOPE ARRAY This solar-powered scintillation detector measures the strength and direction of air-shower particles created by incoming
cosmic rays. The setup is how it appeared in 2014, when the collaboration announced its hotspot detection.
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space mission for the study of ultra-high-energy cosmic

rays to NASA in 2016. In 2019, the researchers submitted a
detailed design study for review by the 2020 Decadal Survey
on Astronomy and Astrophysics of the National Academies,
which is expected to report its recommendations this spring.
If the proposal receives a high ranking and NASA gives the
green light, POEMMA could launch by the end of the decade,
according to Olinto.

POEMMA consists of two identical spacecraft circling
Earth in the same orbit, some 300 kilometers behind each
other. The stereo vision of its two eyes — 4-meter wide-angle
telescopes equipped with sensitive ultraviolet cameras —
would enable a full 3D reconstruction of any fluorescence
trail in the atmosphere. “What we need is a lot of events
with directions,” says Olinto, “and over time, POEMMA
will observe large swaths of the Earth’s nightside. Within
five years or so, it should be possible to map the sources of
UHECRs.”

Geography to the Rescue

By then, however, the UHECR riddle may have been solved by
GRAND, the prototype of which is now taking shape in west-
ern China. Just like the new radio antennas of Pierre Auger,
GRAND will also detect air showers produced by cosmic-ray
particles, but its ultimate goal is to hunt for extremely ener-
getic neutrinos. “These high-energy neutrinos have never been
observed before,” says Timmermans, “but we're very confident
they must exist, although they’re apparently quite rare.”

No matter how cosmic-ray particles are accelerated to
UHECR levels, explains Timmermans, you expect them to
incidentally crash into atomic nuclei in the ambient interstel-
lar medium — probably close to their source, where densities
are much higher than in intergalactic space. Through E =
mc?, the sheer energy of these collisions is converted into a
wide variety of new particles, including uncharged neutrinos.
According to theoretical calculations, these neutrinos carry
some 5% of the energy of the original cosmic-ray particle. In
other words, a burst of UHECRs of 1029 electron volts should
be accompanied by neutrinos of a few times 1018 eV.

Because magnetic fields don’t deflect neutrinos, any high-
energy neutrino arriving here on Earth points directly back
to its origin. Unfortunately, not all of the particles will come
from pinpoint sources: UHECRs can also create high-energy
neutrinos by interacting with the cosmic background radia-
tion, which is all over the sky. But any neutrinos produced
together with the UHECRs will betray where the most ener-
getic particles in the universe originate, with a precision of
better than half a degree. “It would be great to really discover
one or more discrete sources on the sky,” says astroparticle
physicist Sijbrand de Jong (Radboud University, The Neth-
erlands), who pioneered the Auger radio observations and is
also a member of the GRAND collaboration.

But how do you detect these high-energy neutrinos? That’s
where the Tibetan Plateau mountains come in. Somewhat
counterintuitively, the most energetic neutrinos are more

likely to interact with normal matter than their lower-energy
siblings — because of their higher energy, they have a larger
cross section, as physicists say. While low-energy neutrinos
easily pass through a planet like Earth, the particles that
GRAND is after have trouble penetrating a few tens of
kilometers of solid rock. So if their source is low above the
horizon — hidden from view by the mountains, as seen from
GRAND - they will enter the mountains from behind and
most likely interact with a nucleus somewhere in the rock.
These interactions produce short-lived particles that may
emerge from the near side of the mountain range, in full view
of the GRAND radio antennas.

E > 57 EeV
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(gray area)
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A ORIGIN HINTS In the Northern Hemisphere, the Telescope Array has
detected more extremely energetic cosmic rays coming from a hotspot
centered in Ursa Major (top). Operating in the Southern Hemisphere, the
Pierre Auger Observatory has seen more cosmic rays (including those
of slightly lesser energy) coming from one half of the sky than the other
(bottom). Unfortunately, the two experiments see different parts of the
sky and have different energy cutoffs, so it’s difficult to compare their
data. (The supergalactic plane is the plane of nearby galaxy clusters.)
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If the incoming high-energy neutrino is an electron neu-
trino, the interaction produces an electron, which will never
leave the mountain at all. In the case of a muon neutrino, a
negatively charged muon is produced — the heavier cousin
of the electron. Such energetic muons will emerge from the
mountain and zip through the atmosphere undetected.

However, in the case of a tau neutrino, the interaction
yields an even more massive tau lepton, or tauon. “Tau lep-
tons have a lifetime of about a trillionth of a second,” says de
Jong, “but because of a relativistic effect known as time dila-
tion, they can cover tens of kilometers before they decay into
a shower of other particles.” These other particles include
electrons and positrons, which can be detected by the radio
waves they emit when deflected by Earth’s magnetic field.

So here’s the idea. Like the AERA array in Argentina,
GRAND will be able to detect the radio emission of all kinds
of air showers. But if the shower is a “horizontal” one, com-
ing from the direction of the Tibetan Plateau mountains, it
cannot be due to an incoming cosmic-ray particle or a high-
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energy gamma ray: Charged particles and photons are not
able to penetrate kilometers of rock. Instead, the culprit must
be a neutrino, and at least some of the highest-energy neu-
trinos are expected to be generated in the same extragalactic
sources that also produce ultra-high-energy cosmic rays.

GRAND will observe at low radio frequencies between
50 and 200 megahertz, using thousands of antennas sepa-
rated by about 1 kilometer. Each station consists of three
butterfly-shaped dipoles at right angles to each other, to also
measure the polarization of the radio waves. And if the first,
10,000-square-kilometer version in China (GRAND10K) is
successful, the plan is to expand the observatory to a whop-
ping 200,000 square kilometers all across the globe. Adding
similar fields elsewhere in the world will increase the sky
coverage and the detection rate. “All you need is a radio-quiet
region with nearby mountains,” quips de Jong.

Argentina, with the Andes range along its western border,
is an obvious choice, according to Timmermans, but his team
is also eyeing northern Canada (close to the Rocky Moun-
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tains) and Russia (east of the Ural range). “The Transantarctic
Mountains would also work,” he says, “although deploying
tens of thousands of radio antennas in Antarctica is going to
be expensive.” Currently, the full-scale version of GRAND is
budgeted at somewhere between $150 and $200 million — a
lot of money for a ground-based facility, but significantly
cheaper than a space mission like POEMMA.

Timmermans and de Jong are very hopeful that GRAND
eventually will detect discrete sources of extremely high-
energy neutrinos. If they do, it would be bad news for Anchor-
doqui’s superwind model. If UHECRs are accelerated in galac-
tic superwinds, as he believes, the acceleration takes place in
the tenuous halos of galaxies, where densities are probably
too low to produce large numbers of high-energy neutrinos.
“If GRAND finds discrete sources of high-energy neutrinos,
the superwind scen