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SILENT AND EFFECTIVE

Our Al powered robots mimic natural
organisms and do not disturb sea life. They
operate without motors and move and sense
silently, without creating noise or acoustic
traces to interfere with the environment.

Softbotic systems are ideal for tracking

the health and quality of water and

are used by national and international
oceanographic agencies. They can also be
made biodegradable to eliminate waste and
protect the natural environment.

Bringing robotics into everyday life.

Carnegie Mellon University
College of Engineering

Learn more at: softbotics.org.
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FROM THE EDITOR

Beautiful Brains and
Armored Dinosaurs

HEN I FIRST came across the term “neurodivergent,”

after it was coined about 25 years ago by activist

Kassiane Asasumasu, I didn’t realize the weight it

would hold in society. The nonjudgmental label,

which describes people with attention deficit hyper-
activity disorder, autism, tics, and many other brain-based phe-
nomena, indicates a divergence from the typical rather than a
deficit. Now, after I've interacted with many diverse humans and
begun raising kids whose minds and behaviors consistently both
baffleand amaze me, the term feels personal: one of my main goals
as a parent has been to engender in my children kindness and
openness toward all that is different.

On page 54, journalist Paul Marino describes his own experi-
ence with neurodivergence: a decades-longsearch for a diagnosis
to explain a recurring burst of involuntary movements that in-
volve flickering his fingers rapidly on either side of his face. At one
point in high school Marino was so embarrassed by this “motor-
ing” (which he now knows is a kind of complex motor stereotypy,
or CMS) that he wrapped his fingers together with Scotch tape.
He describes his journey in intimate and honest language. After
reading his story, I better understood not only the fascinating
ways the human brain can shape thoughts and behaviors but also
how being yourself can be the best medicine. As one neurologist
told Marino, “a better world would be one in which we did not
pathologize CMS but erased its stigma.” I will share this touching
feature with a loved one with tics who is incredibly kind, athletic,
compassionate, smart ... and be open to sharing with others why
they make noises or wink for seemingly no reason.

among other symptoms, that can be debilitating. Journalist Diana
Kwon (page 38) tells us how a promising new type of drug and
other advances reveal a picture of the illness that is more complex
than anyone had realized.

Our cover story looks at another complex puzzle. Galaxies, in-
cluding ours, bathe in oceans of dark matter, which communicates
with our world mainly through gravity. The problem is physicists
have yet to uncover the identity of this invisible stuff. For the past
30-some years they have searched for individual hypothetical
dark matter particles, to no avail. Now, on page 22, theoretical
physicist Kathryn Zurek provocatively describes how dark mat-
ter may in fact be “a whole hidden sector of dark particles and
forces” that could combine and interact, just as visible matter
does. New experiments to detect quantum disturbances in special
materials could tease out this parallel world.

Scientific American senior news reporter Meghan Bartels fol-
lows two beloved spacecraft, Voyagers 1 and 2, on their epic tour
past the outer planets, across the edge of the sun’s influence (the
heliosphere) and into interstellar space (page 62). Along the way,
you’ll see how these iconic missions have upended what scientists
thought they knew about the great beyond.

Hurricane Katrina, which barreled onto the Gulf Coast 20
years ago in August, was a turning point in the U.S. Army Corps
of Engineers’ approach to disaster-risk reduction. If levees and
dams hadn’t deprived healthy marshes of their sediments, they
could have acted as baffles to the storm’s deadly sea surges. Now
the Corpsisleaning into nature-based solutions. On page 28, au-
thor Erica Gies writes about some of the most promising Corps
projects that work with nature, along with some of the setbacks.

The horned and armored dinosaurs of the Mesozoic were nottobe
messed with: recently discovered, exquisitely preserved fossils of two
such beasts show details of their weaponry never seen before, suggest-
ing some of the bulky spikes, blades, plates and horns of dinosaurs
were far larger and tougher than previously thought. Paleontologist
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KATHRYN ZUREK
THE HIDDEN WORLD
m Kathryn Zurek
became a theoreti-
cal physicist because she
wanted to understand, mathe-
matically, how the universe
works. “It appealed to me that
it was hard,” she says. Zurek
ultimately decided to study one
of the hardest open questions
in the field: What is dark mat-
ter made of? In our cover story,
she explains the “hidden val-
ley” theory of dark matter she
helped to pioneer, which posits
that there’s an entire world of
dark particles out there, invisi-
ble to the eye.

Zurek always searches for
simple, physical analogs when
trying to puzzle out a problem.
“I think in very physical terms,”
she says, an approach that
theoretical physicist Richard
Feynman was also known for.
“He could explain just about
anything in terms of an elec-
tronic circuit,” Zurek says.

Her theory of hidden valleys
has been influential in the field
of dark matter, and now she’s
bringing her physical approach
to another big open question in
physics: How does gravity fit
into quantum mechanics? “I'm
an outsider in that community,
she says, but if the sets of
ideas she has brought to the
field are realized in nature, “it
will be precisely because I've
come into a new field with a
different way of thinking about
those problems.”

”

DIANA KWON
A NEW LOOK AT
SCHIZOPHRENIA
While pursuing a
master’s degree
in neuroscience, Diana Kwon
began reporting science and
technology stories for her
school’s student newspaper.
She had so much fun that she
decided to make it her career.
“I love science journalism,”
she says. When cool discover-
ies happen, “we get to see the
exciting part of that whole [sci-
entific] process.” Now, as a
Berlin-based journalist, Kwon
focuses on neuroscience. In
her article for this issue, she
explores a new understanding
of the complexities of schizo-
phrenia. Recent findings have
complicated what she calls the
“big narrative” of schizophre-
nia’s causes—and have pointed
to the immune system’s role
in a subset of cases.
Schizophrenia is one of
many conditions that may arise
from both the mind and the body,
Kwon says. She often is drawn
to these boundary-defying
health stories and has covered
the brain-body connection in
functional neurological disor-
ders, heart conditions and even
cancers. When treatments and
diagnoses are siloed into one
medical field, patients can lose
out. “Increasingly,” Kwon says,
“there’s a realization, among
both clinicians and researchers,
that these distinctions we have
between disciplines are artifi-
cial and need to be broken to
better serve people across all
different communities.”

MARK WITTON GLADIATORS OF THE MESOZOIC
Mark Witton has been drawing Triceratops and Stegosaurus since he was a kid. Now it’s basically his full-time job. As

a paleontologist, he has found himself immersed in the field of paleoartistry, where he uses scientific research to make
educated guesses of what these long-lost creatures looked like. Those guesses have changed a lot over the decades, and dinosaur
reconstructions today look very different than they did when Witton was younger. For this issue’s feature on armored dinosaurs by
Michael B. Habib, Witton was tasked with creating side-by-side comparisons of old versus new looks for Stegosaurus and Triceratops,
along with a “new kid on the block,” the armored dinosaur Borealopelta.

There is no set academic path for someone who wants to become a paleoartist—Witton has had to learn as he goes. For his Ph.D.
thesis, he studied the anatomy of avian pterosaurs, which are “some of the most ridiculous-looking animals you can imagine,” he says.
He can now stare at a fossil skeleton for hours and map out the muscle groups in his mind. (Museums “have to kick me out,” he says.)
“When you’re drawing a dinosaur, it is in essence drawing from one’s imagination,” even when the image is grounded solidly in fossil
data. Yet “as outlandish as dinosaurs were, they were still animals living on the same planet that we do,” Witton adds. “We must be
careful not to make them look like aliens. They need to have an element of recognizability to them.”

TRISTAN SPINSKI
A COMPLEX DIAGNOSIS

m The medium of photography is defined by its limits:
shutter speeds, the available lighting, the background.
“It’s just this slight snapshot” of the world, says photographer
Tristan Spinski (above). He sees his art as “an exercise in subtrac-
tion” and strategic ambiguity, and he “allows space for the story
to pour in and fill those gaps.” This feature article by writer Paul
Marino details the author’s quest to understand the cause of
a lifelong secret, a repeated motion of his hands he calls “motoring.”
Spinski traveled from his own home in coastal Maine to Marino’s
in New Hampshire, where he used long exposures to capture the
essence of Marino’s motoring in still images.

Over the past 20 years Spinski has learned that he’s most pas-
sionate about depicting things “on the edges of appreciation” that
we see but pay little attention to. For a recent project, he spent
three years photographing vernal pools, seasonal bodies of water
that vary in size from a puddle to a pond. These networks of ephem-
eral pools are like “neural hubs” of a forest from which “life sort
of blooms out,” he says. “To me, now, the puddle in the forest
is essential’—a discovery that also taught him about the fascinat-
ing stories one can find in their own backyard.
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Pioneers of Innovation

NEWPATHSTO
A HEALTHY PLANET

A conversation with Peter Schlosser, vice president and vice provost of Global Futures at

Arizona State University

Peter Schlosser has spent his
career studying the natural world
and humanity's place within it.
Few people are better placed to
understand how this relationship
is breaking down and the scale
of action required to reshape

it. To contribute to this global
effort, Schlosser founded and
leads the Julie Ann Wrigley
Global Futures Laboratory (GFL)
at Arizona State University.

The laboratory, founded in

2019, serves as a prototype of

a university for the future of the
planet, bringing speed, scale

and a transdisciplinary focus to
Earth's connected systems.

What is the Global Futures

Laboratory’s vision and mission?
Qur vision is a world in which

all life can thrive on a healthy

planet. The mission, then, is

to find options to keep our

planet habitable and to increase

well-being for all humankind.

We're looking to relieve some

of the pressure we've put on

the planet's life-supporting

systems, to get back towards

equilibrium.

Why does our relationship with
the planet need to change?
Humankind is aone out
of about 10 million known
species but the anly one that
has developed the capability
to over-exploit the services
that the systems on our planet
provide—not just for our
species but for all life on Earth.
We have to get back to the
understanding that we are part
of the Earth system.

(19
With these
challenges there
are opportunities.

Trillion-dollar
industries are

waiting to be built.

”

Many researchers are working
to address these problems. How
is GFL's approach different?

We're looking at the
planet holistically, We're not
just looking at systems such
as climate, energy, water,
biodiversity and food. We're also
looking at the social dynamics
and value systems behind
decision-making to understand
how we got into this situation
and how we can incentivize
people to make decisions that
would be kinder to our planet.
We include the humanities,
social sciences, medical
sciences and arts to understand
our world from all angles. From
the medical perspective, for
example, we have a program
that measures the impact of
heat on the human body.

The lab is also an experiment
in how academia can be more
effective in being part of society,

a trusted partner, able to engage
with people affected by these
problems and understand what
they need to make critical
decisions on fast timescales.

What are some examples of
ongoing projects?

We have a large effort in
direct air capture, which is
taking CO, back out of the
atmosphere. We created a
mechanical tree. It's a cylindrical
instrument with about 100 discs
that are two centimeters apart.
On these discs is a substance
that captures CO, as air passes
through. We are upscaling it
through a company that licenses
our technology.

We're also looking at the
future of water—regionally but
also globally in terms of how
climate change is changing water
budgets because we're having
more floods and more droughts.

It's a natural fit for us because
the Southwest is drying out.

But there is a danger that we
go from denying the problems
to becoming fatalistic. That
would be the worst outcome.
With these challenges there are
opportunities. There are many
trillion-dollar industries waiting
to be built. We have to accept
change as opportunity rather
than sacrifice.

Explore the Global Futures
Laboratory's work to redefine
humankind's place in our world at
globalfutures.asu.edu.

Julie Ann Wrigley

Global Futures
Laboratory-

Arizona State
University

Sponsor retains sole responsibility for content
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Our planet is talking to us.

The Global Futures Laboratory is listening and
working to build a healthier relationship with it.

By solving critical challenges like clean, sustainable
power generation, we're driving toward a future in
which all living things thrive. Join us.

globalfutures.asu.edu
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Julie Ann Wrigley

Global Futures
Laboratory-

Arizona State
University

Reshaping our
relationship
with our world
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WATERY SANCTUARIES

In “The Afterlives of Oil Rigs,” Asher
Radziner describes how oil rigs are habitats
for marine species and explores the ques-
tion of whether they should be allowed to
remain after they stop producing oil.

For years ' was an avid diver and dove
on several oil rigs. I must admit that these
were some of my most memorable dives.
These rigs provide a sanctuary for an
amazing variety of life, essentially an oasis
in an ocean desert. Little, if any, life would
exist there if not for these structures.
Taking them down would destroy a well-
established ecosystem, not to mention
that doing so would cost a lot of money.
RANDY LANDRY VIA E-MAIL

A COLORFUL PAST
I'thoroughly enjoyed “The Map Color Co-
nundrum” [Math], Jack Murtagh’s over-
view of the historical controversy over
the four-color theorem, which states that
no more than four colors are needed to fill
inagiven map so that no designated areas
have the same color. Murtagh notes that
Kenneth Appel and Wolfgang Haken fin-
ished a computer-aided proof of the the-
orem in 1976. No disrespect to Appel and
Haken, butIdon’t regard their work as
the final word on the matter. In his 1940
book A Mathematician’s Apology, the great
English pure mathematician G. H. Hardy
stated, “Beauty is the first test: there isno
permanent place in the world for ugly
mathematics.” I await a more elegant proof.
Of course, Martin Gardner published
afamous “counterexample” of the four-
color theorem in Scientific American back
in April 1975.
EAMONN WATERS
RANGIORA, NEW ZEALAND

MURTAGH REPLIES: Waters is in good
company with many mathematicians who
await a more elegant proof of the four-
color theorem. Regarding Gardner’s publi-
cation: In 1975, only a year before Appel
and Haken proved the theorem, Gardner
DPlayed an April Fools’ prank in his long-
standing Scientific American column
Mathematical Games. He published a map
with 110 regions and claimed that it could
not be colored with only four colors, thus
disproving what was then the four-color

8 SCIENTIFIC AMERICAN APRIL 2025

AMER* = &

How o
Horses \
Made

the

Modern

World

M e chaealogiosl
finds sra rewriting
an ssclent wory

December 2024

conjecture. Of course, the map did indeed
have a four-coloring scheme (like all maps,
we now know); it was just difficult to find.
Gardner enlisted the help of mathemati-
cian William McGregor for the hoax and
acknowledged it in his Fuly 1975 column.

HEALTH ANXIETY

Asapsychologist, Lappreciated Joanne
Silberner’s attention to a condition that is
so often minimized and used to dismiss
people’s concerns in “Hypochondria’s Se-
rious Toll.” But I think it is important to
recognize the role of safety behaviors and
negative reinforcement, concepts that
weren’t directly discussed in the article.
They are central to a cognitive-behavioral
understanding of the development and
maintenance of illness anxiety disorder
and somatic symptom disorder—the two
separate syndromes that are referred to
as “hypochondria,” as Silberner notes—
aswell asrelated disorders. And address-
ing these concepts is central to effective
treatment intervention.

DANIEL KLEINER REHOBOTH BEACH, DEL.

Having spent four decades as an internist,
I have seen many people with hypochon-

dria and have struggled to provide an ap-
propriate treatment plan for these com-
plicated patients. The article notes a book
in which the author describes how he un-
derwent multiple hospital tests for cardiac
symptoms that all had normal results and
how many of these symptoms were actually
the side effects of a drug he had switched
toon his own insistence. There is a twist to
thiskind of story: an aggressive response
from a physician can unintentionally pro-
duce a positive feedback loop in which
the patient (perhaps subconsciously)
thinks, “If this is nothing to worry about,
why is my doctor ordering all these tests?”
IAN J. WILSON COLUMBUS, OHIO

WHALES AND CARBON

Iwas fascinated by “Buried at Sea,” Jaime B.
Palter’s article about proposed engineering
to promote the sequestration of carbon
dioxide in oceans. Recently I read about
how a whale can do the work of those en-
gineering “marvels.” Whales fertilize the
ocean surface, which in turn promotes
phytoplankton growth. In addition to pro-
viding more food for larger animals, the in-
creased amount of phytoplankton absorbs
atmospheric CO,. And when these organ-
isms die and sink to the ocean floor, they
take carbon with them. It seems that pro-
tecting and nurturing whale populations
to bring them back to their historical num-
bers may be the best bet for our own future.
EVELYN WIEBE-ANDERSON

ARCATA, CALIF.

PALTER REPLIES: 7%e idea of restoring
whale populations is attractive, mostly be-
cause it aims to rewild the ocean and bring
it back to its state before human activity
degraded the ecosystem. There is no direct
evidence, however, that it can make a
meaningfiul dent as a method of prompting
the ocean to store more carbon. Scientists
have tried to estimate how much addi-

“Oil rigs provide a sanctuary for an
amazing variety of life, essentially

an oasis in an ocean desert.”
—RANDY LANDRY VIA E-MAIL

© 2025 Scientific American
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tional carbon sequestration whale resto-
ration can provide (both directly, such as
by the entrapment of carbon in whale car-
casses, and indirectly, such as by the stimu-
lation of phytoplankton growth).

The top-line numbers for direct path-
ways don’t indicate climate-relevant scales,
although there are deep uncertainties, es-
pecially regarding the indirect pathways,
that would require future research for us to
understand and better quantify. Luckily,
making our oceans more sustainable and
restoring ecosystems can have cultural and
economic value that goes well beyond deal-
ingwith carbon.

GALAXY BRANDING
I have to agree with Phil Plait’s assess-
ment that “Milkomeda” is an awful name
for the potential future merger of the
Milky Way and Andromeda galaxiesin
“The Milky Way’s Fate” [Universe]. He
suggests “Andromeway” would be even
worse, and I have to agree again, but he is
on the right track. I think a snappier name
for the merged galaxy, one that would
sound better and flow off the tongue with
greater ease, would be the “Andy Way.”
NELSON G. THOMAS VIA E-MAIL

CLARIFICATION

“Untangling the Vagus Nerve,” by Jena
Pincott [ January 2025], described a 2017
study of people with treatment-resistant
depression that found vagus nerve stimu-
lation halved symptoms for 67.6 percent
of them. This result refers to a decrease of
50 percent or more.

ERRATUM

“Tessellation Revelation,” by Elise Cutts,
incorrectly said that the faces of a polyhe-
dron’s dual correspond to the polyhe-
dron’s edges and vice versa. Rather the
faces of each shape correspond to the ver-
tices of the other.

“The Astronaut Club,” by Clara Mos-
kowitz and Zane Wolf [Graphic Science;
February], incorrectly represented data
regarding astronauts Christina Koch,

Joe Engle, Michael R. Clifford, Susan J.
Helms and Timothy Nash. Corrected
illustrations can be viewed at www.
scientificamerican.com/article/everyone-
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Flare Notice

Earth may soon get early
warning of dangerous
solar activity

SOLAR FLARES ARE BURSTS of radiation
from the sun’s surface, sometimes followed
by abubble of magnetized plasma particles
called a coronal mass ejection (CME). If
they happen to spray out in Earth’s direc-
tion, CMEs can cause geomagnetic storms
that damage power systems on the ground
or spacecraft in orbit. And solar flare radi-
ation itself can disrupt communication
networks and satellite operations.

Unfortunately, solar scientists cannot
reliably predict when the sun will belch out
aflare. After oneis observed, every minute
counts in the ensuing scramble to adjust
power grids or move satellites before they
get damaged.

Now researchers have used data from
NASA’s Solar Dynamics Observatory to
show that distinctive flickering in the huge
loops of roiling plasma that arch up out of
the sun’s atmosphere, called the corona,
seems to signal that alarge flare could soon
occur. This link could help researchers
brace for the flare and look out for signs
that an incoming CME could hit Earth
within a couple of days.

Emily Mason, a heliophysicist at San Di-
ego-based research firm Predictive Sci-
ence, and her colleagues observed coronal
loops in magnetically active regions where
50 strongsolar flares occurred. They found
that the loops’ ultraviolet light output var-
ied erratically afew hoursbefore a flare, the
teamtold a recent meeting of the American
Astronomical Society in Maryland. “It
gives us one to two hours’ warning, with
60 to 80 percent accuracy, that a flare is
coming,” Mason says.

“If we want to be able to predict solar
storms earlier, then we have to predict when
the flare will happen,” says Mathew Owens,

10 SCIENTIFIC AMERICAN APRIL 2025

aspace physicistat the University of Reading
in England. “Small gains there are valuable.”

Crucially, the researchers used a near-
real-time data stream with just an hour’s
lag rather than working with data that have

© 2025 Scientific American

been processed to improve quality, which
can take weeks. Mason and her team ob-
served flares on the sun’s outer edges from
our perspective, or limbs, because that is
where their light can best be seen from

DETLEV VAN

RAVENSWAAY/
Science Source
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Earth. Flares on the sun’s eastern limb will
head away from Earth as the sun rotates,
but those on the western limb may hit the
planet’s atmosphere, Mason says.

For now our viewpoint means we can’t

easily see loops emanating from elsewhere
onthe sun. But the European Space Agency
is planning to launch a spacecraft called
Vigil in 2031 that should give us a side-on
perspective. “Being able to see the sun from

© 2025 Scientific American

Analyzing huge loops in the sun’s
corona (its atmosphere) can predict
potentially dangerous solar flares.

more different anglesisthe single mostim-
portant thing that we can do toimprove our
predictions,” Mason says. She hopes pre-
dicting big flares can help keep astronauts
and electrical systems safe. —Chris Simimns
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Migration
Buddies

Songbirds socialize with
different species during
long nighttime flights

TINY SONGBIRDS SUCH AS GROSBEAKS
and warblers migrate thousands of miles,
flying at night and resting during the day,
toand from their wintering grounds—and
unlike many larger birds, they often forgo
flocks and travel independently. But re-
cent research suggests they’re not entirely
alone in the dark sky.

Benjamin M. Van Doren, an ornitholo-
gist at the University of Illinois Urbana-
Champaign, and his colleagues set up
ground-based microphones at 26 sites
across eastern North America and col-
lected more than 18,300 hours of calls from
birds in flight. The researchers found that
solitary migrating songbirds seem to coop-
erate across species, possibly sharing infor-
mation with other solo travelers about who
they are and what to watch out for ahead.

The findings, published in Current Bi-
0logy, add to growing evidence that inter-
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species social interactions may influence
songbirds’ migratory behavior far more
than was previously believed. The conven-
tional wisdom had been “that each bird is
following its own internal instinct or its
own experience,” Van Doren says. “If it is
notayoungbird and has already migrated
a few times, they definitely rely on mem-
ory and experience—but generally they’re
just on their own.”

Flying in the dark presents challenges
to airborne cooperation; for example, vi-
sual cues such as other birds’ flight paths
are absent. And it presents challenges to
researcher observations, too, notes biolo-
gist Allison Pierce, who studies plover mi-
gration at the University of Colorado Den-
ver and was not involved with the new
study. To examine the process, Van Doren
and his colleagues had to look—or rather
listen—for alternative data: the seemingly
random pings songbirds chirp out every
few seconds to every minute.

“It’sreallybeenunclear why exactly they
are spending all this energy and all this
effort calling while they’re migrating,” Van
Dorenssays. “There must be some reason or
benefit to this behavior. Otherwise they’re
justwastingenergy.” To analyze whatended
up being a gigantic amount of data, Van
Doren and his colleagues used machine-
learning technology adapted from Merlin,

Singing American Redstart

.
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abird-call-identification app developed by
the Cornell Lab of Ornithology.

The scientists found that individual
birds from different species were flying
near one another and calling out using cer-
tain patterns, “more so than we could ex-
plain by chance,” Van Doren says. So there
appeared to be some reason the birds were
staying in proximity. Rather than the birds
finding their way from Chicago to Argen-
tina completely solo, he says, “maybe
there’s actually some social information
being exchanged among these billions of
songbirds migrating at night, which would
totally flip around our understanding of
how songbird migration works.”

It’s still unclear exactly what informa-
tion the birds may be communicating, Van
Doren says. But researchers have some
pretty good guesses. For instance, differ-
ent bird species had different calls, but
even within the same species, their “pings”
varied across age or sex groups—suggest-
ing that birds might be using such infor-
mation to introduce themselves. What-
ever the case, it’s highly likely that “staying
in touch with other individuals could help
them navigate more effectively,” Van
Doren explains. They could be exchanging
knowledge about landing spots and tricky
weather conditions such as fog or rain, for
example. “Migration is a very risky time
even for birds that have done it before.”

Scientists have previously observed
that songbirds form what appear to be
mixed-species flocks while searching for
food and avoiding predators during the
day, Van Doren adds. The new study sug-
gests such partnerships could play a more
significant role than researchers realized.
Ideally, additional studies will further test
these hypotheses by using more direct
methods such as tagging specific birds to
track them during migration. According
to Pierce, “if we could take it from this big
population-level scale and try to under-
stand what the individual’s doing, it is go-
ingtobeakeytounderstanding how birds
are migrating.”

Van Doren adds, “To me, it speaks to
the amazing complexity of how nature
works—and it’s exciting tobe still learning
new things about these well-known phe-
nomena that are just spectacular.”

—Gayoung Lee

Brian Reinke/Getty Images
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Graceful

Flop

Rapid belly flops propel
tiny frogs across the water

IF YOU FLICK A FLAT STONE toward a pond
at just the right angle, it skips across in a
series of smooth jumps. Inch-long cricket
frogs seem to skitter over the surface of
water with similar physics-defying grace.
But when Talia Weiss, then an engineering
graduate student at Virginia Tech, filmed
the frogs with a high-speed camera, she
saw a very different picture.

“The motionis so fast that if youlook at
it with the naked eye, you really can’t tell
the difference,” Weiss says.

For a study published recently in the
Journal of Experimental Biology, Weiss and
her co-authors filmed cricket frogs at up to
500 frames per second, level with the wa-
ter’ssurface, asthe frogs moved across. Play-
ingthefootage in slow motion, the research-
ers found that the frogs were not hopping
with just their feet breaking the surface, as
older studies had described anecdotally, but
were actually doing a series of belly flops—
sinking for a fraction of a second and then
kicking themselves upward with eachjump.

Graphic by Brown Bird Design

Rather than skittering across water like
basilisk lizards do, the frogs were rapidly
“porpoising” —leaping from the water as
they swam. Weiss says their legs may be too
slow for true surface hopping. “Tojump on
the water’s surface, you have to have your
legs retracted and ready to push down
again by the time you’re approaching the
water in every jump,” she explains. “And
these frogs don’t prepare for their landing
atall; they sort of just belly flop. They don’t
retract their legs fast enough to immedi-
ately jump again” from the surface.

AccordingtoJasmine Nirody, an organ-
ismal biophysicist at the University of Chi-
cago, who was not involved in the study,
“fast animal movements can be really de-
ceiving,” and the new camerawork reveals
what the frogs are actually doing. By care-
fully analyzing such motions, “we can
think about how we might be able to use
[the frog’s] strategy in various bioinspired
robots,” she adds. “Now we know what to
look for.” —Rohini Subrahmanyam

)
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Mystery
Mollusk

A strange creature’s identity
is “unhooded”

ABSOLUTE DARKNESS. Crushing pres-
sure. Icy cold. The Pacific Ocean’s “mid-
night zone” —between 3,300 and 13,100
feet deep—is not a welcoming place. But
that hasn’t deterred one delicate, baffling
“mystery mollusk” species from settingup
shop in this inhospitable water column.
For more than 20 years scientists at
California’s Monterey Bay Aquarium Re-
search Institute (MBARI) have occasion-
ally encountered this five-inch translucent
creature with abizarre medley of traits. Its
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face is surrounded by an oversized hood
that it uses to enfold prey and jet-propel
itself like a jellyfish. Its tail is fringed with
tentacles, and if provoked, it can detach
one. When touched, its hood and tail glow
with a constellation of blue-green dots like
an underwater planetarium.

Now scientists have determined that
this deep-sea enigma is a nudibranch, or
sea slug—but one so odd that it merits the
creation of an entirely new nudibranch
family, the researchers report in Deep Sea
Research, Part I: Oceanographic Research
Papers. Dubbed Bathydevius caudactylus,
it’sthe first nudibranch known tolive in the
deep-seawater column rather than, for ex-
ample, lurking on the seafloor or floating
near the surface.

Theanimal featuresaunique grabbag of
traits of other nudibranchs, says study co-
authorand MBARImarine biologist Steven
Haddock. Haddock was present when sci-

© 2025 Scientific American

entists first spotted the mollusk, during
exploration using a remotely operated ve-
hiclein 2000. “We were all spitballing what
we thought it was,” he recalls.

In the two decades since then, the re-
searchers have observed more than 100
B. caudactylus and studied some in their
laboratories. Genetic analysis revealed the
creature probably belongs to a family that
split from the other nudibranchs long
ago—so even though it shares some fea-
tures with other species, it evolved its eclec-
tic range of traits independently. “Similar
features can evolve multiple times, but to
see it happen in such a unique kind of or-
ganismunder such different circumstances
than what we see in other nudibranchs is
pretty cool,” says Jessica Goodheart, a mol-
luskresearcher at the American Museum of
Natural History in New York City. “Maybe
[such features] can evolve much more eas-
ily than we anticipated.” — 7ude Colemnan

© 2002 MBARI
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Crawling

Traffic

Ants’ strategies could help
self-driving cars avoid
traffic jams

FROM AN AIRPLANE, cars crawling down
the highway look like ants. But actual
ants—unlike cars—somehow manage to
avoid the scourge of stop-and-go traffic.
Researchersare now studying theseinsects’
cooperative tactics to learn how to program
self-driving cars that don’tjam up.

The free flow of traffic becomes unsta-
ble as the density of cars increases on a
highway. At 15 vehicles per mile per lane,
onedriver tapping their brakes can trigger
a persistent wave of congestion. “It’s a
kind of phase transition,” like water turn-
ing from a liquid to a solid form, says Kat-
suhiro Nishinari, amathematical physicist
at the University of Tokyo, who studies
these jamming transitions.

Nishinari’s previous research had
shown that foraging ants can maintain
their flow even at high densities. So what’s
their secret? In a recent study published in
Transportation Research Interdisciplinary
Perspectives, researchers recorded Oc/ze-
tellus ants on foraging trails and used
traffic-engineering models to analyze
their movement. They found that the ants
don’t jam because they travel in groups of
three to 20 that move at nearly constant
rates while keeping good distances be-
tween one another—and they don’t speed
up to pass others.

Human drivers at rush hour are hardly
inclined to follow such rules. “We’re max-
imizingtheinterestsof individuals, [which]

1%

is why, at a given point, you start to have a
traffic jam,” says study co-author Nicola
Pugno, who studies sustainable engineer-
ing at the University of Trento in Italy. But
self-driving cars, if they one day become
ubiquitous, could have more cooperative
programming. In one vision of this future,
autonomous vehicles would share infor-
mation with nearby cars to optimize traffic
flow—perhaps, the researchers suggest, by
prioritizing constant speeds and headways
or by not passing others on the road.

This vehicle network would be analo-
gous to ants on a trail, which use scent to
coordinate behavior while interacting
with one another. “Thereisnoleader,” but
this organization emerges anyway, says
Noa Pinter-Wollman, a behavioral scien-
tist currently studying ants at the Univer-
sity of California, Los Angeles. And in
both ant and vehicle traffic, this type of
distributed system can be “very, very
strong” and resilient, Nishinari says. (Nei-
ther Nishinari nor Pinter-Wollman was
involved in the new research.)

Still, ants can do a lot of things that
cars—even self-driving ones—can’t,
Pinter-Wollman points out. Ants can forge
trails as wide as they like, unlike drivers
stuck on highways. The insects do some-
times jam up when confined in tunnels,
but to keep things moving, “they’ll find a
way to walk on the ceiling,” she says. Plus,
unlike cars, ants don’t crash; they canliter-
ally walk over one another.

Today’s drivers can learn at least one
thingfromantstoavoid causingatrafficjam,
Nishinari says: don’t tailgate. By leaving
room between their car and the one ahead
of them, drivers can absorb a wave of brak-
ing in dense traffic conditions that would
otherwise be amplified into a full-blown
“phantom” traffic jam with no obvious
cause. “Just keeping away,” he says, can help
trafficflowsmoothly.  —ANison Parshall
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Altitude

Aptitude

An unlikely organ
helps Sherpas thrive
at extreme altitudes

FOR MOST MOUNTAINEERS, some level of
altitude sickness is inevitable. But Indige-
nous highlanders living on the Tibetan
Plateau, known as Sherpas, have inhabited
the high Himalaya long enough to have an
evolutionary edge at tolerating elevation
compared withlowlandersbornand raised
farther down. For a study in the Proceed-
ings of the National Academy of Sciences
USA, researchers compared Sherpa and
lowlander blood samples during a Hima-
layan trek to investigate the Sherpas’ apti-
tude for altitude—and they found a crucial
cluein the kidney.

The thinner atmosphere up high can
lead to hypoxia, a dangerous lack of oxy-
gen. This condition, which often occurs
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during medical eventssuch asheart failure,
can also cause acute altitude sickness;
mountaineers canbecome nauseated, dizzy
and disoriented, in severe cases developing
deadly fluid buildupin the lungs and brain.
Studyingthe physical responses of altitude-
adapted people reveals how their bodies
keep them healthy during hypoxia.

Hypoxic people breathe faster to bring
more oxygen into their lungs. But extra
breathing also empties the lungs of more
carbon dioxide than usual, which in turn
reduces the production of carbonic acid in
theblood. And even tiny changesin acidity
risk damaging the proteins and enzymes
thatkeep our cells functioning. Once blood
acidity shifts, “the only thing that can fix it
is the kidneys,” says study co-author
Trevor Day, a physiologist at Mount Royal
University in Alberta.

To examine highlanders’ blood acidity
ataltitude, Dayand hiscolleaguesrecruited
14 Sherpas and 15 lowlanders from among
university students in Kathmandu, Nepal,
and ran initial blood tests at 4,200 feet.
Next came a nine-day journey to 14,000
feet totake another blood sample. The low-
landers’ blood became more alkaline as
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they ascended, but Sherpas’ blood acidity
didn’t change; their kidneys’ filtering ac-
tion balanced the alkaline and acidic ions.

All study participants lived in lowland
areas in the months before the expedition.
This window left plenty of time to undo
temporary altitude acclimation from spend-
ingtime higherup, sothe Sherpas’ improved
blood-acidity regulation is most likely from
permanent differences between highlander
and lowlander kidneys, the researchers say.
“We think there are genetic changes that
drive differences in kidney function,” says
Day, who hopes toisolate them.

These results complement earlier find-
ings that Sherpas have more blood plasma
than other people. This watery liquid thins
their blood so it can flow faster and deliver
oxygen throughout the body more quickly.
“Thekidney isreally involved in regulating
plasmavolume,” says biological anthropol-
ogist Cynthia Beall of Case Western Re-
serve University, who was not involved
with Day’s study. Together, these findings
highlight the kidneys as unsung heroes
during hypoxiaand asakey focus for future
research on the effects of high altitudes.

—Sasha Warren

Solovyova/iStock/Getty Images Plus
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Sweet Gut

A microbe could be
steering us toward
the candy aisle

We might hate to admit it,

but we aren’t in complete
control of our own bodies; bacteria can
sometimes reign supreme, even in our han-
kering for a cookie or a glass of sweet tea. A
recent study in Nature Microbiology identi-
fies a connection between the abundance
of a common bacterium in a person’s gut
and the amount of sugar the person con-
sumes. The results could help researchers
develop novel treatments for a variety of
metabolic conditions.

Yong Q. Chen, a cancer biologist at Chi-
na’s Jiangnan University, and his team had
been investigating the role of a protein
called free fatty acid receptor four (FFAR4)
in mice’s fat-metabolism process. Initially
they put the rodents on a high-fat diet. “One
day | suggested using a high-carbohydrate
[high-sugar] diet for comparison, and the
results were surprising,” Chen says. “We ex-
pected that a fatty acid receptor may regu-
late fat preference. Surprisingly, it modu-
lates sugar craving instead.”

Chen’s team found that less FFAR4 in
mice correlated with a greater preference
for the high-sugar diet. The researchers
also compared FFAR4 levels in both mice
and humans with diabetes with those in
counterparts without the condition, and the
levels turned out to be significantly lower in
the diabetes groups. That’s where the gut

microbiome comes in; the scientists also
found that in mice, lower FFAR4 levels were
tied to a decreased abundance of a gut mi-
crobe called Bacteroides vulgatus.

The researchers investigated how this
bacterium might be involved and found that
a metabolite produced by B. vulgatus, pan-
tothenate—better known as vitamin B;—
triggers production of the hormone GLP-1,
which regulates appetite. In other words,
less FFAR4 means less B. vulgatus, less
pantothenate and less GLP-1.

This newly identified interplay of recep-
tors, hormones and appetite reveals just
one of the stealthy ways our gut microbes
work to keep us healthy.

“| was happy to find that the study further
supports the existence of intrinsic interac-
tions between host and microbiome,” says
Serguei O. Fetissov, a physiologist at the Uni-
versity of Rouen Normandy in France, who
was notinvolved in the research. He says the
identification of pantothenate from B. vulga-
tus as a molecule that stimulates GLP-1 se-
cretion and reduces sugar preference is “a
major finding” because it could open up new
treatments for type 2 diabetes.

Elisa Caffrey, a microbiology and immunol-
ogy doctoral candidate at Stanford University,
agrees, noting the potential of vitamin B sup-
plementation or even a drug to increase the
amount of FFAR4, although more research,
including clinical trials, is needed first. (Caf-
frey was also not involved in the study.)

But there are still unanswered questions.
B. vulgatus isn’t the only microbe that influ-
ences GLP-1production; Fetissov’s team pre-
viously found that Escherichia coli also stim-
ulates its release. Comparing B. vulgatus with
other GLP-1-regulating factors needs further
exploration, Chen says. —Claire Maldarelli

Tllustration by Thomas Fuchs
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NUTRITION
Still

Processing

Ultraprocessed foods
give grocery consumers
little choice

MOST U.S. GROCERY STORES seem to of-
fer endless options in their aisles, which
are full of cereals, pastas and baked goods
available in hundreds of shapes and fla-
vors. But a closer look at these foods’ in-
gredient lists shows that in some ways,
there’s not much choice at all. A recent
study found that most of the products on
our grocery shelves have one big thing in
common: they’re highly processed.
Grocery stores, not fast-food outlets or
convenience stores, are the primary source
of ultraprocessed foodsin U.S. diets. Such

foods are made using industrial processes
and ingredients that aren’t found at home.
To measure just how prevalent these foods
are on shelves, researchers used a ma-
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chine-learning algorithm to analyze more
than 50,000 items at three major chain
storesthat sell groceriesin the U.S.: Whole
Foods, Walmart and Target. The results,
published in Nature Food, revealed that
highly processed options dominated the
inventory at all three retailers. But Wal-
mart and Target stocked a higher propor-
tion than Whole Foods, which offered a
slightly greater variety of minimally pro-
cessed choices.

Havingawidearray of brands available
gives shoppers the “illusion of choice,”
says study co-author Giulia Menichetti, a
statistical and computational physicist at
Brigham and Women’s Hospital and Har-
vard Medical School. Despite the variety in
their packaging, most ultraprocessed
foods share a common formula: they’re
high in sugar, salt and oil, and they typi-
cally contain additives that enhance their
flavor, color and shelf life. Certain indus-
trial processes also alter the texture of the
raw ingredients, and these steps can strip
foods of their nutrients.

Dietshigh in ultraprocessed foods have
been linked to poor health, including
higher risks of obesity, type 2 diabetes and

© 2025 Scientific American

heart disease. Not all these foods are
equally bad for you, however. A 2024 study
by researchers at the Harvard T. H. Chan
School of Public Health found that diets
highin sugary drinks and processed meats
were associated with a higher risk of car-
diovascular disease than diets low in these
foods, but the opposite was true for ultra-
processed breads, cereals, yogurts and
dairy desserts. But even though such foods
can be part of a healthy diet, the new find-
ings show that options within those cate-
gories are sometimes limited. Among
breads, for example, consumer choices are
often dominated by shelf-stable varieties
that contain extra sugar and other addi-
tives instead of whole wheat bread that is
minimally processed without additives.

Blaming health risks exclusively on the
ultraprocessing of foods might oversim-
plify the problem, says Maya Vadiveloo,
an associate professor of nutrition at the
University of Rhode Island and chair of
the American Heart Association’s lifestyle
nutrition committee. Diets high in ultra-
processed foods are often dominated by
items loaded with saturated fats, salt and
added sugar, Vadiveloo says, which sug-
gests some harm might come from poor
nutrient balance rather than processing
alone. But some research suggests that ul-
traprocessed foods—which often lack
protein and are designed to be easy to eat
and highly palatable—can lead to over-
consumption and corresponding weight
gain, too.

While researcherslearn more about the
specific harms of ultraprocessed foods,
the challenge for consumersliesin the lim-
ited alternatives available. In some catego-
ries, consumers facelittle to noreal choice,
according to the Nature Food study. Cer-
tain products—such as chips, bread and
pizza—were almost universally ultrapro-
cessed across the three stores. Other cate-
gories such as cereals, milk and snack bars
offered more options that ranged from

Most ultraprocessed
foods are high in
sugar, salt and oil, with
additives for flavor,
color and shelf life.

Emmanuel Faure/Getty Images
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minimally processed to highly processed.
But the choices depend on where you shop.
The cereals at Whole Foods, for example,
had a wider range of processing and con-
tained relatively less sugar and fewer fla-
vor additives compared with the other two
chains’ cereals, which were far more likely
to contain corn syrup.

Affordability complicates the picture.
Menichetti and her colleagues found that
generally, as the level of processing in-
creased, the price per calorie decreased—
a trend that was most pronounced in
soups, cakes, macaroniand cheese, and ice
cream. On average, ultraprocessed foods
cost about half as much astheir minimally
processed counterparts, which reinforces
nutritional inequalities, Menichetti says.
“This is hitting a specific segment of the
population,” she adds.

The real proportion of ultraprocessed
foods on our shelves could be much, much
higher than has been reported, says Barry
Popkin, adistinguished professor of nutri-
tion at the University of North Carolina at
Chapel Hill, who was not involved in the
study. He adds that the authors used a
“guesstimate” of what foods counted as
ultraprocessed, aswell as “a sample repre-
senting about an eighth of the unique
packaged foodsin the U.S.”

The study’s new scoring method marks
a shift from the widely used NOVA classi-
fication, which defines ultraprocessed
foods as those containing additives or in-
dustrial ingredients. The authors’ system,
called FPro, goes a step further. It esti-
mates the degree of processing by analyz-
ing a food’s nutrient profile—in other
words, it recognizes that “processed”
foods exist along a spectrum. The team is
now refining the model to predict the spe-
cificindustrial processes a food undergoes
before reaching consumers.

Beyond the complexities of scoring pro-
cessed foods, Popkin offers a simple rule
to follow: shop for items around a store’s
perimeter as much as your budget al-
lows— “the produce, the fish, the dairy,” he
suggests. And although a processing score
mightdistinguish between similar-looking
items, less processed doesn’t necessarily
mean healthy. A cookie is still a cookie, Va-
diveloo says, no matter how it is processed.

—Lori Youmshajekian

Graphic by Amanda Montariez

Quantifying Degree of Processing in 42 Foods

Researchers assigned a food processing score, or “FPro” value, to each product in a database of more than
50,000 food items and sorted the products into 42 categories. The results show that foods within the same
category can vary widely from minimally processed to highly processed—and that in some categories, a high

degree of processing is virtually unavoidable.
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Smelling

Trouble

Dogs play pivotal roles
in finding invasive species

FROM SNIFFING OUT rare speciestotrack-
ing down poachers, dogs aid conservation
effortsinasurprising variety of ways. And
a growing list of successes shows how our
best friends’ legendary noses can be an es-
pecially powerful weapon in the battle
against invasive organisms. Lately dogs
have proved to be particularly useful allies
against one infamously unwelcome guest:
spotted lanternflies.

Native to Asia, these insects were seen
in Pennsylvania in 2014 and soon spread
across the eastern and central U.S. The
species is especially threatening to vine-
yards, as it can severely damage grape-
vines over time.

“Once it’s spread into a new area, get-
ting rid of that infestation early on is re-
ally important,” says Angela K. Fuller, an
ecologist at Cornell University. But that
also means finding and destroying spot-
ted lanternfly egg masses, whose light-
brown, dirtlike camouflage makes them
extremely difficult to see.

For a recent study in Ecosp/iere, Fuller
and her team pitted dogs against humans
at finding spotted lanternfly eggs in vari-
ous scenarios. The researchers spent sev-
eral months training a Labrador retriever
and a Belgian Malinois to find the eggs,
and then they set the dogs to work in 20
Pennsylvania and New Jersey vineyards.
Humans did better within the vineyards,
where they could search systematically up
and down the vines—but the dogs de-
tected over three times more egg massesin
nearby forested areas. Fuller suggests that
dogs could also be more effective in vine-
yards with lower-level infestations, catch-
ing the scent in large areas that would be
too time-consuming for humansto search.

“I think it is a very nice and thorough
study,” says Nathaniel Hall, an animal be-
haviorist at Texas Tech University who
studies dogs’ sense of smell and was not
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One of the dogé trained to track
down spotted lanternflies

involved in the research. “It is helping lay
the groundwork for use.”

According to Ngaio Richards, a canine
handler and forensicecologist at the Univer-
sity of Florida and at Working Dogs for Con-
servation, this is an ever expanding field of
research—and practical use. “Worldwide,
detectiondogteamsarebeingintegrated into
efforts to deter, monitor and combat the
presence of invasive species,” she says, from
insects and plants to fishand mammals.

In North America, trained dogs inspect

watercraft to detect invasive mussels be-
fore they catch a ride to new waters. Dogs
have also been tested at finding longhorn
beetles, brook trout and nutria. In Mon-
tana, dogs identify dyer’s woad, an inva-
sive plant that can harm native vegetation
and is hard for humans to detect during
parts ofitslife cycle.

“Dogstend to be an excellent real-time
detector that is hard to match,” Hall says.
“I think there is an untapped capacity for
broader use.” —Gennaro Tomma

Finish
the Cycle

By Heinrich Hemme

EIGHT NUMBERS emerge in sequence
according to a certain system. One
number is unknown. Can you figure out
what it should be?

For the solution, visit www.Scientific
American.com/games/math-puzzles
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PHYSICS

Wor

Dark matter could be an entire dark sector

of the universe, with its own particles

and forces—and researchers are designing
experiments to search for it BY KATHRYN ZUREK
ILLUSTRATION BY MACIEJ FROLOW
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AVE YOU EVER STOOD BY THE SEA and been overwhelmed by its
vastness, by how quickly it could roll in and swallow you?
Evidence suggests that we are suspended in a cosmic sea of dark
matter, a mysterious substance that shapes galaxies and large
structures in the universe but is transparent to photons, the carri-

ers of the electromagnetic force. Our galactic home, the Milky Way, is submerged in dark
matter, but this hidden body but does not devour us, because its forces cannot touch
the regular matter we’re made of.

Everything we know about dark matter
comes from measuring its gravitational
pull, but gravity is the weakest of nature’s
forces—so feeble that the electromagnetic
forces that bind atoms to make a chair we
can sit in are enough to counteract the
gravitational force of the entire Earth. Just
as we need the electromagnetic force to
tell us about protons, neutrons, electrons
and the richness of all the particles we
know of—collectively called the Standard
Model of particle physics—we need more
than gravity to unlock the secrets of the
dark side. As a result, the past three de-
cades of the search for dark

of dark particles and forces. In this dark
sector, particles would interact through
their own independent forces and dynam-
ics, creating a hidden world of cosmology
running parallel to our own. There could
be dark atoms—made of dark protons,
dark neutrons and dark electrons—held
together by a dark version of electromag-
netism. The carriers of this force, the dark
photons, might (unlike our photons) have
mass, allowing huge dark atomic nuclei—
so-called nuggets—to form. And the to-
tally different dynamics of dark matter in
this dark sector would have different
effects on the evolution of nor-

matter have been character-
ized by null results. For most
of that time, researchers have
been looking for a single parti-
cle to explain dark matter.

Kathryn Zurek

is a theoretical physicist
at the California Insti-
tute of Technology. Her
research focuses on
the intersection of

mal matter throughout time.
The interactions of nuggets in
galaxies could help form su-
permassive black holes in the
centers of galaxies, causing

Yet dark matter might not Ezgmc(l)fozcy:;fov;ﬁ;s_ them to grow larger than they
be one particular particle—it icg and the quantum otherwise would.

may be a whole hidden sector
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nature of gravity.

As other, simpler theories
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of dark matter have failed to find experi-
mental confirmation, the dark sector con-
cept has gained traction. My colleagues
and I have also developed novel plans for
experiments that can search for this type
of dark matter. These experiments use
techniques from condensed matter phys-
ics to attempt to uncover a sector of the
cosmos we’ve never searched for before.

WHEN I ENTERED THE DARK matter hunt
in 2005, physicists were focused on
searching for dark matter whispers from
the weak force. Despite its name, the weak
force is much stronger than gravity, and
scientists suspected that dark matter
might communicate with our world
through this force. They built many ex-
tremely sensitive experiments, buried
underground where everything is quiet,
to attempt to hear such murmurs.

It was an exciting time because astro-
physicists were also seeing unexplained
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data coming from the center of the Milky
Way that might have been a sign of dark
matter producing a haze of photons from
some kind of interaction with the weak
force. I found these ideas intriguing, but
Iwasn’t convinced that the Milky Way signal
came from dark matter. It seemed prema-
ture to focus the search for dark matter on
theories related to the weak force. In addi-
tion, many processes from ordinary physics
produce the microwave photons that were
emanating from the center of our galaxy.

At the first dark matter conference
Iattended after graduate school, I took a
bet with a primary proponent of the “dark
matter haze” idea, Dan Hooper of the Uni-
versity of Wisconsin—Madison. Hooper
thought we could confirm that these
observations were caused by dark matter
within the next five years. I took the skep-
tical position. The stakes of the bet: who-
ever lost would have to say that the other
was right in each of their scientific talks
for one year. It was a consolation that if T
lost, I could still bask in the joy of dark
matter having been discovered. This bet
would accompany me for the next 13 years
of my scientific career.

Sometimes our assumptions end up
bindingus, preventing us from finding the
solutions we seek. The first ideas for the
nature of dark matter focused on solving
the theoretical problems of the Standard
Model, which describes not just the
known particles but the quantum forces
(electromagnetism, the weak force and
the strong force). Two puzzles of the
model are why the weak force is so much
stronger than gravity (what physicists call
the hierarchy problem) and why the
strong force—the force that binds atomic
nuclei—doesn’t notice the difference be-
tween mirrored particles and antiparti-
cles (called the strong charge conjuga-
tion—parity, or strong CP, problem). Par-
ticle physicists hypothesized that adding
new particles to the Standard Model could
help us understand why the known parti-
cles behave like they do. These new parti-
cles might also exist in the right quantities
to explain dark matter.

Two categories of particles emerged as
popular candidates. One group, called
WIMPs (for weakly interacting massive
particles, lest you doubt the field has
humor), features in solutions to the hier-
archy problem. Another set of proposed
particles, axions (after the laundry deter-
gent, as a metaphor for cleaning up the

Graphics by Fen Christiansen

Dark Matter Options

Scientists have traditionally thought that the invisible matter pervading our universe
most likely is made of a single type of particle. An increasingly popular idea suggests,
however, that dark matter might be made of an entire “dark sector” of hidden particles.

TWO WAYS OF THINKING ABOUT DARK MATTER
Paradigm 1

In the traditional paradigm dark matter is part of a solution to perplexing aspects of the
Standard Model forces and has its interactions fixed by being able to solve those problems.
In contrast, hidden sector dark matter is not dependent on resolving Standard Model puzzles.

%‘a“dard Mode/ For,
€

-a“"“‘\e candj e,
€

Standard
Model

particles

Paradigm 2

The new paradigm, on the other hand, envisions a separate set of “dark forces” to go with
the dark sector particles.
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DARK SECTOR PARTICLES AND THE HIDDEN VALLEY

In this model, dark matter particles could occupy a so-called hidden valley of the energy scale. The dark
sector particles would exist at lower energies than some traditional hypothesized dark matter particles
such as WIMPs—and may not have been observed in experiments simply because their interactions
with ordinary particles are much weaker than the weak force. To detect the hidden valley, we must find
a connector—an interaction between regular and dark matter that can tunnel through the accessibility
barrier lying between them.
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Detecting Dark Matter
with Crystal Lattices

Reaching the dark sector through laboratory experiments will require different
strategies than traditional dark matter searches. If dark sector particles interact
with regular matter (aside from gravitationally), they are likely to induce collective
excitations, called phonons, in the crystal lattice structure of regular matter. The
crystal lattice can be thought of as a pattern of “unit cells” that repeats over and
over. A proposed experiment aims to search for phonons in a lattice of sapphire

caused by dark matter.

Sapphire crystal lattice (AlpO3)

A sensor detects heat generated
from the excitation

?

Incoming
dark matter
particle

Unit cell
of sapphire
(2 molecules)

problem), offered a solution to the strong
CP problem.

I thought, however, that we should
question the premise that dark matter
also solved the Standard Model prob-
lems. My imagined particles didn’t inter-
act via any Standard Model forces—they
would have their own independent forces
and dynamics—so they couldn’t solve
that model’s mysteries. They were also
much lower in mass than WIMPs and
occupied a hidden valley of the energy
and mass scale for particles. This idea,
which I proposed around 2006, went
counter to the trend in high-energy phys-
ics, which focused on building huge ex-
periments, such as CERN’s Large Hadron
Collider near Geneva, to produce the in-
creasingly massive particles that theorists
envisioned. In contrast, hidden valley
particles would occupy much lower-
energy territory and may not have been
observed in experiments simply because
their interactions with ordinary particles
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The incoming
particle displaces
anion in a unit
cell, causing
a disruption
that ripples
through

the lattice

are much weaker than the weak force.

Without the idea that dark matter
should solve either the hierarchy prob-
lem or the strong CP problem, an entire
range of new models became theoreti-
cally viable and consistent with observa-
tions of our universe. I focused on the
idea that the hidden valley provided a
natural host for the dark matter sector.
The different dynamics of dark matter in
the dark sector compared with WIMPs
would have different effects on the evolu-
tion of normal matter throughout time.

As my colleagues and I studied the
possible implications of a dark sector
over the next decades, the range of ob-
servable consequences in our universe
blossomed. The field looks completely
different now. Dark sector theories have
been aided along the way by fortuitous
experimental anomalies.

THE LUCKY ANOMALIES arrived in 2008
from experiments that had been looking

© 2025 Scientific American

for WIMP dark matter. By this time ex-
perimentalists had already spent two
decades building Earth-based experi-
ments to look for dark matter from the
supposed sea that must be passing through
Earth at all times. In 2008 three of these
saw a mysterious, unexplained rise in
“events” at low energies. An event, in this
case, means that a single dark matter par-
ticle may have slammed into a regular
atomic nucleus in the detector and given
it a kick of energy. The experiments reg-
istered events that could have been caused
by dark matter particles weighing a few
times the mass of the neutron.

The excesses in these experiments
electrified me because they were consis-
tent with a theory of hidden valley dark
matter I had proposed the previous year.
Icalled thistheory asymmetric dark mat-
ter. The theory was based on the idea that
the amount of dark matter in the uni-
verse is determined by how that matter
interacts with neutrons and electrons.
We can take this number, set by theory,
and combine it with the total mass of all
the dark matter in space (which we know
from astronomical observations) to cal-
culate the mass of the most common dark
sector particles. It turns out that the the-
orized particles should weigh about as
much as neutrons—just what the experi-
ments were observing.

The arrival of these anomalies made
the field of hidden sector dark matter
very popular. The online repository for
new physics papers exploded with stud-
ies suggesting possible explanations for
the excesses with different types of hid-
den sectors. It suddenly seemed I might
lose my bet that dark matter would keep
itself hidden. But the observations and
the theories weren’t quite lining up, and
the models became more baroque and
contorted to fit the experimental data. By
2011 my belief that the anomalies could
be evidence of dark matter faded.

Not everyone agreed. Hooper, ever the
optimist, still thought that the anomalies
could be dark matter, so he upped the bet
and threw in two top-shelf bottles of
wine. Eventually, though, further checks
of the anomalies convinced most physi-
cists that most of the observations must
have a mundane explanation, such as a
background signal or detector effects
contaminating the data. My top-shelf
bottles of wine from Hooper arrived
during the pandemic in 2020.



But that wasn’t the end of the story.
The long-term impact of these anomalies
opened researchers’ minds to new theo-
ries of dark matter beyond WIMPs and
axions. This change was aided by the fact
that decades’ worth of experiments de-
signed to find WIMPs and axions had so
far turned up nothing. Even the Large
Hadron Collider, which many scientists
expected to find WIMPs and other new
particles, found nothing new except for
the last unconfirmed piece of the Stan-
dard Model, the Higgs boson. More and
more physicists recognized that we
needed to widen our search.

Michigan to Lawrence Berkeley Na-

tional Laboratory, where I turned my
attention from dark matter theoriestode-
vising new methods of dark matter detec-
tion. Working in this area radically broad-
ened my horizons in physics. I learned
that studying the fundamental forces of
nature is not sufficient tounderstand how
dark matter might interact with regular
matter. For such rare and weak communi-
cationsbetween particles, the interactions
between the fundamental constituents of
matter (the nucleons and electrons in at-
oms) become paramount. In other words,
tounderstand how a dark matter particle
might affect a typical atom, we must con-
sider the small interactions among the at-
oms arranged in a crystal lattice inside a
material. Imagine the coils in an old-
fashioned mattress: if one part of a coil
gets pushed down, it propagates waves
through the entire mattress.

Because many materials work like
this, it stood to reason that if dark matter
were to disturb one atom in a lattice of
“normal” matter, it would set up a pro-
pagating disturbance. These collective
disturbances, which involve many atoms,
are quantum in nature and are called
phonons or magnons. Understanding
phonons is the domain of condensed
matter and solid state physics, which
focus on the collective effects of many
atoms within a material. Because mate-
rials can be made up of lots

I N 2014 I MOVED from the University of

to understand how dark matter might
interact with these collective phenom-
ena. To do that, I needed a useful model
that described all the complicated effects
with just a few parameters. I found that
I could predict how likely different kinds
of dark matter were to interact with
a material if the force governing the in-
teraction was the same as the force re-
sponsible for dark matter’s abundance in
our universe.

I ran into some practical challenges.
Not all physicists speak the same physics
language. In addition, each field tends to
focus on just a few questions when study-
ing a physical system. I was interested in
very different questions than those that
interest most practicing condensed mat-
ter physicists. And as a dark matter phys-
icist collaborating with condensed mat-
ter physicists on collective excitations for
the first time, I had barriers to surmount.
Once I discovered how to rephrase my
understanding of the dark matter inter-
action problem in the jargon used by con-
densed matter and atomic physicists, my
students, postdocs and I were able to
progress much more quickly.

In time, a new world of collective phe-
nomena opened before us. We discovered
that condensed matter and atomic, mo-
lecular and optical physicists had fun
applying their portfolio of materials and
detection mechanisms to the hunt for
dark matter. After a few years of playing
with an abundant array of ideas, we real-
ized we needed to focus on just a few for
experimental development. We ended up
picking two materials that seemed like
promising targets, both for their funda-
mental dark matter interactions and for
how feasible their use in experiments
was. Now we are actively designing ex-
periments using these materials that we
hope to run in the coming years.

The first category is polar materials,
such as quartz and sapphire, which pro-
duce strong phonons with a collective
energy that is a good match for dark mat-
ter and which seem like they would com-
municate well with a dark photon. The

second material is superfluid

of different kinds of atoms
and molecules, with different
bonds between them, the col-
lective disturbances take on
many forms, becoming a zoo
of possible interactions.

One of my challenges was  com/archive

FROM OUR ARCHIVES
What If We Never
Find Dark Matter?
Tracy R. Slatyer

and Tim M. P. Tait;
September 2024.
ScientificAmerican.

helium, which is free from
many of the defects that plague
solid materials with crystal lat-
tices. This liquid features light
nuclei that may have a rela-
tively good chance of interact-
ing with dark matter.

© 2025 Scientific American

For the next steps, our experimental
partners are leading the way. My former
Lawrence Berkeley Lab colleagues have
developed two of the most promising
ideas. Matt C. Pyle has proposed an ex-
periment called SPICE (Sub-eV Polar
Interactions Cryogenic Experiment),
which would use a polar material such as
sapphire for a detector. Another experi-
mentalist, Daniel N. McKinsey, has envi-
sioned the HeRaLD (Helium and Roton
Liquid Detector) project, which would use
superfluid helium.

Our theoretical work suggests that
small samples of the target materials—
one kilogram or less—could be enough
to begin testing our theories. Although
these samples would not require much
material, they would have to be free of
defects and be placed in very quiet and
contaminant-free environments. Fortu-
nately, through earlier generations of
dark matter experiments searching
for WIMPs, Pyle and McKinsey already
have experience in reducing sources
of noise and radioactivity by working
deep underground.

Although all the theoretical ideas are
in place for these experiments, it will take
a long time to put them into action. Both
projects have received a round of funding
from the Department of Energy’s Office of
Science to further develop the concepts.
Over the past four to five years, however,
we’ve discovered new background pro-
cesses that might imitate the signals we’re
hunting for, which we’ll have to find ways
to block. Because of these large back-
grounds, the detectors are not nearly sen-
sitive enough yet to discover dark matter.
It may take a decade or more, as it did for
the earlier generations of WIMP experi-
ments, to learn how to make these detec-
tors so quiet that they can listen for dark
matter whispers.

Still, what we have achieved in the
past 20 yearsis a dramatic opening of the
theoretical possibilities for dark matter
and the ways to find it. The fundamental
nature of the dark matter that pervades
our universe is stillunresolved. AsI'work
on this problem, I like to think about the
building of cathedrals in centuries past,
which were constructed over genera-
tions, each stone carefully placed on the
last. Eventually, by building our under-
standing of dark matter bit by bit, we
hope to reach atrue comprehension of all
of nature’s constituents. @
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ONTROLLING NATURE by bulldozing dirt and pouring concrete has
long been the guiding vision of the U.S. Army Corps of Engineers.
For 250 years that ethos inspired both awe and disgust. “In my sci-
ence training, the Army Corps destroyed everything. They’re the
enemy,” says geomorphologist Julie Beagle, who spent much of her

early career working to repair ecosystems damaged by “gray” infrastructure such as dams
and levees built by the Corps. “My first boss had a sign on her desk that said, ‘Kill the

3%»

Corps.

Erica Gies

is author of Water Always
Wins: Thriving in an Age
of Drought and Deluge
(University of Chicago
Press, 2022). She wrote
about the radical recon-
struction of nearly dead
urban streams in our
April 2022 issue.
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So plenty of people were skeptical in 2010 when the
Corpsrolled outan Engineering with Nature (EWN) ini-
tiative, saying it now aspired to work with nature rather
than dominate it—adramatic change in culture and prac-
tice. Engineers and scientists are moving constrictive
levees farther from riverbanks and reconnecting rivers
with floodplains. They are reusing sediment dredged
from shipping channels to strengthen disintegrating
tidal marshes. They are partially acquiescing to rivers’
chosen paths while retaining navigation channels.

The initiative is relatively small; there are seven
EWN programs sprinkled across the Corps’s 43 dis-
tricts (five of which are international ). But the changes
convinced Beagle four years ago to leave her job at the
San Francisco Estuary Institute and become chief of
environmental planning for the Corps’s San Francisco
district. She is now one of four “practice leads” who
demonstrate and teach EWN across the Corps’s 37,000
employees. One example of her pioneering work is a
big project in central California’s P4jaro River basin
designed to protect communities from flooding while
recharging groundwater to aid farmers and restoring
habitat for threatened fish.

Beagle’s career move was risky, given the Corps’s
inertia. Its long insistence that it could and should re-
shape nature for economic benefit has dominated U.S.
civil works culture and has been exported globally
through Corps projects in more than 130 countries,
a practice some call “hydrocolonialism.”

Beagle says many people from her adviser’s genera-
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To such critics, damaging nature was the Corps’s core competence.

tion “really rolled over” when she and several other
mid-career scientists she knew went to the Corps. But
she saw the move as an opportunity to be “a cultural
changemaker” in an agency that has remade vastland-
scapes and waterways. With a $7.2-billion budget for
civil works in fiscal year 2025, the agency’s employees
oversee 24,000 miles of levees; 926 harbors that they
keep dredged for shipping; 749 dams; 350 miles of
beaches and dunes; numerous navigation channels and
locks; and seawalls and bulkheads along hundreds of
miles of coast. How the Corps thinks and what it does
shape our world.

The consequences of its decisions can be deadly. The
most horrific failure in recent memory occurred during
Hurricane Katrina in 2005. More than 1,400 people in
New Orleans and the Gulf region died when levees and
floodwalls gave way; 80 percent of New Orleans lay un-
derwater, some areas for 43 days. The Gulf’s famous
marshes help to protect human communities from
storm surges, but more than a century of levees and
dams on the Mississippi River had deprived the
marshes of 70 percent of the sediment they need to
stand up to a relentless sea. More than 2,000 square
miles have eroded away since the 1930s. Shipping canals
have sliced and diced freshwater marshes, providing
pathways for salt water to infiltrate and kill vegetation
and for storm surges to rear up and overtake near-shore
communities. Katrina bowled straight up a wide navi-
gation channel called the Mississippi River—Gulf Outlet
that the Corps had cut through protective marshes.

© 2025 Scientific American
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The Corps’s subsequent shift toward nature-based
solutions—working with or mimicking natural sys-
tems—is part of an increasingly mainstream global
movement. The160,000-member American Society of
Civil Engineers issued a policy statement last summer
supporting the practice. People are increasingly recog-
nizing the need for nature-based solutions as climate
change is making floods and droughts more severe, and
changesin land use—urban sprawl, industrial agricul-
ture and forestry, levees and dams—have dramatically
altered the water cycle and eroded healthy ecosystems
that for centuries acted as buffers to destruction.

Nature-based solutions mean restoring the health
of degraded ecosystems so they can provide clean wa-
ter, absorb floods, store carbon, grow food and support
life. Eileen Shader, senior director of floodplain resto-
ration at American Rivers, a nonprofit that advocates
for healthy waterways, says that in some cases, “you’re
solving the problem by unbuilding.” Still, the Corps’s
concept of nature-based solutions tilts more toward
engineering and concrete. As Jeff King, national lead
of the EWN program, puts it, projects fall somewhere
on “a continuum of green-gray.”

The approach could rapidly become more wide-
spread thanks to a Corps rule that went into effect in
January 2025 that requires the agency to consider
nature-based options on par with gray infrastructure
options whenever feasible. The rule also expands the
traditional cost-benefit analysis to factor in environ-

mental and social gains of projects, even if it’s impos-
sible toassign a dollar figure. It is “the most significant
policy-change update for the Corps in a generation,
without a doubt,” says biologist Todd Bridges, who in
2010 created the EWN program out of the Corps’s re-
search division, where he worked for 30 years.
Within weeks after President Donald Trump took
office this year, his new administration began purging
federal government websites of language that seemed
progressive, freezing funds for scientific research, and
dismantling departments that support human rights,
science and the environment. It’s reasonable to ask
whether EWN—a progressive shift in a conservative
agency—would be atarget. The Project 2025 manifesto
guiding many administration actions mentions the
Corps only once, in passing, but that doesn’t mean the
agency will go untouched. At the end of January, in an
unusual act, Trump ordered the Corpsto release water
from two federal reservoirs in California, with a stated
goal of letting it flow about 200 miles south to help fire-
ravaged Los Angeles. The Corps released 2.2 billion
gallons, but the water did not come close to reaching the
city. Local water managers scrambled to prevent flood-
ing of nearby towns, while farmers were dismayed to
see water they will need in the summer flushed away.

THE U.S. ARMY CORPS OF ENGINEERS is the engineer-
ingwing of the U.S. Army. Despite its military basis, its
workforce today is 98 percent civilian. Its civil works
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Levees are built

to control nature,

but nature often wins,
as it did during the
Péjaro River flood.
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division is tasked with navigation, reduction of flood
and storm damage, and environmental restoration.
Local groups lobby Congress for work in their areas,
and Congress authorizes projects and partial funding.
Congressional authorizations have historically pro-
scribed asingle objective, such as flood-risk reduction,
a narrow focus at odds with the systems-oriented
thinking required for nature-based solutions.

The Corps’s urge to try to control nature was solid-
ified in the mid-19th century, when dueling congres-
sional reports outlined how to reduce Mississippi
River flooding and ensure navigation. One advocated
for a hybrid engineering-nature approach—using not
only levees but also outlets to release high river flows,
aswell as wetlands to absorb rain. It lost out to another
vision authored by a Corps engineer who argued for a
levees-only approach. The belief that strong walls can
best protect communities has dominated the engi-
neering psyche ever since. But the unintended conse-
quences can be extreme.

Florida’s Kissimmee River was an early, expensive
lesson. In response to prolonged flooding in 1947, the
Corps wanted to rush away high river water instead of
letting the river overflow onto its floodplains and wet-
lands. To create a straighter channel with faster water
flow, it spent nine years, from 1962 to 1971, cutting out
the river’s natural meanders that slow water, shorten-
ing the waterway from 103 miles to just 56. The work
dried out thousands of acres of wetlands and flood-
plains, harmed wildlife and increased the flow of pol-
lution into Lake Okeechobee. Damage was immediate
and so extensive that Congress authorized the Corpsto
putbackthe curves. “A hallmark of 20th-century engi-
neeringisthat people simplified the natural in order to
get what we want,” says Bridges, now a professor of
practicein resilient and sustainable systems at the Uni-
versity of Georgia’s College of Engineering. Then he
corrects himself: “What we think we want.”

Simplifying the natural order can even worsen the
problem engineers are trying to solve. Today 3,500
miles of levees line the Mississippi River. Each levee
constricts space for water, raising the surface level
higher, speeding up its flow, and worsening flooding
for communities that lack a levee or are near one that
breaks. Yet the Corps evaluates each new levee on its
own immediate merits, not in conjunction with those
on the rest of the river. As geomorphologist Nicholas
Pinter of the University of California, Davis, has writ-
ten, even the Corps has acknowledged that the result
is “‘death by athousand blows,’ through the incremen-
tal loss of floodplain land to development.”

Another unintended consequence is that levees
encourage people to move into harm’s way. The Great
Flood of 1993 left areas around the Missouri and upper
Mississippi Rivers above flood stage for up to 195 days.
The Corps worked with a St. Louis levee district to
build a 500-year levee—an awkward term meaning
the levee would limit the risk of flood in any given year
to 0.2 percent (statistically, there is a one-in-500

32 SCIENTIFIC AMERICAN APRIL 2025

. ; . e ® .
. ° . - °
e wa .
[ ] . o MT
D ”..‘k o
o 8.
o0 ° )
.
1D .
OR ° e
= . Wy
o Y
]
uT

° \ . 2 co
L]
4 I .
) \:,
°
e ® CA ¢
- . Se
S . e Az M
< 0
. ot |
‘
.
..
L
.'.
o
o0
AK
® HI

chance of a flood happening any year). The levee made
people feel safe enough to build, in the first decade
alone, 28,000 new homes and more than 13 square
miles of commercial and industrial development and
roadways on land that had been underwater. Butit’sa
false sense of security, revealed by a dark industry joke
that there are two kinds of levees: ones that have failed
and ones that will fail. “People think, “Why do I
flood?’” says Jo-Ellen Darcy, board chair of American
Rivers. “Well, youre living in a floodplain. They’re not
named that for no reason.” Indeed, floodplains are a
classic nature-based solution. Their job, Darcy says, is
“to absorb floods, and they can’t do that if people are
living there with concrete structures and malls.”

© 2025 Scientific American
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Where the

Corps Works

The U.S. Army Corps of Engineers (USACE)

has built a vast number of dams and levees over

the past two centuries, and it maintains many

of them. It builds up numerous eroding beaches

with sand. It also dredges harbors and water-

" ways for navigation and gets involved in projects

4 *The Corps maintains 156 and shares oversight of 1,446 maintained that prOV|deIreI|ef after dlSGSterS—e.verythmg
from managing stormwater to restoring the

USACE Missions
® Dams completed, 749 (1836 to 2024)
== | evees completed, 1,602* (1882 to 2024)
©® Beach locations replenished, 413t (2002 to present)

PR

)
e
by local authorities.

Sources: National Inventory of Dams; National Levee

Database; USACE’s Dredging Information System (data)

tUnique locations; some locations are replenished on a regular basis.

Katrina was a turning point in the Corps’s ap-
proach, says Jane Smith, who was a senior research
scientist there for 42 years and is now a professor of
coastal hydrodynamics at the University of Florida.
When Smith and her colleagues ran models after the
storm, she says, “we started to see how incredibly im-
portant the wetlands were in terms of protection from
hurricane storm surge and waves.” Before that, “we
didn’t really think of the natural features that provide
protection as being part of our projects,” she adds. But
Bridgesrecalls that many Corps employees outside the
research division weren’t ready to hear it. He says an
engineer told him, “We don’t need any of that tree-
hugger science.”

Map by Ripley Cleghorn

environment (not shown).

Before joining American Rivers, Darcy led the
Corps’scivil works as an assistant secretary of the U.S.
Army from 2009 to 2017. During her tenure she em-
phasized an important tweak in language used by the
Corps. “It wasn’t ‘flood control,”” she explains. “No-
body can controlaflood.” She used “flood-risk reduc-
tion,” which acknowledges that reality—and sends a
message within the Corps and to the public about the
limits of what’s possible.

Shader, at American Rivers, works with the Corps
nationally and says the agency’s current openness to
what she considers effective nature-based solutions
varies geographically. “San Francisco is absolutely the
lead,” she says. “They have a dedicated staff that is

APRIL 2025 SCIENTIFICAMERICAN.COM 33

© 2025 Scientific American


https://www.scientificamerican.com

Julie Beagle is leading
an innovative Army
Corps project that
shows how to work with
nature. Reconfiguring
levees along the Pajaro
River and its tributaries
to slow down rushing
storm water will protect
people nearby, resupply
underground aquifers
and restore fish habitat.

working to create interdisciplinary teams and inte-
grate these concepts into every project.” That’s partly
thanks to Beagle, who showed people across the Corps
how to take a big standard project and insert nature-
based solutions.

N MARCH 2023 an atmospheric river storm struck

central California, bursting three levees on the Pa-

jaro River and flooding the eponymous town, which
is populated by farmworkers and surrounded by fields
of berries and greens. The disaster wasn’t a surprise;
the four- to 12-foot-high levees lining the river and its
two tributaries, Corralitos Creek and Salsipuedes
Creek, dated to 1949 and promised just eight-year
flood protection—which equates to a 12.5 percent
chance of flooding in any year. In 1966 Congress au-
thorized the Corps to build taller, wider levees, but
partly because the economics of protecting the low-
income community didn’t seem to work out, the proj-
ect never moved forward.

The Corps later realized that adequate protection
required giving the waterways more room. It wanted
to move some of the long earthen levees that run for 13
miles along both sides of the waterways farther back
from the banks. These “setback levees” would create
extra space between the levees to hold more water
during high flows, reducing overflow flooding.

That solution required local people to give up some
of their land, and residents resisted for decades. But as
the toll of repeated floods mounted, they finally gave
in, says Mark Strudley, executive director of the Pajaro
Regional Flood Management Agency, a local partner
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tothe Corps. Strudley says farmersin the area realized
they were having a hard time cultivating that soggy
land, anyway. In October 2024 the Corps broke ground
on the multiyear project, known internally as “100 for
100.” It bought up to 100 feet of landowners’ properties
along the waterways, offering in return 100-year flood
protection: alpercent chance of flooding in any year.

But Beagle saw that this standard project could be
tweaked to simultaneously solve another local prob-
lem: a declining groundwater table caused by farmers’
overpumping. When a wild river runs high, water
overflowsthe banks, spreads across the floodplain and
slows. It has time to sink underground to supply aqui-
fers, deposit soil nutrients and fine dirt that continu-
ally reshape the river, and create habitat that supports
fish. Butin the decades that the river and its tributaries
had been cut off from their floodplains, water squeez-
ing through the levee-narrowed river channel had run
faster. Speed gave it power to cut down into the earth,
leaving the creeks about 10 to 25 feet lower than the
surrounding farmland. If the Corpsjust set the levees
back, Beagle knew, the river would reach the river-
banks only when it ran really, really high. Most of the
time water would still be stuck down in the channel,
speeding away. It wouldn’t have a chance to replenish
groundwater, redistribute soil or help fish.

Beagle and Strudley convinced the Corps to turn
the plan into an EWN project by pointing out that the
change would in fact save money. To build the new,
wider levees, the Corps would have had to truck in
dirt, which is expensive. Instead it will excavate much
of the dirt from the former farmland that will now be

© 2025 Scientific American
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inside the setback levees. It will also dig in a way to
re-create some of the river’s natural functions, fash-
ioning side channels and earthen steps from the new
levees down to the creek. When the river runs high,
the channels and steps will slow water, giving it time
to sink underground inside the setback levees. This
action will refill dwindling groundwater reservoirs
and increase flood protection by ensuring some water
gets absorbed by the ground and moving the rest of it
downstream over a longer period.

The design will also allow sediment swishing
around within the wider riverbed to create an accessi-
ble floodplain again. The river will reshape what the
engineers build, and that’s okay, Strudley says. “‘Cor-
recting’ is fighting physics,” he says, “which in general
doesn’t end well and wastes a lot of money.”

The higher water table will allow farmers to pump
water more easily and will feed the creek in the dry sea-
son. Slow water inside the levees will allow algae and
plankton to grow, feeding fish such as the South-Central
California Coast steelhead, a threatened species, and
providing refuges where they can rest during their mat-
ing migration upstream. The more natural waterway
will attract other wildlife, perhaps creating recreation
spots for residents and even attracting ecotourists.

Although multiple benefits are beyond the singu-
larly focused congressional authorizations, local and
state partners want them. Strudley worked with Cal-
ifornia’s Department of Water Resources, which po-
nied up the local funding because it is motivated to
reverse dropping water tables. “Recognition of those
benefits is why the state invested,” Strudley says.

“You could call the 20th century
the century of reinforced concrete.
My hope is the 21st century is the

century of nature.”

—TODD BRIDGES UNIVERSITY OF GEORGIA

“Multibenefit is how you get things done these days.
The Army Corpsis catching up to that.”

Scientists from universities in the area are studying
those benefits, measuring how 100 for 100 will affect
groundwater recharge, sediment movement and fish
populations. Quantifying the benefits is fundamental,
says King, the national head of EWN, “because engi-
neers have to feel comfortable understanding how
these things are going to perform.”

Many of these concepts are commonplace in resto-
ration circles, Beagle says, but not so familiar to engi-
neers. “Reading the landscape and understanding how
nature works is a different set of skills,” she says. The
Corps hasamanual for how to build alevee, but it does
not have one for floodplain reconnection. It will soon,
though. Beagle has co-written national guidelines for
floodplain reconnection in the same format as Corps
instructions for building a levee, with “equations, load-
ings, shear stresses, things like that,” she says.

Part of Beagle’s role is to educate Corps employees
from other districts as they do rotations in the San
Francisco district. “It’s really, really satisfying to
watch these ideas take off,” she says. She still encoun-
ters resistance, however. Some colleagues complain
that nature-based solutions are a headache and more
expensive because they think these approaches mean
adding bells and whistles to an existing project. Yet
engineering with nature is often less expensive, Bea-
gle says: “A healthier system maintains itself to a
larger degree.”

EACH OF THE CORPS’S SIX other EWN proving grounds
has its own Pajaros—projects that showcase new ap-
proaches. Monica Chasten, head of EWN in the Phil-
adelphia district, is shoring up disintegrating marshes
near the southern tip of New Jersey in a24-square-mile
area known as the Seven Mile Island Innovation Lab.
Her specialty, coastal engineering, is fundamentally
different from civil engineering. “It’s not like design-
ingabridge,” she says. “Not everythingisexact. It’s al-
most like anart.”

Hurricane Sandy was a revelation in the region be-
cause marshes and dunes did an especially good job of
protecting people. Softer than seawalls, they absorb
wave energy rather than bouncing it onto neighboring
stretches of coast. But sea-level rise and sediment
scarcity threaten to destroy half of the region’s
marshes by 2100. The scarcity is partly the result of a
long-standing Corps practice. When it dredged fine
sediment to maintain coastal shipping channels, it
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Engineering with nature
can save money because
afunctional ecosystem
is likely to require

less maintenance

than fully engineered
infrastructure.

dumped the material into inland basins to simplify
compliance with regulations aimed at protecting
coastal areas from possible pollutants in the sediment.
But in 2023 chief of engineers Lt. Gen. Scott A. Spell-
mon (now retired) realized the Corps was throwing
away valuable material and set a goal that by 2030 it
would reuse 70 percent of everything it dredged.

Chasten says her district is on track to go beyond
that. Some of the fine-grained sediment the Corps
dredges from the New Jersey Intracoastal Waterway
floats in from the marshes to begin with, so Chasten’s
team is pumping clean sediment back into the needy
marshes. The impact will be transformative, predicts
Lenore Tedesco, executive director of the Wetlands
Institute, a New Jersey organization that works on the
Atlantic and Gulf coasts and is a partner to the Corps.
“We’ve built 30 to 50 years of resilience into that
marsh,” she says.
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A thousand miles away the Corps’s St. Louis dis-
trict is following nature’s lead to unravel a problem
that the agency helped to create there: floodplain oc-
cupation. Edward Brauer, a hydraulicengineer and an
EWN project lead, has been relinquishing part of a
floodplain to the Mississippi River in Dogtooth Bend,
a17,000-acre chunk of Illinois inside a U-shaped turn
of the river that borders Missouri.

In the 19th century the area was a rich, shifting
blend of wetlands, floodplain lakes, bottomland hard-
wood forest, cypress and tupelo slough, and cane
thickets. “The river did what rivers do and meandered
across the landscape,” Brauer says. Levees the Corps
installed to create farmland were essentially seeking
to stop time. But “it’s a constant battle with the river,”
EWN founder Bridges says.

And the river is on a roll. The area has flooded in-
creasingly often—in 1993,2011, 2016, 2017 and 2019—
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repeatedly washing out roads, ruining crops, and
flooding homes in Olive Branch and Miller City.
During major breaches, one third of the Mississippi’s
flow gushes overland, taking a shortcut across the U.
In 2019 Dogtooth Bend was inundated for nearly
nine months.

Letting the river make the cut might be the most
nature-based solution. But the Corps also has a man-
date to maintain shipping channels. Brauer is trying
tonegotiate a truce. Residentstired of repeated flood-
ing have accepted buyouts. On those newly available
lands, Brauer’s district is restoring natural floodplains
and bottomland forests—habitat for at-risk species
that also accommodates the river, reducing the fre-
quency and force of its thrusts across the bend. The
vegetation slows water and catches sediment that
might otherwise move downstream, reinforcing the
existing channel instead.

tooth Bend may become more common thanks

to key points in the new rule: requirements for
equal consideration of nature-based solutions, as well
as abroader cost-benefit analysis. The rule, called for
in congressional legislation dating back to 2007, was
drafted in 2013, but passage was stymied for years by
congresspeople who didn’t want the Corps to stop
weighting economics over all other things. That dy-
namicshifted in2021 when R. D. James, appointed by
Trump as the assistant secretary for civil works, be-
came concerned that low-income communities suffer-
ing from the massive 2019 Mississippi River floods
were being bypassed by the standard cost-benefit anal-
ysis. So he wrote a memo outlining the inclusion of so-
cial and environmental factors.

Still, the new rule does not correct a fatal flaw in
standard cost-benefit analyses. A gray project’s de-
struction of natural systems’ services—absorbing
floods, cleaning pollution, providing water in the dry
season, generating food, storing carbon dioxide—is
not counted against its benefits. Nor does the Corps
deduct for a project’s likelihood of increasing flood risk
in neighboring communities that are not protected.

American Rivers provided input for the rule, and
Shader says she’s glad it finally passed. But she’s con-
cerned that it doesn’t provide criteria for choosing
between nature-based solutions and gray projects,
such as accurately tallying the potential losses. “So it
really depends on that individual district and the non-
federal sponsors’ interests,” she says.

Trump islikely to choose a new assistant secretary
for civil works in his current presidential term. Mi-
chael L. Connor, who held that position until October
2024, said then that he’s hopeful the rule will not be
overturned. “I don’t think this is a politically contro-
versial rule,” he says. “We were directed to carry this
out by the Water Resources Development Act in 2020
that was enacted during President Trump’s term and
by a split Congress,” he said. “[It’s] an initiative that
hasbroad support across the spectrum.” Although the
new administration was disrupting government in its
early days, Darcy says examples of local partners gain-
ing multiple benefits may be politically powerful
enough to convince the president and Congress to
leave the new rule alone.

Perhaps it is dawning on people throughout Con-
gress and the Corps that “the control of nature” —the
title of writer John McPhee’s 1989 book about the
Corps—is futile. McPhee wrote then that “the Corps
hasbeen conceded the almighty role of God.” Subse-
quent decades have been a reckoning with the al-
mighty power of nature. Regardless of the rule’s fate,
the Corps is part of an ongoing, global shift toward
nature-based solutions as people recognize the design
savvy of harnessing that power. “The 20th century,
you could call it the century of reinforced concrete,”
Bridges says. “My hope is the 21st century is the cen-
tury of nature.” @

P ROJECTS SUCH AS PAJARO, Seven Mile and Dog-
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HARLENE SUNKEL WAS 19 when she started hearing voices and
strange thoughts began filling her head. People wanted to in-
filtrate her mind, to poison her, to rat her out to the police. She
stopped making eye contact, convinced that it would enable others
to steal her thoughts. Once sociable and outgoing, Sunkel with-
drew from friends and family, worried that they were conspiring against her. On her
way to work, she had visions of men in hoods from the corner of her eye. As the illness
progressed, she lost the ability to understand what people were saying, and when
she spoke, the words would not come out right. About a year after her symptoms started,

Sunkel was diagnosed with schizophrenia.

Diana Kwon

is a freelance journalist
who covers health

and the life sciences.
She is based in Berlin.

Delusions, hallucinations and disordered thinking
are collectively known as psychosis. These “positive”
symptoms are among the most widely recognized as-
pectsof schizophrenia. For about two thirds of patients
with schizophrenia—which affects approximately
23 million people around the world—traditional anti-
psychotic drugs are often highly effective at treating
psychosis. But these drugs frequently come with prob-
lematic side effects. And they do little to help with the
so-called negative symptoms of schizophrenia, such as
emotional flatness and social withdrawal, or with oth-
erissuesinvolving thinking and memory referred to as
cognitive problems.

Until quite recently, all antipsychotics worked in
essentially the same way. They blocked the activity of
dopamine, achemical messenger in the brain involved
in motivation, learning, habit formation, and other
processes. The successful treatment of psychosis with
dopamine blockers led many clinicians to believe that
theyunderstood schizophreniaand that itsunderlying
cause was an imbalance in dopamine. When a particu-
lar antipsychotic did not work in a patient, all doctors
needed to do, they thought, was up the dosage or try
another dopamine-targeting drug.

But the arrival last September of a new drug,
KarXT, supports an emerging awareness among clini-
cians that schizophrenia is more complex than most of
them had realized. KarXT is the first antipsychotic to
target amolecule other than dopamine. It may be akey
aspect of the disorder in some people, but dopamine is
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just one of many different neurotransmitters involved
intheillness. That complexity may provide fresh ave-
nues for treatment.

To Thomas Kabir, a senior researcher at the Univer-
sity of Oxford with a lived experience of psychosis,
KarXT’s potential to not only reduce symptoms of psy-
chosisbut also improve thinking is especially exciting.
“People typically don’t have hallucinations and delu-
sions for years on end,” he says. “It is the cognitive is-
sues that really affect people’s day-to-day lives.”

Perhaps most significant, a growing body of evidence
suggests that schizophrenia, which can involve alter-
ations notonly in the brain but also in the body—partic-
ularly in the immune system—does not look the same
ineveryone who has the condition. “There is no schizo-
phrenia. There are schizophrenias,” says Romina Mizra-
hi, a professor of psychiatry at McGill University. What
clinicians need now, she adds, is a way to categorize in-
dividualsbased on the underlying biology of theirillness
so that treatments can be better tailored to their needs.

SCIENTISTS HAVE BEEN TRYING to understand the neu-
robiological underpinnings of schizophrenia for more
than a century. German psychiatrist Emil Kraepelin,
whoin 1893 penned one of the earliest official descrip-
tions of schizophrenia, called it dementia praecox,
meaning “premature dementia.” Because the condition
tendsto show up in adolescents or young adults, Krae-
pelin held that schizophrenia was a neurodegenerative
disease, similar to those that often afflict the elderly.
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In contrast, Swiss psychiatrist Eugen
Bleuler, whose long hours with patients
at the Rheinau psychiatric hospital in
Zurich led to more than adecade’s worth of
meticulous notes about their behavior,
held that the disorder did not always in-
volve progressive deterioration or begin
solelyin adolescence. In1908 he coined the
term “schizophrenia,” meaning “split
mind,” to characterize the fragmentation
of mental functions that he saw as central
to the condition.

Bleuler was prescient in other ways. He
referred to “the group of schizophrenias,”
reflecting his view that it was a collection of
disorders with a range of severity, a spec-
trum of symptoms and variable outcomes.
And he postulated that the ailments have
both abiological and a psychological basis.
The tendency for schizophrenia to run in
families has since been documented—the
disorder is about 80 percent heritable. But
specific genes have been difficult to pin
down, and researchers suspect hundreds of
them might be involved. Many studies also
point to the importance of the environ-
ment. Adverse experiences in childhood,
being exposed to infections in the womb,
growing up in cities and heavy cannabis use
all contribute to increased risk.

Despite growing evidence of schizo-
phrenia being rooted in changes occurring
during childhood, Kraepelin’s idea that
schizophrenia is neurodegenerative per-
sists—although itishotly debated. In some
patients, symptoms worsen over time, and
this progression is often accompanied by
tissue lossin the brain. Several researchers
have argued that this deterioration can in-
stead be attributed to factors secondary to
theillness, such as poverty and stress.

When antipsychoticdrugs firstemerged,
they seemed to drastically simplify the pic-
ture. In the 1950s a pair of psychiatrists in
France discovered serendipitously that
chlorpromazine, a compound designed to
be an anesthetic for surgery, helped to ad-
dress hallucinations and delusions. Chlor-
promazine and the other antipsychotics
that followed brought an end to an era of
crude and often dangerous treatments for
schizophrenia, such as lobotomies.

At first, no one knew why chlorproma-
zine and its derivatives worked. Later stud-
iesin mice revealed that these medications
blocked receptors for dopamine. (Recep-
tors are molecules that serve as code-
locked doors, allowing only certain mole-
cules, in this case dopamine, toenteracell.)

These findings, along with observations
that high doses of amphetamines—drugs
known to release dopamine—can cause
short-term psychosis in healthy people,
paved the way for the so-called dopamine
hypothesis of schizophrenia. It posits that
the symptoms of schizophrenia are caused
by an excess of dopamine in the brain.

Though effective at treating psychosis,
dopamine blockers are no panacea for
schizophrenia. They come with a host of side
effects, such as tremors resembling those in
Parkinson’s patients (who suffer from a
paucity of dopamine), sedation, and signif-
icant weight gain that can subsequently lead
to an increased risk of diabetes and heart
problems. In fact, cardiovascular disease is
one of the most common causes of death in
people with schizophrenia who have along
history of using dopamine blockers.

In the years after her diagnosis, Sunkel
was hospitalized multiple times and pre-
scribed many different medications that
came with debilitating side effects, includ-
ing intense restlessness, tremors and seda-
tion. One drugled to spasms so severe that
she was unable to move or speak. Though
deemed “treatment-resistant,” alabel giv-
en to people whose symptoms do not im-
prove after two or more drugs, Sunkel ulti-
mately found clozapine, a dopamine-
blocking antipsychotic.

Despite its side effects, the medication
has significantly helped to improve her
quality of life, says Sunkel, whois now in her
50s and working as chief executive officer
of the Global Mental Health Peer Network
in South Africa. But in up to 60 percent of
people with treatment-resistant schizo-
phrenia, clozapine, too, can be ineffective.

FOR DECADES THE ONLY AVAILABLE anti-
psychotic drugs were dopamine blockers.
From the 1990s onward, however, re-
searchers began employing techniques
such as positron-emission tomography
(PET), an imaging method that enables
them to view the activity of specific mole-
cules inside the living brain. That work
suggested a more complicated story.
Neuroscientists used PET imaging and
other means to identify neurochemical al-
terations in the brain that are associated
with schizophrenia. They found dopamine
activity to be increased in a specific region
of the striatum, a structure located deep in
the brain that is largely involved in helping
us forge mental links between disparate
events or things. This anomaly may in-
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crease the chances of someone with schizo-
phrenia making false associations or having
misperceptions. In addition, scientists dis-
covered that dopamine levels are lowered in
the prefrontal cortex, thereby interfering
with executive functions such as problem-
solving and emotion regulation, which can
be impaired in people with the condition.

These studies also shed light on why an-
tipsychotics don’t always work. In 2012
Oliver Howes, a professor of molecular
psychiatry at King’s College London, and
his team reported that people who do not
respond to traditional antipsychotics have
different patterns of dopamine activity in
the brain than those who do respond.

Suchinvestigations established that do-
pamine is not the only neurotransmitter
involved in schizophrenia. Others include
glutamate, a key molecule involved in acti-
vating neurons. A group led by psychiatrist
John Krystal of the Yale School of Medi-
cine, as well as others, has demonstrated
that ketamine—a drug that blocks the ac-
tivity of glutamate—can produce symp-
toms of psychosisin healthy people. Large-
scale searches for genetic variants associat-
ed with schizophrenia have also revealed
that alterations in genes involved in gluta-
mate signaling are among the key risk fac-
tors for developing the disorder. In recent
decades many glutamate-targeting drugs
have been developed, but none have yet
made it through clinical trials.

Another key neurotransmitter, called
acetylcholine, acts on muscarinic receptors
found throughout both the body and the
brain that are involved in such processes as
movement, memory and learning. The
new schizophrenia drug, KarXT, which is
marketed and sold as Cobenfy by Bristol
Myers Squibb (BMS), selectively activates
muscarinic receptors in the brain. In clini-
cal trials, the drug was found to be effective
in treating psychosis and seemed to im-
prove cognitive function, without the side
effectsthat make traditional antipsychotics
difficult for patients to remain on for long
periods. The drug did have gastrointestinal
effects, most of which were mild.

Although more data are needed on the
long-term effects of KarXT, thedrughasen-
thused researchersin the schizophrenia field
because of its unique mechanism of action
thatdoesn’t directly target dopamine. Exact-
ly how the drug works to ease the symptoms
of schizophrenia, however, remains an open
question. Figuring out this mechanism could
bea “game changer” for our understanding
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of the disease, Howes says. (Howes has
worked as an adviser to Karuna Therapeu-
tics, which discovered the drug before being
acquired by BMS.) “The fact that you can
target an entirely new set of receptors and
still help someone tellsus that there’s some-
thing missing from our understanding of
schizophrenia and psychosis,” Kabir says.

different way in which schizophrenia

canarise. April Burrell was a healthy,
vibrant 21-year-old until a traumatic event
changed everything. She developed psy-
chosis and hallucinations and eventually
went into a completely catatonic state, un-
able to move or communicate. She was di-
agnosed with a severe form of schizophre-
niaand admitted to the Pilgrim Psychiatric
Center in Brentwood, N.Y., where she
would spend nearly 20 years.

It was only when Sander Markx, a psy-
chiatrist at Pilgrim, gathered a multidisci-
plinary team and ordered a full medical
workup that Burrell’s doctors discovered
her blood contained autoantibodies—anti-
bodies that were attacking her own body,
damaging cells in her brain. She received a
new diagnosis of neuropsychiatric lupus, an
autoimmune disease. After six months of
anintensive immunosuppressive treatment
regimen, Burrell made an almost full recov-
ery in2020. “You would’ve thought she was
a brand-new person,” her brother, Guy
Burrell, told the Washington Post in 2023.

Autoimmune encephalitis, a disease
that occurs when the body’s own immune
system attacks the brain, was discovered
less than two decades ago. Before it was
known, many of the people with thisillness
would have—Ilike Burrell—received a di-
agnosis of schizophrenia despite some sub-
tle differences between the two conditions.
In people with autoimmune encephalitis,
for example, symptoms tend to appear
more rapidly and be more severe.

Some of the first cases of autoimmune
encephalitis were reported in 2007. Josep
Dalmau, a neurologist then at the Univer-
sity of Pennsylvania, and his colleagues
published descriptions of patients who had
autoantibodies against the NMDA recep-
tor, the protein in the brain on which gluta-
mate—one of the key neurotransmitters
that are altered in people with schizophre-
nia—exerts its action. In the years since,
researchers have documented more than
two dozen autoantibodies that target the
brain. A diagnosis of autoimmune enceph-

T HERE IS INDEED another, startlingly
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alitis, which often requires the detection of
autoantibodies in the cerebrospinal fluid
(CSF), the liquid washing through the
brainand spinal cord, can be life-changing.
Some patients who receive immunothera-
py make a full recovery.

Clear-cut cases of autoimmune enceph-
alitisare rare. According to some estimates,
about 1 percent of people with psychosis
have autoantibodies whose specific target
in the brain hasbeen identified. But deter-
mining the true prevalence is difficult be-
cause lumbar punctures, which are re-
quired to obtain CSF, are rarely carried out
in psychiatry clinics, where most people
with psychosis go for treatment.

According to psychiatrist Ludger Te-
bartz van Elst of the University of Freiburg
and its associated hospital in Germany,
where lumbar punctures for people with
psychosis are routine, his team has found
uncharacterized neuronal autoantibodies
(meaning autoantibodies that are not
clearly established as causes of psychosis)
in approximately 20 percent of patients
with psychosis and other psychiatric con-
ditions. Accordingly, Tebartz van Elst and
others advocate using the term “autoim-
mune psychosis” to describe the ailments
of these patients.

The question of whether these nonspe-
cific autoantibodies might play a meaning-
fulrolein schizophreniaand other disorders
of psychosis has been a matter of intense
debatein recent years. Studies of their prev-
alence in people with psychosis—which
often examine blood because CSF is not al-
ways obtainable—have turned up inconsis-
tent results. Researchers have also found
these antibodies in healthy people, raising
doubts about their clinical significance.

Othersbelieve the immune system might
contribute to psychosis even in the absence
of autoantibodies. Cases of psychosis trig-
gered by infections such as influenza, syph-
ilis and, more recently, COVID-19 are scat-
tered throughout history. Inaddition, epide-
miological studies have reported a greater
number of mental disorders such as schizo-
phrenia in people who are born in the win-
ter, when infections are more prevalent,
compared with those born in the summer.
Assessments from countries that keep na-
tional registries of medical data, such as
Denmark, have revealed that the more in-
fections a person has, the higher their risk
of developing schizophrenia.

Whether infections can directly cause
psychosis remains uncertain, but over the
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years many studies have provided evidence
for the immune system being the culprit.
Genomic investigations of people with
schizophrenia have implicated genes
linked to key proteins involved in the im-
mune system. Further, the brain’s resident
immune cells, the microglia, are overactive
in people with schizophrenia, leading some
scientists to suggest that they are involved
in the disorder.

Researchers are now studying whether
the immune system might be at play in a
greater proportion of people who receive a
schizophrenia diagnosis. Some groups are
conducting clinical trials to investigate
whether immunotherapies could help peo-
ple with schizophrenia and other psycho-
sis-related disorders who do not meet the
criteria for an autoimmune disease.

At Oxford, Kabir, psychiatry professor
Belinda Lennox and their colleagues are
currently conducting a clinical trial to ex-
amine whether rituximab, an antibody
used to treat arthritis and other autoim-
mune disorders, can effectively treat psy-
chosis in people who have detectable neu-
ronal autoantibodies in their blood. Janet
Cunningham, a psychiatrist at Uppsala
University in Sweden, and her team are
carrying outasimilar study in that country.
If even a small percentage of these individ-
uals respond to these therapies, it would be
transformative, Lennox says, “because you
can potentially cure their lifelong illness.”

There is much excitement around the
possibility of immunotherapies for psy-
chosis, although experts caution against
focusing solely on the immune underpin-
nings of the disorder. Patients can some-
times see autoimmune psychosis asa more
palatable diagnosis than schizophrenia
because it may provide a more promising
road torecovery—and because it avoids the
stigma surrounding the word “schizophre-
nia.” Butimmunotherapies are not without
their risks. Medications such as cortisone,
which are often used in cases of autoim-
mune psychosis, come with their own side
effects, including bone fragility, slow
wound healing, and psychological effects
such as mood swings and confusion.

Cunningham says it’s important to re-
member that existing antipsychotics do
help many people with schizophrenia and
other psychosis-related disorders. “We've
gotten to the point where alot of people are
being helped with the medication we
have,” she says. “Now we have to be looking
at the ones we are not able to help.”
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Schizophrenia
in the Brain

Early researchers described
schizophrenia as resulting from
an excess of dopamine, a chemi-
cal messenger in the brain
involved in motivation, learning,
and other processes. Scientists
have since discovered that other
molecules such as glutamate,
which activates neurons, and
gamma-aminobutyric acid (GABA),
which inhibits neurons, are also
altered in people with the disorder.
Gray matter volume and the den-
sity of synapses, or brain connec-
tions, are reduced. But not every-
one diagnosed with schizophrenia
exhibits the same alterations,
indicating that the disorder might
have subtypes.

KABIR, THE OXFORD RESEARCHER who
has lived experience of psychosis, first fell
ill while he was a university student. His
priority then was staying out of the hospital
and completing his degree. The quickest
way to do that was to take medication. But
later, once his symptoms had stabilized, he
added in talk therapy, which he says helped
both with psychosis symptoms and with
other problems such as depression. One of
the biggest limitations of today’s treat-
ments, according to Kabir, is that people
with psychosis tend to get treated very sim-
ilarly—the same set of drugs, often at sim-
ilar doses—despite research suggesting
people may need different medications and
different doses based on factors such as sex,
age or stage of their illness.

Some experts say that to identify the
most effective treatment for each patient,
clinicians may need to determine an ill-
ness’s underlying cause. At Tebartz van
Elst’sclinicin Freiburg, patients who come
in after experiencing psychosis get a full
workup, which often involves neuroimag-
ing, blood tests and a lumbar puncture, to
rule out any secondary cause for the symp-
toms. Such extensive tests are not the
norm, however. In many parts of the world,
including the U.S., whether a person will
receive these types of tests depends largely
on whether they end up in the office of a
psychiatrist or a neurologist.

Several large, ongoing efforts are aimed
at trying to better characterize people with
schizophrenia. The Psychiatric Biomarker
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Network, led by Steven E. Hyman of the
Broad Institute of M.LT. and Harvard, was
established in 2018 with the goal of finding
biomarkersin cerebrospinal fluid. The Accel-
erating Medicines Partnership Schizophre-
nia, launched in 2020 by several public and
private institutionsin the U.S. and the Euro-
pean Union, has a similar aim. Researchers
hope to find markers that can identify peo-
pleinthe “prodromal” phase of schizophre-
nia—the period before symptoms appear.
Being able to identify people during this
phase will “open up the possibility of trying
to develop preventive treatments,” Howes
says. His team has identified prodromal
signs such as neuroimaging markers and
early symptoms such as the “Truman
sign,” where people feel a nagging sense
that something strange is going on—akin
tothe way the protagonist of the 1998 mov-
ie The Truman Show felt while unknowing-
ly living on the set of a reality TV show. “If
you can prevent the illness to begin with,
you can prevent all the disability and the
chronic course that sometimes develops.”
Numerous questions remain open, such
astowhat extent the immune systemisin-
volved in schizophrenia and how neu-
rotransmitters might be altered in differ-
ent subgroups of people with the illnesses.
Researchers have also identi-

that eating a ketogenic diet, which is high
infatand low in carbohydrates, might ease
some of the symptoms of the disorder. Talk
therapyisalso emerging as helpful in treat-
ing people with schizophrenia. For exam-
ple, cognitive-behavioral therapy, which
focuses on helping people adjust their ways
of thinking and behaving, can reshape
thought patternsthat underlie psychosis or
help patients deal with negative symptoms
such as low motivation or a diminished
ability to experience pleasure.

Ultimately the hope is to provide better,
more targeted therapies for people with
schizophrenia. Some clinicians say the
field of oncology has a blueprint for how to
deal with such complex ailments. Cancer,
which was once seen as a single disease, is
now viewed as a collection of many diseas-
es with different causes and mechanisms,
allunified under a single name. In the same
way that personalized therapies are be-
coming increasingly popular in oncology,
researchers see this approach as the future
for treating schizophrenia and other men-
talillnesses.

“Precision medicine is something that
I think will emerge as a bigger and bigger
part of the story of schizophrenia treat-
ment,” Krystal says. Eventually, he hopes,
doctors will be able to tell pa-

fied other potentially import-
ant mechanisms that might
underlie schizophrenia, such as
abnormalities in metabolism.

FROM OUR ARCHIVES

A Talking Cure for
Psychosis. Matthew M.
Kurtz; March 2023.
ScientificAmerican.

tients, “You've got this biology,
you need that treatment. That
is where I think the future of
understanding this biology of

Preliminary research suggests
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Analyses of the armor and weaponry of
extraordinarily well-preserved dinosaur fossils
could help settle a long-standing debate
over their function BY MICHAEL B. HABIB
ILLUSTRATION BY OWEN WILLIAM WEBER
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Two Zuul engage in combat.
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N THE PANTHEON OF DINOSAUR ROYALTY, sauropods may have been the biggest and
tyrannosaurs the deadliest. But the ceratopsians, ankylosaurs and stegosaurs were
the most metal dinosaurs of all. With their horns and spikes, body plates and tail
clubs, these horned and armored dinosaurs have long captured popular imagination.
In the early 1900s American paleoartist Charles R. Knight depicted one of these
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and dinosaurs.

Triceratops, an iconic
member of the cera-
topsians, or horned
dinosaurs, roamed
western North America
between 68 million and
66 million years ago.

weapon wielders, the plant-eating 7riceratops, as a
worthy adversary of carnivorous 7yrannosaurus rex;
Stegosaurus makes regular (and formidable) appear-
ances in the Furassic Park movie franchise that began
in1993. Yet despite our enduring fascination with these
“living tanks,” as armor-bearing dinosaurs have been
described, many details of their anatomy—including
the composition and even the functions of their im-
pressive accoutrements—have remained unknown.
The problem stemmed from the scarcity of fossils of
these animals that, even when found, often consisted of
mere scraps. These recovered specimens also preserved
only the hard bony parts, not any of the associated soft
tissue. In their efforts to reconstruct armored dinosaurs
asthey were in life based on this meager evidence, pale-
ontologists took what they thought was a conservative
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approach and assumed that the bony remnants of the
armor of these long-dead dinosaurs constituted the
bulk of the armor in life. Those reconstructions re-
vealed some magnificent creatures—ceratopsians
equipped with three-foot-wide frills, stegosaurs bran-
dishing 30-inch-long tail spikes, nodosaurs bristling
with shoulder spikes nearly a foot and a halfin length.
But in recent years researchers have unveiled new
fossils that preserve aspects of armored dinosaur anat-
omy never seen before. These incredible specimens re-
veal the true makeup of dinosaur armor and weaponry.
With this new information in hand, my colleagues and
I have performed new mechanical analyses of the horns,
spikes and plates of heavily armed and armored dino-
saurs. Our fresh lookat these armaments shows that they
were even more impressive than previously thought.

© 2025 Scientific American
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The findings may settle a long-running debate over
the primary function of these spectacular structures.

OUR DISCOVERIES are based primarily on two extraor-
dinary fossils first announced in 2017. One was an ar-
mored dinosaur with a massive tail club that Victoria
Arbour, now at Canada’s Royal BC Museum, and David
Evans of the Royal Ontario Museum named Zuu/ for
its resemblance to the monster from the 1984 movie
Ghostbusters. The second fossil came from a nodosau-
rid, a type of armored dinosaur known for its wicked
shoulder spikes. Caleb Brown of the Royal Tyrrell Mu-
seum in Alberta and his colleagues called this animal
Borealopelta, meaning “shield of the North.”

The specimens of both Zuul and Borealopelta rep-
resented species new to science, but what makes these
fossils truly thrilling is their exquisite condition. They
are among the best-preserved dinosaur remains ever
discovered, exhibiting not only the bony portions of
the armor but also associated soft tissues. With these
fossils, researchers could, for the first time, observe the
material composition of the elaborate body coverings
of armored dinosaurs.

Before the discoveries of the Zuu/ and Borealopelta
fossils, some scholars had deduced that the bony armor
pieces (called osteoderms) on the likes of Ankylosaurus
and Stegosaurus were just cores of bone that supported
an outer covering made of keratin (the same material
that hair, nails and horns are made of ). The new speci-
mens confirmed this speculation, demonstrating that
the armor of these dinosaurs had an outer layer of ker-
atin, which was supported by the bony osteoderms.

Moreover, this keratinous covering was far more
substantial than previously constructed. The Borealo-
pelta fossil, which preserves the most armor, shows that
keratin sheaths increased the linear dimensions of the
thickest parts of the armor by 30 to 40 percent. But be-
cause the keratin in this specimen is partially worn away,
we know that it was even thicker in life. Having exam-
ined this fossil myself, I suspect that the increase could
have been significantly larger than 40 percent.

This insight into the structure of the armor revolu-
tionized our understanding of these dinosaurs. First,
it meant that the armor’s performance was far different
(and more impressive) than previously recognized.
Second, because most dinosaur armor shows telltale
signs of connections to a keratin sheath, the keratin-
to-bone ratios of the Borealopelta and Zuul armor
probably extend to other dinosaurs with bone-cored
armaments. That is, the spikes, plates and horns of all
dinosaurs with armor—from horned ceratopsians to
plated stegosaurs—were probably more than 40 per-
cent larger in life than what we see in their skeletons.

TO UNDERSTAND the extraordinary implications of
having armor made largely of keratin, we must look at
the material properties of keratin. Key to this discus-
sion are a material’s strength and its toughness.
Strength is the resistance of a material to being broken

Graphic by Jen Christiansen

Tough as Nails

Recent discoveries suggest that the bony plates, horns, frills, clubs and
spikes of armored dinosaurs were sheathed in a thick layer of keratin, the
same material that’s in nails and hair. This keratin component may have

increased the sizes of these appendages by 40 percent or more. The material

properties of keratin make it incredibly tough, capable of absorbing huge
amounts of energy from impacts during fights between rival animals. The

combination of a tough keratin sheath and a strong bony core made for armor

that was virtually unbreakable.
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STRENGTH VS. TOUGHNESS
A strong material requires more force to break it; however, strong materials are often
brittle—meaning that they can’t absorb much energy.

STRENGTH
The ability of a material to resist breaking.
WEAK STRONG
Keratin Bone
TOUGHNESS

The ability of a material to absorb energy without failing. The opposite of tough is brittle.

BRITTLE é—————————————————————————————————> TOUGH

Bone Keratin

Bone is a biomaterial that is strong but brittle. Keratin is only moderately strong, but it’s
extremely tough—like a dense rubber. You can bend it much more easily than bone, and if
you had a tube of it, you could bend and break it fairly easily. But if you just hit it really
hard, then it holds up very, very well.

by being deformed. If you have a rod of a given material
and it’s difficult to snap that rod in half, then the mate-
rial is strong. Toughness, in contrast, is the measure of
a material’s ability to absorb energy. If you can hit a
chunk of a material very hard and it survives, then it’s
tough; if it breaks when struck, then it’s brittle. There
are often trade-offs between these two properties. Ma-
terials that are very strong are often comparatively
brittle. Take glass, for example: it’s quite strong, but
even alight impact can cause it to shatter. The fragility
of glassisaresult of low toughness, not low strength.
When viewed this way, keratin is a special biological
material. Unlike bone, which is very strong but brittle,
keratin is only moderately strong but extremely tough.
It makes for ultraresilient weaponry and armor.
Consider the keratin quills of African porcupines,
which can mortally wound lions foolish enough to at-
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This 110-million-year-old fossil of Borealopelta, a nodosaurid ankylosaur from Alberta, Canada,
is one of the best-preserved dinosaur fossils ever found (/eft). Not only are the bony plates,
or osteoderms, that covered the body present in this specimen (top right), but so, too, is the
keratin that covered the bony plates (middle right). The keratin-bone composite of the armor
made it at least 20 times tougher than armor made solely of bone and may have been able

to withstand impacts as forceful as that of a high-speed car crash. The fossil also includes

a pebbled mass that appears to be the remnant of the animal’s last meal (bottom right).

Robert Clark
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tack the heavily armored rodents. Bone can break when
subjected to the high bite forces of lions. But the keratin
quillssoakup the energy from the bite and retain enough
of their shape to function aslethal spears that the porcu-
pine can drive deep into its attacker’s face and jaws.

Even more relevant to the discussion about armored
dinosaurs are the horns of living antelopes, sheep and
goats. Bighorn sheep ram one another with hefty cra-
nial appendages made not solely of bone but of thick
keratin built around a bony core. The overall physical
properties of the hornsin these great mammalian joust-
ersarise from the pairing of the tough outer keratin and
the stronger, but more brittle, bony core. This combina-
tion marries the best of both worlds: the tough keratin
sheath can absorb a lot of energy, and the strong, stiff
core resists bending and breaking.

The structure of the horns of living antelope also
means the contact surface is inert. Damage to keratin
does not cause pain or bleeding. In contrast, bone is a
living tissue with substantial blood supply and nerve
endings. Having exposed bone as armor is dicey—dam-
age toit canlead to hemorrhaging or debilitating pain.

THE DATA FROM ZUUL and Borealopelta, along with
comparisons to modern animals, tell us that the armor
of dinosaurs was not a stiff, brittle bone armor. It was
an exceptionally tough bone-keratin composite. The
thick outer keratin did the heavy lifting—as the surface
of the armor, it was taking the hits. Any damage to the
keratin when the animals came to blows would have
been trivial, with no bloodshed or pain. The core, made
ofbone wrapped in skin tissues, provided strength and
produced the keratin, sensing hitsand replacinglosses.
The net effect was arugged, self-repairing armor capa-
ble of absorbing immense amounts of energy.

Brown (whose team described Borealopelta) and I
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Zuul, another beautifully
preserved armored
dinosaur, lived in
Montana 76 million
years ago. The fossil
includes a complete
skull and a tail club.
Analysis of injuries to
the animal’s flanks
suggests that they were
inflicted by the tail club
of another Zuul.

areactively studying the energy-absorption capacity of
this armor. In the fall of 2024 I announced the first es-
timates from our work at the annual meeting of the
Society of Vertebrate Paleontology. These preliminary
estimates suggest that the thickest parts of the armor on
Borealopelta might have been able to absorb an energy
volume roughly similar to that of a high-speed automo-
bile collision. At minimum, the bone-keratin composite

The New Armored
Dinosaurs

The revelation that the armor of dinosaurs was
sheathed in a thick layer of keratin means that
armor structures were tougher than previously sup-
posed. It also implies that armored dinosaurs were
even more imposing—and deadlier—than earlier
reconstructions made them out to be. Not only
were their horns, spikes and plates larger and more
extensive than researchers thought, but the ani-
mals were adapted to wield them to lethal effect.

Clues from fossil and modern animals hint at
the primary function of the armor. For one thing,
dinosaur armor seems to have been tougher than it
needed to be for defense against predators. For
another, antelopes and other modern-day animals
with keratin-bone weapons use them in intraspe-
cific conflicts. Researchers therefore suspect that
dinosaur armor was used chiefly in battles between
members of the same species who were competing
for mates or territory.

© 2025 Scientific American
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structure of thisanimal’s armor would have increased
itstoughness by 20 times that of armor made purely of
bone. Such tough armor would be quite valuable in a
world of predators that, experts agree, had very high
bite forces. Armor made mostly of bone, with just a
thin covering, would have almost certainly cracked or
shattered under attacks from these predators. In this
regard, it was clearly an advantage to have the outer,

With permission of ROM (Royal Ontario Museum), Toronto, Canada. © ROM

“business end” of the armor composed of keratin.
That said, the armor of Borealopelta seems to have
been overbuilt for withstanding the bite of a large,
predatory dinosaur. And a predator would have strug-
gled to directly bite Borealopelta’s low, wide body.
Iwondered if there were any situation in which a pred-
ator could deliver a full-force bite to one of these living
tanks and do any real damage to the armor.
In20191teamed up with physicist Seamus Blackley
and histeam of engineers in southern California to find
out. We designed and built a mechanical test of Boreal-
opelta’s armor for a Canadian Broadcast Channel pro-
gram. In it, we pitted a synthetic version of the armor
against a model of the largest predator Borealopelta
could encounter, the theropod dinosaur Acrocantho-
saurus. In developing the bite rig for this model, we
made sure it accurately represented the head size and
shape, bite force, and tooth properties of the predator.
We then tested a worst-case scenario in which the pred-
ator somehow managed to slice into Borealopelta’s ar-
mor at a steep angle. Even with those odds stacked up
against the armor, and despite the fact that we were
using just a small, bite-size chunk of it, the enormous
and frankly terrifying bite righad to hit the armor in ex-
actly the same place twicebefore doing real damage to it.
We never built the grandest, most heavily armored
parts of Borealopelta. Instead we modeled the less in-
timidating armor that covered the back half of its body.
One can confidently assume that any attempt by a pred-
ator to have a go at the front of Borealopelta would have
been futile—and probably an excellent way to get killed.

BOREALOPELTA, which was unveiled in 2017, is a genus of nodosaurid dinosaur new
to science. The soft tissues preserved in the fossil—including keratin and pigmented
skin—have allowed for a detailed reconstruction of the animal as it was in life (eft).
The reconstruction, bristling with spines and thick, horny plates, contrasts sharply with
20th-century representations of subdued nodosaurs with blunt armor (right).

Graphic by Mark Witton
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Whereas the back end of the animal was covered in an
impressive series of small keratin-covered osteoderms
that formed an interlocking mosaic, the front end of Bo-
realopelta (and other nodosaurs) was straight-up outra-
geous. Bladed plates covered the beast’s neck, and mas-
sive spikes protruded from its shoulders. It looked like
awar machine from the video game World of Warcraft.

During the analysis for the CBC test, I came to refer
affectionately to the massively fortified area of Bore-
alopelta running from its neck to its shoulders as the

Stegosaurus, known for
its vertical back plates
and spikey tail, lived

in the western U.S. and
Portugal during the
Late Jurassic period,
between 159 million and
144 million years ago.

“kill box.” Anything that found itself in that location
while up against an angry Borealopelta was not long
for thisworld. Thatis... unless the animal squared up
in that danger zone was another Borealopelta.

tion of dinosaur armor: Did it serve as protection

against predators, weaponry for combat with
members of their own kind, sexual display, or some
combination of these roles? These new discoveries may
tip the scales. If the armor of Borealopelta was tougher
than it needed tobe for predator defense, then perhaps
protection against meat-eating dinosaurs looking for a
meal was a secondary function of this feature. In that
case, what might the armor’s primary function have
been? We can look to those living animals with elabo-
rate bone-keratin weaponry for insights.

In the modern world, such structures can be used to
fight off a predator, but their primary functions are
nearly always related to display and fighting within the
same species. In biology, we call such an encounter intra-
specific combat, and it can be absolutely brutal. Bighorn
sheep ram one another with roughly 60 times the force
needed to shatter a human skull. And they do it over and
over again, sometimes for hours. Deer have been filmed
with the head of a rival impaled on their antlers. Inci-
dentally, deer get away with using pure bone weapons
without a keratin component because the bone of ma-
tureantlersisdead and sodoesn’t bleed if damaged, and
deer shed their antlers annually.

Contrary to the Hollywood narrative of predators

P ALEONTOLOGISTS HAVE LONG debated the func-

STEGOSAURUS was traditionally reconstructed with a green body, reddish back plates and
white tail spikes (right). This new reconstruction (left) is informed by the coloring of large
modern animals living in hot, dry settings like the ones Stegosaurus inhabited. Countershading
would have shielded the skin from ultraviolet radiation and deterred predators; black and yellow
accents would have called attention to the fierce keratin-sheathed plates and tail spikes.
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facing herbivoresin a duel to the death, actual hunting
isabout catchinga meal, not a prize. To that end, most
predators target juveniles. A carnivore needs to eat; it
doesn’t need to prove itself. The most epic battles in
the animal world are not between predator and prey;
they’re between the armed and armored Zerbivores,
who fight for status and mates.

Perhaps the same was true in the Mesozoic. In a
study of Zuu/ published in 2022, Arbour and her col-
leagues showed that the animal had sustained, and
healed, injuries to its flanks that were most consistent
with being hit by the tail club of another Zuu/. Fur-
thermore, baby nodosaur specimens show that the kill
box of these animals didn’t fully develop until later in
life—even though predation risk would have been
higher when they were small. These findings, com-
bined with the overbuilt nature of Borealopelta, sug-
gest that at minimum the most extreme weapons of
armored dinosaurs were mostly used in combat be-
tween rivals of the same species. Because this pattern
also matches what we see in the world today, the best
available explanation for dinosaur armor is that it was
an adaptation to battles within the same species. That
it could also dispatch a would-be predator in grisly
fashion when needed was abonus.

THANKS TO THE TWO OUTSTANDING armored dino-
saur specimens Zuul and Borealopelta, we now know
what tolook for to identify thick keratin armor in fossil
animals—and we see the telltale signs everywhere.
From fibrous, blood vessel-filled bone edges in the

plates of Stegosaurusto grooves along the horns of 77i-
ceratops, evidence for robust keratin sheaths is com-
monplace; it’sbeen hiding in plain sight all along.

Keratin not only would have changed how the ar-
mor structures performed—increasing their tough-
ness while decreasing their strength—it also would
have fundamentally changed how these animals
looked. Thisinsight hasled tothelatestin along series
of visual updates to dinosaurs that have come from a
rethinking of their anatomy that began in the late
1970s. Over the past decade quantitative assessments
of posture, gait and skeletal mechanics have become
well established in paleontology. As a result of these
analyses, hunched ceratopsians and slump-tailed
Stegosaurus from a century ago have given way to more
erect, muscular builds with heads held high. Ankylo-
saurs are now envisioned as low, extrawide battering
rams rather than vaguely melon-shaped animals.

The corrected postures and anatomies yield recon-
structions that are simultaneously more dazzling and
more lethal than the ones scientists generated before.
These animals weren’t just armed to the hilt, they were
also adapted to wield their weapons to the deadliest ef-
fect. Far from being the passive animals imagined in
centuries past, armored dinosaurs were among the most
dangerous creatures in their ecosystems, magnificent to
behold but terrifying to face in combat. Few animals
would have dared challenge such imposing beasts apart
from their equally well-equipped rivals. They were the
gladiators of their time, ready to do battle atamoment’s
notice in their quest for status, mates and territory. @

TRICERATOPS was historically portrayed with saggy skin like an elephant’s (right). But fossil evidence
suggests that, in addition to having a keratin-enhanced frill and horns, this animal was covered in
scales. Triceratops coloration is unknown, although like most dinosaurs it was typically envisioned
with drab greenish hues. This new reconstruction (/eft) takes color cues from modern-day red river
hogs, which engage in face-to-face combat like Triceratops did, as well as large turtles and bovids.
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NEUROSCIENCE

Stuck in medical limbo
for decades, one man
tries to find the cause
of his unusual behaviors
BY PAUL MARINO
PHOTOGRAPHS

BY TRISTAN SPINSKI

A Complex
Diagnosis
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The author, Paul Marino, “motors”
when his neurological condition
manifests itself—often when he is
feeling excited or engrossed.
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HAVE TIME TO KILL until my neurology appointment at Kennedy Krieger Institute,
arenowned children’s hospital in Baltimore. I'm 42, but I traveled some 500 miles
today to rectify something missing from my childhood, when I sought answers in
vain about a neurological phenomenon that was virtually unknown to science.
So I pop into the nearby George Peabody Library. Its colossal atrium, six stories

Paul Marino

is a multimedia story-
teller, reporter and
artist based in
Newmarket, N.H.

Learn more about him
at www.paulmarino.xyz

of ornate neo-Greco alcoves, towers up and around
the open marble floor. I am at a wood desk, writing
freely in my notebook, when a familiar impulse comes
on strong. My body begins to “motor.” Remembering
I’m in public, I suppress it, as usual. But then, in the
spirit of my trip, a radical and frightening whim oc-
curs to me: What if I just did it?1look around. A lone
librarian stamps books; a couple of tourists stare up at
the glass ceiling. What am I afraid of?

As far back as I can remember, I did this “thing”
when I was excited or engrossed. I brought my hands
up, flickered my fingers against one another and gri-
maced. My imagination zoomed.

That’s how I played, too. When I had fun with my
G.I Joe figurines—artifacts of my 1980s childhood—
rather than smashing good Gung-Ho against the ne-
farious Cobra Commander, as other kids might have
done to breathelife into them, I would simply position
the figures in front of me on the coffee table and mo-
tor—a word I use to describe my physical movements
and the mental energy that drives them. In my mind’s
eye, the characters brimmed with kinetic energy: flar-
ing, vivid, cinematographic. It’s also how I drew. Each
time I added aline or color, I would pause and motor,
visualizing the subject like a model in my mind.

My parents chalked it up to achildhood quirk. They
assumed I would outgrow it, and in grade school it ap-
peared Idid. Having been teased about it, Ibegan sub-
consciously to suppress it. It kindled up in me con-
stantly, but only when I was safely out of sight—any
time I shut the bedroom or bathroom door—did I let
myself go. It never even diminished. Idid it every day,
throughout each day, so that I was hardly aware of it.

Motoring often derailed my focus, though. When
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Idid homework in high school, the scenes in history
books set me off. Again and again I had to find my
place in the text. Once, in frustration, I bundled my
fingers together with Scotch tape.

There was a sinister side, too. I became hyper-
absorbed in positive ideas, but in the same way, frus-
tration, anxiety or insult could send me into a feed-
back loop of obsession, emotional amplification and
physiological arousal. Many nights in bed when I
wished I were sleeping, such episodes left me sweat-
ing, my heart racing and my brow chafed from the
friction of my hands flickering against it.

Worst was the shame, the duplicity. I presented as
a pretty cool kid—smart, funny, athletic, pimply yet
handsome—but the grim fact, as I saw it, was that
I was a freak. If discovered, my secret had the power
to humiliate me beyond repair. My slim chances with
the girl of my dreams would drop to zero.

The times I got caught were jarring. “Paul, you still
do that?” my mother asked after glimpsing me through
a door ajar. From a dark corner of the basement, my
older teenage brother stepped into the light—“What
are you doing?!”—and burst into laughter and mim-
icry. “Are you okay, man?” asked a field trip chaperone
whom Ihadn’t noticed in a nearby bunk.

I figured that I had manifested the thing myself,
like an unsightly habit or infantile attachment, too
weak of character to shake it. Time and again Iscolded
myself and swore off it, with no effect. I thought
I must be the only person in the world who did it.

My search for answers began in the early 1990s,
before Google was even a noun. In a small Massachu-
setts town, a pediatrician who was seeing me nodded
and uttered, “Hmm,” but his pen didn’t budge. My
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shy description seemed to contradict itself: “When
I'mimagining something, this thing happens with my
hands.Idon’tdoiton purpose, butIcanstopit.” Inhis
defense, I suppose that kids’ morphing, innervated
bodies prompt many concerns that pediatricians are
accustomed to dismissing. Even if he had looked into
it, there wouldn’t have been anything to find.

HARVEY SINGER, a pediatric neurologist at Johns
Hopkins University and Kennedy Krieger, began his
search for information about this condition around
the same time. “We were seeing patients who were
sent to us with the diagnosis of having tics,” he told
me in a recent interview. “But we were saying, ‘Come
on, these aren’t tics. These fit best into the category
known as motor stereotypies.’”

Simple stereotypies are as common as drumming
your fingers or twirling your hair. In some people,
they’re more pronounced but still not concerning. I
have a friend who yells “Scoot, scoot!” and claps his
hands when he’s excited, for example. The term “ste-
reotypy” comes from the Greek stereds (“firm”) and
typos (“impression”) and is a medical variation of “ste-
reotype,” which has a similar etymology. The kids being
brought to Singer were engaging in more complex be-
haviors, however: arm flapping, finger wiggling, grunt-
ing, grimacing, and other actions often associated with

intellectual disabilities such aslevel 3 autism and Down
syndrome. Yet they seemed okay developmentally.

Singer told me there was no significant discussion
in the literature. A leading medical text at the time
had just one short paragraph on stereotypies, which
said more about what they weren’t—not tics, not au-
tism, not tardive dyskinesia—than what they were.
Another source, that era’s Diagnostic and Statistical
Manual of Mental Disorders (DSM-III), listed a “ste-
reotypy/habit disorder” with extreme behaviors such
as eye poking and hyperventilation. A poster at the
1993 Symposium on Hyperkinetic Movement Disor-
dersinBoston described three otherwise typical boys
with “unusual, complex, repetitive stereotypic move-
ments.” The sources contained no information on the
cause, persistence, treatment or impact of noninjuri-
ous stereotypies.

“There were lots of unanswered questions,” Singer
said. “The only way to get them resolved was to do
it ourselves.”

AFTER COLLEGE I WENT WEST, asone does, to seek my
fortuneinthearts. Atage25,Iwondered whether more
prodigious success might arrive if this #Zing didn’t in-
terrupt my writing so often. I was referred to a neurol-
ogist in San Francisco, who described my condition as
aticdisorder and prescribed me guanfacine, adrugthat

Marino sits in his living
room, in a house he built
by himself on an old
foundation while
working as a reporter,
writer, multimedia
storyteller—and
occasional builder.
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reduces tics by interacting with neurotransmitters. The
doctor said that as a side effect, the medication would
make me lethargic.

Backin my apartment, I contemplated the bottle of
pills. Iwould be trading one problem for another. Thad
come this far in life as  was. What  had wanted more
than treatment, I realized, was a diagnosis. Itossed the
pills and shelved my search for almost a decade.

In 2004 Singer’s team published a paper entitled
“Repetitive Arm and Hand Movements (Complex Mo-
tor Stereotypies) in Children.” The researchers went
onto produce a brain-imaging study in 2005and alon-
gitudinal follow-up of 100 pediatric patients with CMS
in 2008. Prior scholarly descriptions had postulated
psychogenic causes, but the findings from Singer and
his colleagues suggested biological ones. Almost half
of the children in their studies had neurological co-
morbidities—attention deficit hyperactivity disorder
(ADHD), obsessive-compulsive disorder (OCD),
tics—implying some biochemical or neuroanatomical
commonality. What’s more, a Mendelian pattern of
inheritance appeared: a quarter of the study partici-
pants’ families reported a relative with motor stereo-
typies, suggesting a genetic factor.

Singer’s quest to understand CMS happened to
correspond with major advancements in brain re-
search, imaging and genetics. In 1986 researchers
from Johns Hopkins and the State University of New
York Upstate Medical University identified a neuronal
pathway that regulated motor movements. Complex
and fluid, the cortico-striato-thalamo-cortical
(CSTC) loop relies on several neurotransmitters. Sig-
nals travel from the frontal cortex, which processes
emotions, attention, social cues and impulses, inward
tothe striatum, part of the basal ganglia, which deter-
mines the appropriate motor responses. From there
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the signals advance through the thalamus, a switch-
board for motor signals, and back to the motor cortex,
which commands the body to execute movements.

The advent of functional magnetic resonance im-
aging (fMRI) in 1991 and the launch of the Human
Genome Project in 1992 helped to revolutionize the
etiology of movement disorders. Researchers discov-
ered gene mutations associated with Huntington’s
disease and Parkinson’s disease. Johns Hopkins got its
first fMRI machine in 1999, which helped scientists
more firmly link dysfunction in the basal ganglia, in
the deep center of the brain, to Tourette’s syndrome
and dystonia, which causes involuntary muscle con-
tractions. Further work connected multiple move-
ment and emotional disorders to the CSTC loop. Par-
kinson’s was linked to dopamine deficiency in the
striatum, and Huntington’s was linked to degenera-
tion in the striatum and atrophy in the frontal cortex.
Ticdisorders, OCD and ADHD were all strongly asso-
ciated with CSTC abnormalities.

In 2005, when Singer conducted an imaging study
of CMS, he found that the children being referred to
him had significantly reduced volume in parts of the
CSTCloop. In2010 psychiatrist Roger Freeman of the
University of British Columbia and his colleagues
published “Stereotypic Movement Disorder: Easily
Missed,” astudy of 42 children. In 2016 Singer and his
co-workers documented reduced levels in the cortex
of the CSTC’s inhibitory neurotransmitter, known as
GABA. Their most recent fMRI study, in 2021, re-
vealed reduced connectivity between the prefrontal
cortex and the striatum, a branch of the CSTC associ-
ated with goal-directed behaviors.

These findings and those of other researchers were
lining up. Children tended to present stereotypies at
around two years of age. The movements varied—
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arm flapping, finger flickering, grimacing, rocking—
but the triggers were the same: excitement, engross-
ment, boredom, anxiety. And a simple distraction
could suppress them. The movements almost always
persisted into adolescence, although most children
“privatized” them like I had. Freeman even noted a
possible role of the syndrome in creativity.

Clearly influenced by the research, the DSM-5, re-
leased in 2013 and not updated until 2022, dedicated
several pages to stereotypic movement disorder, the
diagnostic name for CMS. It included refined diag-
nostic criteria and sections on its onset time, preva-
lence, persistence, possible causes and comorbidities.
But because studies so far have all involved pediatric
patients, what happens after adolescence remains
a mystery. For adults, “there are basically no data,”
Singer said.

reers multiple times, I found myself studyingjournal-

ism in New York City. People there understand that
riders of the subway include the rarest subsets of hu-
manity. Once, stepping off my train, I glimpsed a man
flapping his hands near his face, which restarted my
yearning to know, above all, whether I was alone.

This time, armed with search engines, I looked up
every relevant term I could think of: “hand flapping,”
“spasms,” “trance.” I shuffled through page after page
of links about autism. Adding the term “suppressed”
led me to a video of a man with Tourette’s bravely
demonstrating the true, private intensity of his tics;
painstakingly, I even read the comments. Number 75
was from someone named Digibullet23. When I read
this person’s words, I knew right away. “I have To-
urette’s, it’s all I think it could be,” Digibullet23 wrote.
“Besides being caught by a cousin in the dark years ago,

I N MY EARLY 308, after relocating and switching ca-

I have been able to hide it from everyone.” Our move-
ments sounded almost identical: “I get overexcited,
I put my hands to my face with a couple fingers out on
each side for a few seconds. It’s really hard to explain.”

Like a sign of life underneath the rubble, Digibullet-
23’stestament lit new fervor in my digging. The answer
seemed imminent. I quickly found the Johns Hopkins
web page on motor stereotypies. Mouth agape, I read
the studies by Singer and Freeman. I wept, laughing
tears of relief.

Even self-diagnosis can be life-changing. I had al-
ways lacked effective language to articulate or legiti-
mize this thing, but now I could invoke a bona fide
medical term to help explain myself, find information
and connect with other people like me. Ijoined dedi-
cated support groups on social media with thousands
of members worldwide. The people were mostly par-
ents of children with CMS, but I found several adults,
too, whom I contacted by phone. Although we were
strangers, we were so glad to relate our experiences
that, in a few cases, we spoke for more than an hour.

The hereditary factor, coupled with secrecy, pro-
duced incredible stories. Wendy C., 47, of Hertford-
shire, England, with whom I spoke again recently, had
never heard of CMS when the behavior appeared in
her young daughter. Only later did Wendy reveal to
her husband that, in private, she did the same thing.
They did some research and relayed their discovery to
the grandparents. That’s when Wendy’s mother came
out: sodid she!

Similar midlife revelations are common for condi-
tions that are hard to explain, stigmatizing or unfa-
miliar to physicians. A surgeon with Tourette’s, Carl
Bennett—a pseudonym given him by neurologist
Oliver Sacks when he described the doctor in a 1992
New Yorker article—was 37 when he first heard his

Finger flickering is an
outward display, driven
by what’s happening
in Marino’s mind. His
highly repetitive move-
ments have been the
same since he was in
grade school.
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As a child and teenager,
Marino instinctively
suppressed his motor
stereotypies when
people were around.
Today he still largely
refrains from motoring
in public, but now that
he finally has a diagnosis
after decades of search-
ing, he has accepted

his condition and is more
transparent about it.

condition named and described on a radio program.
Bennett’s wife later told Sacks about that moment:
“He got all excited and hollered, ‘Helen, come listen!
This guy’s talking about what Ido!”” That wasin 1977,
three years before Tourette’s was added to the DSM.
“He was excited to hear that other people had it,” she
said. “It was good to put a label on it.”

Of course, I had labeled myself. But I still couldn’t
be sure that what I had was CMS.

IN 2023 SINGER and researchers at Yale University
published a DNA-sequencing study of 129 parent-
child associations in which the child had CMS, as well
as 853 controls. It identified at least one gene associ-
ated with CMS. But there’s no getting rid of the condi-
tion. “We don’t have any great medicine that’s been
identified,” Singer said. Donald Gilbert, a pediatric
neurologist at the University of Cincinnati College of
Medicine, who trained with Singer, said there are sit-
uations where stereotypies are so problematic for a
patient that he might prescribe an antiadrenergic
agent. He’sinterested in anew dopamine blocker, eco-
pipam, butitis not yet approved by the U.S. Food and
Drug Administration for tics. If kids are motivated,
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Gilbert also recommends a cognitive-behavioral ther-
apy program developed by Singer’s clinic.

Handling the symptoms “starts with awareness
training,” said clinical psychologist Matt Edelstein,
who conducts the CMS program at Kennedy Krieger.
“We want kids to be able to think about their bodies and
self-monitor when they’re engaging in stereotypies.”
Edelstein uses a game-based approach with patients as
a nonaversive introduction to suppression. He con-
cedes that suppression is a skill children may find on
their own, as I did—in my uninformed and isolated
kind of way. I like his approach better. “Stereotypies
aren’t bad, and we’re never going to talk about them as
beingbad,” Edelstein said; he uses the word “phenom-
enon” instead of “disorder” to describe them.

Edelstein and Singer both confirmed something
else evident on social media forums: many parents
worry about their kids’ CMS more than the children do.
According toarecent Pew Research Center survey, U.S.
parents’ top concerns for their kids are mental health
and bullying. To reduce movements, some parents have
tried heavy metal detoxifiers, acupuncture and elimi-
nation diets. Many parents, however, seem to think a
better approach for children would combine education,
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self-awareness and teaching their kids to accept them-
selves as they are.

Afterall, CMSisn’tall bad. Like “islets of ability” in
people with autism and reported advantages of ADHD,
CMS may have a silver lining. Freeman aired this per-
spective early on. “Most children said they liked their
stereotypies,” he and his co-authors reported in their
2010 paper, noting a positive connection to fantasy,
daydreaming and visualization.

Tammy Hedderly, a pediatric neurologist at Eve-
lina London Children’s Hospital, found that children
with CMS often experience detailed visualizations
while motoring. In a 2016 paper, she and her col-
leagues describe intense imagery movements (IIM) as
asubset of CMS. “It’s almost, in some children, like a
superpower,” Hedderly said, “and not something to
be pathologized.” Of the adults she has diagnosed
with the condition, a remarkable proportion are ar-
chitects, designers, writers, producers, musicians,
artists and “numbers people,” she told me.

“It’s part of my experience through my own con-
sciousness,” said Byrne Klay, a 45-year-old man in
Maryland who self-identifies as having both CMS and
IIM. A professional musician and visual artist, Klay be-
longs to the small and brave contingent of people who
don’t suppress their stereotypies in public. His band-
mates are used to him pulsating his fists and grimacing
during rehearsal. Klay, who plays about adozen instru-
ments, said that when he’s motoring, he can visualize
musicand abstract ideas vividly—“Tll seeit, 1l hear it,
and that’s when the movements are prone to come out.”
He said he wouldn’t get rid of his CMS if he could.

Like me, Klay has learned on his own to use self-
awareness to emotionally regulate and avert pro-
longed, toxic episodes. When I recognize that my
condition is diverting me from important tasks or
absorbing me in a negative fixation, I bring myself
back to reality gently and without reprisal. “Okay,
buddy, stay focused,” I tell myself.

Hedderly recommends mindfulness or a modified
form of cognitive-behavioral therapy to people so
they can enjoy IIM when it’s constructive. Her aim
with patientsis to prevent them from becoming “mal-
adaptive daydreamers.” Although this term is not
listed in DSM-5, researchers have used it to describe
excessive, vivid daydreaming that is frequently ac-
companied by motor stereotypies. Potato, potahto.

How adults with CMS fare in life is something that
Singer and I both want to know. His team is currently
conducting an adult quality-of-life study that should
tell us. “It’s interesting that the movements them-
selves didn’t appear to be inhibiting,” he said about
the data so far, “whereas the psychosocial aspect of
quality of life was more of an issue.”

IN THE GEORGE PEABODY LIBRARY, I'm thinking of
Freeman. He has retired, and I couldn’t interview him
for this story. I spoke to him several years ago, how-
ever, and he shared a vision that struck me as unthink-

able. He suggested that a better world would be one in
which we did not pathologize CMS but erased its
stigma. “You don’t understand,” I told him. Iinsisted
that what I do is alarming, grotesque. He replied that
social norms are relative and change constantly. I'll
never forget him reminding me that people used to go
around spitting tobacco juice in public. “They had
spittoonsin post offices and banks,” he said. “Can you
imagine?” People with CMS ought to motor in public
and let others get used to it, he said; they would feel
much better about themselves.

I decide to test his hypothesis. Here’s to you, Dr.
Freeman, 1say to myself. I do alittle finger flickering
like I would at home alone. It looks like I'm casting a
hex on my notebook. I feel comically exposed, as when
I forget my towel after a shower and streak past the
front windows. T%ere, that wasn’t so bad. No one’s even
Jooking. Now I really go for it. I bring my hands up to
the sides of my nose and let them motor intensely. My
face widens out in a big lemon juice grimace, and my
imagination whirls—this place, this trip! It’s a rush!

Ilookaround. Thelibrarian keeps right on stamping,
unfazed. The tourists might have glanced, but I doubt
they think any less of me. It’s not like they’re pointing
and conferring, and anyway, what do I care what they
think? Only if we dare to be our authentic selves can we
feel accepted—that’s the kind of advice Ilove toshell out,
but when it comes to myself, I've been a hypocrite.

When I get to Kennedy Krieger, I expect one of
Singer’s protégés to meet me, but to my surprise,
Singer enters the room to see me himself. With a white
goatee and glasses, he seems grandfatherly—not atall
pedantic or commanding, asI had feared, but warm,
mild-mannered and earnest. 'm comfortable enough
to demonstrate my movements. To rule out other di-
agnoses, he has me track his pen light with my eyes,
doalittle math, hop on one foot. He asks me what trig-
gers my movements, what inhibits them, whether I
feel any premonitory urge and what makes them stop.
“You've either read all the research and are faking it
very well,” he says to me, facetiously, “or you’ve got
complex motor stereotypies.”

It’s what I expected, but I needed to hear it. Singer
offersto answer any questions, although he admitsthere
isstill alot tolearn about CMS. He introduces me to his
assistant so I can participate in the adult quality-of-life
study. He notes that behavioral therapy isavailable now
for adults, but that doesn’t much interest me. I’ve al-
ready resolved what troubled me most: uncertainty.

Outside the hospital, heading back to the airport,
I descend the Baltimore subway stairs feeling an odd
mix of satisfaction and disappointment. A longjour-
ney is over. I officially belong to the 15 to 20 percent
of the population considered neurodivergent, whose
brains, for better or worse, are atypical. All I can
do is own it. At the turnstile a middle-aged man in
stylish street wear blurts out Tourettic mandates as
he strides past me with a confident gait. No one but me
looks twice. ®
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N HUMANITY’S MILLENNIA of staring at the stars and decades of launching probes
to explore our universe, only two spacecraft carrying working instruments have
ever managed to escape the bubble of space governed by our sun.
The twin Voyager spacecraft were launched in 1977 on an epic tour of the outer
planets; both swung past Jupiter and Saturn, and Voyager 2’s itinerary later
included Uranus and Neptune. The two probes have trekked ever outward since, and several
of their instruments have continued observations despite the challenges of aging technology
and waning power supplies. In 2004 Voyager 1 reached the termination shock, the beginning

of itsyearslong transition to interstellar space. Voyager 2 crossed the same threshold in 2007.

Meghan Bartels
is senior news reporter
at Scientific American.

In the years since, the twin spacecraft have been
providing us with our only direct view of what lies on
the outskirts of and beyond the region of the sun’s
influence on space, an area scientists call the helio-
sphere. The Voyagers’ findings have revealed count-
less new puzzles about the outer heliosphere and
interstellar space. These iconic spacecraft are now
running out of time, but scientists are busy finding
new ways to study the territory’s mysteries.

“We know now how little we know about the he-
liosphere,” says Merav Opher, a space physicist at
Boston University. “It’s way more complex, way
more dynamic than we thought.”

HERE’S WHAT SCIENTISTS DO KNOW: We Earthlings
may simplistically think of the sun asa compact, dis-
tant ball of light, in part because our plush atmo-
sphere protects us from our star’s worst hazards. But
inreality, the sunisaroiling mass of plasma and mag-
netism that radiates particles billions of miles out into
space in the form of the solar wind. The sun’s mag-
netic field, which travels with the solar wind, also
influences the space between planets. The heliosphere
grows and shrinks in response to changes in the sun’s
activity levels over the course of an 11-year cycle.
“You see these dramatic 11-year bumps, mins and
maxes, dips and peaks throughout the whole entire
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heliosphere,” says Jamie Rankin, a space physicist at
Princeton University and deputy project scientist of
the Voyager mission. And, she notes, astronomers of
all stripes are trapped in that chaotic background in
ways that may affect their data and interpretations.
“Every one of our measurements to date, until the Voy-
agers crossed the heliopause, hasbeen filtered through
all the different layers of the sun,” Rankin says.

The Voyagers earned their fame when they, too,
were subjected to the sun’s whims. When the twin
spacecraft originally launched, they were designed
to take advantage of a rare alignment—happening
just once every 176 years—that made it surprisingly
economical to slip past all four outer planets: Jupiter,
Saturn, Uranus and Neptune.

The Voyagers discovered that Jupiter’s moon Io was
a nightmarish, volcanic world nothing like Earth’s in-
ert, gray moon. Voyager 1 surveyed Saturn’s large moon
Titan and its thick, hazy atmosphere, composed pre-
dominantly of nitrogen, just like our own. Voyager 2
was the first and remains the only spacecraft to fly past
Uranus and Neptune, worlds where it discovered su-
perfast winds, more than a dozen moons and six new
rings, as well as Uranus’s strange, tilted magnetic field
and Neptune’s so-called Great Dark Spot storm system.
The solar system would never look the same again.

Even before launch, the poetry of the mission was

© 2025 Scientific American

dotted zebra/Alamy Stock Photo (preceding pages)


https://www.scientificamerican.com/article/the-suns-magnetic-poles-are-vanishing/
https://www.scientificamerican.com/article/scientists-make-best-yet-map-of-solar-systems-interstellar-boundaries/
https://www.scientificamerican.com/article/recommended-how-the-voyager-spacecraft-changed-the-world-an-interview-with-scientist-jim-bell/
https://www.scientificamerican.com/article/record-breaking-voyager-spacecraft-begin-to-power-down/
https://www.scientificamerican.com/article/record-breaking-voyager-spacecraft-begin-to-power-down/
https://www.scientificamerican.com/article/where-does-the-solar-system-end/

HELIOSPHERE

Maghnetic field

Solar wind

clear. Astronomer Carl Sagan spearheaded an effort
toequip each spacecraft witha Golden Record, a sym-
bolic gesture to any other intelligent life in the uni-
verse. Each record, made to withstand the hazards of
interstellar space, encoded a map of our location in
the universe, photographs of daily life on Earth, and
greetings and songs in countless languages. They of-
fer alove-laden portrait of humanity to anyone who
happens to find them in the centuries the spacecraft
will spend floating through the cosmos.

On their trek to interstellar space, the Voyagers
had to cross a set of boundaries: first a termination
shock some seven billion or eight billion miles away
from the sun, where the solar wind abruptly begins
to slow, then the heliopause, where the outward
pressure from the solar wind is equaled by the in-
ward pressure of the interstellar medium. Between
these two stark borders lies the heliosheath, a region
where solar material continues to slow and even re-
verses direction. The trek through these boundaries
took Voyager 1, the faster of the twin probes, nearly
eight years; such is the vastness of the scale at play.

Beyond the heliopause is interstellar space, which
Voyager 1 entered in 2012 and Voyager 2 reached in
2018. It’s a very different environment from the one
inside our heliosphere—quieter but hardly quiescent.
“It’s a relic of the environment the solar system was

Graphic by Matthew Twombly
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born out of,” Rankin says of the interstellar medium.
Within it are energetic atomic fragments called galac-
tic cosmic rays, as well as dust expelled by dying stars
across the universe’s eons, among other ingredients.
The interstellar medium varies across the galaxy, with
denser and more tenuous areas alternating across the
Milky Way’s spiral arms. Our sun and the bubble it creates
plow through this interstellar medium, and the interac-
tion between the sun’s dynamics and the interstellar
medium influences the shape of the heliosphere.
What that shape is, however, scientists don’t yet
know. The heliosphere’s shape may resemble that of a
comet, with a long tail trailing a compact nose where
the sun pushes into interstellar space. Or perhaps the

A diagram of the helio-
sphere shows the solar
system with the solar
wind and sun’s magnetic
field flowing out to meet
the interstellar medium.
Scientists don’t yet
know the shape of the
heliosphere but are
familiar with its three-
part boundary, consist-
ing of the inner termina-
tion shock and outer
heliopause, in part
because of observations
gathered by the twin
Voyager probes.

“The Voyagers are very much

like biopsies of the heliosphere.
We know nothing about the global
three-dimensional structure of
the outer heliosphere from just

these two sets of points.”

—DAVID McCOMAS PRINCETON UNIVERSITY
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interplay between the sun’s magnetic field and the in-
terstellar medium molds the bubble into a croissant-
like shape, with two lobes stretching away from our
star. The heliosphere could also take some other form
that scientists haven’t even considered yet; certainty
about it is difficult from our limited view on Earth.
“It’s like we’re goldfish trying to measure our goldfish
bowl from the inside, and we can’t even get to the
edges,” says Sarah Spitzer, a space physicist at the
Weizmann Institute of Science in Rehovot, Israel.

The Voyager probes are the accidental exceptions
to this challenge. By 1989 they had completed their
planetary observations and primary mission yet
were still in good health. NASA kept them going, al-
beit after turning off instruments that wouldn’t pro-
duce interesting data without planets to observe.
Years passed, and the Voyagers trekked ever out-
ward, swimming toward the walls of our cosmic
goldfish bowl.

2008 NASA launched the Interstellar Boundary

Explorer (IBEX), which orbits Earth and sam-
ples particles called energetic neutral atoms that
stream in from the edge of the heliosphere. Scientists
canuse IBEX measurements of these particles’ char-
acteristics to reconstruct some of what’s happening
far out there, billions of miles away.

AmongIBEX’s key contributions is the discovery of
aribbon of energetic neutral atoms draped across the
heliosheath. Scientists think the ribbon may be caused
by particles that bounce in and out of the heliosphere.
But in an example of cosmic bad luck, the Voyager
spacecraft weren’t able to directly study IBEX’s ribbon:
they zipped past on either side of it. “Right between
them isthe biggest, most glaring thing in the outer he-
liosphere,” says David McComas, a space physicist at
Princeton and principal investigator of IBEX.

It’s exactly the kind of situation that shows the lim-
itations of relying on local observations of something
as all-encompassing as the vast province of our star’s
influence. “The Voyagers are very much like biopsies
of the heliosphere,” McComas says. “We know noth-
ing about the global three-dimensional structure of the
outer heliosphere from just these two sets of points.”

IBEX is still observing, having lasted much longer
than originally planned, and the spacecraft has man-
aged to gather data throughout a complete 11-year
solar cycle to watch the heliosphere’s response to the
sun’s activity. But McComas is also hard at work get-
ting another mission he leads ready for launch this
autumn. He describes the Interstellar Mapping and
Acceleration Probe (IMAP) mission as “IBEX on ste-
roids,” with the same basic capabilities but at higher
resolutions and taking additional measurements.

IMAP will travel to what scientists have dubbed
Lagrange Point 1, a stable orbit path about one mil-
lion miles toward the sun from Earth. From this van-
tage point, the spacecraft will catch a host of parti-

B UT THE GOLDFISH weren’t floating idly by. In
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Clockwise from left:
The picture of Saturn’s
C-ring (blue-white) and
B-ring (yellow) was
produced by Voyager 2
in1981. Jupiter’s Great
Red Spot was seen
during Voyager’s 1979
flyby. The image of
Neptune was based

on data gathered by
Voyager 2in 1989.
Engineers work on

a high-gain antenna,
designed to communicate
with Earth, for one of
the Voyager spacecraft
in1975.

cles: the same energetic neutral atoms that revealed
the IBEX ribbon; so-called pick-up ions that begin as
atoms in the interstellar medium, pick up a charge
near the sun and reverse course to head back out to-
ward the heliopause; and grains of interstellar
dust—debris from dead stars—that sneak into the
solar system. Meanwhile the probe will also observe
the sun’s magnetic field and the structure of the solar
wind to reveal why particles travel the way they do.
With these tiny messengers, IMAP scientists hope to
build a clearer map of our heliosphere and a sharper
picture of what lies beyond it.

Other scientists are scheming to collect more ob-
servations from the region directly. One more
spacecraft is already on track to follow the Voyagers
out of the heliosphere: NASA’s New Horizons mis-
sion, which whizzed past Pluto in 2015. The space-
craft finished studying the dwarf planet (and, in
2019, an even more distant rocky object called Ar-
rokoth) and is on course to cross the heliopause in
perhaps another decade or so. Scientists hope its

© 2025 Scientific American
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instruments will still be working then, ready for hu-
manity’s third expedition beyond the sun’s influence.

Scientists have also designed a would-be mission,
dubbed Interstellar Probe, that, unlike the Voyagers
and New Horizons, is tailored to illuminate the outer
reaches of the heliosphere and beyond. It would use a
massive rocket to take a fast track out of the solar sys-
tem, carrying instruments to study plasma and mag-
netic fields instead of planets. Ideally, it would travel
far enough to look back and discern our heliosphere’s
elusive shape from a distance. But that mission was
not recommended as a priority in a recently released
Decadal Survey that charted U.S. heliophysics for the
coming decade, and this rejection has hurt the
chances of the nation’s scientists sampling the inter-
stellar medium anytime soon. (Researchersin China
may be more fortunate because that country is pursu-
ing an interstellar mission of its own.)

signals dribbling back from the Voyagers. In

some ways, they have a wealth of information:
about two decades’ worth of data on the boundary to
interstellar space and what lies beyond from two craft
at two different locations. And the returns are rich in
oddities, with one spacecraft apparently crossing the
termination shock five different times, perhaps asthe
heliosphere billowed in and out in sync with the solar
wind’s fluctuating strength.

But the Voyagers’ distant observations remain
mere breadcrumbs, tantalizing glimpses of a region
that lies zearly out of our reach—exactly the type of
data that raises more questions than answers. For
example, scientists expected that the magnetic fields
of the heliosphere and interstellar space would be
dramatically different, but the probes have found
otherwise. In 2020 Voyager 1 entered a strange
“pressure front”—a sudden increase in the magnetic
field that scientists can’t explain. And even though
both spacecraft are years beyond the heliopause, they
continue to see small traces of the sun’s activity in the
material they sail through, expanding scientists’ un-
derstanding of how far our star’s influence reaches.

And, of course, the Voyagers are aging. They are by
far NASA’slongest-observing spacecraft, dreamed up by
scientists who never imagined the mission might go on
tooutlive them. Ateach probe’s heart isanuclear core to
power instruments and communications, but they are
running on about half the power they launched with
and are weakening every year. Voyager 1 has had serious
episodes affecting its communications in the past couple
of years, and Voyager 2 briefly lost its orientation to
Earth. At this point any glitch could easily be the end.

One thing is certain: no matter when their mission
concludes, the Voyager spacecraft will leave scientists
wanting more data from interstellar space. “The in-
struments are going to be shut off before we get the
full picture,” Opher says. “But having the Voyagers
extended as much as we can, it’s priceless.” @

F OR NOW SCIENTISTS ARE STUCK poring over the

NASA/JPL-Caltech
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An updated version of
Voyager’s iconic “Pale
Blue Dot” image, origi-
nally released in 1990,
shows Earth as a faint
speck in a streak of sun-
light. The image was
taken by Voyager 1when
it had completed its
planetary flybys and
was 3.7 billion miles
away from the sun.
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Voyagers to the Stars.
Tim Folger; July 2022.
ScientificAmerican.
com/archive
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Energy-Efficient

Al Is Critical

The real innovation in artificial intelligence must
be in powering it more sustainably BY THE EDITORS

RTIFICIAL INTELLIGENCE is ev-
erywhere: it’sdesigning new pro-
teins, answering Internet search
questions, even running barbe-
cues. Investors are captivated by
it—and so is the U.S. president. Just after
taking office, President Donald Trump an-
nounced his support for Stargate, a com-
pany worth up to $500 billion, bankrolled
by some of the biggest players in this space,
to facilitate Al development in the U.S.
But the data centers and other infra-
structure needed to develop and run the
technology are incredible electricity hogs.
And with Trump’s declaration of a “na-
tional energy emergency”—an undis-
guised ploy to increase fossil-fuel produc-
tion—AI’s energy needs are poised to
make climate change even worse. The
technology is already responsible for mas-
sive greenhouse gas emissions that cause
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climate change. If Stargate and the many
other companies developing Al platforms
do not insist on cleaner and more efficient
energy, they will only aid in the destruc-
tion of our planet.

This technology’s many flavors include
the buzzy generative AL the basis of Chat-
GPT and Google’s year-old search-answer
system. During its operation, generative
Al guzzles electricity in two stages, requir-
ing warehouse-size data centers to house
the necessary computing.

Developers must first train the Almodel
on vast stores of data, which takes count-
less hours and requires enormous comput-
ing capabilities. Training one ChatGPT
precursor consumed enough electricity to
power 120 average U.S. homes for a year.
Every time a modelisupgraded, it must be
retrained. The sudden release of the Deep-
Seek chatbot out of China—reportedly

© 2025 Scientific American

trained for a fraction of the price of Chat-
GPT and similar U.S. systems—may lead
to less energy-intensive processes, but it’s
too soon to know for sure.

And the demand doesn’t stop once a
model is trained. Each query the AI re-
ceives requires it to consider everything it
has been fed, then synthesize an answer
from scratch in a process called inference,
which also requires energy. Compared with
search engines, text-generating systems
can easily use 10 times as much energy to
address a query, and sometimes they use
dozens of times more. Image generation re-
quires even more energy—as much as
50 percent of the amount needed to fully
charge a smartphone, one study found.

Many analyses interpret this energy use
for the training and large-scale operation
of Al as an increased cost to the system’s
owner. For example, one estimate suggests
that if Google uses generative Al to pro-
duce 50 words of text per answer in re-
sponse tojust half of the queriesit receives,
it will cost the company some $6 billion.

But the truth is, we all will have to pay
when this exorbitant energy use inflates
the cost of the kilowatt, regardless of our
personal interaction with the technology.
The scale of consumption is simply too
large, and as Al sneaks into ever more as-
pects of daily life, its energy use is pro-
jected to skyrocket. At the industry scale,
it’s difficult to isolate Al from other com-
puting demands, but data centers serve as
a convenient proxy, given that the rise of
the technology has led to their boom.

The numbers are staggering: In the
mid-2010s U.S. data centers used about 60
terawatt-hours per year. (One terawatt-
hour is the equivalent of one billion kilo-
watt-hours, the unit used to measure elec-
tricity consumption in most U.S. homes.)
By 2023, a recent report from Lawrence
Berkeley National Laboratory found, that
number had nearly tripled to 176 terawatt-
hours; demand is expected to rise to be-
tween 325 and 580 terawatt-hours by
2028. Atthatlevel, data-center energy use
would potentially account for between
6 and 12 percent of total U.S. energy con-
sumption, up from 4 percent in 2023.

Even as commercial energy demand
continues to grow, people are already see-
ing higher residential energy prices in

Tllustration by Martin Gee
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some regions where thirsty technologies
such as Al are taxing the grid.

Amid this skyrocketing energy de-
mand, work to decarbonize energy produc-
tion is progressing too slowly both in the
U.S. and globally. Climate change is already
unfolding around us, worsening disasters
ranging from the Los Angeles fires to Hur-
ricane Helene to extreme heat and causing
surprising and long-lasting consequences.
Reducing the harm of climate change re-
quires ending fossil-fuel use as quickly as
possible. Sudden, huge demand from any
industry makes that more difficult.

Sure, large technology companies could
offer valuable resources to support the en-
ergy transition. The Stargate investment
is expected to rely in part on solar power.
Before leaving office, President Joe Biden
opened public lands to data centers run-
ning on clean energy asa way to encourage
itsuse for computing.

But because solar, wind and hydro-
power production rates can vary with
weather and other factors, nuclear energy
is particularly appealing to ever thirsty Al
technology companies, raising fears of nu-
clear waste contamination. Most notably,
Microsoft has a deal torestart the infamous
Three Mile Island fission facility that was
the site of the worst nuclear accident in the
U.S. Meanwhile OpenAICEO Sam Altman
is throwing his support behind, among
other things, nuclear fusion, a technology
thatlooks unlikely to provide energy at any
significant scale until 2050 at the earliest.

Even if Al companies lean heavily on
clean power and don’t worsen the climate
crisis, the technology’s seemingly insatia-
ble need for energy remains concerning.
And efficiency improvements, though vi-
tal, may not be enough. The so-called Je-
vons paradox, which posits that making
aresource cheaper or more efficient can in-
crease itsuse rather than shrinkingits foot-
print, may be a factor. Wider highways in-
vite more cars, and the Internet has led to
doomscrolling as a time-consuming preoc-
cupation that encourages more energy use.

While technology companies push Al,
we need to push them for not just small in-
novations in efficiency but big ones that
keep the energy footprint of the U.S.
reined in. The alternative may be an AI-
enabled barbecue that chars the world. @

Wildfires Threaten

Astronomy

Worsening conflagrations menace both lives
and clear skies BY PETER MCMAHON

AST SUMMER I and many others

around the world watched in hor-

ror as wildfires reduced nearly a

third of the town of Jasper, Alberta,

to ashes and incinerated some 150
square miles of the surrounding Jasper
National Park. Although I now live and
workin Tucson, Ariz., the devastation still
felt personal: Jasper is part of a dark sky
preserve L helped to create in the Canadian
Rockies and is where my wife and I spent
nine years building a stargazing tour com-
pany and planetarium.

The disastrous convergence of two for-
est fires in late July saw 300-foot-high
flames launch charred pine cones and em-
bers out ahead of the blaze. The fire gener-
ated lightning strikes and downdrafts as it
moved, accelerating the hellish inferno.

Roughly 25,000 people fled before the
fire hit, and a firefighter died battling it.
Unlike some, our business endured, but it
was not unscathed: smoke had marred our
telescopes and other equipment. Insur-
ance claim estimates for wildfire-related
damages in the park may eventually top
$1billion Canadian.

Yet as damaging as this event was, it
foretells possibly greater harm and dis-
ruption. As wildfires have grown in num-
ber and intensity in recent years, they have
increasingly threatened our ability to see
and study the heavens. If we don’t find
solutions soon, such blazes could top light
pollution as the most pervasive threat to
astronomical observation.

currently serve as the visitor center oper-
ations manager. The charred tree is a re-
minder of how close an earlier disaster
came. A lightning strike in June 2022
sparked a wildfire that swept across the
Baboquivari Mountains, destroying four
buildings and approaching within dozens
of feet of some of Kitt Peak’s 22 major re-
search telescopes.

Days after the Jasper tragedy last sum-
mer, another wildfire forced pre-evacua-
tion preparations at Kitt Peak, with tarps
at the ready to cover telescopes and safe-
guard equipment.

The problem is getting worse. Wild-
fires have already destroyed several major
telescopes at Australia’s Mount Stromlo
Observatory. And in 2020 California’s Si-
erra Remote Observatories came close to
destruction from a wildfire that covered
telescope optics in ash and debris.

During the 2022 wildfire season, I
stood with my staff at a stargazing event at
the top of the Jasper SkyTram, looking
down the valley as fire snaked along the
shores of Jasper Lake, 15 miles away. Al-
though that fire never reached the town of
Jasper, its smoke sporadically scuttled our
views of the heavens for weeks at the Jas-
per Planetarium. Originating in Alberta,
British Columbia, California, and other
regions, smoke from such fires can blot
out the stars at sites even thousands of
miles away.

Meteorologist Alan Rahill, whose Clear
Sky Chartisatrusted planning

Many cherished views of the Peter McMahon tool for astronomical observ-
cosmos could figuratively go s adirectorand co- ers, lamented a gloomy fore-
owner of the Jasper

upin flames.

On a mountain summit in
Arizona’s Sonoran Desert, a
dead oak tree blackened by fire
stands about three feet from
a dormitory at Kitt Peak Na-
tional Observatory, where I

© 2025 Scientific American

Planetarium, as well as
owner and manager of
the Ontario Planetarium.
He currently serves as
operations manager of
the Visitor Center of Kitt
Peak National Observa-
tory near Tucson, Ariz.
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cast to me recently: “For the
second half of this century, we
won’t see blue sky anymore be-
tween March and December.
Clear nights will become
pretty rare.” Yet there’s hope
for those willing to try to
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adapt. Both professional and amateur as-
tronomy institutions are finding ways to
protect against wildfires, their causes and
their effects:

Kitt Peak is installing specialized de-
tectors to provide early warnings for light-
ning strikes on the mountain. It has part-
nered with a local alliance of firefighters,
naturalists, ranchers, and others on amas-
ter plan for future emergency responses.

Lowell Observatory in Flagstaff, Ariz.,
collaborates with local authorities on pre-
scribed burns and strategic firebreaks to
protect its grounds. Griffith Observatory
in Los Angeles has upgraded its fire-
suppression systems and building materi-
als; it closed during the wildfires in Janu-
ary but did not come under direct threat.

At the Jasper Planetarium (which has
reopened since the July wildfire), we've
added aradio telescope capable of peering
through the murk, offering live radio maps
of distant galaxies.

Fixing the underlying problem, though,
will require orders-of-magnitude more ef-
fort than simply adapting to a “new nor-
mal” of more—and more intense—wild-
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Wildfire smoke rises over Jasper National Park in Alberta, Canada, on July 24, 2024.

fires. Bob McDonald, science popularizer,
fellow astronomy enthusiast and Order of
Canada recipient, points out to me: “The
increase in wildfires and droughts around
the world is a sign that climate change isno
longer an issue for future generations. It is
in our face, here and now.”

In his recent book 7%e Future Is Now,
McDonald argues that COVID shutdowns
inspired many to see that we have the tools
toreverse climate change through alterna-
tive energy, carbon capture and energy
storage. “The smoke is a clear signal that
it’s time to get on with it and clear our
skies, not just for astronomy but for hu-
man health,” he told me.

Will many people care enough to act
if another observatory is destroyed by
wildfire? I hope so. Will more people no-
tice if some astronomical research is no
longer possible because the skies above
some telescopes are too choked with
smoke? Maybe. ButI fear the wake-up call
may only be received too late, when na-
ture lovers gaze up into a summer sky full
of ash instead of stars and anxiously ask:
“What happened?” @
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Why
People Like
Expressive
Faces

Grins and frowns
do more than just
broadcast emotions
BY EITHNE KAVANAGH,
JAMIE WHITEHOUSE
AND BRIDGET WALLER

SKILLED CARD PLAYER—eyes

hidden by dark shades, features

kept as still as possible—looks at

their hand. Any small giveaway

that they’re bluffing or holding
great cards could lose them a painfully
large sum of money. Sometimes it helps to
have a “poker face.”

Yet in day-to-day life—when socializ-
ing with family, friends or new acquain-
tances, for example—you might be better
served by letting your features fly free.
Our research shows that moving your face
in some way, whether you’re smiling, rais-
ing an eyebrow or wrinkling your nose,
may help people warm to you more.

Inastudy published last year, we found
that people who were more facially ex-
pressive were more liked by a new social
partner, which could explain why humans
have evolved to have such expressive
faces. Indeed, our species is probably the
most facially expressive. People produce,
on average, 101 facial movements per 72i7-
utein atypical social interaction.

To understand why facial expressivity
is so beneficial, we first need to emphasize
just how crucial social bondingis to human
survival. Throughout most of our evolu-
tionary history, our species has relied on
tight-knit communities to keep ourselves
fed, sheltered, and protected from preda-
tors and dangerous outsiders. Managing
social relationships was literally a matter
of life or death. Otherwise you might have
faced the tiger in the bushes alone. Any
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skill or behavior that improved someone’s
ability to create and maintain lifesaving
bonds was likely to persist in our gene pool
and cultural repertoires over the genera-
tions. And our research suggests that facial
expressivity may fall in this category.

In our study, 52 people were filmed in
an online social interaction with a re-
searcher who posed as another partici-
pant. These dialogues played out over a
video platform, so people could see one an-
other’s faces. Unbeknownst to the real par-
ticipants, the researcher orchestrated var-
ious challenging social scenarios such as
telling an awful joke or demanding 80 per-
cent of areward in a negotiation. These sit-
uations mimicked everyday experiences
such as social conflict, embarrassment or
an attempt to make a good impression.

Throughout, we observed

personality traits may devote more time
and energy to social interactions—per-
haps because they enjoy socializing or
have greater-than-average concerns about
how they come across to others. And that
added effort could be worthwhile, we
found. After these interactions, the partic-
ipants and their social partners rated how
much they liked each other—as did 176
other participants who viewed video clips
of these people. The pattern was clear:
people who were more facially expressive
were more liked by others.

But why would facial expressivity im-
prove someone’s ability to build social
bonds? Imagine meeting someone new
and trying to figure out how good a fit they
might be asa friend, colleague or romantic
partner. You might wonder whether you

can trust them, whether they

how people’s faces moved. We
also obtained recordings of
more than 1,300 participants
in free-flowing conversations
with other (real) participants
online. Automated software
then coded the small facial
muscle movements they made
during these interactions.
Interestingly, more agree-
able, extroverted or neurotic
people, as measured by a ques-
tionnaire, were more facially
expressive. People with these
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will help you or harm you—
and whether you can even be-
gin to understand each other.
Someone who is easier to read
may seem to be a more appeal-
ing prospect than someone
who is more guarded.

Our findings support this
interpretation. After their so-
cial interaction, participants
reported their thoughts and
feelings at various points
throughout the exchange. La-
ter we compared what those
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people were thinking with what other par-
ticipants who saw videos of their conver-
sation “read” in their face. It turns out that
more facially expressive participants were
indeed broadcasting what was on their
mind through their face. And people view-
ing these interactions thought the expres-
sive participants appeared easier to read,
which strongly related to their likability.

Simply put, being facially expressive
may give others a sense that they under-
stand you, which they like. This in turn
supports the suggestion that the key func-
tion of facial expressivity is to make us
more predictable. Our work also under-
scores that facial expressions do far more
than just communicate emotions. We
might raise our eyebrows to show we’re
listening intently, share a knowing smile
with a friend or use a stern look to stop
someone in their tracks. Sending these
kinds of messages doesn’t involve any
particular emotional state. We also found
that likability tracked with expressivity
and not with a particular emotion. You
might guess, for instance, that people
with cheerful expressions are best liked.
But although happy expressions were
highly likable, expressive people were
better liked even when they weren’t espe-
cially smiley.

Furthermore, we found that partici-
pants’ level of expressivity didn’t change
across situations or with different social
partners, even as the specific emotions in-
volved shifted. This suggests that facial ex-
pressivity isa consistent trait of an individ-
ual rather than something that changes
depending on the context.

That last finding may leave you won-
dering why some people remain compara-
tively inexpressive across situations. We
want to investigate that question in future
research. For some, the costs of revealing
oneself may outweigh the benefits, and
there could be alternative routes to being
an attractive social partner.

Clearly, regardless of how expressive we
tend to be overall, we can also make choices
about sharing more of ourselves in certain
situations. Being more open and expressive
may be scary—leaving people vulnerable—
but our work shows that it comes with re-
wards. So for now we think it’s best to
leave your poker face at the card table. ®

APRIL 2025 SCIENTIFICAMERICAN.COM 73



http://www.scientificamerican.com

THE SCIENCE OF HEALTH

Calming an
Inflamed Gut

New drugs, and diets, soothe painful inflammatory
bowel disease BY LYDIA DENWORTH

RECENTLY MET a 26-year-old chef

named Caroline Horvatits whose

story is simultaneously distressing

and hopeful. About a decade ago,

during high school, Caroline was
stricken by gut pain so severe she couldn’t
sleep and missed her midterm exams.
After a colonoscopy, a gastroenterologist
diagnosed her with ulcerative colitis
(UC), adisease where the body’s immune
cells overreact and attack the colon—part
of the large intestine—leaving open sores
in the lining.

Colitis is one form of inflammatory
bowel disease, or IBD, and there weren’t
a lot of treatment options at the time.
Caroline tried some long-standing anti-
inflammatory drugs, such as steroids.
But her mother worried that they had
too many side effects. Eventually, Caroline
dropped the drugs and focused on her diet.

Her experience wasn’t unusual. When
gastroenterologist Bruce Sands of the Icahn
School of Medicine at Mount Sinai in New
York City started practicing 30 years ago, he
says, large numbers of his IBD patients
couldn’t be helped. But much has changed,
he says, especially in the past 10 years.
Thereare far more possible—and precise—
medications for the more than

occurs in the lining of the colon, Crohn’s
affects the entire GI tract.

The growing variety of drugs target
different types of cells in the immune sys-
tem, and that gives clinicians and patients
more options. There are six separate
mechanisms of action for these drugs that
have been recognized by the Food and
Drug Administration. “Every time we
find a new mechanism of action, we find
another group of patients who can be ade-
quately treated,” Sands says.

The goal of most of these medicationsis
to interrupt inflammation and the ensuing
tissue damage. Researchers now better
understand how different immune cell
types sustain inflammation, and that has

led to the identification of more

two million American adults
and more than 100,000 chil-
dren and adolescents with coli-
tis or the other major form of
IBD, Crohn’s disease.

Both UC and Crohn’s in-
volve chronic inflammation of
the gastrointestinal tract that is terribly
painful and distressingly unpredictable.
Flare-ups come on suddenly. They can
lead to bleeding, cramping, diarrhea and
unhealthy weight loss. Whereas colitis
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precise targets. Gastroenterol-
ogist Alan Moss, chief scientific
officer of the New York-based
Crohn’s and Colitis Founda-
tion, says that older drugs such
as the steroid prednisone sup-
press the entire immune sys-
tem. But “we now have drugs that are
unique to treating the colon and the cells
that attack the colon,” he says. What this
means, Moss notes, is that “people are at
much lower risk of getting more systemic
side effects such as infections.”

For example, one of the most recently
approved drugs, risankizumab (marketed
as Skyrizi), blocks receptors for the cyto-
kine interleukin-23 (IL-23), which is
involved in many autoimmune diseases,
and thereby interrupts the inflammatory
cascade. Still others target cell proteins
called phosphate receptors that affect the
trafficking of immune cells into GI tract
tissues. In 2024 Sands reported successful
clinical trials for adrug that binds to TL1A,
another protein that moves excessive num-
bers of immune cells into the bowels.

These days there’s also more precision
in dosing, Moss says. Physicians adjust up
or down based on how active the disease
is, and they can now account for things
such as weight, age and comorbidities.

Even so, “it’s estimated that we’re leav-
ing probably half of our patients without
remission, and they tend to cycle through
one thing after the other,” Sands says. A
better way of addressing the disease might
be combination therapy. A 2023 proof-of-
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concept study published in the Lancer
reported on 214 patients randomly as-
signed treatment with a drug that inhibits
tumor necrosis factor (TNF, which is the
name of the wider family of proteins in-
volved in gut inflammation), or with an
anti-IL-23 drug, or with both. Of those who
received both drugs, 83 percent achieved
remission at 12 weeks versus 61 and 75 per-
cent of those treated with just one drug.
Researchers are also working to identify
predictive biomarkers that would fine-tune
treatment. Pediatric gastroenterologist
Sana Syed of the Duke University School of
Medicine has studies underway collecting
detailed data on blood components, tissue,
and more. She will then use machine learn-
ing to try to look for signs that indicate
which patient will respond to which drug,
so she can highlight them at diagnosis.

That’s especially urgent in the pediat-
ric population, for whom there are only
two FDA-approved treatments, both anti-
TNF medications. “None of the recently
approved or emerging therapies that are
currently used to treat adults are within a
decade of approval in children,” Syed says.
Pediatric doctors still use those drugs but
do so without precise treatment guidelines.

Drugs are not the only way to treat IBD.
The past decade has also brought much
greater appreciation of the role of environ-
ment, Moss says. Nutrition, stress and pol-
lution all are factors. One piece of strong
evidence for the particular importance of
nutrition is that the incidence of IBD has
grown at an alarming pace in parts of the
world where it was once rare, such as Asia,
Latin America and Africa. “It’s probably
because they’re now adopting our western-
ized diets,” Moss notes. Specific nutritional
triggers vary from patient to patient, but
ultraprocessed and sugary foods seem to
contribute to the disease. Diets high in
fiber, fruits and vegetables, however, often
reduce symptoms.

That is what helped Caroline. Two
years of a very limited diet healed her
gut—and inspired a career. She and her
partner now run a small farm in central
New York State and have a cooking busi-
ness focused on fresh food. “Ilive mostly
symptom-free,” Caroline says. The hope is
that, whether with drugs or diet, far more
people will soon be able to say the same. ®
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Deep Time

COSMIC CLIFFS, CARINA NEBULA

In the depths of the depths something begins, E
although in truth—the simultaneous—
it’s likely already arrived at its end,

vapors cohered, cores long burning,
diamonds smoldering within eons stacked
into depths. Always far from us, sparks begin

to flare inside proteins. Conical shells stretch monstrous
in our own alien waters. Earth upon Earth has opened
and already come to the iced or flaming end

of everything except sludge or scales or fur. Nestled
in the hoodoo-ed peaks, stars ignite like forest fires
surging on the heights, red-hot beginning

named apocalypse. Praise it, the breath
emptying and filling. Our new Earth already
holds its end, and stars’ lives dazzle us

in their stalled, single moment. As far as we’re
concerned, it’s always now. The universe
endures. In time’s deeps, everything begins

Julie Swarstad Johnson, an archivist and librarian at the University of Arizona Poetry Center, has served
as poet in residence at Lowell Observatory in Flagstaff. She is author of the collection Pennsylvania Furnace
(2019) and co-editor, with Christopher Cokinos, of Beyond Earth’s Edge: The Poetry of Spaceflight (2020).
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MATH

Is the Lottery

Ever a Good Bet?

The surprisingly subtle math behind Powerball
and Mega Millions BY JACK MURTAGH

ERE’S A THOUGHT challenge for

you: Let’s say I have chosen a

particular moment in time from

the past nine years. Iam thinking

of a specific (and totally ran-
dom) year, month, day, hour, minute and
second between April of 2016 and today.
Could you guess it? No chance? You have a
better chance of guessing a specific second
from a nine-year span than you have of
winning Powerball.

The October 2023 Powerball made
headlines for topping a colossal $1.7-billion
jackpot, the second largest in the game’s
history. Everybody knows that your
chances of winning the lottery are slimmer
than slim. But when rollover jackpotsaccu-
mulate to record-size prizes, could the po-
tential massive payout ever offset the rarity
of winning? In other words, is the lottery
ever a good bet? The answer might sur-
prise you because even a good bet can turn
out to be abad idea, mathematically.

Mathematicians sometimes separate
good bets from bad ones by using a concept
called expected value. Consider the exam-
ple of betting on the outcome of a die roll. It
costs $1 to pick a number between one and
six. If you guess the roll correctly, you win
$1, and if you guess incorrectly, you lose
your dollar. Would you take that bet? It
seems unfair because you stand to win ex-
actly as much as you stand to lose ($1), but

Clearly, the relevant variables are how
much it costs to play, how much you stand
towin and the probability of winning. The
expected value of abet becomes a weighted
average where the possible outcomes
(wins and losses) are weighted according
to the probability of each occurring:

Expected value of abet = (Probability
of winning) x (Winning amount) —
(Probability of losing) x (Losing amount)

The solution to this equation reveals
how much money you could expect to win
(orloseif'it’s a negative number) per bet in
the long run if you were to make the bet
many times. For example, with our dollar
bet on the outcome of a die roll, the proba-
bility of winning is %, the probability of
losing is %, and we stand to lose or win $1:

Expected value = (¥6) x ($1) — (%) x
($1)=-0.667

If we took this bet many times, then in
the long run we'd expect to lose about
67 cents per bet on average. A similar cal-
culation with the $100 payout yields an
expected value of almost $16, clearly a
good bet. This framework also allows us to
calculate a payout at which the bet is per-
fectly even, where the expected value over
the long run is $0. For a die roll, this equi-
librium payout comes to $5 because you’re
five times more likely to lose than win, so a

you’re much more likely to lose
(five out of six rolls lose).
Whatif it cost only $1 to play,
but you would win $100 if you
guessed correctly? Suddenly
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reward five times larger than
the cost balances out the risk.
Let’s apply the expected-
value lens to Powerball. The
jackpot starts at about $20 mil-

the prize feels large enough to
compensate for the likelihood
of losing. Some probabilistic
reasoning can tell us exactly
what cutoff value should make
one feel tempted to play rather
than inclined to dismiss.
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lion, and a ticket costs only $2.
The probability of hitting the
jackpot: one in 292,201,338.
Crunch these numbers, and
that ticket has an expected
value of about —$1.93. You'd
get more value out of those

© 2025 Scientific American

two bucks if you traded them for a dime.

This calculation ignores several subtle-
ties for simplicity’s sake. For one, it assumes
you take the annuity option, which doles
out your winningsin yearly installments for
29 years rather than the lump-sum cash
payment (the annuity is worth more in the
long run). Second, taxes ensure that you
never walk away with a full purse. Winning
big would slot you into the highest tax
bracket, so 37 percent of your windfall
would end up going to Uncle Sam (this
doesn’t include state taxes, which vary
across states). Powerball also awards
smaller prizes for partial matches of the
drawn numbers, but we’ve considered only
thejackpot. There’s one more major consid-
eration I've left out that I will discuss later.
But factoring all these details into the math
will only make that —$1.93 seem gener-
ous—the ticket is actually worth even less.

Still, a $20-million jackpot pales in
comparison to $1.7 billion. If nobody wins
a jackpot, the running total for the prize
rolls over into the next drawing. When the
pool keeps growing over many consecu-
tive weeks, surely there’s a point at which
the massive prize overrides the minuscule
chance of winning? After all, the probabil-
ity of matching all six Powerball numbers
doesn’t change, and the cost of a ticket
doesn’t increase. It turns out that not only
are massive jackpots still often bad bets,
but they also, paradoxically, tend to be
worse bets.

A multibillion-dollar payout seems to
offset the roughly one-in-300-million
chance of winning to yield a positive ex-
pected value for a ticket. Indeed, this claim
often circulates in the media buzz around
mega jackpots. But it overlooks a crucial
detail: multiple people could hit the jack-
pot and therefore split the winnings. We
need to add more terms to the expected-
value calculation to account for all the pos-
sible outcomes:

(Probability of holding the only winning
ticket) x (Jackpot) + (Probability
of splitting the jackpot with one other
ticket) x (Half thejackpot) ...

And we would have to keep expanding
it to account for more winners and smaller
fractions of the total.

We’ve established that winning the lot-
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tery requires overcoming super low odds.
Wouldn’t two winners on the same draw
entail super-duper low odds? Sometimes,
but when hundreds of millions of tickets
are sold, collisions can actually become
more likely. For example, the first jackpot
to ever reach $1 billion occurred in 2016,
and it overachieved at $1.56 billion. The
hype surrounding the new record drove a
buying frenzy, and more than 635 million
tickets were sold. (That’s more than
20 times the number of tickets sold in an
average Powerball drawing that year.)

With so many tickets in circulation, the
probability of more than one winner ex-
ceeded 60 percent! Indeed, three winners
ended up splitting the grand prize in 2016.
When factoring in the total number of
players, tax withholdings and secondary
prizes for partial matches, even this gar-
gantuan jackpot didn’t offer a positive ex-
pected value. We omitted the pot-splitting
detail from our $20-million Powerball
expected-value calculation because
smaller jackpots draw smaller crowds and
carry amore negligible chance of splitting.
Plus, at —$1.93 expected value, we hardly
needed another factor to convince us that
it was abad bet.

Side note: the 60 percent figure as-
sumes that numbers played on tickets are
picked at random, which isn’t precisely
the case. Even though all sequences of six
lottery numbers are equally likely to win,

Tllustration by Thomas Fuchs

many people handpick their numbers, and
they tend to choose sequences that mean
something to them, such as birthdays or
anniversaries (which results in many
numbers under 31). People also seem to
prefer odd numbers and numbers that
aren’t multiples of 10, perhaps because
they seem more random. This behavior
increases the chance of the pot being split
for draws with smaller random-looking
numbers but decreases it for other draws.
So, although you can’t increase your num-
bers’ chance of being drawn, you can de-
crease your chance of splitting the jackpot
by choosing large even numbers and in-
cluding multiples of 10.

The buying manias have subsided since
2016. In fact, the two biggest jackpotsin U.S.
lotto history (in November 2022 and Octo-
ber 2023) attracted few enough buyers that
the expected value of a ticket tipped into
positive territory, even after adjusting for
caveats such as taxes and pot-splitting. Lot-
teries occasionally offer what were referring
tohereasa “good bet.” Smaller state lotter-
ies might be even better places to look for
positive expected value because they tend to
generate less hype and sell fewer tickets.

Don’tempty your rainy-day fund at the
nearest convenience store just yet. Despite
conceding that the expected value of a
ticket may occasionally look attractive, I'm
going to backpedal and explain why I still
think the lottery is a bad bet.

© 2025 Scientific American

Lotteries with positive expected value
arerare. Aswe've seen, largerjackpotsdon’t
necessarily mean larger expected value.
And, critically, you probably won’t be able
to identify a positive value in time to place
a bet, because ticket sales numbers don’t
get published in advance of drawings. So,
although lotteries can offer agood bet, pre-
dicting which lotteriesis agamble in itself.
Furthermore, evenif you could identify the
right gambles, expected value may not be
the best proxy for a “good bet.” Expected
value is useful for medium-size problems
such as a $100 die roll but may not capture
all the relevant considerations in extreme
situations like lotteries. Sometimes even a
good betisabad idea, it turns out.

For one, expected value is premised on
long-run behavior. You don’t actually ex-
pect to win $16 when you bet on our $100
die roll. In fact, you can’t win $16; you’ll
either lose $1 or win $100. The $16 is what
you'd expect to win per bet on average if
you kept playing repeatedly. Lottery wins
are so rare that this long-run average can
never realistically be achieved. Second,
money loses value as you keep amassing
more. Your second $50 million won’t bring
you as much joy as your first $50 million.
Expected-value analysis treats every dollar
equally and doesn’t account for the dimin-
ishing marginal returns. Relatedly, ex-
pected value ignores personal risk aver-
sion. People tend to dislike losing money
more than they like winning it. Asa result,
even though expected value is great for
mathematical evaluations of probabilistic
systems, it doesn’t fully model human psy-
chology and decision-making.

Now to backpedal on my backpedaling:
Alottery ticket costs $2. Players aren’t buy-
ing an investment; they’re buying permis-
sion to fantasize for a couple of days. We all
make frivolous purchases, and most of
them have zero probability of nettingus a
fortune. The money spent on lottery tickets
alsodoesn’tjust get dumped into the ocean.
Much of the revenue funds public services
such as education. There has even been
some research suggesting that anticipa-
tion from playing the game makes people
happy regardless of the outcome. So, al-
though I can’t recommend playing the lot-
tery on a mathematical basis, there’s more
to a happy life than math. Or so’'m told. ®
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THE SCIENCE OF PARENTING

Understanding Childhood
Screenings for Autism

The predictive value of screening depends on
how common a condition is BY CHRIS SHELDRICK

S WE STRIVE to keep our kids safe, healthy and happy,
detecting and treating developmental and other condi-
tions early is essential. For this reason, pediatric care
emphasizes the importance of screening for everything
from developmental delays to emotional problems to
autism. Unfortunately, screening results are not always reassur-
ing. For example, when results of a screening questionnaire come
back as “positive” for, say, autism, panic can set in. What does this
result mean, and why does the doctor think your child is autistic?
It turns out these screening results don’t offer simple “yes” or
“no” answers as to whether a child has a condition. Identification
depends a lot on estimates of how common the condition is. De-
tecting uncommon ones, such as autism, is much harder than
anyone would like. Parents should know this when hearing about
their child’s scores. Understanding why requires knowing a few
basic facts about the science of screening.
Simply put, a screening questionnaire is a standardized set of
questions designed toidentify or predict one or more conditions or
potential health or quality-of-life issues. For example, a screener

Every Screening Threshold Comes with Trade-Offs
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for autismusually includes questions about
behaviors that are known to be early signs,
often focusing on how children communi-
cate. Typically, each answer is scored—for
example, a “yes” response may receive a 1,
and a “no” response may receive a 0. Some-
times, particularly for developmental
milestones, the child’s results are com-
pared with those of same-age children as
part of the evaluation. Either way, answers
are combined to generate a total score.

Most screening questionnaires also have
thresholds, or “cut scores.” Scores above
this threshold are said to be positive. Med-
ical professionals are accustomed to this
language, but it can be confusing to par-
ents. Positive results most often indicate
risk, such as a higher chance of being au-
tistic or having another condition.

How do we know that positive scores
indicate a higher probability of a given con-
dition? Scientists describe screeners that
can confirm this relation as “validated.”
Ideally, studies have been conducted that
compare screening scores with the results of
ahighly accurate independent evaluation. If
research demonstrates that the chance of
havinga condition is higher amongchildren
who screen positive than among those who
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Predictive Value Varies for Different Scores
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with a condition screen nega-
tive. People who worry about
underdetection might want a
lower threshold. If the thresh-
old were moved to a score of 4,
most of the children with a
condition would screen posi-
tive. On the other hand, 46 per-
cent of children in our example
who screen positive with a
score of 6 don’t have a condi-
tion. People who worry about
the strain on families may want
a higher threshold, in which
case a score of 6 would no lon-
ger be positive.

Second, given these trade-
offs, it is also worth consider-
ing the screening score itself.
In our example, a score of 6 or
higher indicates a positive re-
sult. Imagine 73 children have

screen negative, then the screening ques-
tionnaireis said to have diagnosticaccuracy.
If it identifies children who will develop a
condition in the future, the questionnaire is
said to have predictive validity.

A good screening tool can help you esti-
mate the probability of having a condition.
Imagine that hundreds of parents com-
plete a “validated” screening question-
naire designed to detect not just autism but
developmental and behavioral issues in
general. Let’s say one in three children has
a developmental or behavioral condition
that we would like to identify.

In our hypothetical sample, let’s as-
sume 289 children have a positive screen-
ing result with a threshold score of 6, and
of those, 157 actually have a condition.
Thus, we estimate that 54 percent of chil-
dren who screen positive for a condition
will have one. Scientists call this positive
predictive value, or PPV. That seems sim-
pleenough: if ascreen is positive, the child
has a 54 percent chance of having a condi-
tion, right? Not so fast—there are at least
four caveats to keep in mind.

First, no matter how much science isbe-
hind these questionnaires, there are trade-
offs to every screening threshold. Let’s say
thatin our example screening group, with a
threshold score of 6, 26 percent of children

ascore of exactly 6, and only 35

of them have a condition.
That’s 48 percent, which has lower accura-
cy than the positive predictive value of
54 percent. This situation is not uncom-
mon. PPV represents an average of all pos-
itive screening scores. Thus, PPV tends to
overestimate probabilities for scores near
the threshold and underestimate probabil-
ities for very high screening scores.

Third, predictive probabilities are
strongly affected by prevalence—the pro-
portion of children in the population who
have a condition. All the examples de-
scribed so far refer to the same screener—
that is, the same proportion of children
with a condition screen positive, and the
same proportion of children without one
screen negative. Prevalence makes a criti-
cal difference, however. When the preva-
lence of a condition in children is 2.8 per-
cent (the current estimate for autism) and
achild has a positive score of 6 or above for
that condition, the chance that the child
actually has it is only about 8 percent.

One way to understand this calculation
is to consider that when prevalence is low,
there are many nonautistic children for
every autistic child. Each one of those
nonautistic children has some chance—
however low—of a “false positive” screen-
ing result. When prevalence is low, the
number of false positives can swamp the
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number of true positives, even for an accu-
rate screening test. Frankly, this fact blew
my mind when I first learned about it, but
all such tests are affected by prevalence in
this way. Predicting uncommon events is
not easy. (For example, if you test positive
for influenza, your chance of having the
illnessis lower if it’s not flu season.)
Finally, there’s a reason I put quotes
around “validated” when introducing our

Predictive Value Is Affected by
Prevalence of Conditions
In this distribution of scores the number of children

with a condition reflects the current estimate for
the prevalence of autism in children (2.8 percent).

Number of Children

0 20 40 60 80 100
L 1 1 1 1 ]

11 children
with a condition

children
without a condition

@

On average, those who scored 6 or above on
the questionnaire have an 8% chance of having
a condition

imagined questionnaire. Nothing is per-
fect, and we should always ask questions
about how past research applies to future
children growing up in different places.
“Validated” screeners can be useful and are
worthy of our attention—but we should
use our judgment, too. @

For the most current, rigorous evidence to help you
make the best decisions, go to www.Scientific
American.com/report/the-science-of-parenting
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Q&A WITH ANTHONY FAUCI

Preventing
the Next Pandemic

Anthony Fauci offers lessons from COVID-19
for the future BY TANYA LEWIS

NTHONY FAUCI BECAME a household name during the
COVID pandemic. But the genially stubborn infectious
disease doctor, who spent decades at the helm of one of
the U.S. government’s most important medical research
institutes, had made his mark well before that.

Born and raised in Brooklyn, N.Y., as the grandson of Italian
immigrants, Fauci became a physician who would go on to spend
almost 40 years as director of the National Institute of Allergy
and Infectious Diseases (NIAID), part of the National Institutes
of Health. He was a member of the White House Coronavirus
Task Force during President Donald Trump’s first term and
served as chief medical adviser to President Joe Biden. He has
worked under a total of seven U.S. presidents, overseeing the gov-
ernment’s response to the HIV/AIDS pandemic, avian influenza,
anthrax attacks, Ebola outbreaks and, of course, COVID.

Fauci, now age 84, chronicles his wide-ranging career in his
memoir On Call: A Doctor’s Journey in Public Service (Viking,
2024). He describes his unwavering commitment to furthering
science—regardless of which political party was in power—and
tomeeting the needs of patients.

His first big challenge came during the dark early days of the
HIV/AIDS crisisin the 1980s, when a mysterious new illness be-
gan sickening and killing large numbers of people in the U.S.—
predominantly gay men at first. President Ronald Reagan’s ad-
ministration was slow to take action, provoking anger, anguish

80 SCIENTIFIC AMERICAN APRIL 2025

Tanya Lewis

is a senior editor cover-
ing health and medicine
at Scientific American.

© 2025 Scientific American

and frustration among the gay commu-
nity and supporters. As head of the
NIAID, Fauci became the prime target of
that ire; some activists went so far as to
call him a “murderer.” Taking their criti-
cisms to heart, Fauci met with activists to
hear their concerns. He eventually won
their trust by including them in policy
discussions and expanding access to life-
saving treatment.

After 9/11 he helped tolead the govern-
ment’s response to anthrax attacksand the
potential threat of biowarfare. He also
navigated international outbreaks of bird
flu (avariant of which is currently spread-
ing among cattle and poultry and in farm
workers in the U.S.) in the late 1990s and
2000s, the Ebola outbreak in West Africa
in 2014-2016, and other crises.

In January 2020 Fauci confronted a
challenge the likes of which hadn’t been
seeninatleast100 years: COVID. Soon the
rest of the world was facing it, too. As part
of Trump’s Coronavirus Task Force, Fauci
had a direct role in issuing public health
advice to the U.S. And as head of the
NIAID, he oversaw development of one of
the COVID vaccines. Fauci writes in his
memoir that Trump had initially seemed
to support him but that the president and
his allies quickly turned on Fauci for
speaking plainly about the dangers COVID
posed to the nation. He received death
threatsand was repeatedly grilled and ma-
ligned by right-wing members of Con-
gress over policies around masking and
social distancing, as well as the origin of
the COVID-causing virus SARS-CoV-2.

Still, Fauci remained outwardly un-
fazed in his mission to protect lives. In late
2020 two safe and highly effective mRNA
vaccines against SARS-CoV-2 (one of them
the result of work at the NIH) were un-
veiled and began to be administered. Esti-
mates suggest COVID vaccines saved more
than 14 million lives worldwide in a year.

Fauci retired from the NIAID in Decem-
ber 2022. Since July 2023 he hasbeen a dis-
tinguished university professor at the
Georgetown University School of Medicine
and the McCourt School of Public Policy.

SCIENTIFIC AMERICAN spoke with
Fauci about his long, distinguished career
in medicine and public service, the chal-
lenges he faced during multiple epidem-

Tllustration by Shideh Ghandeharizadeh


https://aep.lib.rochester.edu/node/49111
https://www.scientificamerican.com/article/bird-flu-virus-is-one-mutation-away-from-adapting-to-human-cells/
https://www.scientificamerican.com/article/bird-flu-virus-is-one-mutation-away-from-adapting-to-human-cells/
https://www.scientificamerican.com/article/fauci-calls-covid-cover-up-claim-preposterous/
https://www.scientificamerican.com/article/fauci-calls-covid-cover-up-claim-preposterous/
https://www.scientificamerican.com/article/marjorie-taylor-greenes-attacks-of-fauci-over-covids-six-foot-rule-not-based/
https://www.scientificamerican.com/article/fauci-faces-congressional-committee-over-covid-e-mails/
https://www.scientificamerican.com/article/fauci-faces-congressional-committee-over-covid-e-mails/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9537923/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9537923/

ics—and the lessons that could help pre-
pare us for the next one.
An edited transcript of the interview follows.

The last timeIinterviewed you wasin
Fanuary 2020. So a lot has happened
since then.

Yeah,Iwould sayIthinkalothashappened
in the world since then.

What was it like working in the govern-
ment duringthe height of COVID, and
howdidyou handle the challenge of
communicating the dangers of a totally
new virus when experts’ knowledge was
changing day to day?

We were dealing, essentially, with a moving
targetbecause SARS-CoV-2and COVID-19
were truly unprecedented. The worst-pos-
sible-case scenario is what actually hap-
pened tous, where we had an outbreak that
lasted intensively for two and a half years
and in total duration for well over four
years. Communicating with the public be-
came a real problematic issue because un-
like with other diseases, our knowledge
of—and the actual reality of—the virus
evolved over months and years.

For example, in the first few months,
from the information we were getting
from China, it was felt that this was a virus
that was not transmitted efficiently from
human to human. But it became clear that
the virus was transmitted very efficiently,
and about 60 percent of the transmissions
were from someone who had no symptoms
atall—which was really unprecedented in
respiratory illnesses.

And then, asthe months and years went
by, the big surprise was that the virus kept
on changing. We had different variants. It
isdifficult when the public wants definitive
answers that are immutable when you’re
dealing with an evolving situation. One les-
son learned from this for the next time is
that we must make it very clear when we're
speaking to the public that we are dealing
with evolving information. And we’ve got
to make it clear that that is because the vi-
rus and the outbreak are changing—not
because scientists are flip-flopping.

Doyou think now, with the benefit of
hindsight, there were some thingsthat
we could have communicated better

early on—for example, the airborne
spread of SARS-CoV-2?

The outbreakkilled 1.2 million Americans,
so certainly there were many things that
could have been done differently. We were
trying our best in the public health arena,
and our main goal was to save lives.

The World Health Organization took a
longtime totell the world that we were deal-
ing with a virus that was spread by aerosols.
I mean, we were getting information about
aerosol spread in the early months of the
outbreak, and it wasn’t until well into the
real height of it that the WHO said, okay,
yeah, now we know it was aerosol transmis-
sion. The virus stays in the air and can float
around, and you can get infected when
you're on the other side of the room.

Did that contribute to public backlash?
There was thisidea that masks didn’t
work, and there was a lot of confusion.
But once we knew that there were
aerosolsinvolved, that shifted the kinds
of masks that people needed, right?
Maskingisavery complicated issue. There
are many, many factors. The idea of push-
ing back on public health regulations by
people who felt that their liberties were en-
croached on when people were telling them
they had to wear a mask under certain cir-
cumstances—I guess that’s understand-
able. We’re a country of free spirits. But
that worked against aunified public health
intervention that would have been helpful.
Now, when you look back at all the data,
there’s no question that mask wearing
saved lives. Of course, masking was one of
many things that we could have been do-
ing, includingimproving indoor air quality
through air filtration and ventilation.

Pandemicsare almost invariably respi-
ratory-borne because that’show very large
numbers of people getinfected. The lesson
learned is the importance of paying atten-
tion to proper ventilation in classrooms
and places of work and of installation of
HEPA filtersin places where therearealot
of people in a closed room. So ventilation
needs to be addressed, and it’s not some-
thing you can do overnight.

As a society, we’ve got to pay attention
tothe factthatrespiratoryillnessesareim-
portant even when they don’t result in a
full-blown pandemic. That’s the reason
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that when you build new structures or
when you certify structures, you keep in
mind the importance of good ventilation.

We’re currently facing outbreaks

of H5N1 avian influenza in dairy cows
andpoultryinthe U.S. and Canada,
and there have been several dozen
human cases. I knowyou’ve dealt

with avian flu before in a global
context. How are we handlingthe
current situation?

You know, we’re at the point where we’re
seeing more and more cow herds getting in-
fected and more and more cases arising in
people. I've dealt with HSN1 going way back
t01997, when it was noted in the very highly
pathogenicformin chickensin Hong Kong,
and authorities prevented an outbreak by
essentially cullingall the chickensin the re-
gion. Then, in2003 and later on, there were
more blips on the H5N1 radar screen.

So we’ve had a number of human infec-
tionswith H5N1, but, thankgoodness, there
hasn’t yet been a transmission from human
tohuman. Historically, when H5SN1infected
humans, it had ahigh degree of mortality. It
didn’t spread from human to human, but it
had a30t040 percent fatality rate, which is
horribly high for arespiratory virus. Imean,
even the terrible pandemic flu of 1918 only
had a1to2 percent mortality rate.

The somewhat encouraging news is that
the H5NI1 that’s infected humans now has
not generally caused serious illness. [Edi-
tor’s Note: After this interview occurred, the
first U.S. H5N1 deatt was reported.] It pre-
dominantly causes a conjunctivitisand mild
systemic symptoms. There’s been one case
of a person who actually was hospitalized
and went into intensive care, but the over-
whelming majority did not have serious
disease. The sobering news is that that can
change because the virus infects more than
one species—and we know it can infect pigs.

Pigs are on farms with chickens and
with cows. Chickens and cows could infect
a pig, and then a human virus can go into
the pig. And then you could get a reassort-
ment of avirusthathassome of the danger-
ous qualities of HSN1and some of the capa-
bility of spreading from human to human
of a human virus. That could make this
something we really have to be concerned
about, and that’s the reason the Centers for
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Disease Control and Prevention says that
although currently the risk in general is
low, we still have to pay close attention to
the possibility that that might change.

Doyouworry that we are not doing
enough to contain the outbreak in cows
and chickens and other animals?

Inthe early years of COVID, Isaid, “We’ve
got to flood the system with testing.” My
recommendation—and I’'m not alone in
this; many of my public health colleagues
and my infectious disease colleagues say
the same thing—is that we should be doing
more widespread serosurveillance testing
[testing for antibodies from prior infec-
tion]. Maybe a large number of people are
asymptomatically infected, and you really
need to know that if you're trying to mon-
itor what the spread of this virus would be.

Doyou think we are any better
prepared for a pandemic today

than we were fiveyears ago?

Iwould hope so. T hope that we would learn
thelessons of that at the local public health
level. Youknow what? WhenIevaluate, ret-
rospectively, how we did with COVID, for
the sake of clarity, I put it into two separate
categories: what the scientific response was
and what the public health response was.

I think anyone who looks at the data
would agree that we get an A+ for the sci-
entific response, because the decades of
investment in basic and clinical biomedi-
cal research allowed us to do something
that was completely unprecedented:
namely, to create in less than one year—
from the time the viral sequence was made
available publicly on January 10, 2020, to
the time that we had a very well-tested-in-
30,000-people clinical trial—a vaccine
that wentinto the arms of personsthat was
safe and highly effective.

We need to keep up the investment
in the science to do the same thing with
future pandemics, including the possibil-
ity of H5N1. In particular, the public health
response really needs to be improved. We
have, in many cases at the local public
health level, some antiquated means of
making information available in real time
to the people, for example, at the state
and cDC level who are the ones who are
going to be making decisions.
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Doyou think our disease readiness and
our ability to respond effectively are
more of a scientific problem or really

a human-behavior one? Andif it’s the
latter, how can we address the deep
divisions and skepticism of science we
see in this country?

I think you just hit on the most important
aspect of our weakness in response. As
I just mentioned, I don’t think it’s scien-
tific. Ithink we’ve done very well scientifi-
cally. I think it is a human-element issue.
I think the worst possible situation that
you can have when you're in the middle or
the beginning of an evolving pandemic is
the profound degree of divisiveness that
we have had and still have in our country.
It’s like being at war. The common enemy
is the virus. And we were acting in many
situations and in many respects as if we
were enemies of one another.

Someone, for ideological reasons, not
utilizing a lifesaving intervention such as a
vaccine is tragic for that person and their
family. Red states were undervaccinated
against COVID compared with blue states,
which were better vaccinated, and the hos-
pitalization and death rates in red states
were higher than in blue states. That is very
painful tomeasapublichealth person—that
people, good people, got ill and lost their life
because, ideologically, they didn’t want to
make use of alifesaving intervention.

The challenge ahead of us now, if we
faceany other threat such as bird flu, is that
people might resist the same public
health measures.

I think we have a ways to go. We really
have very, very much more in common
than we have differences. And, you know,
ideological differences and differences of
opinion are healthy. They make for a very
vibrant society. But when those differences
turn into divisiveness, then that gets in the
way of what I would consider the most ef-
fective response ina publicarena for some-
thing as devastating as a pandemic.

Idid want totalk about some of your
early career, especially your workin
HIV/AIDS. Like SARS-CoV-2, it was
avery new virus, andyoureceived a lot
of pushback—in this case from the
activist community. How didyou gain
the trust of people in that community?

I gained their trust because they justifiably
were pushing back against the rigidity of
the federal government in both the design
and the implementation of clinical trials
thatdidn’t take into account the desperate
situation these young, mostly gay men
were facing in the mid- and late 1980s.

The regulatory approach of the Food
and Drug Administration was very, very
strict and didn’t really consider the urgent
nature of the people needing interventions.
So people rebelled. They became confron-
tational, iconoclastic and disruptive be-
cause they wanted a seat at the table.

When the scientific and regulatory
community didn’t listen to them, they be-
came very provocative and very disruptive.
One of the best things I think I've ever done
in my life was to see through the confronta-
tion and the theatrics and to listen to what
they were saying. I came to the conclusion
that if I were in their shoes, I would be do-
ing exactly what they were doing. And
that’s when I reached out to them, em-
braced them and brought them into the
circle of decision-making about clinical
trials. We put them on many of our advi-
sory boards.

Itdidn’t turn around overnight. It took
quite a while, but we went from confronta-
tion to really a productive collaboration.
Now, 40 years later, some of those people
who were so-called rebelling againstus are
some of my closest friends and colleagues.
SoIthink HIV was a very good example of
theimportance of reaching out to the com-
munity that’s involved and listening to
what its members are saying.

Finally, what has retirement, or
semiretirement, been like? Do you

have any hobbies?

No, I've never been a hobby person, Tanya.
I'm on the full-time faculty at Georgetown
University in the School of Medicine and
the McCourt School of Public Policy. When
I decided to step down from the NIH, first
of all, I wanted to write my memoir. Since
leaving the NIH, I went from dealing pre-
dominantly with physicians and scientists
who are at the advanced-degree level to
working with students at the predegree
level, which is really a lot of fun. So that’s
what 'm doing with myself, and I'm enjoy-
ing it very much. @
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Viewing a solar eclipse requires special ones

Suddenly lose it
Pursue romantically

Game that may be a bad bet even if its expected

value is above zero (page 76)
Base runner’s goal
Chicago airport code

Chappell Roan or Sabrina Carpenter

Sweden’s first winner of the Eurovision Song Contest

Festival following Ramadan, informally

Topic up for debate

Activist Alexandra or Jacques-Yves

Grapple, in dialect
Words to live by
It might be wireless

2MASS J05551028+0724255, alf Ori and KAR1,

for Betelgeuse (page 84)

An Indigenous highlander whose kidneys have
likely adapted to avoid altitude sickness (page 16)

Apple phones run on it
Lock of hair
Neither’s partner

Bonus book material printed after the main text

Mold into a new form
High-fat, low-carb diet
Playfully shy

Favorite film among weather experts

Oprah Winfrey forerunner Phil
NBC comedy show, briefly

Acquires biological fuel for growth

Susses out
Swiss peak featured on the
Toblerone logo

loss for words
Speaker of the quote “It’s like
being at war. The common ene-
my is the virus.” (page 80)
Before, to a poet
The world’s largest social net-
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according to its website
Cinema legend Welles
Org. with narcotics detection
dogs
Often abbreviated title
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Wonder Woman publisher
Term that might refer to a hid-
den world of different particles
and forces rather than a simple,
singular particle. Also some-
thing you can literally find three
times (using 18 squares) in this
puzzle (page 22)
The Monkees’“  Believer”
Katz of Hocus Pocus
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90 Flickering corona loop, in rela-
tion to a solar flare (page 10)
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92 Animals used to combat invasive
species worldwide (page 20)

93 23andMe offering
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1 -1 (molecule that helps to
regulate blood glucose in the
body) (page 17)

2 John, in England

3 Energy-carrying molecule

4 Rds.

5 Background in show business?

6 Rulerdivision?

7 Southern neighbor of Turkey

8 Inside the NBA analyst, to fans

9 Asian fusion chain started by
and named for a celebrity chef
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Type of blouse

Quaint lament
Black-and-orange birds
Peculiarity

Nile Valley region

Bygone monarch

Ruler divs.

“What an incredible sight!”
Tongs or an ice cream scoop
Pabst product

Superlative

That girl, in Spain

Huge gem, slangily
Welcomed at the door
Docked, as a ship

Shares on X, for short

2010 initiative that aspires to
build with the environment
instead of against it (abbr.)
(page 28)

Word before hen or fowl
Large amount

Province on four Great Lakes
Italian red wine

No longer cool
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“Absolutely!”
Condition often flagged by ques-
tionnaire in childhood (page 78)
Achy
Duane (pharmacy chain)
Wading across
Welcome center offering
R. E. Lee foe
Bop on the bean
Angry and impatient
Yukon maker
Boxing Day mo.
B&0 and others
Luxury Italian car, informally
Arena roarer
Field of math used to prove the
Pythagorean theorem (abbr.)
Sends into overtime
Is able to

-la-la
Insect that avoids traffic jams
with workmates (page 15)
Compete (for)
“Banana” has two
Pepper (but not salt), for short
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What’sin a
(Star’s) Name?

With billions of stars in the Milky Way,
we need some standardization BY PHIL PLAIT

ETELGEUSE! Betelgeuse! Betelgeuse!”

Did it explode? No? Okay, then.

But it seems fair to ask: Why “Betelgeuse”? It’san odd-
seeming name for a star. That’s because it’s a corrupted
translation of the Arabic phrase yad al-jawza’, which

roughly translates to “the hand of Orion”—a decent moniker for
the star that does represent the constellation’s upraised arm.

A lot of star names we use today are in fact Arabic in origin.
Alexandrian astronomer Claudius Ptolemy created a star map of
the sky for his wildly popular book Mathematical Treatise, written
in Greek around C.E. 150. It was translated into Arabic more than
1,000 years ago and acquired a nickname, A/magest—itself a cor-
ruption of the Arabicized version of the Greek word for “the great-
est”—and many of those Arabic versions of star names were kept
even when the map was translated into different languages. Rigel,
Deneb, Aldebaran, and many more of the brightest starsin the sky
trace their names back to such quirks of ancient publishing.
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An antique German sky atlas shows the position
of the star Betelgeuse.

Others started more as nicknames, such
as Polaris, named for its position in the sky
near the north celestial pole, and ruddy
Antares, which literally means “rival of
Mars.” Still others are named after astron-
omers who studied them, such asBarnard’s
Star and van Maanen’s star. This naming
methodology is obviously less than ideal,
and it sometimes leads to confusion over
what a star should actually be called.

You might think we'd run out of names
quickly because there are many thousands
of stars visible to the unaided eye at night.
Fewer than 1,000 stars have proper names,
however, sothat doesn’t seem like a crisis—
which is a good thing because there are
hundreds of billions of stars in the Milky
Way! The problem isn’t naming them so
much as naming them consistenty.

Different ancient cultures had their own
names for stars, but as the world became
more interconnected, astronomers tried
many systems to standardize names and
naming, with varying degrees of success.

One of the first in the early modern era,
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published in 1603, was dreamed up by Ger-
man astronomer Johann Bayer. He named
each star according to its apparent bright-
nessranking in a given constellation, using
aGreekletter and the genitive (possessive)
case of its constellation name. So, for ex-
ample, the brightest star in Orion would be
called Alpha Orionis, the next brightest
Beta Orionis, and so on. There are two
problems with this system, however. First,
the Greek alphabet is only 24 letters, so
that limits the names you can create this
way. Second, stars can change in bright-
ness over time, wreaking havoc on the or-
dering of a constellation’s star names.

About a century later English astrono-
mer John Flamsteed came up with theidea
of using numbers instead of letters, which
obviates one of Bayer’s problems. Also,
instead of using stars’ sometimes varying
brightness, he designated them by their
position in a constellation, starting with
the western edge of the constellation and
moving east. Under this system, 1 Orionis
is not the brightest star in Orion but the
one closest to its western edge.

This approach has problems, too. Con-
stellation borders weren't officially defined
until the International Astronomical
Union approved them in 1928, so Flam-
steed’s catalog occasionally listed stars as
being in one constellation when they were
actually in another. Also, Flamsteed cata-
loged only stars he could see from England,
which excludesalarge part of the southern
sky that’s invisible from that latitude.

Then there’s the Bonner Durchmuster-
ung catalog and its updates, created by as-
tronomers at the Bonn Observatory in
Germany in the mid- to late 1800s. This
list was the last great catalog assembled
before photography revolutionized astro-
nomical observation. It covers stars as faint
as ninth magnitude, sorting them by their
declination (like latitude but on the sky).
After that came the Henry Draper catalog
of the early 20th century, named for an
American amateur astronomer and astro-
photographer. The Draper catalogincludes
spectroscopic information on stars and
thus gives more details on associated stel-
lar characteristics (such as temperature,
size and composition).

Astelescopes and photographic equip-
ment got better, fainter stars could be seen,

An unavoidable problem here is that
any given star can have a lot of names,
even if we stick to the legitimate ones.

meaning catalogs got a lot bigger. There
were also more attributes of stars to note,
including their physical motions in the sky
relative to one another, which are usually
apparent only after many years of careful
observation. All-sky surveys became pos-
sible, too, as bigger telescopes were built in
the Southern Hemisphere, creating a need
for even bigger and better catalogs. By the
1990s the numbers had become, well, as-
tronomical. One project, the U.S. Naval
Observatory catalog, used observations
made on thousands of wide-field glass
plates to organize a staggering one billion
objects made from more than three billion
observations, listing stars as faint as mag-
nitude 21 (about a million times fainter
than the dimmest star you can see by eye).

When the Hubble Space Telescope was
being built, astronomers realized that to
properly point it, they needed a very accu-
rate list of star positions and brightnesses.
So a team at the Space Telescope Science
Institute created the Guide Star Catalog,
which currently includes nearly a billion
stars. These objects are observed by special
sensors on Hubble that then use the known
positions of the stars to determine where
the telescope needs to be aimed.

There are still more catalogs, but the
newest and most complete is from Gaia, a
European Space Agency mission whose
purpose was to measure the brightness,
positions, motions, and colors of stars and
other cosmic objects with phenomenal ac-
curacy. The Gaia team releases a new data-
set every few years as updated measure-
ments home in on stellar characteristics.
The most recent release contains new in-
formation about nearly two billion stars in
the Milky Way.

These more modern datasets (and there
are far too many to mention individually
here) include so many stars that any kind of
naming is hopeless. Instead they generally
identify an object by using an alphanumeric
designation combining the catalog name
with the star’s position in the sky; for exam-
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ple, you might see a star listed as 2MASS
J05551028+0724255 in the Two-Micron
All-Sky Survey, representing the coordi-
nates 05 hours, 55 minutes and 10.28 sec-
onds of right ascension and 07 degrees, 24
minutes and 25.5 seconds of declination.
Another name for that star? Betelgeuse.
Ioften notice ad campaigns on social me-
dia and elsewhere from various disreputa-
ble “star-naming” companies. These busi-
nesses promise you the ability to give a star
(sometimes of your choosing, sometimes
not) a name that will go in a catalog some-
where or be used by astronomers or—get
this—get saved in a vault. So fancy! To be
very clear: thisisnonsense. These are vanity
sales, and no astronomer anywhere will
ever know or use the star names purchased
from these companies. Many of these sellers
target grieving people, inviting them to
name a star after a loved one who has died,
and I personally find such messaging dis-
gusting. Don’t fall for this egregious scam.
Anyway, an unavoidable problem here
is that any given star can have a lot of
names, even if we stick to the legitimate
ones. A /Jot. Our old friend Betelgeuse, for
example, has no fewer than 46 designa-
tions listed at SIMBAD, a database of as-
tronomical objects beyond the solar sys-
tem. Sure, in this case everyone just calls it
“Betelgeuse” because that’s its recognized
name (and it’s fun to say because of the
movie Beetlejuice), but for other stars the
name used can depend on which astrono-
mer is observing it and how it’s being ob-
served. A star might have been discovered
inan infrared astronomical survey but also
independently in a radio-wave observa-
tion, so different astronomers will call it
different names depending on what part of
the spectrum they’re most familiar with.
ButI'm okay with this variation; it gives
usacertain flexibility with naming, and it’s
not hard to look up which names go with
what star.
And of course, in the end, a star by any
other name would shine as sweet. @
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Drought Whiplash

California is experiencing wider
swings between wet and dry spells
TEXT BY CLARA MOSKOWITZ

GRAPHIC BY WESLEY GRUBBS/

PITCH INTERACTIVE

HE DEVASTATING FIRES in California early this

year came after a particularly unfortunate weather

pattern—an exceptionally wet period of about

18 months, followed by an exceptionally dry

spell. The wet duration encouraged grass and
brush growth, and then the lack of rain dried it all out,
priming it to catch on fire and spread quickly.

“It was a classic example of wet-to-dry whiplash,” says
Daniel Swain, a climate scientist at the University of Cali-
fornia, Los Angeles. And such whiplashes may be getting
more common. “With climate change, it’s not just that
we’re seeing things get drier and drier. There’s also a trend
toward more variability, with wider swings between wet
and dry,” Swain says.

The warming climate is leading to what scientists call
the “expanding atmospheric sponge” effect. Warmer air
can hold more water vapor than cooler air, so the atmo-
sphere is like a kitchen sponge that gets larger. If water is
available, the atmosphere will absorb more of it, and when
you wring out the sponge, you get more precipitation. But
if there is no water to absorb, that thirstier air sucks more
moisture out of the landscape, from bodies of water, sur-
faces and plants, drying everything out.

PALMER HYDROLOGICAL DROUGHT INDEX

This measurement uses reservoir and groundwater levels,

among other factors, to measure drought. Each dot represents the
drought level for one month in one region of California.

San Joaquin Drainage

@ South Coast Drainage
Southeast Desert Basins Los Angeles

Source: National Oceanic and Atmospheric Administration’s National Centers
for Environmental Information (data)

@ North Coast Drainage
@ Sacramento Drainage
@ Northeast Interior Basins

@ Central Coast Drainage
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EXTREMELY MOIST

MOIST

EXTREMELY DRY

Solid lines portray the annual average
Palmer Hydrological Drought Index value

Dashed lines highlight record minimum
and maximum values over time

South Coast Drainage Region

The rest of California, combined

1904 1914 1924 1934
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INCREASED VARIABILITY OVER TIME

The range between wet events and dry events has generally
grown over time as wet-period index values held relatively
steady and dry periods dropped lower on the scale.
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In recent years, there have been
more extreme dry events than
extreme wet events across the state.
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MYSTERIOUS GAMMA RAYS
FROM SPACE
“As ? result of the
Partial Test-Ban

Treaty of 1963, which prohib-
ited nuclear explosions in
space, the U.S. launched five
satellites to act as monitors.
Each satellite was equipped
with a detector designed to
respond to gamma rays from
a nuclear explosion. Detectors
aboard two or more satellites
could determine the position
of the source. When the
records were examined, it was
found that the detectors had
been triggered by occasional
bursts of gamma rays, but that
the source could not possibly
be anything near Earth.

Each burst lasts about
10 seconds and does not seem
to recur. An average of four
bursts per year have been
detected since 1967. The
sources appear to be distrib-
uted randomly over the sky.
Theories about their origin
have proliferated. Perhaps the
gamma rays were produced
in events that gave rise to the
radio outbursts of quasars.
Or perhaps they originated in
the shock waves from superno-
vas. Or they were associated
with flare stars or X-ray sources
within our own galaxy. There
are even more exotic theoreti-
cal possibilities. In New
Scientist, Andrew Fabian and
James Pringle of the University
of Cambridge remark: ‘Let us
hope that the rate of discovery
of new bursts exceeds the rate
of production of new theories.’”

CLEARING SNOWY ROADS
WITH T.N.T.
m “Snow that buries
some of the moun-
tain roads of the western
states many feet deep will
make a sudden departure from
its resting place in the spring
if experiments with explosives
result as planned. According
to the American Automobile
Association, T.N.T. was strung
last fall along some of the
localities known to drift worst.
This explosive was prepared in
a long tube of lead containing
a ribbon of T.N.T. In the spring,
when the last snowfall has
occurred, the long explosive
snake will be detonated, and if,
as hoped, the snow instantly
flies from the highway, the
new method will be used
on a larger scale after subse-
quent winters.”

TODAY’S FORECAST:
HEAVY STATIC

“There has been an ever-grow-
ing desire on the part of broad-
casters, as well as audience, to
have the Weather Bureau fore-
cast radio reception conditions
just as it does the weather.
Some study has been under-
taken of static and its relation
to weather conditions. ‘These
fragmentary reports and expe-
riences lead us to believe that
radio weather forecasts, for at
least a day or two in advance,
may be practicable,” states an
official of the Weather Bureau.
Static forecasts would be a
boon to broadcasters in arrang-
ing for feature programs. And
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1875, Better Long Bridges: “The bridge shown is composed of a middle truss
and two end trusses. The arches under the end trusses constitute compression
chords. The [heavy] curved line is a chain which is under constant tension,
anchored at each end, and the ends sit on curved beds of rollers. The arches and
chords are hinged, so the structure is free to move according to thermal

demands, and hence maintain its rigidity.”

it would be a boon for listeners
to know whether to have that
radio party tomorrow night or
the following night.”

S EESAIRT | T

CLEARING SNOWY ROADS
WITH FIRE
m “The heavy snowfalls
have brought home
the great need of rapid removal
from thoroughfares. We recent-
ly examined a novel invention
using an intensely hot blast
of flame. The machine consists
of a small steam boiler, beside
which another receptacle to
contain naphtha is placed,
located on the front portion
of a low wagon, the body of
which is of iron. Extending
downward from the bottom of
the vehicle are one or two rows
of tubes. Steam jets mingle
with ignited vapor and become
highly superheated. The mouth

© 2025 Scientific American

of each tube emits a steady
stream of flame, certainly
sufficiently powerful to demol-
ish several inches of ice or
snow by merely passing over.
Itis proposed to put six ma-
chines on Broadway [in Man-
hattan] at the beginning of
every snowstorm. A few people
with brooms could quickly
drive the water produced off
toward the sewers.”

SNAKE-EATING SNAKE

“A wonderful poisonous snake
has just found a home in the
London Zoological Gardens.
This is a snake-eating snake,
called Ophiophagus, found in
India, and the Andaman and
Philippine Islands. It is the
largest of known venomous
snakes. Shortly after its arrival
it was fed by the keeper, who
put an ordinary English snake
into its cage. The Ophiophagus
quickly devoured the English
snake by bolting him headfirst.
In general appearance this new
snake is very like a common
cobra. The head is exceedingly
lizard-like. The eye is exceed-
ingly clear and bright. When
disturbed it hisses loudly, and
shows its temper by extruding
its long, black, forked tongue,
which it vibrates with marvel-
ous celerity.”

Scientific American, Vol. XXXII, No. 17; April 24, 1875
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Today in Science

February za, 2024: Art history on the moon, marijuana’s pros and
eoms, and see the striking Latest images of the Cral Nebula.
—dAndren Guuryleurski, Chief Newsletter Editor

TOP STORIES
Art on the Moon
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Today, 8 NASA-funded spacecraft named Odysseus {Odie for short) is
scheduled to attempt a soft landing on the moon. If successful it will be
the first private hunar landing (Odie was built by the company Intuitive
Marhines), It carvies six NASA instraments and lots of commerrial
anes for phatographing the Milky Way, testing thermal insulation
material and more. AND it will carry 25 ministure sculpiures of the
muoom exested by artist Jeff Koons, Each one-inch moon intended for
the hunar surface has twn connterparts that remain on Earth: a larger
statne and a digital version in the form of a nonfungible token, or NFT.

Art history: Koons's moons may not be the first art on the Junar
surface. A stamp-sized tile featuring drawings by six leading artists of
the time, ineluding Andy Warhol and Robert Ranschenbery, was
allegedly snuck onto Apollo 12. And 1971's Apollo 15 astronaut David
Scott placed a small sluminom statae by artist Paul van Hoeydonck on.
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