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PHYSICS

Crystals in Time

Surprising new states of matter
called time crystals show the same
symmetry properties in time that
ordinary crystals do in space.

By Frank Wilczek

SUSTAINABILITY
Conservation after Conflict
After 50 years of war, Colombia
wants to create an economy based
on the country’s astonishing
biodiversity. By Rachel Nuwer

TECHNOLOGY

The Kids Are All Right
New findings suggest that the angst
over social media is misplaced
and that more nuance is required
to understand the technology’s
effect on the well-being of users.
By Lydia Denworth

MEDICINE

Is Phage Therapy

Here to Stay?

A treatment first used in the early

58

62

70

20th century is showing promise
in the struggle against deadly
multidrug-resistant infections.
By Charles Schmidt

EVOLUTION

Winged Victory

The discovery of a strange chromo-
some in songbirds might explain
their astonishing diversity.

By Kate Wong

ASTROPHYSICS

Center of Gravity

The first major gravitational-wave
observatory to be built under
Earth’s surface—KAGRA in Japan—
is set to start operations.

By Lee Billings

ECONOMICS

The Inescapable Casino

A novel mathematical approach
to inequality describes the
distribution of wealth in modern
economies with unprecedented
accuracy. By Bruce M. Boghosian
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ON THE COVER
Physicists recently discovered the first
real-world time crystals, states of matter in

which patterns repeat over time. Materials of

this kind could be used in new, ultra-accurate
clocks, and the study of time crystals in
general could lead to insights in fundamental
physics and cosmology.

Illustration by Mark Ross Studio.
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From the Editor
Letters

Science Agenda
Vaccination exemptions are a public health risk.
By the Editors

Forum
A psychologist general could provide greater oversight
of the nation’s mental health. By Kirk J. Schneider

Advances

A startling new measurement of the Mekong Delta’s
elevation. Al assistance for procrastination. The powerful
eyes of baby jumping spiders. A firmer age for the Sahara.

The Science of Health
Are new drugs better than the old ones? By Claudia Wallis

Ventures
Has texting supplanted our ability to reach out and
talk to someone? By Wade Roush

Recommended
Ecosystem of a crime scene. Our Al future. Undercover
patients changed psychiatric care. By Andrea Gawrylewski

The Intersection
Don’t glorify mass shooters in the media. By Zeynep Tufekci

Anti Gravity
A tale of type A personality and upholstery. By Steve Mirsky

50,100 & 150 Years Ago

Graphic Science
Proven: today’s climate isn’t natural. By Mark Fischetti
and Pitch Interactive

SPECIAL REPORT

S1 Nature Outlook: Influenza

The “flu” is annoying to many and lethal to some. This report,
from Nature, looks at our latest defenses: better vaccines and
treatments, speedier diagnosis of the sick, and closer moni-
toring of the natural reservoir of the virus.
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Prevent epidemic outbreaks with
mathematical modeling and simulation.

Visualization of the motion of
bacteria particles in a room with a
displacement ventilation system.

Using math to analyze the spread of epidemic diseases is

not a new concept. One of the first compartmental models

of mathematical epidemiology dates back to 1760 and was
presented by Daniel Bernoulli for studying the mortality rate of
smallpox. Today, medical researchers and public health officials
continue to use mathematical modeling and simulation to
prevent and control epidemic outbreaks in the modern world.

The COMSOL Multiphysics® software is used for simulating
designs, devices, and processes in all fields of engineering,
manufacturing, and scientific research. See how you can apply it
to analyzing the spread of epidemic diseases.

comsol.blog/epidemiology-simulation
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FROM
THE EDITOR

Lucy in the Sky
with Crystals

When our creative director, Michael Mrak, sent around the il-
lustration for this month’s cover story—a conceptual rendering of
so-called time crystals—our features editor, Seth Fletcher, re-
sponded, “Cool. Very prog rock.” The artwork certainly seems
ready-made for a Pink Floyd album (Roger Waters, if youre read-
ing this, the offer’s on the table) or at least one of those velvet
blacklight posters. And time crystals are indeed pretty trippy stuff.
Whereas conventional crystals are orderly states of matter
whose patterns repeat at regular intervals in space, these more
exotic materials have patterns that repeat at regular intervals in
time. Theoretical physicist and Nobel laureate Frank Wilczek
and his wife, Betsy Devine, coined the term “time crystals” in
2012, and scientists created the first bona fide examples in the
lab in 2017. Still a nascent field of research, it is one that could
lead to unprecedentedly precise measurements of time and dis-
tance, with myriad applications. For more mind-bending details,
turn to WilczekK’s article, “Crystals in Time,” on page 28.
Coincidentally, a few of the concepts that appear in Wilczek’s
story—phase transitions, symmetry breaking and “exquisite’
accuracy—also come up, in a more disheartening context, in
mathematician Bruce M. Boghosian’s piece about the origins of
economic inequality, “The Inescapable Casino,” on page 70. It
turns out that they have been “hiding in plain sight,” he writes.

i

Curtis Brainard is acting editor in chief of Scientific American.
Follow him on Twitter @cbrainard

Models developed by physicists and mathematicians, which dis-
play features of physical systems, reveal that in free-market
economies capital naturally trickles up from the poor to the rich,
leading to oligarchy. And these models match the extreme con-
centration of wealth that we see in the world today.

Inequality is also at the heart of journalist Rachel Nuwer’s
account of biodiversity research in postconflict Colombia (“Con-
servation after Conflict,” on page 36). The country, which emerged
from decades of civil war in 2016, is home to nearly 63,000 known
species and likely many more. Ironically, the years of strife acted
to protect this rich natural history, which is now coming under
threat as farmers, extractive industries and others move into once
dangerous areas. But biologists can now travel more freely as well,
and the race is on to tally Colombia’s abundant fauna. Yet docu-
mentation alone won’t save those species. Economic disparity led
to war in the first place, so putting biodiversity in service of bet-
ter livelihoods for Colombians is a critical part of the equation.

Almost everywhere we look, science and society are inextrica-
bly intertwined, which is why we must hold researchers to such
high standards. Take, for instance, contributing editor Lydia Den-
worth’s description (page 44) of efforts to improve studies of
social media’s impact on young people. Science will only ever sug-
gest how to resolve our problems, however—the rest is up to us.

Fortunately, the next generation appears up to the challenge,
and we were proud to sponsor the Scientific American Innovator
Award at the Google Science Fair, held in August. The 16-year-old
winner was Tuan Dolmen of Turkey, who found a way to harness
energy from tree vibrations to power digital applications in agri-
culture. Explore Tuan’s project at www.googlesciencefair.com.
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WOMEN’S SPACE
“One Small Step Back in Time,” by Clara
Moskowitz, includes a picture of the fir-
ing room for Apollo 1I’s launch in 1969.
I found, amid a sea of crew cuts, white
shirts and dark ties, NASA engineer JoAnn
Morgan seated at her console. Against
the far wall, I could make out three other
women. I, and undoubtedly other readers,
would like to know more about the wom-
en in the control room that day—who
they were and why they were there.
Isaac FREUND Department of Physics,
Bar-Ilan University, Israel

MORGAN REPLIES: I cannot identify the
women against the wall. They came in
the back door to hear the VIP speeches,
which occurred 40 minutes or longer af-
ter launch. I did not know them, and they
could have been clerical staff, procedure
or mail-delivery distribution employees,
or any variety of administrative contrac-
tors in the building.

There were very few NASA women at
the facility. In tests, Judy Kersey, the first
female guidance systems engineer, would
come in to brief her division chief, who
sat in my row. But I think she may have
been in the Central Instrumentation Fa-
cility during the Apollo 11 launch. Note
that the firing room doors are unlocked
within 30 minutes after launch and once
the engine burns of the first and second
stages are successful. I also remember

“It is no mystery
why the nuclear
power industry

has been in decline:
it is ultimately

dirty and inherently
dangerous.”

GARY D. LAVER LOS 0S50S, CALIF.

Boeing had a woman writer who helped
its engineers with procedures.

NUCLEAR POWER DEBATE

For the second time in three months, Sci-
entific American has published an item
promoting the promise of a revival in
nuclear energy. In “Reactor Redo” [May
2019], Rod McCullum describes current
research on “safer and more efficient”
reactor designs. In “I've Come Around on
Nuclear Power” [Ventures], Wade Roush
shares how his fear of global warming
converted him to support “the nuclear
industry’s rebirth in the U.S.” Both ar-
ticles ignore some long-term, practical
shortcomings of nuclear power: First, the
failure to develop reliable technology and
policy regarding spent nuclear fuel. And
second, the ongoing cost of nuclear plants
once they stop generating electricity.

Nuclear plants may not generate car-
bon dioxide, but they certainly produce
radioactive waste. Regardless of how fuel
is initially processed or actually used
within a reactor, the radioactive proper-
ties of spent nuclear fuel remain funda-
mentally hazardous. If we feel carbon di-
oxide is dangerous, let’s consider the con-
sequences of a growing worldwide cache
of spent uranium.

Roush claims that if the social cost of
carbon were properly considered, nuclear
power would become more economical
than fossil-fuel plants. Besides promoting
the false dichotomy of fossil fuels versus
nuclear energy, he ignores the substantial
cost of nuclear plants even after their util-
ity has passed. Consider how the citizens
of California will be charged billions of
dollars for decommissioning the San
Onofre and Diablo Canyon nuclear plants.

Consider as well the costs of Chernobyl
and Fukushima.

It is no mystery why the nuclear power
industry has been in decline: it is ulti-
mately dirty and inherently dangerous,
and it meets its exorbitant costs with a
blank check from taxpayers.

GARy D. LAVER Los Osos, Calif:

Having had responsibility for the licens-
ing of several nuclear plants, I agree with
Roush that we have far more to fear from
climate change than nuclear power. Its
continued use makes sense and should
be part of the solution, so long as it pen-
cils out.
But Roush is wrong that carbon tax is
a “political nonstarter” As of early Sep-
tember, the Energy Innovation and Car-
bon Dividend Act (H.R. 763) pending in
the U.S. House of Representatives already
had 62 House members signed on. It is a
revenue-neutral, free-market approach
that would impose an effective accelerant
to the transition to clean energy.
Doua NicHoLS via e-matl

MOON EVOLUTION

“Origin Story,” by Simon J. Lock and Sarah
T. Stewart, asserts that Earth’s moon was
formed from a doughnut-shaped mass of
rock vapor—a synestia—after a collision
with a Mars-sized body.

The Fermi paradox asks why we
haven’t detected technologically capa-
ble extraterrestrials yet. There are many
suggested answers, but among the least
far-fetched are “rare Earth” theories that
posit aliens might not exist because the
conditions that allowed humans the time
to evolve are very rare. One such possible
condition is the existence of a moon that
can help stabilize a planet’s rotational
axis because an unstable axis implies a
wildly fluctuating climate.

Lock and Stewart state that synestias
might be the norm in new planetary sys-
tems. If they are indeed common, does
this increase or decrease the probabil-
ity that extrasolar planets might have
a “dual planet” system (akin to our Earth
and moon)?

JonN Takao COLLIER via e-mail

THE AUTHORS REPLY: Although synes-
tias are common, not all of them will

6 Scientific American, November 2019
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Sform a large moon. They come in a wide
variety of shapes, sizes, and thermal and
rotational states. Key to the size of the
satellite that can be formed from a synes-
tia is the amount of mass that is injected
into orbit in the outer regions of the body.
Only a small fraction of impacts will in-
Ject enough mass into orbit to form a
moon as large as ours, and we are still
working out what range of conditions
could make it.

Synestias are a new part of the grand
mystery of how rare life on Earth is. And
whether a “dual planet” system like our
own is common 1S Still very much an
open question. We will keep working to
understand which of our planet’s special
characteristics were determined during
its formation.

LUNARLITTER
I read “Mapping the Mission,” Edward
Bell’s breakdown of Apollo 11’s landing,
with great interest. Could you clarify
what happened to the equipment and to
the Stars and Stripes banner that was left
on the moon’s surface? Were they blown
away by the exhaust gases and hidden by
dust when the explorers departed in the
lunar module?

JACQUES VAN GEERSDAELE Belgium

THE EDITORS REPLY: According to NASA,
the American flag indeed was likely
knocked over by the rocket blast as the lu-
nar module lifted off from the moon. Ei-
ther way, its stars and stripes are proba-
bly long gone, faded by the intense ultra-
violet radiation on our natural satellite.
The lunar module’s descent stage and sci-
entific instruments are thought to re-
main on the moon, albeit weathered by
micrometeorites, radiation and extreme
temperature changes.

ERRATUM

“Lunar Land Grab,” by Adam Mann,
should have said that 109 countries are
now party to the Outer Space Treaty, not
107. Additionally, the article refers to
2012 as the original deadline for the
Google Lunar XPRIZE. To clarify: in the
initial competition, participants had un-
til the end of that year to win the full
grand prize, after which a reduced prize
would be available until the end of 2014.
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Celebrate the definitive achievement in
space exploration with this superbly craft

50" Anniversary
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After a decade of triumph, tragedy and bold ingenuity, the
world watched as astronauts Neil Armstrong, Michael Collins
and Buzz Aldrin landed the “Eagle” on the surface of the Moon
on July 20, 1969. It was an historic achievement that fulfilled
the late President John F. Kennedy’s ambitious pledge to put
a man on the Moon.

To celebrate the 50th Anniversary of one of mankind’s
greatest technological achievements, Hawthorne proudly

presents the Apollo 11 Masterpiece Tribute. Limited to

only 5,000 worldwide, this one-of-a-kind illuminating

sculpture features a faithfully handcrafted, hand-painted
replica sculpture of the Apollo 11 Lunar Module, the first
manned spacecraft to land anywhere beyond our planet.
This handsome base features archival NASA photos from
the Apollo 11 mission, the mission insignia, and Armstrong’s
famous statement as he first set foot on the lunar surface...“one

RESERVATION APPLICATION RESPOND PROMPTLY

THE
BRADFORD EXCHANGE

HAWTHORNE VILLAGE DIVISION
9345 Milwaukee Avenue - Niles, IL 60714-1393

YES! please enter my Pre-Order for the Apollo 11 Masterpiece
Tribute for me as described in this announcement. SEND NO MONEY NOW.

CERTIFICATE OF AUTHENTICITY & 365-DAY GUARANTEE

“Plus a total of $14.99 shipping and service, plus sales tax (see bradfordexchange.com).

Fine collectible:
. Not intended for
'F“ - children undor 14

LIMITE[I EDI'I'ION UF ONLY 5 000 WDIII.DWIDEI

small step for man, one giant leap for mankind.” At the flip
of a switch, this detailed sculpture plays a sound bite from
President John F. Kennedy's stirring “We choose to go to the
Moon” speech! It also proudly features a miniature replica of
the American flag planted by Armstrong and Aldrin in the Sea
of Tranquility and a textured lunar surface complete with the
astronauts’ bootprints.

Not available in any store. ACT NOW!
PRE-ORDER this 50th Anniversary illuminated edition of the
Apollo 11 Masterpiece Tribute at the attractive price of only
$99.99, payable in four installments of just $24.99 each*, the
first billed before shipment. You can pre-order with confidence
as our best-in-the-business guarantee assures your satisfaction.
To pre-order yours, send no money now. Simply complete
and mail the Reservation Application today!

www.bradfordexchange.com Hawthorne Village 14-020035-002-BINV

Signature
Mrs. Mr. Ms.

Mame (Please Print Clearfy)

Address

City
State Zip

Ermail

14-02005-002-E67701

All sales subject to acceptance and product availability. Pre-Order - product will ship November 2019,
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End Vaccine
Exemptions

Religious and philosophical exceptions
are too dangerous to public health

As of late August, there had been more than 1,200 cases of
measles across 31 U.S. states this year. It’s a dispiriting come-
back for a disease that was declared eliminated in this country
in 2000. If the disease has not stopped spreading by the time
you read this, the U.S. will likely have lost this status. The ill-
ness has been cropping up mainly in pockets of unvaccinated
people. Those who choose not to immunize their families are
placing at risk not only themselves and their children but also
others who cannot be vaccinated because they are too young or
have medical issues.

There isn’t an iota of doubt that vaccines are an overwhelm-
ingly safe and effective way to prevent measles and other diseas-
es, including mumps, rubella, poliomyelitis and pertussis. All
50 states mandate that children entering school get immunized
unless they have a medical exemption. Yet almost every state also
offers religious exemptions, and more than a dozen offer person-
al belief/philosophical ones as well. California, Mississippi, West
Virginia, Maine and, most recently, New York State have gotten
rid of all nonmedical waivers. The others must follow suit. It’s
imperative for protecting public health.

It doesn’t take many unvaccinated people to cause an out-
break. Measles was one of the first vaccine-preventable diseas-
es to reappear because it is so contagious; the threshold for
resistance to a disease conferred by sufficient community-wide
levels of immunity or vaccination—so-called herd immunity—is
93 to 95 percent. If vaccination levels fall below that threshold,
an infected person can cause an outbreak.

Hesitancy about vaccines is nothing new. People have ques-
tioned inoculations since Edward Jenner discovered the small-
pox vaccine in 1796. Today vaccines are partly a victim of their
own resounding success. People rarely, if ever, see once common
diseases such as measles and polio, so they don’t understand
their potential danger. On top of that, relentless misinformation
campaigns have touted such false claims as the idea that vac-
cines cause autism. Numerous studies have shown they do not.
The discredited researcher Andrew Wakefield introduced this
idea in a now refuted study, and celebrities such as Jenny McCar-
thy and Robert F. Kennedy, Jr., have given it credence. And social
media has made it easier than ever for vaccine deniers to find
like-minded networks of people to confirm their false beliefs.

Despite the existence of religious exemptions to vaccines,
most major faith groups in the U.S. do not prohibit vaccination,
and many religious leaders encourage it. Nevertheless, a large
number of this year’s measles cases occurred in ultra-Orthodox

Jewish communities in the neighborhood of Williamsburg in
Brooklyn and in Rockland County, New York. (It’s not just the
Jewish community: the majority of New York City schools with
relatively low rates of measles vaccination among students were
Muslim or Christian academies or alternative-learning institu-
tions.) The outbreak in New York City was declared over in Sep-
tember, but cases have persisted in Rockland County.

Many people who choose not to vaccinate believe no govern-
ment should force them to put medicine into their bodies or
their children’s. They frame the choice as a personal right, but
they are not taking into account the rights of others, including
their own children, to be free of disease. When it comes to bal-
ancing the two, we need to consider the needs of the communi-
ty as well as those of the individual. The Supreme Court ruled in
Jacobson v. Massachusetts that states have the authority to
require vaccination against smallpox, and in Prince v. Massachu-
setts it reaffirmed that the right to religious liberty does not
include the right to expose a child or the community to disease.

Some experts argue we should just make it more difficult to
obtain religious and philosophical exemptions. But unless the
exemptions are removed completely, there will always be people
who want to use them. Partial elimination, as the Washington
State Senate enacted in the case of philosophical exemptions for
the MMR (measles, mumps and rubella) vaccine alone, is also
shortsighted because it sends the message that some immuniza-
tions are less important than others. The only surefire solution is
to eliminate nonmedical exemptions to recommended vaccines.

People who cannot be vaccinated for medical reasons—such as
those with compromised immune systems—should of course
remain exempt. But there is no legitimate argument against vac-
cination for the vast majority of healthy people, and there are
many powerful arguments in favor of it. Refusing to vaccinate is
not a matter of freedom. It’s a matter of public safety.

JOIN THE CONVERSATION ONLINE
Visit Scientific American on Facebook and Twitter
or send a letter to the editor: editors@sciam.com
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The U.S. Needs
a Mental
Health Czar

The country is facing a psychological
crisis—and nobody is really in charge

The U.S. is experiencing a mental health crisis. According to
recent surveys, rates of depression, anxiety and opioid addic-
tion, particularly among young people, are alarmingly high. Also
mounting are rates of suicide, hate crimes and rampage killings,
as is the demand for mental health services. A survey published
in January by the California Health Care Foundation and the
Kaiser Family Foundation found that more than half of those
surveyed thought their communities lacked adequate mental
health care providers and that most people with mental health
conditions are unable to get needed services.

These statistics indicate that there is a gap in state and feder-
al oversight of public mental health. The federal office of the sur-
geon general oversees operations of the U.S. Public Health Ser-
vice, which communicates health recommendations to the public,
but that is a huge portfolio that ranges from nutrition to vaccines
to environmental hazards to mental health. The Substance Abuse
and Mental Health Services Administration (SAMHSA) oversees
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and provides support to mental health services specifically, but it
tends to focus on addiction and shorter-term, behavioral modal-
ities. Moreover, it appears to be dominated by a medical orienta-
tion, which may not be adequate to address the intense psycho-
logical needs of many in the nation. And neither office appears to
have the staff, budget and expertise to tackle the diversity of prob-
lems in the mental health sector.

For that reason, Congress should create an office dedicated to
public mental health—the office of a “psychologist general.” He or
she would coordinate closely with the office of the surgeon gen-
eral, as well as related government agencies such as SAMHSA, to
oversee and advise the public regarding strictly psychological
(that is, nonmedical) approaches to public mental health care.
Such a position could be filled by a psychologist, a counselor, a
social worker, a researcher or a psychiatrist—but he or she must
have specific expertise in psychological approaches to public
mental health. In addition, the psychologist general should be a
distinguished professional who has a superlative knowledge of
evidence-based approaches to health care and who has a collab-
orative view of how psychology and medicine can work together
to optimize it.

Some of my colleagues have asked why we shouldn’t have a
psychiatrist general rather than a psychologist general as over-
seer of public mental health. My answer is that although these
specialists are integral to the health care system, the statistics
demonstrate that their contributions do not appear to be suffi-
cient. Moreover, there are indications that many in our society
are overmedicated and that potent psychological methodologies
could give people the resources to function more sustainably on
their own or in conjunction with appropriate medical care.

A psychologist general at the forefront of mental health
research and delivery would send a strong message that psycho-
logical well-being is prized on a par with physical health—a mes-
sage in kKeeping with the phrase “Life, Liberty and the pursuit of
Happiness.” More important, it is a message that resonates with
contemporary needs. As a major review of the literature demon-
strates, there is every indication that by addressing these needs
our nation will save on medical costs as well.

Just as in the case of the surgeon general, the psychologist
general would be nominated by the president, with the advice
and consent of Congress. Candidates might come from the U.S.
Public Health Service—or it might make more sense for Con-
gress to authorize selections outside of this corps because there
are many qualified psychologists, counselors, social workers,
researchers and psychiatrists who may not officially be part of
the corps but who hold equivalent, and perhaps in some cases
superior, credentials in the promotion of psychological ap-
proaches to public mental health. In either case, the time is ripe
for a psychologist general. It is both economically warranted
and morally imperative.

JOIN THE CONVERSATION ONLINE
Visit Scientific American on Facebook and Twitter
or send a letter to the editor: editors@sciam.com
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Celehrate America’s Space Exploration

~.i 1 7 Space Mission
Men’s Nylon Jacket

Apolio 11 Patch commemorates
the 50th Anniversary of
NASA's First Lunar Landing
on July 20, 1969

Dfficially Licensed by NASA
g+ f
12 replica patches commemorating
the 12 Apollo missions adorn the sleeves
r
Features Apolio emblem, and American
flag patches on the front and back
.:‘
Flight style jacket in water-resistant nylon

An Officially Licensed Exclusive from The Bradford Exchange

Honor a giant leap for mankind in a custom-designed flight-s jacl And to complete the exciting space mission motif, an American flag and
that commemorates NASA’s Apollo Program of manned space m NASA ]ngﬁ patch adorn either side of the chest, while an Apollo emblem
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proudly displays replica patches down the sleev outer shell with a quilted lining, rib knit cuffs, and hem, Two zipp
of which were lunar landing m s i ing Apnlln 11, front pockets and two snap slip pockets at the hip finish the look.
| first moon landing on July 20, 1969. On the Apollo 11 patch, Imported.
fou’| imagery of a bald eagle landing on the muou, a meanin: Iul
oy e S = A Remarkable Halue-. Satisfaction ﬁuaramaed
lunar module, ' :
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