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EXOPLANETS IN
THE S

By Damond Benningfield

The bright clutter of
individual discoveries
can overshadow some
fascinating research,
from necroplanetology
to rogue planets to the
intimacy of alphanumeric
nomenclature.

hen astronomers gathered to
revealc new planetd ata press
conference in Januar 1996, the
world paid attention. “Mundreds
of journalists and fellow
astronomers packed the meet-
ing room, where presenters confirmed the identit
of one enoplanet and reported the discover of two
others the first planets known to orbit other Sun-
like stars. The stor  made the front pages of major
newspapers Life n Space? 2 New Planets Raise
Thoughts! wrote the Ne. Wrl. [iAf s), appeared in
maga ines (including a [i#€ cover storﬁi, and aired

In this illustration, radiation from a white dwarf is blasting an orbiting planetesimal
to bits. The emerging field of necroplanetology is studying such exoplanetary
debris. Credit: Harvard-Smithsonian Center for Astrophysics/Mark A. Garlick
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An artist’s rendering of OGLE-2005-BLG-390L b, which was discovered through gravitational microlensing. It is
one of the most remote exoplanets yet seen, at a distance of about 20,000 light-years. Credit: ESO

on television news (including CNN) soon
after.
A quarter of a centur_ later, esoplanets still
generate headlines $ometimes. With the
number of confirmed planets well be_ond
4,000 and more being added to the list
almost weekl , however, a sort of esoplanet
fatigue has ser Onl the most spectacular
discoveries show up 1n%ur dail newsfeeds:
potentiall habitable planets, for esample, or
« estremd *worlds those that are especiall
hot or oungor blue or close to our solar s s—A
tem. >
Yet some of the topics in the penumbra of
eroplanet discussions are just as fascinating
as those in the spotlight. The remain in the
shadows in part because the mvolve objects
that are rare or that are difficat to find and
stud with current technolog . The recentl
namet field of necroplanetolog for esam—>
ple, studies planets orbiting dea&or d.ing
stars, providing the onl_direct look at the
innards of esoplanets. Gravitational micro-
lensing allows astronomers to detect planets
at greater distances than once thought pos-
sible. Several groups of researchers are
developing instruments or small spacecraft
to look at Earth as an esoplanet analogue,
showing us what our planet would look like
to an astronomer man _ light- earsawa, .
And the International Astronorhical Union
(IAU) has begun the long process of bestow-
ing proper names on esoplanets a process
that simpl _ma_not have had enough time
to filter intthe tonsciousness of either pro-
fessional astronomers or the public.
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+« We’ve discovered a lot of weird things?
said Laura Ma orga, an esoplanet researcher
and postdocto&l fellow at the Johns Hopkins
Universit Apphed Ph_sics Laborator (APL).

« When we¥first startedstud ‘\mg emplanets

we found that the got stranger and stranger.
The, . put all of our \mderstandmg to the
test.> Finding something new throws

ever thingup in the air, and it has to reset-
tle. That makes this a reall e qatmg time?

Death of a Planet

Although it sounds like something from a

S £ channel original movie, necroplanetol-
og} s the newest branch of esoplanet stud-
ies>a novelt that involves intrinsicall rare
targets. The tebm was coined b, Gmsh Daw-
vuri, then a student working with Seth Red-
field at Wesle an Universit_in Connecticut, in
22020 paperWe’re prouddf the names
said Redfield It’s a great wa _ to describe the
s stems we’re stud_ing. It has small num-
bex of practitioners, Cbut the larger communit
is just starting to look into this topic?

The name was originall applied to the
stud ofdeadord ing plar‘r\ets around white
dwars, which are the hot but dead cores of
once normal stars. A t _pical white dwarf is
at least 60% as massive*as the Sun but onl
about as big as Earth. The si e of white x
dwarfs makes it easier to detect the remains
of pulveri ed planets as the  transit, pass-
ing across the face of the stakand causing its
brightness to dip a tin_ bit.

Starlight filtering th?ough an esoplanet’s
atmosphere during a transit would reveal its

N

composition. (Astronomers have used the
same technique to measure the atmo-
spheres of planets transiting much larger
main sequence stars, which are in the prime
of life.}¢ What we started finding first was
not whole planets but planetar, debns;
Redfield said.

In particular, using earl observations
from the K2 mission of the®planet-hunting
Kepler space telescope, the found WD
1145+017, a white dwarf abogt 570 light-

_.ears from Earth. The star’s light dipped

séveral times in a pattern that repeated
itself ever few hours. The researchers con-
cluded that‘the were seeing the debris of a
planet that had been shredded b its star’s
gravit probabl chunks or plle§of rock
surrounded b, clowds of dust.

Observatioms with large ground-based
telescopes revealed calcium, magnesium,
iron, and other heav_ elements in the white
dwarf’s spectrum. Suth heav_elements
should quickl_ sink toward thévcore of a
white dwarf, where the wouldn’t be
detected. Their dlscoverksuggested that the
elements had been depo@ited quite recentl ,
as rubble from a disrupted planet (or plan—
ets) spiraled onto the white dwarf’s surface.

* All those clues made it clear that planets
can esist around white dwarfs? said Red-
field* The canbe destro_ed b _white
dwarfs as well. The tidal forces are quite
estreme, so the can break apart and grind
up a planet. Asthat material accretes onto
the white dwarf, we’re actuall  learning
about the innards of the planetS!

Such a planet ma _ have been born far from
its host star and rnlg?ated close enough to be
destro,_ed. Astronomers know that such
mlgratlons are possible because the have
discovered a few hundred«< hot Jupltets! :
worlds as massive as the largest planet in the
solar s_stem but so close to their stars that
their up'per atmospheres are heated to hun-
dreds or thousands of degrees. Some of these
planets are being eroded b, stellar radiation
and winds, perhaps markimg the beginning
of the end for worlds that could be subjects
for future necroplanetologists.

Stars That Take a Dip
Despite espectations of a bount  of such
white dwarf s_stems, Redfield sa}d the
seem to be rare. (Arecent stud_ found evi-
dence of one intact giant planetﬁround one
white dwarf.) Astronomers have found evi-
dence of similar processes at work around
main sequence stars, though.

The best-known esample is KIC 8462852
(also known as Bo, ajian’s Star), about 1,470



light- ears from Earth. Large, but irregular,
dips wetre discovered in the brightness of the
star, which is bigger, hotter, and brighter
than the Sun. Possible esplanations for the
decrease included the panels of a¢ mega-
structure builtb anadvanced civili ation
orbiting the star %n idea (since abandoned)
that generated plent of headlines.

Astronomers have%hscovered other
esamples ofc dlppef stars as well. Edward
Schmidt, a professor emeritus at the Uni-
versit of Nebraska Lincoln, reported
15 slowrdippers, whose light varies over long
timescales, in a stud  released in 2019. He
said he plans to pubh%h details on 17 more
in an upcoming paper.

The stars all have similar masses and
temperatures, which suggests that their
dipping patterns share a common esplana-
tion, Schmidt said+ It could be caused b
disintegrating planets that looks promrs—
ing so far? He’s looking through published
spectra of the stars to see whether their
surfaces are polluted b _ the residue of plan-
ets, which could solidif }the idea.

Acouple of s_stems discovered b Kepler
seem to add credence to the h pothekls
Kepler-1520b, for esample, shaws dipsin
luminosit  of up to 1.3%. A ground-based
stud found that the dimming is caused in
part l} clouds of dust grains, providing

« directevidence in favor of this object being
alow-mass disrupting planet; according to
a 2015 paper. And K2-22, discovered in
Kepler’s K2 mission, appears to be a disinte-
grating planet more massive than Jupiter but
onl 2.5 times the diameter of Earth.

Ahother stud suggested aslightl altered
esplanation for B’o _ajian’s Star and other
dippers: dlsmtegraﬁng €»0moons.
Researchers suggested that one or more
moons could be snatched awa,_ as a planet
falls into its star2 The planet e%sentlall
hands its moons to the star the ’re
orphaned esomoons? said Brian Met ger,
one of the stud ’s authors and a ph_sicist at
Columbia Umve}sn and senior resexrch
scientist at the Flatiron Institute.

Stellar radiation could be eroding the sur-
viving moons, releasing solid grains of mate-
rial that then form a clump,, disk around the
star. So the oung field of netroplanetolog
ma ‘\need aew subfield: necro,uqarolog
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A Second Chance at Life

For some planets, though, the death of a
star isn’t necessaril theend itma be the
beginning. The first confirmed esoplanets,
discovered 3 decades ago, orbit a pulsar, a
dead star whose composition is more e sotic

This artist’s view shows a brilliant aurora on one of the planets of the pulsar PSR 1257+12, energized by the pul-
sar itself (top left). The system’s other two confirmed planets also are in view. Credit: NASA/JPL-Caltech

than a white dwarf. A pulsar is a rapidl
spinning neutron star, the collapsed core of
a massive star that esploded as a supernova.
As the neutron star spins, it emits pulses of
energ thatform anestremel accurate
clock. Fhe gravitational tug of écompamon
alters the timing of the pulses a tin_bit,
revealing the presence of an orbltlng‘planet.
The first identified pulsar planets orbit
PSR B1257+12. Astronomers have since dis-
covered a handful of others, but most
searches have come up empt . An esamina-
tion of more than a decade of 8bservations
made b the North American Nanohert
Observai‘or for Gravitational Waves
(NANOGrav): a project that is using pulsar
timing to hunt for gravitational waves, for
esample, found no evidence of planets
around a set of 45 fast rotating pulsars. The
search could have revealed planets as light
as the Moon in orbital periods of 1 week to
almost 5_ears, said Erica Behrens, a gradu-
ate studerit at the Universit of Virginia who
conducted the stud, durmg In internship at
the National Radio AEStronom Observator, .
“c Since we’ve seen so few, it stems like "
the ’reprett rare} Behrens said, whichma_
e -,plam wh the ve received so little atten- >
tion since the eart_discoveries The must
have formed after the star has blown pr No
planet that esisted while the star was still liv-
ing would be able to survive the supernova?
Theoretical work hints that instead of
supernova survivors, pulsar planets ma_ be
« ombies! born from the debris of com>
panion stars.

Met ger and Ben Margalit, also of Colum-
bia, have suggested, for esample, that the
companion could be a white dwarf. The
estreme gravit of the neutron star tears the
white dwarf apatt perhaps in a matter of
seconds and the debris forms a disk
around the pulsar. Some of the material in
the disk falls onto the neutron star while
the outer edge of the disk espands and
cools. Solid material in those precincts ma
condense to form solid bodies, which then *
merge to make planets.

The scenario would esplain the frequenc
of pulsar planets, which is roughl equal to >
the frequenc _ of neutron star white dwarf
binaries, Met *ger said. It would not, how-
ever, esplain the birth of a pulsar planet
that’s been discovered in a globular cluster,
where the densit of stars is estremel hlgh

* You’d have to invoke more e sotic interac-
tions} which scientists are still tr_ing to
model, he said. >

A Rogues’ Gallery of Exoplanets
Although most esoplanets have been discov-
ered through transits or radial velocit  mea-
surements, which detect a back-and-forth
shift in the wavelengths of starlight caused
b the pull of orbiting planets, a few strag-
glérs have been found through other meth-
ods. Such methods are difficult to appl , or
the ’relooking for objects or phenome&a
thatare rare, so the ’ve_ielded far fewer
discoveries than the Tnos#favored methods.
Astrometr,, for esample, precisel mea-
sures a star’s position to detect tin N’obbles
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Extrasolar planet detected by gravitational microlensing
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This diagram shows how microlensing reveals a planet orbiting a star. Credit: NASA, ESA, and K. Sahu (STScl)

caused b the gravitational tug of orbiting
planets. Shich measurements are hard to
make and have _ielded onl  one or two dis-
coveries. Ho: Nevér astronomers e spect
observations b the Gaia spacecraft, which

is plotting the pbsitions and motions of
more than 1 billion stars, to_ ield thousands
of new Jupiter-si ed em)plané‘ts in relativel
wide orbits, which would create a whole new*
population for stud .

The most successfhl of the lesser known
techniques, however, has been gravitational
microlensing which has revealed more than
100 planets It’s ver complementar  to
other techmques; sail Matthew Penr? an
astronomer at Louisiana State Umver51tk

* You get an instant detection of some ve}
distant planets that would take decades to>
find with other techmques!

Gravitational microlensing relies on gen-
eral relativit , which posits that if a star or
planet passe?m front of a more distant star,
the intervening object’s gravit bends and
magnifies the background star’%hght cre-
ating a double image. If the alignment is
perfect, it creates a bright circle of light
known as an Einstein ring. (The same tech-
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nique is used on a larger scale to stud _ gal-
asies and quasars billions of light- eats
awa .) ">

The length and magnification of a lensing
event allow astronomers to calculate the
intervening object’s mass and, in the case of
a planet, its distance from its star. Astrono-
mers have measured planet-star separa-
tions of up to more than 10 astronomical
units (AU), which is far wider than with
other techniques.

Microlensing can reveal planets that are
thousands of light- earsawa _(the current
record holder, accor&mg to theNASA Eso-
planet Archive, is at 36,500 light- ears, man
times farther than planets discoveted with “x
other techniques). Microlensing allows
astronomers to stud  planets in regions of the
Milk, Wa_ wellbe, ot our own stellar neigh-
borhobd, includingthe central galactic bulge.

Perhaps most important, microlensing is
the onl technique that can reveal rogue
planets “which travel through the galas
alone, unmoored to an_ star. "

Rogues might form a$stars do, from the
gravitational collapse of a cloud of gas and
dust. That process would form onl massive

PN

Deviation
due to
planet

planets aminimum of 5 times the mass of
Jupiter, Penn_ said* So farl however, he
esplained; fFe main results are that there
are not a lot of free-floating giant planets
out there; with onl ahandful of confirmed
discoveries to date. >

Most rogues probabl  form from the disk
of material around a star then escape It
could be an interaction between planets'
Penn_said+ If ouformalotof planetsina
disk, "the disk keeps order until it dissipates.
But once the damping effect of the disk is
gone, all hell breaks loose? and gravita-
tional battles can sling planets into inter-
stellar space. There ma_ be billions of these
smaller castawa, worlds*

Although thre@searches are dedicated to
fmdmg planetar  microlensing events,
the ’re restr1cted>b da light, clouds, and
the ther dlsadvantz?ges*bf looking at stars
from the ground.

As with astrometr  discoveries and the
Gaia mission, though‘a space telescope ma
greatl espand the numbers of confirmed ">
emplahets The Nanc_ Grace Roman Space
Telescope, which is scheduled for launch
later in the decade, could find 1,400 bound



esoplanets and 300 rogues during its life-
time, Penn _ said. The telescope’s mirror
will be the s2me si e as that of Hubble
Space Telescope, but with a field of view
100 times wider. That field of view will
allow Roman to see a large area toward the
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