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KAHEA: THE HAWAIIAN-ENVIRONMENTAL ALLIANCE EIGHTH
SUPPLEMENTAL EXHIBIT DESIGNATION; EXHIBIT B.56 [The Economist

Article (November 26, 2016): Portraits of worlds]



COMES NOW KAHEA: THE ENVIRONMENTAL ALLIANCE, by and through its

above-named counsel, and hereby submits its Eighth Supplemental Exhibit (Exhibit

B.56) Designation.

Exhibit | Description Rec'd Into
No. Evidence

B.56 The Economist Article (November 26, 2016): Portraits of worlds
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Exoplanets

Portraits of worlds

Finding exoplanets has become routine. The nextstep is to try to take pictures of
them—including, perhaps, those closest to Earth

IN THE quarter of a century since the first
extrasolar planets were discovered, as-
tronomers have turned up more than
3,500 others. They are a diverse bunch.
Some are baking-hot gas giants that zoom
around their host stars in days. Some are
entirely covered by oceans dozens of kilo-
metres deep. Some would tax even a sci-
ence-fiction writer's imagination. One, 55
Cancri e, seems to have a graphite surface
and a diamond mantle. At least, that is
what astronomers think. They cannot be
sure, because the two main ways €xo-
planets are detected—by measuring the
wobble their gravity causes in their host
stars, or by noting the slight decline in a
star’s brightness as a planet passes in front
of it—yield little detail. Using them, astron-
omers can infer such basics as a planet’s
size, mass and orbit. Occasionally, they can
interrogate starlight that has traversed a
planet’s atmosphere about the chemistry
of its air. All else isinformed conjecture.
What would help is the ability to take
pictures of planets directly. Such images
could let astronomers deduce a world’s
surface temperature, analyse what that
surface is made from and even—if the
world were close enough and the tele-
scope powerful enough—get a rough idea
of its geography. Gathering the light need-
ed to create such images is hard. The first
picture of an extrasolar world, 2m1207b,

170 light-years away, was snapped in 2004,
but the intervening dozen years have seen
only a score or so of others join itin the al-
bum. That should soon change, though, as
new instruments both on thgground and
in space add to the tally. An w of the
targets of these telescopes may be the sorts
of planets that have the best chance of sup-
porting life, namely Earth-sized worlds at
the right distance from sun-like stars, in
what are known as those stars’ habitable
zones—places where heat from the star
might be expected to stop water freezing
without actually boilingit.

Smile, please

Taking pictures of exoplanets is hard for
two reasons. One is their distance. The oth-
er is that they are massively outshone by
their host stars.

Interstellar distances do not just make
objects faint. They also reduce the appar-
ent gap between a planet and its host, so
that it is hard to separate the two in a pho-
tograph. Such apparent gaps are measured
in units called arc-seconds (an arc-second
is a 3,600th of a degree). This is about the
size of an American dime seen from four
kilometres away. The exoplanet closest to
Earth orbits Proxima Centauri, the sun’s
stellar neighbour. Yet despite its proximity
(4.25 light-years) the angular gap between
this planet and its star is amere 0.38 arc-sec-
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onds, according to Beth Biller, an exoplanet
specialist at the University of Edinburgh.
Separating objects which appear this close
together requires a pretty bigtelescope.

The second problem, glare, is best dealt
with by inserting an opague disc called a
coronagraphinto a telescope’s optics. A co-
ronagraph’s purpose is to block light com-
ing directly from a star while permitting
any that is reflected from planets orbiting
that star to shine through. This palaver is
necessary because, as a common analogy
puts it, photographing an exoplanet is like
trying to take a picture, from thousands of
kilometres away, of a firefly buzzing
around a lighthouse. Seen from outside the
solar system, Earth would appear to be a
ten-billionth as bright as the sun.

Those exoplanets that have had their
photographs taken so far are ones for
which these problems are least trouble-
some—gigantic orbs (which thus reflect a
lot of light) circling at great distances (maxi-
mising angular separation) from dim hosts
(minimising glare). In addition, these early
examples of planetary photography have
usually involved young worlds that are
still slightly aglow with the heat of their

formation. Evi en, seriou i

required. For example, four gian
circling a star called HR8799 were s
between 2008 and 2010 by the
Gemini telescopes on Hawaii%
overleaf): ins ave prim-
ary mirrors that are, respectively, ten me-
tres and 81 metres across. The good news
for planet-snappers is that such giant tele-
scopes are becoming more common, and
that people are building special planet- »

Award. On October 23rd Natasha Loder, our health-care
correspondent, was named Science Commentator of the
Year in the 2016 Comment Awards, an annual set of
prizes for British journalists.
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» photographing cameras to fit on them.

At the moment, the three most capable
are the Gemini Planet Imager, attached to
the southern Gemini telescope, in Chile;
the'Spectro-Polarimetric High-Contrast Ex-
oplanet Research Instrument on the Very
Large Telescope, a European machine also
in Chile; and the Subaru Coronagraphic
Extreme Adaptive Optics Device on the Su-
baru telescope, a Japanese machine on Ha-
waii. All of those telescopes sport a mirror
more than eight metres across, making
them some of the biggest in the world, and
their planet-photographing attachments
are fitted with the most sophisticated coro-
nagraphs available. The result is that the
Subaru device, for example, can take pic-
tures of giant planets that orbit their stars
slightly closerin than Jupiter orbits the sun.

This improved sensitivity will let as-
tronomers take pictures of many more
worlds. The Gemini Planet Imager, for in-
stance, is looking for planets around 600
promising stars. (Its first discovery was an-
nounced in August 2015.) But even these
behemoths will still be limited to photo-
graphing gas giants. To take snaps of the
next-smallest class of planets (so-called
“ice giants” like Neptune and Uranus), and
the class after that (large, rocky planets
called “super-Earths” that have no ana-
logue in the solar system), will require
even more potent instruments.

= These are coming. The European Ex-
tremely Large Telescope (ELT) is currently
under construction in the Chilean moun-
tains. Its 39.3 metre mirror will be nearly
four times the diameter of the present re-
cord-holder, the Gran Telescopio Canarias,
in the Canary Islands, which has a mirror
10.4 metres across. When it is finished, in
2024, the ELT should be sensitive enough
to photograph Proxima Centauri’s planet,
as well as other around nearby
stars. A smallefinstrument, wit
tre mirror, the Giant Magellan Teles
should be finished in 2021. The Thirty
tre Telescope, planned for Hawaii, will,
its name suggests, fall somewhere be-
tween those two—though its constr
as been halted by legal arguments:
 jFer ground-based te es that may
bethe égﬁme ine, says Matt Mountain,
whois president of the Association of Uni-
versities for Research in Astronomy, and
who oversaw the construction of the Gem-
ini telescopes. The shifting currents of
Earth’s atmosphere (the reason stars seem
to twinkle even to the naked eye) impose
limits on how good they can ever be as
planetary cameras. To get around those
limits means going into space. Although it
is not specifically designed for the job, the
James Webb space telescope, which is
scheduled for launch in 2018 and which
boasts both a mirror 6.5 metres across and
areasonably capable coronagraph, should
be able to snap pictures of some large,
nearby worlds. It will be able to sniff the at-
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mospheres of many more, analysing star-
light that has passed through those atmo-
spheres on its way to Earth. WFIRST, a
space telescope due to launch in the
mid-2020s, will have picture-taking capa-
bilities of its own, and will serve to test the
latest generation of coronagraphs.

After that, astronomers who want to
picture truly Earth-like worlds are pinning
their hopes on a set of ambitious missions
which, for now, exist only as proposal doc-
uments in NASA’s in-tray. One of the most
intriguing is the New Worlds Mission. This
hopes to launch a giant occulter (in effect,
an external coronagraph) that would fly in
formation with an existing space telescope
(probably the James Webb) to boost its exo-
planet-imaging prowess.

Smallis beautiful

There may, though, be an alternative to this
big-machine approach. Thatis the belief of
the members of a team of researchers led
by Jon Morse, formerly director of astro-
physics at NASA. Project Blue, as this team
calls itself, hopes, using a mixture of priv-
ate grants, taxpayers’ money and dona-
tions from the public, to pay for a space
telescope costing $50m (as opposed, for ex-
ample, to the $9 billion budgeted for the
James Webb) that would try to take pictures
of any Earth-like exoplanets orbiting in the
habitable zone of Alpha Centauri A—the
closest sun-like star to Earth, and a big
brother to Proxima Centauri.

Alpha Centauri is hotter than Proxima,
which means its habitable zone is much
further away. That, combined with its
closeness, means Project Blue can get away
with a mirror between 30 and 45cm
across—the size of mirror an enthusiastic
amateur might have in his telescope. What
such an amateur would not have, though,
is a computer-run “multi-star wavefront
controlled” mirror. This will draw on a
technology already fitted to ground-based

telescopes, called adaptive optics, in
which portions of the mirror are subtly de-
formed in order to sculptincoming light.

In combination with a coronagraph the
wavefront controller will, according to Su-
priya Chakrabarti of the University of
Massachusetts, Lowell, let the telescope
blot out the light not only of Alpha Cen-
tauri A, but also of Alpha Centauri B, a
companion even closer to it than Proxima
Centauri is. Moreover, the plan is to take
thousands of pictures over the course of
several years. By combining these and
looking for persistent signals—particularly
ones that appear to follow plausible or-
bits—computers should be able to pluck
any planets from the noise.

If it works, Alpha Centauri A’s close-
ness means Project Blue’s telescope could
reveal lots of information about any plan-
ets orbiting that star (and statistical analy-
sis of known exoplanets suggests there
will almost certainly be some). Examining
the spectrum of light from them would re-
veal what their atmospheres and surfaces
were made from, including any chemi-
cals—such as oxygen and methane—that
might suggest the presence of life. It might
even be possible to detect vegetation, orits
alien equivalent, directly. The length of a
planet’s day could be inferred by watching
forregular changes in light as its revolution
about its axis caused continents and seas
to become alternately visible and invisi-
ble. Longer-term variations might reveal
planetary seasons; shorter-term, more cha-
otic ones might be evidence of weather.

If they can raise the money in time, the
Project Blue team hope to launch their tele-
scope in 2019 or 2020. Being able to taLc z
plCTUI’E of arocky planetaround one of the
sun’s nearest neighbours would be an
enormous scientific prize. If a habitable
planet were found, it would be one of the
biggest scientific discoveries of the centurs
Donors may think that worth a punt. =
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