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A Conversation Before We Begin

Somewhere in a group chat that never sleeps...

Vishwajith: Okay but seriously, how do scientists find planets that are literally light-years away? Like, we
can barely see the neighbor's cat from our balcony.

Claude: Great question! So, astronomers use several clever techniques. For instance, when a planet passes
in front of its star, it blocks a tiny bit of the star's light, which we can detect as a dip in—

Vishwaijith: Wait, wait. But how do you even SEE something that tiny2 We're talking about a planet next
to a star that's basically a giant nuclear fireball a gazillion times bigger than it.

Claude: Right, that's the tricky part. You don't really "see" the planet directly most of the time. You look
for its effects — the little wobbles it causes, the shadows it casts, the light it bends.

Aditya: So basically... we're not looking for the planet. We're looking for clues the planet accidentally
leaves behind. Like a cosmic detective show.

Claude: That's actually a pretty good way to put it.

Vishwaijith: Okay but here's my real question. If telescopes are already collecting insane amounts of star
data — like thousands of stars, blinking non-stop, for years — who's sitting there squinting at graphs all
day?

Aditya: ..What if we just let Al do the detective work?
Everyone pauses.
Claude: ...That's actually not a bad idea.

Vishwaijith: Wait, can Al actually explain why it thinks something is a planet? Because if it just says "trust
me bro," that's not science, that's vibes.

Claude: That's the key part. It needs to be explainable. Not a black box that spits out yes-or-no answers,
but something that shows its reasoning — like a good teacher, not a mysterious oracle.

Aditya: Explainable Al. Detective-style astronomy. Real datasets. | think we just accidentally invented a
book.

Vishwaijith: And a mascot. We need a mascot.
Claude: Obviously.

(Enter Polly, a very enthusiastic astronaut polar bear, holding what may or may not be a suspicious bottle of "rocket
fuel."”)

Polly: Hil | heard "planet detective” and | am SO here for it. &

Aditya: Perfect. Polly's on the team.

Claude: Alright. Grab your curiosity, leave your intimidation at the door — you won't need it here.
Vishwajith: So where do we even start?

Claude: At the very beginning. With the question every stargazer has asked since the dawn of humanity:
is there anything out there?

"Welcome aboard. Let's go find another world."



CHAPTER 1 - The Big Question

Why Do We Even Bother Looking for Other
Planets?

Let's start with an honest question: why does anyone care whether some rock or gas ball is orbiting a star
trillions of kilometers away? You can't visit it. You definitely can't order takeout there. So what's the point?

Here's the point: humans have been asking "are we alone?" since we first looked up at the night sky and
realized those little sparkly dots weren't just decorations. For most of human history, we didn't even know
stars were suns. We definitely didn't know that many of them had their own planets circling them, the
way Earth circles our Sun. The idea of "other worlds" was pure philosophy and mythology —
something poets and dreamers argued about, not something scientists could measure.

That changed dramatically in 1995, when astronomers Michel Mayor and Didier Queloz detected a planet
orbiting a Sun-like star called 51 Pegasi. It wasn't Earth-like. It was a scorching, oversized ball of gas
orbiting terrifyingly close to its star. But it proved something enormous: planets exist beyond our solar
system. We call these exoplanets — "exo" meaning "outside," as in outside our own solar system.

Since then, we've confirmed thousands of them. Thousands of new worlds, cataloged, measured, and
studied, without a single spacecraft ever visiting one.

So Why Does This Matter?

A few reasons, and they're not all "aliens" (though yes, that's part of it):

o The search for life. If even a fraction of exoplanets could support life, then the universe might be far
less lonely than it seems on a Tuesday night when you're the only one awake.

e Understanding our own existence. Studying other solar systems helps us understand how our solar
system formed — including how unusual, or common, a planet like Earth really is.

e Pure curiosity. Sometimes the reason is simply: humans want to know things. That's not a small reason.
That curiosity built telescopes, rockets, and eventually Al systems that comb through starlight looking
for secrets.

4+ DID YOU KNOW?

Astronomers have confirmed thousands of exoplanets so far, with thousands more “candidates” still
awaiting confirmation — and that's just in our tiny corner of one galaxy, among hundreds of billions of
galaxies.

Imagine This...

© IMAGINE THIS...

Picture standing on a beach at night, staring at the ocean. You can't see the fish beneath the waves, but
you can see ripples, splashes, and disturbances on the surface that tell you something is moving down
there. Exoplanet hunting is a lot like that — except the "ocean" is space, the "fish" are planets, and the
"ripples" are tiny changes in starlight that only the most patient detectives can notice.

That's exactly the journey this book is going to take you on.



CHAPTER 2 - The Basics

Planets, $tars, and $olar $ystems

Before we go hunting for exoplanets, let's make sure we're all on the same page about the basics. No
judgment here — everyone starts somewhere.

What Even Is a Planet?

A planet is a large object that meets three conditions:

e |t orbits a star (it doesn't just float around freely).

e |t is massive enough for gravity to pull it into a roughly round shape.

o |t has "cleared its orbital neighborhood" — meaning it's the dominant object in its orbital path, not
sharing the lane with a bunch of similar-sized junk.

That last rule is exactly why Pluto got demoted to a "dwarf planet”" back in 2006. Pluto shares its orbital

neighborhood with a lot of other icy debris, so it didn't meet the full definition. Pluto fans, we see you —

it's still a fascinating world.

What Is a Solar System?

A solar system — more generally called a "planetary system" when we're not talking about our own — is
a star, or sometimes multiple stars, along with everything gravitationally bound to it: planets, moons,
asteroids, comets, and dust. Our solar system has one star, eight planets, at least five dwarf planets,
hundreds of moons, and an uncountable number of asteroids and comets. It's basically a very large, very
old family reunion, held together entirely by gravity.

What Is a Stara. Really?

A star is an enormous ball of mostly hydrogen and helium gas, so massive that gravity crushes its core until
nuclear fusion ignites — atoms slamming together and releasing tremendous energy as light and heat. That
energy is what we see as starlight, and it's also what makes life on Earth possible.

POLLY EXPLAINS

Hey there! So you know how, if you drop a ball, it falls down instead of floating
away? That's gravity — it's basically the universe's way of saying "everything with
mass wants to hug everything else with mass." The bigger something is, the stronger
its hug. Stars are so big that their gravity crushes gas atoms together so hard they

fuse and release energy — which is where sunlight comes from! And that same
gravity is what keeps planets orbiting stars instead of drifting off into the void. No
gravity, no orbits, no book. So... thanks, gravity.

Not All Stars Are the Same

Stars come in different sizes, colors, and temperatures. Our Sun is a fairly average, mid-sized yellow star.
Some stars are red and cool (relatively speaking — still thousands of degrees), some are blue and
blisteringly hot, and some are so massive they'll eventually explode as supernovae. Why does this matter
for exoplanet hunting? Because the type of star a planet orbits changes everything about that planet's
potential for life, its temperature, and how easy or hard it is for us to detect it.



% FUN FACT

Light from the Sun takes about 8 minutes to reach Earth. Light from the nearest star system to us, Alpha
Centauri, takes about 4.2 years. Every exoplanet we study is being observed as it looked years,
decades, or even centuries ago. We are, quite literally, time travelers who only look backward.

7 MINI QUIZ
1) What are the three requirements for something to officially be called a planet?
2) Why isn't Pluto considered a full planet anymore?
3) What process inside a star produces its light and heat?

(No pressure — flip back a paragraph if you need a hint. This isn't that kind of quiz.)




CHAPTER 3 - The Sweet Spot

The Habitable Zone

If you've heard the phrase "Goldilocks Zone," you already know the vibe: not too hot, not too cold,
just right.

The habitable zone is the region around a star where a planet could have liquid water on its surface —
assuming it has the right atmosphere and conditions. Too close to the star, and any water boils away. Too
far, and it freezes solid. Earth happens to sit comfortably inside the Sun's habitable zone. That's not a
coincidence we take lightly — it's a big part of why life exists here.

POLLY EXPLAINS

Imagine your star is a campfire. Sit too close, and you'll roast. Sit too far, and
you'll freeze in the dark. The habitable zone is basically the "just right" ring of
camping spots around that fire where the temperature is comfortable enough

for liquid water to exist. It doesn't guarantee life — you still need the right
ingredients, like an atmosphere — but it's a great place to start looking.

It's Not Just About Distance

The size and temperature of the star matters too. A hot, bright star pushes its habitable zone farther out. A
small, cool star, called a red dwarf, has its habitable zone much closer in. This is why astronomers can't just
say "any planet this far from its star is habitable” — it always depends on the star.

A MYTH VS. FACT

Myth: If a planet is in the habitable zone, it definitely has life. | Fact: Being in the habitable zone just
means liquid water is possible. Mars sits near the edge of our Sun's habitable zone, and as far as we
know, it's not exactly throwing pool parties. Habitability depends on atmosphere, magnetic field,
geology, and a dozen other ingredients we're still learning about.

8B RESEARCH SPOTLIGHT

In 2017, astronomers announced that a small, cool star called TRAPPIST-1 hosts seven roughly Earth-
sized planets, several of which sit inside or near its habitable zone. It's one of the most exciting
planetary systems discovered so far, precisely because so many "just right" candidates are clustered
around one star. Scientists continue to study these worlds' atmospheres to see what secrets they might
hold.




CHAPTER 4 - A Bit of History

A Brief History of Exoplanet Hunting

"o

Before we get to the "how," it helps to know the "when." The search for other worlds is younger than
you might think — most of it has happened within living memory.

For centuries, philosophers speculated about other worlds, but speculation isn't science. The real hunt began

in the 20th century, once telescopes and instruments became precise enough to detect the impossibly subtle
signals a distant planet leaves behind.

1992

1995

1999

2009

2017

2018

2021

Today

First confirmed exoplanets discovered, orbiting the pulsar PSR B1257+12, using timing variations.

First exoplanet confirmed around a Sun-like star, 51 Pegasi b, using radial velocity.

First transiting exoplanet confirmed, proving the transit method actually works.

NASA launches the Kepler Space Telescope, kicking off the transit-method boom.

TRAPPIST-1 system announced: seven roughly Earth-sized planets around one small star.

TESS (Transiting Exoplanet Survey Satellite) launches, scanning the whole sky for nearby transiting
planets.

James Webb Space Telescope launches, enabling detailed atmospheric studies of exoplanets.

Thousands of confirmed exoplanets, with Al-assisted tools helping sort through the flood of new data.

Notice something interesting? The first exoplanets ever confirmed weren't found around a "normal" star —

they were found around a pulsar, the crushed, radiation-blasting remnant of a star that had already
exploded as a supernova. Space, it turns out, rarely does things in the order you'd expect.

4+ DID YOU KNOW?

It took less than thirty years to go from "we have never confirmed a single exoplanet" to "we have

confirmed thousands." That is an extraordinarily fast pace of discovery for any field of science.



CHAPTER 5 - The Core Problem

Why Finding Exoplanets Is Absurdly Hard

Okay, time for some tough love: finding exoplanets is one of the hardest things astronomers do.
Here's why.

Problem #1: Planets Don't Make Their Own Light

Stars are bright because they generate their own light through fusion. Planets are dark — they only reflect
a tiny bit of their star's light. Trying to see a planet next to its star is like trying to spot a firefly sitting
directly next to a lighthouse, from a hundred kilometers away, at night, through fog.

Problem #2: Distance Is Ridiculous

The nearest star system to us is about 4.2 light-years away — roughly 40 trillion kilometers. Even our
fastest spacecraft would take tens of thousands of years to get there. At these distances, planets appear
as impossibly small, faint points, if they appear at all.

Problem #3: Telescopes Have Limits

You might think, "just build a bigger telescope!" And yes, that helps — but there's a hard physical limit
called diffraction, which blurs and limits how much detail even the best telescope can resolve at such
distances. No amount of budget alone fixes this; it takes clever techniques, not just bigger lenses.

POLLY EXPLAINS

You know how in movies, someone says "zoom in, enhance!" and suddenly a blurry
photo becomes crystal clear? That's... not really how physics works, sorry. Light
behaves in ways that put a hard limit on how much detail any telescope can

capture, no matter how good it is. It's like trying to read a book from across a
football field — even perfect eyesight has limits. So astronomers had to get
creative and find indirect clues instead of just zooming in harder.

The Big Idea: Indirect Detection

Since we mostly can't just "look" at exoplanets directly, astronomers had to become detectives. Instead of
searching for the planet itself, they search for its fingerprints — the subtle ways a planet's presence
changes what we observe from its star. This single shift in thinking, from "let's see the planet" to "let's find
its effects," is the foundation of basically every method we're about to explore.

# NASA MISSION HIGHLIGHT

The Kepler Space Telescope, launched in 2009, stared at a single patch of sky containing over
150,000 stars for years, continuously measuring their brightness. It didn't try to "see" planets directly —
it watched for tiny dips in starlight. Kepler alone is responsible for confirming thousands of exoplanets,
and its data is still being studied today.



CHAPTER 6 - Detection Method No. 1

The Transit Method — Catching a $hadow

Let's meet detection method number one, and honestly, the MVP of exoplanet hunting: the Transit
Method.

How It Works

Imagine a star's brightness as a perfectly steady, glowing lightbulb. Now imagine a planet orbiting that
star, and every so often, from our point of view, that planet passes directly in front of the star. When it
does, it blocks a tiny fraction of the star's light, and the star appears to dim, ever so slightly, for a few
hours. Astronomers measure a star's brightness continuously and plot it over time. This graph is called a
light curve. When a planet transits, the light curve shows a small, repeating dip.

POLLY EXPLAINS

Okay, imagine you're watching a lightbulb from far away, and its brightness is
basically a flat line on a graph — steady, boring, predictable. Now imagine a
tiny fly buzzes in front of the bulb every once in a while, and each time it does,
the light dims for a split second before going back to normal. If that dimming

happens regularly, like clockwork, again and again... that's not a random fly.
That's something orbiting the bulb! That's exactly what a light curve shows us —
regular, repeating dips that hint a planet is passing by.

Why It Works

Planets orbit their stars in predictable, repeating paths. If a dip in brightness happens at consistent
intervals — say, every four days, exactly — that's a huge clue that something is orbiting the star and
crossing our line of sight on a fixed schedule.

Advantages
e Works well for detecting many planets at once — just watch lots of stars simultaneously.
e Can reveal the planet's size (bigger planets block more light).

e Combined with other methods, can reveal atmospheric composition.

Limitations

e  Only works if the planet's orbit happens to align just right so it passes directly between us and its star
— most planetary systems aren't oriented this way relative to Earth.

e  Small planets cause extremely tiny dips, easy to miss in noisy data.

e Requires watching a star for a long time to catch repeating transits.
% FUN FACT

When Earth transits the Sun as seen from a hypothetical distant observer, it blocks only about 0.008%
of the Sun's light. That is an almost unbelievably small signal to detect from trillions of kilometers away,
yet we do it, over and over.



. TINY ACTIVITY

Picture a graph with a flat line running across it. Every ten units along the bottom, the line dips down
slightly and then returns to flat. Ask yourself: is this random noise, or a pattern2 If you said "pattern,"
congratulations — you just did the core logic of transit-based exoplanet hunting.

The transit method is how Kepler found the vast majority of its exoplanet candidates, including many rocky,
Earth-sized worlds orbiting within their stars' habitable zones.



CHAPTER 7 - Detection Method No. 2

The Radial Velocity Method — The Cosmic
Wobble

Next up: the Radial Velocity Method, sometimes called the "wobble method" or "Doppler method."

How It Works

Here's a fact that surprises a lot of people: planets don't just orbit stars — stars also orbit a shared center
of mass with their planets. A star is much more massive than its planet, so its "orbit" is tiny — more like a
wobble. But that wobble is real, and it's detectable. As a star wobbles slightly toward and away from us,
its light shifts. When it moves toward us, its light waves get slightly compressed, shifted toward blue. When
it moves away, its light waves stretch out, shifted toward red. This is called the Doppler Effect.

POLLY EXPLAINS

You know that "nyeeeecowwm" sound an ambulance makes as it drives past you?
The pitch sounds higher as it approaches and lower as it drives away, even though
the siren itself never changes. That's the Doppler Effect — sound waves get
squished together as the ambulance approaches (higher pitch) and stretched out
as it leaves (lower pitch). Light does the same thing! When a star wobbles toward

us, its light waves squish slightly toward the blue end of the spectrum. When it
wobbles away, the light stretches toward red. By watching a star's light shift back
and forth, we can tell it's being tugged by something we can't see — a planet!

Why It Works

A more massive planet, or a planet orbiting closer to its star, tugs harder on that star, causing a bigger
wobble and a more detectable shift in its light. By measuring how the star's light shifts over time,
astronomers can calculate the planet's mass and orbital period.

Advantages
o Doesn't require the planet to transit — works for many more orbital alignments than the transit
method.

e Reveals the planet's mass and orbital detdails.

o  Was the method used for the very first confirmed exoplanet around a Sun-like star, 51 Pegasi b, in
1995.

Limitations

e Works best for large, close-in planets, since they cause bigger wobbles; small, distant planets are
much harder to detect.

e Requires extremely precise instruments, since the wobbles involved are often just a few meters per
second — slower than a bicycle.

o Doesn't tell you the planet's size, only estimates related to its mass.



4+ DID YOU KNOW?

The radial velocity method that found 51 Pegasi b earned Michel Mayor and Didier Queloz the Nobel
Prize in Physics in 2019 — proof that a wobble in starlight can be worth one of science's highest honors.

X COMMON MISCONCEPTION

"The star doesn't actually move; only the planet moves around it." In reality, both objects orbit their
shared center of mass, called the barycenter. It's just that the star's motion is far smaller because it's so
much more massive — like how a heavy adult barely moves on a see-saw with a light kid on the other
end, but they do move a little.




CHAPTER 8 - Detection Method No. 3

Direct Imaging — Actually Taking a Picture

This one is exactly what it sounds like: taking an actual photo of an exoplanet.

How It Works

Astronomers use special instruments to block out a star's overwhelming glare, using a device called a
coronagraph, essentially a tiny artificial eclipse-maker, so the much fainter light of an orbiting planet can
be captured separately.

Why It's So Hard

Remember our firefly-next-to-a-lighthouse problem? Direct imaging tries to solve it head-on, rather than
sidestepping it with indirect clues. That makes it incredibly difficult, but not impossible.

Advantages

e Provides an actual image of the planet.

e Can reveal information about the planet's atmosphere through spectroscopy.

o Works best for young, hot, large planets that are far from their stars, since they glow more in infrared
light and are easier to separate visually from the star.

Limitations
e Only practical for a small subset of planets — usually big, young, and far from their star.
e Extremely expensive and technically demanding.

e Can't detect small, rocky, Earth-like planets close to their stars with current technology.
# NASA MISSION HIGHLIGHT

Instruments aboard the James Webb Space Telescope have captured direct images of certain
exoplanets, along with detailed spectra of their atmospheres, letting scientists analyze the actual
chemical makeup of alien skies.

© IMAGINE THIS...

Imagine trying to photograph a candle flame sitting one millimeter away from a stadium floodlight,
from across an entire city. That's roughly the imaging challenge astronomers face, and yet, with clever
engineering, they've pulled it off for a growing number of worlds.



CHAPTER 9 - Detection Method No. 4

Gravitational Microlensing — Borrowing
Einstein's Physics

Time for the method that sounds like science fiction but is very real: Gravitational Microlensing.

How It Works

Albert Einstein's theory of general relativity predicts that massive objects bend space itself, and light
traveling near them bends along with it. This means a star, along with its planets, can act like a natural
magnifying lens if it happens to pass directly in front of a more distant background star, from our point of
view. As the closer star, called the lens, drifts in front of the farther star, called the source, its gravity bends
and magnifies the background star's light, causing it to brighten temporarily. If the lensing star has a
planet, that planet adds its own smaller, extra blip to the brightening pattern.

POLLY EXPLAINS

Okay, this one sounds wild, but stick with me. Imagine looking at a candle behind a
glass marble. The marble bends the candle's light in a way that makes it look
brighter or distorted for a moment. In space, entire stars can act like that marble,
bending and magnifying the light of a much more distant star behind them, because

gravity literally bends space! If the closer star has a planet tagging along, that
planet adds a tiny extra flicker to the magnification pattern. It's less "watching a
shadow" and more "watching a cosmic magnifying glass" pass by.

Advantages
e Can detect planets at enormous distances, even in other parts of our galaxy.

e Sensitive to smaller, more distant planets that other methods struggle with, including "rogue" planets
that don't orbit any star at all.

Limitations

e Each microlensing event is a one-time, unrepeatable occurrence — you can't go back and observe it
again.

e Requires precise timing and a lot of luck, since the alignment needed is rare.

e Hard to get follow-up data to confirm details about the planet afterward.
4+ DID YOU KNOW?

Microlensing is one of the few methods that can detect "rogue planets”" — worlds that drift through the
galaxy without orbiting any star at all, essentially wandering in permanent darkness.



CHAPTER 10 - Detection Method No. 5

Astrometry — Measuring the Tiniest Wiggles

Astrometry is one of the oldest ideas in exoplanet hunting, and one of the hardest to actually pull off
with precision.

How It Works

Instead of measuring a star's brightness (transit method) or the shift in its light (radial velocity), astrometry
measures a star's precise position in the sky over time. Remember that wobble from the last chapter?
Astrometry tries to directly observe that wobble as a tiny, repeating side-to-side motion in the star's
position, rather than inferring it from light shifts.

Why It's Difficult

The amount a star visibly "wiggles" due to an orbiting planet is almost immeasurably small from our
vantage point — we're talking about angles smaller than the width of a human hair seen from kilometers
away. It requires extraordinarily precise, long-term measurements.

Advantages

e Can determine a planet's true mass and full orbital shape, without the ambiguities that radial velocity
has.

o  Works well for planets far from their stars, which other methods often miss.

Limitations
o Requires extremely long observation periods, years to decades, and extremely precise instruments.

e Has historically found far fewer confirmed exoplanets than transit or radial velocity methods, though
this is improving.

# NASA MISSION HIGHLIGHT

The European Space Agency's Gaia mission has been mapping the precise positions of over a billion
stars, and its data is expected to reveal many new exoplanets through astrometric wobbles in the
coming years.



CHAPTER 11 - Detection Method No. 6

Timing Variations — When Clocks Reveal
$ecrets

Our final detection method is a clever one: Timing Variations.

How It Works

Some cosmic objects behave like extremely precise natural clocks — pulsars, rapidly spinning dead stars
that emit regular pulses of radiation, or transiting planets with very predictable orbital periods. If an
unseen planet is gravitationally tugging on that "clock," it causes tiny, measurable variations in the timing
of its pulses or transits.

Why It Works

Gravity from an additional, unseen planet slightly speeds up or slows down the orbit or rotation of the
object we're timing. By carefully tracking these timing shifts, astronomers can infer the presence, mass, and
orbit of an otherwise invisible planet.

Advantages

e Extraordinarily precise — pulsar timing led to the discovery of the very first confirmed exoplanets in
1992, three years before 51 Pegasi b.

e Can reveadl planets in multi-planet systems that gravitationally tug on each other, even without directly
observing every planet.

Limitations
e Requires a very precise "clock" to begin with, so it's not broadly applicable to every star.

e Inferpreting the timing variations to determine exact planet properties can be mathematically
complex.

4+ DID YOU KNOW?

The very first exoplanets ever confirmed weren't found around a normal star at all — they were found
orbiting a pulsar, the crushed remnant of a star that exploded as a supernova. Somehow, planets
survived, or possibly re-formed, in that violent aftermath.



RQuick Recap: The Detective'’'s Toolkit

Transit Dips in starlight Planet size, many planets at once
Radial Velocity Shifts in starlight (Doppler) Planet mass, close-in planets

Direct Imaging Actual light from the planet Large, young, distant planets
Microlensing Gravitational light bending Distant or rogue planets
Astrometry Star's position wobble Long-period, distant planets
Timing Variations Changes in precise timing Pulsar planets, multi-planet systems

No single method tells the whole story. Astronomers often combine several methods to build a fuller picture
of a distant world — its size, mass, orbit, and sometimes even its atmosphere.



CHAPTER 12 - Hall of Fame

A Few Famous Exoplanets Worth Knowing

With thousands of confirmed exoplanets, a handful have become genuine celebrities in the astronomy
world. Here are some worth remembering.

51 Pegasi b — The Trailblazer

The first exoplanet ever confirmed around a Sun-like star. A scorching gas giant orbiting incredibly close to
its star, it kicked off the entire modern era of exoplanet science in 1995.

Kepler-186f — The Earth-Sized Cousin

One of the first roughly Earth-sized planets discovered orbiting within its star's habitable zone, orbiting a
small red dwarf star. It became a symbol of hope that Earth-like worlds might be common.

TRAPPIST-1 System — The Crowded House

Seven roughly Earth-sized planets orbiting one small, cool star, several within or near the habitable zone. It
remains one of the richest systems for studying multiple potentially rocky worlds at once.

HD 209458 b — The First Transiting Planet

The first exoplanet ever observed transiting its star, confirmed in 1999. It proved the transit method
actually worked in practice, opening the door for missions like Kepler.

PSR B1257+12 System — The Pulsar Pioneers

The first confirmed exoplanets of all, discovered in 1992 orbiting a pulsar through timing variations,
proving that planets could exist in the most extreme environments imaginable.

N. TINY ACTIVITY

Pick one of these five worlds and imagine writing a single postcard from its surface. What would the
sky look like2 How many suns, if any, would be rising? There's no wrong answer — that's the fun part.



CHAPTER 13 - The Data Deluge

Houston, We Have Too Much Data

Here's a problem nobody expected: once we got good at collecting data, we got buried in it.

The Kepler Space Telescope alone monitored over 150,000 stars, generating a fine-grained brightness
measurement for each one, repeatedly, over its multi-year mission. That's not thousands of data points —
that's millions upon millions of individual brightness readings, all needing careful analysis to spot potential
transits.

Why Humans Can't Manually Check Everything

Imagine being handed 150,000 slightly different, extremely long, extremely noisy graphs and being told,
"somewhere in here are some very faint, very rare, repeating dips — go find them." Now imagine doing
that for years, without getting tired, distracted, or making mistakes. Human astronomers are incredibly
good at pattern recognition, arguably some of the best pattern-spotters in nature. But even the most
dedicated team can't manually scan millions of data points without missing things, misjudging noise as a
signal, or simply running out of hours in the day.

POLLY EXPLAINS

Imagine you had to check a hundred thousand receipts to find the one with a
typo. A person could do it, eventually, but they'd get tired, bored, and
probably miss a few. A computer, on the other hand, doesn't get tired. It can
check every single receipt, the same careful way, every single time, incredibly

fast. That's basically why astronomers turned to computers — not because
computers are "smarter" than scientists, but because they're relentless, consistent,
and really good at handling huge amounts of repetitive checking.

Enter: Pattern Recognition
This is exactly the kind of problem computers are great at, especially a particular kind of computing called
machine learning, which we're about to dive into.

? MINI QUIZ

True or false: Kepler's biggest challenge wasn't collecting data, it was analyzing all of it. If you said
true, you've basically just summarized this entire chapter.



CHAPTER 14 - Enter the Machines

Machine Learning, In Plain English

Let's demystify a term that gets thrown around a lot: Machine Learning, or ML for short.

What Is Machine Learning. Really?
At its core, machine learning is a way of teaching a computer to recognize patterns by showing it lots of
examples, rather than explicitly programming every single rule by hand.

POLLY EXPLAINS

Imagine teaching a little kid to recognize dogs. You wouldn't hand them a
rulebook saying "four legs, fur, a tail, barks sometimes." Instead, you'd just show
them a bunch of pictures of dogs — big dogs, small dogs, fluffy dogs, weird-
looking dogs — and say "this is a dog" each time. Eventually, the kid starts
recognizing dogs on their own, even ones they've never seen before, because

they've learned the pattern of what a dog looks like. Machine learning works kind
of like that, except instead of a kid, it's a computer program, and instead of dog
pictures, it might be looking at thousands of star brightness graphs, learning what
a "planet signal" tends to look like.

Classification: Sorting Things Into Buckets
One common machine learning task is classification, sorting things into categories. In exoplanet science, this
often means classifying a signal as:

e A likely planet candidate.

o A false positive — something that looks like a planet signal but isn't, maybe a starspot, an eclipsing
binary star system, or plain instrument noise.

e Not enough information to decide either way.

Training a machine learning model to do this involves showing it thousands of previously confirmed

examples, both real planets and known false positives, so it can learn the subtle statistical differences

between them.

X COMMON MISCONCEPTION

"Machine learning means the computer understands planets the way a person does." In reality, the
computer isn't thinking or understanding in a human sense — it's finding statistical patterns in numbers.
It's powerful, but it's pattern-matching, not comprehension. That distinction matters a lot for the next
chapter.

4+ DID YOU KNOW?

Machine learning models trained on Kepler data have been used to re-examine old datasets and
discover exoplanets that human researchers initially overlooked, proving that sometimes a fresh set of
"eyes," even artificial ones, catches what tired human eyes miss.



CHAPTER 15 - Trust, but Verify

The Black Box Problem

Here's where things get philosophically interesting.

Imagine a machine learning model looks at a star's data and says, "I'm 92% confident this is a real
planet." Great! But then someone asks: "Why2 What made you say that2" If the model can't answer that
question, if it's just a mysterious "black box" spitting out a number, that's a problem. Real science demands
reasoning, not just conclusions.

POLLY EXPLAINS

Imagine a friend tells you, "Trust me, that mushroom is safe to eat." Would you eat it
just because they said so, with zero explanation? Probably not! You'd want to know
why — is it a specific color, shape, smell, does it match a field guide? Science works

the same way. If an Al says "this is a planet" but can't explain why, scientists shouldn't
just blindly trust it. A "black box" Al is one that gives answers without showing its
reasoning, and in science, unexplained answers aren't good enough.

Enter: Explainable AI (XAI)

Explainable Al, often shortened to XAl, refers to machine learning systems specifically designed so that
humans can understand why they made a particular decision, not just what the decision was. Instead of just
saying "planet: 92% confidence," an explainable Al system might say something like: "This signal shows a
highly regular, repeating dip in brightness, consistent in depth and duration across multiple orbits, with a
shape matching known planetary transits rather than stellar activity."

Why Transparency Matters in Science

e Trust: scientists and students are far more likely to trust and act on a result they can understand and
verify.

o Error-checking: if a model's reasoning is visible, mistakes and biases are much easier to catch.

o Learning: explainable systems don't just give answers, they can teach the humans using them, which is
especially valuable for students and newcomers to the field.

e Scientific rigor: astronomy, like all science, depends on being able to justify conclusions with evidence,
not just trust an unexplainable output.



A MYTH VS. FACT

Myth: Al in science is meant to replace scientists.

Fact: Al in astronomy is generally used as a tool to assist researchers, helping sort through overwhelming
amounts of data faster, while humans still verify, interpret, and make final scientific judgments.

© IMAGINE THIS...

Imagine two students turn in identical answers to a hard physics problem. One just writes "42." The other
writes "42, because | applied conservation of energy, calculated the initial potential energy, and
converted it fully to kinetic energy at the bottom of the slope." Which student do you trust more, and
which one actually helped you learn something? That's the entire philosophy behind explainable Al in a
nutshell.




CHAPTER 16 - Where This Journey Leads

Meet hAsteria

Everything you've just learned — the detection methods, the flood of data, the need for machine
learning, and the importance of explainability — comes together in a project close to our hearts:
kAsteria.

What Is kAsteria?

kAsteria is an Explainable Al platform designed to assist astronomers and students in identifying
promising exoplanet candidates from astronomical datasets.

Rather than simply spitting out a "yes" or "no," kAsteria is built around a simple but important idea: an Al
prediction is only as useful as the reasoning behind it.

What kAsteria Actually Does

kAsteria works with Kepler-style datasets, the kind of brightness measurements and orbital characteristics
astronomers use to hunt for transiting planets, and:

e Analyzes these datasets using trained machine learning models.

e Predicts which signals are the most promising exoplanet candidates.

e Explains why each prediction was made, rather than leaving the reasoning hidden.

e Visualizes feature importance, showing which specific measurements, like transit depth, orbital period,
or signal-to-noise ratio, mattered most in a given prediction.

® Provides confidence scores, so users understand how certain, or uncertain, a given prediction is.

e  Generates human-readable explanations, translating complex statistical outputs into language a
curious student, not just a specialist, can actually understand.

Why This Matters

For a beginner, Al can often feel like magic, mysterious, intimidating, and impossible to question. kAsteria
was built to push back against that feeling. Instead of treating Al as an unquestionable black box, kAsteria
is designed to help users understand the Al's decisions, building both scientific literacy and trust in the
process.

POLLY EXPLAINS

A lot of Al tools just tell you an answer and expect you to nod along. kAsteria is
more like a patient tutor. It doesn't just say "hey, this might be a planet!" — it
shows you why it thinks that, points out which clues mattered most, and tells you

how confident it really is. It's less "trust the robot" and more "let's figure this out
together."

An Educational and Research-Focused Tool

It's important to be clear about what kAsteria is, and isn't. kAsteria is an assistive tool, designed to support
the process of identifying promising exoplanet candidates and to help students and enthusiasts understand
how Al-driven astronomy actually works. It does not replace the rigorous verification, follow-up
observation, and expert judgment that real astronomers apply before a candidate becomes a confirmed



exoplanet. Think of it less like a final verdict, and more like a very sharp, very patient research assistant,
one that shows its work.

By combining real datasets, genuine machine learning techniques, and a strong commitment to
explainability, kAsteria tries to do two things at once: help identify interesting signals in astronomical data,
and help the humans using it actually understand the "why" behind every prediction, turning a black box
into a glass box.

8 RESEARCH SPOTLIGHT

Projects like kAsteria sit at the intersection of two big trends in modern science: the explosion of publicly
available astronomical data, thanks to missions like Kepler, TESS, and Gaia, and the growing demand
for Al systems that are transparent and trustworthy rather than opaque. That intersection is exactly
where the next generation of astronomers, maybe including you, will do some of their most exciting
work.




CHAPTER 17 - Your Turn

$o, You Want to Be an Exoplanet Hunter?

If this book has sparked something in you, here's the good news: you don't need a giant space
telescope to start exploring.

Real Data You Can Explore Yourself

Space agencies openly publish enormous amounts of the same data professional astronomers use. Archives
of Kepler and TESS mission data, catalogs of confirmed exoplanets, and light curves for thousands of stars
are all publicly accessible. Curious students regularly use this same public data to practice the very same
detective work described in this book.

Skills Worth Building

e  Curiosity and careful observation — the single most important trait of any good scientist.
e Basic statistics and data literacy — understanding what a "pattern” versus "noise" really means.
e A little programming — languages like Python are widely used across astronomy and data science.

® An appetite for asking "why," not just "what" — the same instinct we hope this book helped nurture.

Career Paths Worth Knowing About

The search for exoplanets isn't just for astronomers with telescopes. It draws on physicists, data scientists,
software engineers, statisticians, and machine learning researchers, all working together. If you love space
but aren't sure a traditional astronomy career is your path, there's likely a seat waiting for you somewhere
in this field anyway.

N. TINY ACTIVITY

Tonight, try a tiny experiment: find a flashlight and a small object like a marble. Shine the flashlight
steadily at a wall from a fixed distance, and pass the marble slowly in front of the beam. Notice how
the light on the wall dims, however slightly, as the marble crosses. Congratulations — you just simulated
a miniature transit.



Closing Page: Keep Looking Up

We started this book with three friends arguing in a group chat about how anyone could possibly find a
planet ftrillions of kilometers away. By now, you know the answer: not by looking harder, but by looking
smarter, for shadows, wobbles, bent light, wiggles, and ticking clocks, and now, increasingly, with the help
of Al that can explain its own reasoning.

Every method in this book, transits, radial velocity, direct imaging, microlensing, astrometry, timing
variations, represents decades of human ingenuity, patience, and stubborn curiosity. And every one of
those thousands of confirmed exoplanets started the exact same way: as a tiny, easy-to-miss signal, buried
in noise, waiting for someone curious enough to notice it.

"Every world begins as a tiny signal hidden among the stars."

Whether you go on to study astrophysics, computer science, data science, or something entirely different,
we hope this book leaves you with one thing above all: the confidence that big, intimidating questions
about the universe are still worth asking, and are more approachable than they first appear.

Made with curiosity by Team kAsteria
Avuthors
Aditya Mohapatra * Vishwaijith S.

"Helping students understand the universe, one exoplanet at a time."

POLLY EXPLAINS

That's a wrap, star-searchers! Before you close this book, do me one favor —
tonight, if the sky's clear, step outside and just... look up. Somewhere up there,
hidden in that ordinary-looking starlight, there's a signal nobody has found yet.

Maybe one day, it'll be you who finds it. The next world might still be waiting to
be discovered. ﬂ



