EL REINO DE LO INVISIBLE - EPISODE 4

Dark Matter: The Invisible Glue Keeping
Galaxies from Flying Apart

Picture this! It's 1933, and young Swiss astrophysicist Fritz Zwicky is peering at the Coma Cluster

through his telescope at Mount Wilson, California. Suddenly, his calculations don't add up. The galaxies
are zooming at insane speeds, like Formula 1 cars on an ice rink. By normal star and gas gravity, they
should scatter like confetti in the wind. But no: they orbit in harmony, glued by something invisible. Zwicky

dubs it 'dark matter.' Boom! The mystery that would revolutionize astronomy.

Fast-forward to the 1970s. Vera Rubin, a sharp-eyed American astronomer, trains her spectrograph on
Andromeda, our neighbor galaxy. She measures star speeds in its spiral arms. Result? Outer stars
cruise at the same speed as central ones, as if a ghostly force boosts them. With just visible matter
—stars, planets, dust— galaxies would unravel like a poorly assembled puzzle. But they hold together.
Rubin concludes: there's 'invisible glue' six times more abundant than what we see.

e Coma Cluster:1000 galaxies bound by an invisible web Zwicky spotted 90 years ago.
* Andromeda:Rotation curves measured by Rubin show flat speeds to the edges.

» Bullet Cluster:In 2006, Chandra telescope catches this galactic smash-up where hot gas separates

from invisible mass, like scrambled eggs without the yolk.
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This dark matter doesn't shine, emits no light or heat. It only feels and exerts gravity. It's like the gelatin
skeleton holding a cosmic Jenga tower. Without it, the visible universe would collapse into bits. Entire
galaxies, massive clusters... all propped by this ghostly web. But what the heck is it? Why can't we see
it? How does it keep this galactic circus from flying apart? Hold on, the scientific explanation will blow

your mind...

The Gravity We Can't See: The Detailed Discovery

Picking up where we left off: that invisible web holding the universe together. Let's break it down step by
step, like assembling a giant puzzle with gravity and motion pieces. Start with basics: gravity as a giant
magnet. Visible matter —stars, gas, planets— creates gravity we see acting. But in galaxies, it falls short.

Like dough balls on a spinning pizza: outer ones should fly off by centrifugal force. But they don't!

Rotation Curves: The Smoking Gun

Vera Rubin, in 1978, published inAstrophysical Journal. Using Kitt Peak telescope, she measured
Doppler shifts —light 'stretching’ from motion— for hundreds of stars in a dozen spiral galaxies. Rotation
curves were flat: 200 km/s constant to edges. Newton predicted 1/r drop-off. Analogy: a carousel where
outer horses match inner speeds, held by invisible strings. That's dark matter, providing 85-90% galactic

mass.

Zwicky and Coma Cluster: The Origin
In 1933, Zwicky calculated velocity dispersion in Coma using Virial theorem —equating speeds to total
mass, like spring vibration strength. Found 400x visible masses. 'Dunkle Materie.' In 1974, telescopes

confirmed 1000 km/s speeds, needing 10”15 invisible solar masses.

Bullet Cluster: The Clearest 'Photo’

In 2006, Maxim Markevitch's team analyzed Chandra X-ray and Hubble data. In a 3.7 million km/h
cluster collision, hot gas (visible matter, via X-rays) slowed by friction, arcing. But gravity —-mapped by
gravitational lensing, light distortion like a funhouse mirror— stayed with separated masses. Dark matter

ghosted through! Like spirits in a blizzard. Published inAstrophysical Journal Letters, it's proof positive.

What Is Dark Matter? Candidates and Hunts
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No electromagnetic interaction, only gravity. Options:

* WIMPs (Weakly Interacting Massive Particles):Hypothetical, 100x proton mass. LUX-ZEPLIN

(2022) in South Dakota seeks collisions in ultra-pure xenon crystals. Nada yet.

* Axions:Light particles, quantum ghosts. ADMX (2010-present) uses magnets to convert to de-

tectable microwaves.
* MACHOs:Compact objects (brown dwarfs), ruled out by LMC microlensing (1990s, OGLE).

In 2019, ESA's Gaia mapped 1.7 billion Milky Way stars, confirming spherical dark matter halo around

us.

Cosmic Evidence: Cosmic Microwave Background
Planck satellite (2013) measured CMB anisotropies —Big Bang 'echo’ at 380,000 years. Dark matter

density 0.26 of critical universe, vs. 0.05 baryonic. Like pond ripples seeding future galaxies.

The Cosmic Web: Universe's Scaffold
lllustrisTNG simulations (2018, MIT/Harvard) show dark matter filaments pulling gas to form galaxies,
like leaf veins. No it, no large-scale structure. In 2023, JWST saw early massive galaxies (300M years

post-Big Bang), needing dark matter for quick coalescence.

Final reflection: Dark matter is the cosmos' humble glue, unseen but vital. Reminds us the unseen
shapes reality, like wind rustling leaves unseen. What if we detect it tomorrow? Universe rewritten. See

you next episode on its dark cousin: dark energy!
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