Sense of Place Night Sky Tour for Bears Ears Course: Cris White, Earth to Sky
Theme: While standing here on Earth, we are the living, breathing universe.

Goal 1: To introduce the life and death of stars
Objective 1.1: By the end of the sky tour, participants will see examples in the night sky of the stellar lifecycle and be able to share examples and explain the lifecycle to another.
Objective 1.2: By the end of the sky tour, participants will be able to state that low mass stars and high mass stars have a very different death.

Objective 1.3: By the end of the sky tour, participants will be able to state that in the explosions of high mass stars, the collision of massive stars, and the merger of black holes, heavier elements are created.

Goal 2: To bring the universe back to Earth
Objective 2.1: By the end of the presentation, participants will be able to connect the landscape around them with elements created in the death of stars.

Objective 2.2: By the end of the presentation, participants will be able to explain the hydrogen found within their bodies is an ancient connection to several past supernovae.

Program Outline

Intro:

When I think of the night sky above me, I cannot help but feel connected to the vast universe I am viewing. Within the myriad stars lies a story of birth, life, death, and renewal. Let’s investigate deeper into this cosmic story of life.
Point 1: 

All throughout space are clouds of gas and dust called nebulae. Some of these clouds contain dust and hydrogen gas gathering into clusters of protostars. 
(show the Lagoon or Trifid nebula) 
The Lagoon nebula is just such a dust cloud, full of hot protostars forming into new stars. Once the core of a newly forming star has enough mass and heat, nuclear fusion will begin within its core, and a true star is born. 
(show Vega)

Vega, visible near our zenith tonight, is a young star of an estimated 455-600 million years old and about 2.1 times the mass of our Sun. Its bright blue-white light indicates the abundance of hydrogen in its core fusing into helium, increasing the heat and pressure within the star. As long as the balance between nuclear fusion pushing outward and gravity pulling inward remains stable, the star will shine steadily for billions of years.
Toward the end of Vega’s long life, the star will eventually exhaust its hydrogen fuel. Without sufficient mass to trigger a supernova, Vega will swell into a red giant, then shed its outer layers more gently over time. These expelled gases will form a glowing shell around the hot core, creating what we call a planetary nebula, while the core becomes a white dwarf. 
(show the Ring nebula)

The Ring Nebula is a beautiful example of a planetary nebula. Its gases are expanding outward at approximately 45,000-67,000 mph from the white dwarf core at its center. The original star lacked sufficient mass to produce elements heavier than oxygen through fusion. Leaving the white dwarf core to slowly cool over billions of years, eventually fading to a cold, dark cinder. 
Our own Sun will follow a similar path. In about 5 billion years, it too will become a red giant, then shed its outer layers to form a planetary nebula, leaving behind a white dwarf core.
(show Deneb)

One of the other stars in the Summer Triangle is Deneb, a blue-white supergiant. Deneb is about 19-20 times the mass of our Sun, which means it will follow a very different evolutionary path. If Deneb replaced our Sun, its outer edge would extend well beyond Earth’s orbit, possibly reaching Mars or even the asteroid belt. 
The end of Deneb’s will be far more dramatic than Vega’s. The stars core will continue fusing heavier elements (helium into carbon, carbon into oxygen, and so on) until it produces iron. Iron fusion is endothermic, meaning it absorbs energy rather than releasing it. This breaks the delicate balance between fusion pressure and gravitational collapse. Without fusion to support it, the core implodes catastrophically, then rebounds in a spectacular supernova explosion. The blast wave carries gases and dust outward at tremendous speeds, colliding with surrounding material and creating elements heavier than iron through the intense energy of the explosion. 
(show Veil nebula)

The Veil nebula, located in the constellation Cygnus the Swan, is a supernova remnant, the expanding debris from a massive star that exploded thousands of years ago. The gases and dust glow as they are energized by nearby stars and by the shock waves still moving through the material. 
But what happened to the core of that star after the supernova? The immense gravitational pressure during the collapse compresses the core into an incredibly dense object. For a star of Deneb’s mass, the core likely becomes a neutron star, an object so dense that a teaspoon of its material would weigh as much as a mountain on Earth. For even more massive stars, the core collapses completely into a black hole, where gravity is so strong that not even light can escape.

And here’s where the cycle completes itself: the enriched gases from the super, now containing carbon, oxygen, iron, and heavier elements, mix with existing clouds of dust. These enriched nebulae eventually collapse under gravity to form new stars and planets. Each generation of stars build upon the previous one, creating heavier and heavier elements.
The nebulae we see forming stars today, like the Lagoon Nebula we looked at earlier, contain the ashes of stars that died billions of years ago. The cycle continues: birth, life, death, and renewal over and over again across cosmic time.

(share elements by origin chart)
In the hearts of dying stars, the elements that make up our world are forged. The carbon in our cells, the oxygen we breathe, the iron in our blood and the sandstone all around us were created in stellar furnaces and scattered across space by stellar winds and supernova explosions. 
We are, quite literally, made of stardust. When we look up at the night sky, we are not just observing distant objects, we are witnessing our own cosmic origins and the ongoing story of creation that connects us all to the stars.
