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WHEN WAS STARDUST CREATED?
WHEN WAS STARDUST CREATED?
(As Told by Jackson)
My sister Johari and I teamed up with the Cosmic Kids to find out when
and how stardust was created in our Universe. I set up a Zoom meeting
to share ideas about the question of when.
“So,” I said, “here is what I know about the history of our Universe.
It started with the Big Bang, 13.8 billion years ago. Sometime between
then and now, stardust was created.”
“That’s not much information,” commented Johari. “let’s use the
Cosmic Egg to find out more about the Big Bang.”
We all logged on, Johari and I from California and the cosmic kids
from Connecticut.
“Let’s visit Georges Lemaître,” said VC. “My computer search says
that he came up with the Big Bang idea.”
We all agreed, and the Cosmic Egg Guide informed us that we be
going to the Catholic University of Leuven, Belgium, where Dr. Lemaître
was a professor of physics in 1932.
A big surprise came when we teleported to the Leuven campus.
“Wow, look!” I yelled, “that’s Albert Einstein.”
“You’re right!” said VC. “And I think he’s talking to Professor Lemaître!”
“Professor Lemaître must be really important if Einstein is kicking it with him!” added Milo.
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Since we didn’t want to interrupt their meeting, we waited until the two scientists were
done talking. Professor Lemaître went into the building, while Professor Einstein stayed to walk on
the path outside. Neddy wanted to talk to Professor Einstein, but we had work to do. We pulled
her away and went into the building. We found Professor Lemaître in his classroom working at the
blackboard. VC had to do the talking since she was the only one of us who could speak French.
“Bonjour,” VC said, introducing the team. “Je m’appelle VC, et eux sont Neddy, Milo, Johari,
Jackson, et Lizzy. Comment allez-vous?”
“Je vail bien, merci,” responded Lemaître, “et comment allez-vous?”
Since the whole conversation was in French, VC summarized it for us: “Professor Lemaître is
a mathematician and astronomer, so he was very interested in Einstein’s work. He was doing
calculations using Einstein’s General Theory of Relativity without using the Cosmological Constant.
That was a term Einstein invented to force his theory to make the universe static or standing still.
That was believed to be true at the time. But Lemaître realized that the universe could actually be
expanding. Lemaître believed that ‘all the stars were moving away from us and from each other.’”
He showed us a diagram and VC translated Lemaître’s explanation. “If we think about the
distance between stars, at some
time in the past, they were a
certain distance apart like the
diagram on the left. But
Einstein’s General Relativity
equation shows that as time
goes on, the distances apart
grow bigger, like the diagram
on the right. If all the stars were
moving away from each other, then as some point in time, they must have been closer together.
Before that point, they must have been even closer together. I went back further and further in
time until I calculated that at 14 billion years ago all the material in the universe had to be crunched
together into one tiny mass.”
“I called it the hypothesis of the ‘Cosmic Egg,’ But other scientists have called the explosion
that set all the mass flying out in all directions the Big Bang.”
We were all super impressed. No one knew what to say for a minute. The whole universe
was crunched up into a tiny ball, and then it basically exploded? And then all these stars and
planets and worlds formed, and everything just flew out in every direction? This was truly one of
the most amazing things we’d ever heard.
Finally, Neddy pulled herself together. She reminded VC to ask Professor Lemaître if atoms
like carbon were formed in the Big Bang —or if he knew anything about stardust.
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He didn’t, so we figured it was a good time to finish for the morning. VC said, “Au revoir,”
which is goodbye in French and we logged off.
We talked about the amazing things we’d just learned. “Is that how our atoms were
formed?” asked Milo. “Were they formed in the Big Bang?”
“Then we’d be made of Big Bang dust, not stardust,” Neddy said.
“What we need to do, is make a visit back to the Big Bang and find out,” I said.

........

After we had lunch, Lizzy, Milo, Neddy and I logged back on to the Cosmic Egg. My sister
and VC decided to watch us on the screen.
I set the time to minus 14 billion years and pressed GO. Back came the message Error 86 . . .
there is no data for that time period.
“I think you asked to go to a time before the universe started,” suggested Milo. “Move
forward and let’s see what happens.
At 13.8 billion years ago, lights flashed outside the Cosmic Egg flight deck windows.
Everything went totally dark.
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“This must be the Big Bang,” said Neddy. “I’ll measure the composition outside to see if
there are any atoms. Nope, no atoms. But the analyzer says that there are quarks and electrons.
“Oh yeah,” quarks” said Milo. “Those are the things that Stephen Hawking told me about.
Quarks are what protons and neutrons are made of. So of course, they must appear first. Cool.”
“And the temperature is very high,” said Lizzy. “It’s over a trillion degrees Celsius.”
“Move forward in time a little,” said Neddy, “and I will let you know when I see something
new.”
“I’ll move the time ahead 1 second,” I said.
“Oh, wow,” said Neddy, “That did it. The universe now is filled with protons and neutrons,
and some of them have combined. There are some proton and neutron pairs and even two
protons and two neutron combinations.
“That last combination is a helium nucleus and the proton/neutron pair is a heavy
hydrogen nucleus,” I said. They are combining by nuclear fusion.
“And,” said Lizzy, the temperature at one second after the Big Bang is way cooler. Now, it is
only 10 billion degrees Celsius.”
“Oh yeah, that’s way cooler,” said Milo. “I better get my heavy jacket.”
“Ha, Ha, very funny,” shot back Lizzy.
“Cool it guys, we have serious work to do,” I said. “I’ll move us to two seconds.”
“Not much change,” said Neddy.
“Cooler,” said Lizzy.
I kept moving the clock forward. Neddy reported that there were more combined protons
and neutrons. Lizzy reported that the temperature kept dropping.
At three minutes, Neddy told us the universe now had about 25% helium nuclei and about
75% helium nuclei. Lizzy reported that the temperature was now less than one billion degrees
Celsius. It was still dark outside.
I kept moving forward in time by little steps, finally reaching a full day.
“Still no change in composition,” said Neddy. “75% hydrogen nuclei and 25% helium
nuclei.”
Now I started moving in one-year jumps. Cooler temperature, but no change in
composition. Then, I moved in hundred-year jumps and then, thousand-year jumps. Same thing. I
continued moving forward.
“Nothing much is changing,” reported Neddy. There are still the same atom nuclei, but no
atoms.
Lizzy called out the temperatures as I went, “10 million degrees at month one, 1 million
degrees at a year, 20 thousand degrees at 10 thousand years, three thousand degrees at 300
thousand years
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At 400 thousand years after the Big Bang Neddy yelled, “stop, I see some atoms. There is
75% hydrogen and 25% helium. There is also a tiny amount of lithium and beryllium, but no
heavier atoms like carbon or oxygen. There are no atoms with an atomic number above 4.”
We went all the way to one million years after the big bang. Same result.
We had our first answer—no heavy atoms were formed in the Big Bang or even up to a
million years after it.

Neddy brought up the periodic table on the big screen computer monitor. It showed the
four elements that we had measured, but none of the rest of atoms in the table.
“So, we’re not Big Bang dust,” Lizzy pointed out. “This is really important. There’s no
stardust from the Big Bang. None of the heavier atoms that we’re made of were formed in the Big
Bang. Our hydrogen could have been from the Big Bang, but not our carbon, oxygen, or nitrogen.
The Stardust Mystery remains unsolved. When did the heavier atoms appear?”
Lizzy created a computer image to show what we know about the atoms from the Big Bang
and the atoms 13.8 billion years later. She put question marks for the time in the middle.
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“Well,” I answered, “there is one way to find out. Let’s keep moving forward in time.” And
that is what we did.
We saw that for a million years after the Big Bang there were just hot gasses of hydrogen
and helium. We wanted to see what the gas looked like. Using the size change function of the
Cosmic Egg we reduced our size to the size of our atoms. The function shrunk us to about 150
million times smaller than our normal size! That’s when we could see hydrogen and helium atoms
buzzing around. If I hadn’t known better, I would say that those atoms each looked like tiny planets
with electron moons circling them.

As we moved past 1 million years, the temperature continued to drop, but the atom
compositions and the dark view outside stayed the same.
We moved past 100 million years and it was still the same.
But as we got close to 150 million years, the universe started to get brighter with small
pinpoints of light.
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“OK, you guys,” said Neddy looking at the scene outside the window, “This is the star
factory. Stars are forming by gravity pulling together the hydrogen and helium gases. When there
is enough gas concentrated, the heavy hydrogen atoms fuse together, to create helium atoms and
a lot of energy in the form of light and heat. That’s how a star is born. The stars are the first light in
the universe, so this is called the Cosmic Dawn.”
Milo explained how Neddy knew so much about stars, “She did a lot of research on stars
for her science fair projects, so this is her thing.”
As we moved forward in time, more stars formed, but the gas concentration was still the
same Hydrogen/Helium mixture.
At 170 million years, Neddy screamed, “hey guys, we are starting to see some of our
heavier atoms, our stardust!”
Sure enough, the
universe was making
stardust. The further in
time we went, the higher
the concentrations.
Neddy brought
up the periodic table on
the big screen again, and
by 200 million years after
the Big Bang, we were
seeing atoms all the way up to molybdenum (Mo).
We continued to move forward in time. But it was not until five billion years after the Big
Bang that we started seeing any significant concentrations of the heaviest elements that would
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complete the periodic table. After another few billion years the periodic table started looking like it
does today. We continued our time travel by watching the sun and the Earth form. We completed
the journey at planet Earth in the present time.
Lizzy updated her time-line diagram by putting in the additional events we saw and
showed it to us.

“Hey guys,” said Johari, “look what VC and I have been working on while you guys have
been traveling forward in time. It’s a one-hour clock of the history of the universe. You can see it
on your big screen as a video.”

VC continued explaining as the video started and the clock ticked, “see, it starts with the Big
Bang at zero minutes and is going to go up to the present day at sixty minutes. The first stars form
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at just before one minute The first stardust atoms of carbon, oxygen, and nitrogen appear at just
before two minutes.”
“Oh, look,” said Neddy. “The heavier atoms start forming at four minutes. Then new stars
emerge, and old stars disappear. And now planets are starting to show up.”
“That’s interesting,” said Jackson. “A habitable Earth-like planet just appeared at thirty-three
minutes.”
“Here is something important,” said Lizzy. “The sun and our Earth just appeared at forty
minutes. That is two-thirds of the time between the Big Bang and now!”
“Wow,” said VC, “the first life on Earth, single-celled organisms, appears at forty-five
minutes.”
And then we waited until Neddy spotted the early dinosaurs. “And there is the asteroid that
killed them,” she said. “And it is just twenty seconds to go until the present.”
“And get this, said Johari. “Humans don’t become a part of the universe story until less than
one second before the present moment.”
“Actually,” said Neddy doing a quick calculation in her head, “If modern Homo Sapiens
appeared on Earth 200,000 years ago, that would be less than one-tenth of a second until now.”
“That seems weird,” said Milo. “Humanity is just a tiny blip on the clock.”
“When Jackson spotted that first planet,” said Lizzy, “something occurred to me. It took
fifteen minutes of the sixty-minute universe for life to develop intelligent creatures that could build
spaceships and send out radio messages. What about that habitable planet formed at thirty-three
minutes? It could have developed intelligent life at forty-eight minutes. Shouldn’t they have visited
us or sent a message by now?”
“Maybe they are way more intelligent and know enough to stay away from us,” suggested
Milo.
Everyone seemed to be thinking about a possible alien visit, but no one said anything.
Ok, guys,” I said, “we learned when stardust formed. Now we have to learn how it formed.
Let’s log off and figure out how to do it.
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GRANDPA’S EXTRA INFORMATION
Nuclear Fusion: Nuclear fusion happens when two atoms come together and form a new larger
atom. We can exist because nuclear fusion on our sun provides light and energy to our planet. On
the sun, the main nuclear fusion reaction takes place when one hydrogen atom that has one
proton and one neutron (2H, called deuterium or heavy hydrogen) bangs into another hydrogen
atom (3H, called tritium) that has one proton and two neutrons. In order to fuse, they must bang
into each other really hard, and that
requires a high temperature, like 15
million degrees C. They fuse into a
helium atom that has two protons and
two neutrons (4He) and the extra
neutron comes shooting out with lots
of energy. The energy is in units of
million electron volts or MeVs. All that
energy is what keeps the sun burning
bright.
Fusion of bigger atoms on our sun can form atoms like lithium with three protons and
beryllium with four protons and small amounts of bigger atoms. But large stars can form big atoms
in their core where the temperature is really hot. When a star uses all of its hydrogen, it either
becomes a white dwarf the size of Earth (like our sun would do), or if it is a big star, it collapses and
forms a supernova. And in that supernova, conditions are hot enough (100 billion degrees C) to
form atoms like iron. that have twenty-six protons, and even uranium (that has ninety-two
protons.)
Cosmological Constant: The solutions to Einstein’s General Relativity equations predicted that the
universe would be expanding or contracting. Think of a ball that you throw up in the air. It could be
going up or it could be going down, but it can’t stay still. But at the time Einstein was working on
his theory, everyone believed that the universe was static (or still). So, Einstein added a term to his
equations called the Cosmological Constant. It was an anti-gravity term to “hold back gravity” and
achieve a static universe. But Edwin Hubble’s measurements showed that the universe was
expanding, so then the Cosmological Constant could be removed. But wait a minute, cosmologists
have discovered that there is something called dark energy that is acting like antigravity in
accelerating the expansion of the universe. So now the Cosmological Constant is back in the
equations of General Relativity.
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The Big Bang: The planet Earth that we live on is sometimes called a Goldilocks planet. It is not too
hot. It is not too cold. It is just right as a home to support the lives of beings such as our own
species and millions of others. And our own species has been consistently fascinated with the
questions of where we live and how we got here.
More than two thousand years ago, humans looked at all the things in the sky and decided
that the universe consisted of the Earth at the center with the sun, moon, and stars all revolving
around the Earth. In the fifteenth and sixteenth centuries, Copernicus, and then Kepler and Galileo,
said that the universe has the sun as the center, and everything revolves around the sun. Then, in
the nineteenth century the picture changed to the sun and planets revolving around the center of
the Milky Way galaxy. In the early twentieth century, the work of Henrietta Leavitt and Edwin
Hubble showed that the Milky Way galaxy was only a small part of the universe, which has billions
more galaxies like the Milky Way. Additionally, Hubble’s measurements, and the predictions of
Alexander Friedmann’s and Georges Lemaître showed that the universe is expanding, with the
most distant stars moving away from us the fastest.
Based on the expansion of the universe, Lemaître made a bold prediction. He reasoned
that if you follow the universe back in time, it gets smaller. The further back in time you look, the
smaller it has to be. So, if the evolution of the universe were a movie showing its expansion, and
you played it backwards it would be contracting. The contraction of the universe would put the
universe in one tiny, super dense point about 14 billion years ago. Lemaître pictured the expansion
of the universe from that point as the hatching of “the Cosmic Egg exploding at the moment of the
creation”. Other scientists call this the Big Bang theory. Lemaître gave many lectures explaining his
theory. At Princeton UniversityAlbert Einstein was in attendance. It was reported that Einstein said,
“This is the most beautiful and satisfactory explanation of creation to which I have ever listened.”
How do we know that the Big Bang theory is correct? Well, scientists can calculate what
occurred as the universe expanded from that first point. They can make predictions about the
concentrations of elements in the universe and about the leftover radiation from the earliest times,
which can still be seen as the cosmic microwave background. They can predict the size of stars,
galaxies and galaxy clusters, and the rate of the universe’s expansion. Compared with these
observations, the Big Bang theory is very accurate.
When we look at all the things that have to be just right for the universe to evolve as it has,
and for us to be here on our Goldilocks planet, it could seem that we live in a Goldilocks universe
too. But we understand our Goldilocks planet as being the one that is just right in the millions of
other planets that aren’t just right. Living things may be on the ones that are just right, but not on
the others that aren’t. So, is our Goldilocks planet and universe just the one that is right out of the
millions of other universes that aren’t just right? Are there millions of other universes out there that
aren’t just right? So, just like we found the Earth, then the sun, and then the Milky Way galaxy were
only a small part of the universe, maybe the universe that evolved from our Big Bang is only a small
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part of the multiverse. Or was there a creator of the Goldilocks universe that chose the conditions
to be just right?
Atomic Number: Every atom is given an atomic number. It is the number of charged particles,
either protons in the nucleus or electrons surrounding the nucleus. Atomic numbers go from 1 for
hydrogen to 92 for uranium which is the largest naturally occurring element. Some man-made
elements have higher atomic numbers.
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