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An Introduction to the
Universe...1n tPe 60 minutes

Hold on



Why Astronomy? i




Embrace your




To Understand the Universe

What is this spirally thing?

What caused that star to explode?
.




To Understand the Universe

How old is the Earth? Q

How did the Earth form?

Why does the Moon look different than the Earth?







What is ourplace in the Universe? . . @

What' s ouF Qrigin story?
~_ What is the struicture, Composmon and. " -
~ evolution of the Universe? o

Are we.alone?
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When you ask protound questions,
you reach for the stars, and do
amazing things
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What is our-place in the Universe? . ' @

What' s ou-r Qrigin°sto'ry? . . :
~_ What is the structur.e combosmén L i :
~ evolution of the Universe?
Are w.e.alo'ne?, j
L 2 0" - A §tc_>ry of h.u.mility ' 2




Your Place In the
Universe




Ptolemaic: Geocentric Model

Bartolomeu Velho 1568



Copernican Universe (1543)



. ______________________________________________________________________________________________________________________________________
Hubble Ultra Deep Field - Infrared HST « WFC3/IR
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Your Place In the
Universe

Vo Supercluster
L



What is ourplace in the Universe? .

What is our qrigin ‘story?
 What is the structure, composition, -
~ evolution of the Universe? g

Are we.alone? . ¢ - G S




Wha_t’ 1S Qur origin story?

o ¢ ™ /\
; R ,i / P«(*

e
/4 ey &
Origin of the elements? &
Origin of Planets?
Origin of Stars?
Origin of Galaxies”




What 1S Qur or1g1n story?
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Origin of the-elemenis? 9§
Origin of Planets?
Origin of Stars?
Origin of Galaxies”
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- Qassiopela A Supernova Remnant
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Cassiopeia A Supernova Remnant




Luna’s

What 1s eur origin story?
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Supernovae Stellar Explosmns

SN 1987A R bW T
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Light = Entire Galaxy of Stars
Blast Energy = 100 x Light
Neutrino energy = 100 x Blast Energy
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Credit: Hubble Space Telescope SN 1994D



Herald the Birth of
Neutron Stars & Black Holes

Crab.N ebula. .




- Imgger Further
- Star Formation




Influence Galactic Dynamics

Cigar Galaxy: Hubble



Nucleosynthesis

e Periodic Table of the Elements
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Luna’s

What 1s eur origin story?







Luna 1s here




LLuna orbits this star



Luna’s

What 1s eur origin story?




Origin ot the elements?

GROUP Periodic Table of the Elements

1A

| Sokds
| Liquids
1 Gasesn

[ Artificially Prepared

Bh Hs Mt UunfUuu

o [ ,Pt'i.‘%micf" B et s




Big Bang!



Big Bang!




Primordial

Abundance



...and LLuna’



Nuclear Fusion

T'’hink Legos!
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Nuclear Fusion

T'’hink Legos!




Nuclear Fusion

T'hink Legos!




Where does tusion

happen?



ElectroStatic Repulsion
Strong Force Attraction

(Really Hard)
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Hot & Dense
\ ¢ Environments
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A Fusion Reactor




A Fusion Reactor
Hydrogen to Helium




...and LLuna’



Even Harder




Well...more massive stars

keep going



1.6 billion kilometers

| About 10,000 km

Hydrogen-fusing shell
Helium-fusing shell
Carbon-fusing shell
Neon-fusing shell

Oxygen-fusing shell

Silicon-fusing shell

Central
regions of a
supergiant star

Iron core (no fusion)

Jupiter’s orbit



Elements need to come
out of stars
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::h'v ot " : ‘

« - ‘What causes exploston?
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1.6 billion kilometers

| About 10,000 km

Hydrogen-fusing shell
Helium-fusing shell
Carbon-fusing shell
Neon-fusing shell

Oxygen-fusing shell

Silicon-fusing shell

Central
regions of a
supergiant star

Iron core (no fusion)

Jupiter’s orbit



ke Core

1.4 Mass of Sun

e

1000s of kms



ke Core

1.4 Mass of Sun
Collapse 0.1s

e

1000s of kms
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10s of kms




Neutron Star

Denser than the
nucleus of an atom

—>

10s of kms




Neutron Star
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10s of kms




Core Stittens
L.aunches Blast Wave




Supernova




But wait!









We know that some

Periodic Table of the Elements

r 28 29 0 3 32 3 M 36 |

Co| Ni |Cu|Zn|Ga|Ge Aspgr\
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SRCA Periodic Table of the Elements
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Theory

Predict

Observe
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Neutrino Detector

UNDERGROUND
PARTICLE -
DETECTOR (upgrade) — — EXISTING
LABS
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Whatsis our Q'rigin story? - \ 5

Whatl.sthe stuclure, Composmon and e :
evolution of the’Unlverse’?
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Ptolemaic: Geocentric Model

Bartolomeu Velho 1568



Copernican Universe (1543)
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Hubble Ultra Deep Field - Infrared HST « WFC3/IR
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A story of humility.
How did we get there?



~Starts with a Question
What 1s that?

Andromeda Nebula



Look up...what do you see?

o

i.;:. 'ﬁé.“




Look up...what do you see?

All Sky Image, credit: Nick Risinger



Is this all there 1s to our
Universe?

All Sky Image, credit: Nick Risinger



What is th‘at?

- Andromeda Galaxy (Nebula)



How far away 1s that?

Andromeda Galaxy (Nebula)



Need a “Yard stick™




Standard Candle




Henrietta Swan lLeavitt




Standard Candle: Cepheid

Variables

o0 00 o™

*Cepheid-type stars pulsate
*\When bigger they are also brighter
Have a very regular period of pulsation

90



Standard Candle: Cepheid

Variables

Brightness vaniation of S Cephel
16 - 43 Magnitude

Time (Qap)

*Cepheid-type stars pulsate
*\When bigger they are also brighter
*Have a very regular period of pulsation

91



Luminosity (Le,, )

1,000

Standard Candle: Cepheid

Variables

Type | Cepheid Variables

*Period-Luminosity Relationship

*Brighter stars = longer period
pulsation (pulsate slower)

A L I8 | ] | | 8

1 10 » 100

92



How far away 1s that?

2.5 Million Light years-

Andromeda Galaxy (Nebula)



A Galaxy of Stars
- 1. 'Imnlhon Stars

Andromeda Galaxy (Nebula)



How much mass does that galaXy have?

Andromeda Galaxy (Nebula)



Light

Measuring Mass in Galaxies

Distance from galaxy center —»



Predicted density

Measuring Mass in Galaxies

If the mass in a spiral galaxy
were distributed like the light,
the density of matter in the
galaxy would look like this...
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Distance from galaxy center —»



Measuring Mass in Galaxies

GM

Uorbit = -



v (km/s)
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Solar System Rotatlica Curve

v = VGM/¥
-
T et MY
10 20 J0

Uorbit =

GM




Predicted velocity

Measuring Mass in Galaxies

B ...and we would predict
rotation velocities like this.

\.

~

J

Distance from galaxy center —»



Observed velocity

Measuring Mass in Galaxies

B But actual rotation
velocities look like this.

.
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Distance from galaxy center —»



Measuring Mass in Galaxies

ISTRIBUTION OF DARK MATTER IN NGC N9

balo




Measuring Mass in Galaxies

B3 ...and we would predict

Fory | rotation velocities like this.

&

Q [ ] [ ]

2 *The orbital motions of

B stars in galaxies is

g much higher than can

. | be explained by matter

Distance from galaxy center —» inferred from |Ight

> Extra matter that we

Q y

9 cant see.

> But actual rotation

§ velocities look like this.
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Dark Matter



Dark Matter

Normal luminous
matter galaxy

DEUMNEUCEIEUINN The [uminous galaxies we

see sit within larger, more
massive dark matter halos.

As much as 95% of the mass of a spiral galaxy is dark
matter.




- What is Dark Matter?

Andromeda Galaxy (Nebula)



A Galaxy of Stars
- 1. 'Imnlhon Stars

Andromeda Galaxy (Nebula)



You are here



You are here




(Galaxies are moving away

Hubble Diagram for Cepheids (flow~correcled;
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Hubble Telescope:
Key Project




What does this mean?

Hubble Telescope:
Key Project
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Hubble Diagram for Cepheids (flow~correcled;
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You are here




Are we at the center of the
Universe?



History cautions us to have
humility



\. Uniformly expanding
B \ Universe /




The Universe 1s Expanding

Hubble Diagram for Cepheids (flow~correcled;
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Hubble Telescope:
Key Project




B | Rewind

You are here




Big Bang!
Hot and Dense



Entire Universe was Glowing

(13.7 billion years ago)
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- Where’s the. glow now# 4
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General 'Theory ot Relativity

Redshift ()



Hot Glow



Universe Expands



Expands 1,100



In the Microwave 'loday
Cosmic Microwave Background

(CMB)



Nobel Prize ;

Penzias & Wilson

-




Nobel Prize #2
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Universe 1s Expanding
Past?
Future?



-

- AR /

. \ .

. X ’} ".~ ..°
- Big bang kick vs. gravity .
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ExPAnNSION OF THE UNIVERSE

|| | I 1}

Dark Matter + Dark Energy
affect the expansion of the universe
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We need a ime machine

ExPAnsION OF THE UNIVERSE

4

Dark Matter + Dark Energy
affect the expansion of the universe
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Farther away
1s turther back in time



We need to look at the Hubble

diagram for far away galaxies



Cepheid Pulsating Stars

Srightness variation of o-Cephel
3.6 - 4.3 Magnitude




Need a much brighter

standard candle



Light = Entire Galaxy of Stars
Blast Energy = 100 x Light
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Credit: Hubble Space 'lelescope SN 1994D




Light = Entire Galaxy of Stars
Blast Energy = 100 x Light

> »
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But are they standard
" candles?

Credit: Hubble Space 'lelescope SN 1994D




Distance Ladder

Brightness variation of 5-Cephel
1.6 - 4.3 Magnitude
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Standard Candle...sort of

ABSOLUTE MAGNITUDE
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Which Evolutionary Irack are

we on?

ExPAnsION OF THE UNIVERSE

4

Dark Matter + Dark Energy
affect the expansion of the universe

Qn 2,

0.3 0.0

L)
v
o
Q
-
o=
-
Q
N —
-
Y
o
Q
-~
Vv
Q
-
-
4]
—
Q
s

Now 10
Billions of Years




Two teams




Came to an amazing answer!




RELATIVE BRIGHTNESS
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Decelerating
universe
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LINEAR SCALE OF THE UNIVERSE RELATIVE TO TODAY




Eventual collapse
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T'he Universe 1s not decelerating.
It’s accelerating!



What?!!



Something 1s pushing the Universe apart
...Dark Energy?



We Live 1n a Strange Universe

Normal Matter
5%

Dark Matter
27 %

Dark Energy
68%



Nobel Prize #3




Earth

Image by Cassini Spacecraft
from Saturn

LLLY ¥




e

My Prediction: In the next 50
years, we’ll have some sort of
answer to this question.

Earth

LI



Life in the Universe

Earth



The one place that we know of
that has life

e



Where else might we find
microbial life?




Habitable Zones

Habitable zone 7
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Presence of Liqdid water?




Subterranean Mars

ater beneath the surface.




Moons around Giant Planets

Europa likely has a liquid ocean



d Giant Planets

Organic mud

Titan has lo compounds, but maybe
not enough ene '




Is Life out there?

.
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Fraction of stars with planets

How do we find the planets around
other stars?



Exoplanet Hunting

Radial Velocity or
Doppler Method Transit Method
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Is Life out there?
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_— Fract&n oi's with planets
20 —S‘— — | -

10 —

w

FRACTION OF STARS
WITH AT LEAST ONE PLANET

0.8 - 1.25 1.25-2
Earth  Super-Earth

Gas

Mini- Large Giant

Neptune  Neptune

PLANET SIZE (relative to Earth)




Is Life out there?
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= 5%, roughly
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Is Life out there?

g e frackem hak
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Is Life out there?
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How would you measure the fraction

of planets that have life?
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Is Life out there?

Spectrum of Earth
shows Water and

Oxygen

\We think water is
needed for life

L ife produces oxygen in
our atmosphere



Planets are dim and
next to a really

bright star
P

”

-Block light of star
-Large Telescope
-Taképectrum
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Let’s inspire the next generation to embrace their
passionately cu;igms‘ .-ln!.@q' child, ask profound questions.
reach for the stars; and do something bold and amazing.
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Latest Astrophysics News, etc:
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