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An Introduction to the 
Universe…in the 60 minutes

Hold on



Why Astronomy?



Embrace your 
passionately curious inner 

child 



To Understand the Universe

What is this spirally thing?

What caused that star to explode?



To Understand the Universe

How old is the Earth?

How did the Earth form?

Why does the Moon look different than the Earth?



Ask Some of the Most 
Profound Questions



What is our place in the Universe?


What is our origin story?


What is the structure, composition, and

evolution of the Universe?


Are we alone?



When you ask profound questions, 
you reach for the stars, and do 
amazing things



What is our place in the Universe?


What is our origin story?


What is the structure, composition, and

evolution of the Universe?


Are we alone?

A story of humility



Your Place in the 
Universe



Ptolemaic: Geocentric Model

Bartolomeu Velho 1568 



Copernican Universe (1543)





Your Place in the 
Universe



What is our place in the Universe?


What is our origin story?


What is the structure, composition, and

evolution of the Universe?


Are we alone?



What is our origin story?

Origin of the elements? 
Origin of Planets? 
Origin of Stars? 

Origin of Galaxies?



What is our origin story?

Origin of the elements? 
Origin of Planets? 
Origin of Stars? 

Origin of Galaxies?



From the Ashes of  
Cosmic Explosions…

Cassiopeia A Supernova Remnant



From the Ashes of  
Cosmic Explosions…

…You were born

Cassiopeia A Supernova Remnant



What is our origin story?
Luna’s



Supernova(e)



Supernova?



Supernovae: Stellar  Explosions

SN 1987A



Blast Energy = 100 x Light

Credit: Hubble Space Telescope SN 1994D

Neutrino energy = 100 x Blast Energy

Light = Entire Galaxy of  Stars



Herald the Birth of  
Neutron Stars & Black Holes

Crab Pulsar

Crab Nebula



Trigger Further  
Star Formation



Influence Galactic Dynamics

Cigar Galaxy: Hubble



Nucleosynthesis

Fe and above produced in supernovae





What is our origin story?
Luna’s



N,Ca,P 
7%H 

10%

C 
18%

O 
65%



S,Ni,Ca,Al... 
9%

Mg 
14%

Si 
15%

O 
30%

Fe 
32%

Luna is here



Other 
2%

He 
28%

H 
70%

Luna orbits this star



What is our origin story?
Luna’s



Origin of  the elements?



Big Bang!



Big Bang!

He 
25%

H 
75%



Other 
2%

He 
28%

H 
70%

Primordial  
Abundance



N,Ca,P 
7%H 

10%

C 
18%

O 
65%

…and Luna?



Nuclear Fusion 
Think Legos!
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Nuclear Fusion 
Think Legos!

4He



Nuclear Fusion 
Think Legos!

8Be

12C



Where does fusion 
happen?



ElectroStatic Repulsion 
Strong Force Attraction 

(Really Hard)

p
p

e+
ν

n

Hot & Dense 
Environments



A Fusion Reactor



A Fusion Reactor 
Hydrogen to Helium



N,Ca,P 
7%H 

10%

C 
18%

O 
65%

…and Luna?



Even Harder

8Be

12C

Hotter & Denser 
Environments



Well…more massive stars 
keep going





N,Ca,P 
7%H 

10%

C 
18%

O 
65%

Elements need to come 
out of  stars



Supernova(e)



What causes explosion?





Fe Core
1.4 Mass of  Sun

1000s of  kms



Fe Core
1.4 Mass of  Sun

1000s of  kms

Collapse 0.1s



Neutron Star

10s of  kms



Denser than the 
nucleus of an atom

Neutron Star

10s of  kms



Neutron Star

10s of  kms



Core Stiffens 
Launches Blast Wave



Supernova



But wait!





Explosion

Balance Retreat



We know that some 
explode



Explosion

Balance

?











Theory 

Predict 

Observe





Neutrino Detector



What is our place in the Universe?


What is our origin story?


What is the structure, composition, and

evolution of the Universe?


Are we alone?



Ptolemaic: Geocentric Model

Bartolomeu Velho 1568 



Copernican Universe (1543)





A story of  humility. 
How did we get there?



Starts with a Question 
What is that?

Andromeda Nebula



Look up…what do you see?



All Sky Image, credit: Nick Risinger

Look up…what do you see?



Is this all there is to our 
Universe?

All Sky Image, credit: Nick Risinger



What is that?

Andromeda Galaxy (Nebula)



How far away is that?

Andromeda Galaxy (Nebula)



Need a “Yard stick”



Standard Candle



Henrietta Swan Leavitt



90

Standard Candle: Cepheid 
Variables

•Cepheid-type stars pulsate 
•When bigger they are also brighter 
•Have a very regular period of pulsation
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Standard Candle: Cepheid 
Variables

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



92

Standard Candle: Cepheid 
Variables

•Period-Luminosity Relationship 
•Brighter stars = longer period 
pulsation (pulsate slower)



How far away is that? 
2.5 Million Light years

Andromeda Galaxy (Nebula)



A Galaxy of  Stars 
1 Trillion Stars

Andromeda Galaxy (Nebula)



How much mass does that galaxy have? 

Andromeda Galaxy (Nebula)



Measuring Mass in Galaxies



Measuring Mass in Galaxies



Measuring Mass in Galaxies





Measuring Mass in Galaxies



Measuring Mass in Galaxies



Measuring Mass in Galaxies



Measuring Mass in Galaxies

•The orbital motions of 
stars in galaxies is 
much higher than can 
be explained by matter 
inferred from light 
•Extra matter that we 
can’t see.



Dark Matter



Dark Matter

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 Trillion Stars

Andromeda Galaxy (Nebula)



You are here



You are here



Hubble Telescope: 
Key Project

Galaxies are moving away



Hubble Telescope: 
Key Project

What does this mean?



You are here



Are we at the center of  the 
Universe?



History cautions us to have 
humility



Uniformly expanding 
Universe



Hubble Telescope: 
Key Project

The Universe is Expanding



You are here

Rewind



Big Bang! 
Hot and Dense



Entire Universe was Glowing 
(13.7 billion years ago)



Where’s the glow now?



General Theory of  Relativity

Redshift (z)



Hot Glow



Universe Expands



Expands 1,100



In the Microwave Today 
Cosmic Microwave Background 

(CMB)



Nobel Prize #1

Penzias & Wilson



Nobel Prize #2
COBE

Mather
Smoot



Universe is Expanding 
Past? 

Future?



Big bang kick vs. gravity
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We need a time machine



Farther away 
is further back in time



We need to look at the Hubble 
diagram for far away galaxies



Cepheid Pulsating Stars

Bright

Dim

Too Dim



Need a much brighter 
standard candle



Blast Energy = 100 x Light

Credit: Hubble Space Telescope SN 1994D

Light = Entire Galaxy of  Stars



Blast Energy = 100 x Light

Credit: Hubble Space Telescope SN 1994D

Light = Entire Galaxy of  Stars

But are they standard 
candles?



Distance Ladder



Standard Candle…sort of

clear that essentially the same physical processes are oc-
curring in all of these explosions.

The detailed uniformity of the type Ia supernovae im-
plies that they must have some common triggering mech-
anism (see the box on page 56). Equally important, this
uniformity provides standard spectral and light-curve
templates that offer the possibility of singling out those su-
pernovae that deviate slightly from the norm. The complex
natural histories of galaxies had made them difficult to
standardize. With type Ia supernovae, however, we saw
the chance to avoid such problems. We could examine the
rich stream of observational data from each individual ex-
plosion and match spectral and light-curve fingerprints to
recognize those that had the same peak brightness.

Within a few years of their classification, type Ia su-
pernovae began to bear out that expectation. First, David
Branch and coworkers at the University of Oklahoma
showed that the few type Ia outliers—those with peak
brightness significantly different from the norm—could
generally be identified and screened out.4 Either their
spectra or their “colors” (the ratios of intensity seen
through two broadband filters) deviated from the tem-
plates. The anomalously fainter supernovae were typically
redder or found in highly inclined spiral galaxies (or both).
Many of these were presumably dimmed by dust, which
absorbs more blue light than red. 

Soon after Branch’s work, Mark Phillips at the Cerro
Tololo Interamerican Observatory in Chile showed that
the type Ia brightness outliers also deviated from the tem-
plate light curve—and in a very predictable way.5 The su-
pernovae that faded faster than the norm were fainter at
their peak, and the slower ones were brighter (see figure
1). In fact, one could use the light curve’s time scale to pre-
dict peak brightness and thus slightly recalibrate each su-
pernova. But the great majority of type Ia supernovae, as
Branch’s group showed, passed the screening tests and
were, in fact, excellent standard candles that needed no
such recalibration.6

Cosmological distances
When the veteran Swiss researcher Gustav Tammann and
his student Bruno Leibengut first reported the amazing
uniformity of type Ia supernovae, there was immediate in-
terest in trying to use them to determine the Hubble con-
stant, H0, which measures the present expansion rate of
the cosmos. That could be done by finding and measuring
a few type Ia supernovae just beyond the nearest clusters
of galaxies, that is, explosions that occurred some 100 mil-
lion years ago. An even more challenging goal lay in the

tantalizing prospect that we could find such standard-
candle supernovae more than ten times farther away and
thus sample the expansion of the universe several billion
years ago. Measurements using such remote supernovae
might actually show the expected slowing of the expansion
rate by gravity. Because that deceleration rate would de-
pend on the cosmic mean mass density rm, we would, in ef-
fect, be weighing the universe.

If mass density is, as was generally supposed a decade
ago, the primary energy constituent of the universe, then
the measurement of the changing expansion rate would
also determine the curvature of space and tell us about
whether the cosmos is finite or infinite. Furthermore, the
fate of the universe might be said to hang in the balance:
If, for example, we measured a cosmic deceleration big
enough to imply a rm exceeding the “critical density” rc
(roughly 10–29 gm/cm3), that would indicate that the uni-
verse will someday stop expanding and collapse toward an
apocalyptic “Big Crunch.”

All this sounded enticing: fundamental measure-
ments made with a new distance standard bright enough
to be seen at cosmological distances. The problem was that
type Ia supernovae are a pain in the neck, to be avoided if
anything else would do. At the time, a brief catalog of rea-
sons not to pursue cosmological measurement with type Ia
supernovae might have begun like this: 
! They are rare. A typical galaxy hosts only a couple of
type Ia explosions per millennium.
! They are random, giving no advance warning of where
to look. But the scarce observing time at the world’s largest
telescopes, the only tools powerful enough to measure
these most distant supernovae adequately, is allocated on
the basis of research proposals written more than six
months in advance. Even the few successful proposals are
granted only a few nights per semester. The possible oc-

54 April 2003    Physics Today http://www.physicstoday.org

–20

–20

–19

–19

–18

–18

–17

–17

–16

–16

–15

–15

A
B

SO
L

U
T

E
 M

A
G

N
IT

U
D

E
SC

A
L

E
D

 M
A

G
N

IT
U

D
E

–20 0 20 40 60
DAYS

a

b

Figure 1. Light curves of nearby, low-redshift type Ia super-
novae measured by Mario Hamuy and coworkers.7 (a) Ab-

solute magnitude, an inverse logarithmic measure of intrinsic
brightness, is plotted against time (in the star’s rest frame) be-

fore and after peak brightness. The great majority (not all of
them shown) fall neatly onto the yellow band. The figure

emphasizes the relatively rare outliers whose peak brightness
or duration differs noticeably from the norm. The nesting of

the light curves suggests that one can deduce the intrinsic
brightness of an outlier from its time scale. The brightest

supernovae wax and wane more slowly than the faintest. (b)
Simply by stretching the time scales of individual light

curves to fit the norm, and then scaling the brightness by an
amount determined by the required time stretch, one gets all

the type Ia light curves to match.5,8

und



Why?

clear that essentially the same physical processes are oc-
curring in all of these explosions.

The detailed uniformity of the type Ia supernovae im-
plies that they must have some common triggering mech-
anism (see the box on page 56). Equally important, this
uniformity provides standard spectral and light-curve
templates that offer the possibility of singling out those su-
pernovae that deviate slightly from the norm. The complex
natural histories of galaxies had made them difficult to
standardize. With type Ia supernovae, however, we saw
the chance to avoid such problems. We could examine the
rich stream of observational data from each individual ex-
plosion and match spectral and light-curve fingerprints to
recognize those that had the same peak brightness.

Within a few years of their classification, type Ia su-
pernovae began to bear out that expectation. First, David
Branch and coworkers at the University of Oklahoma
showed that the few type Ia outliers—those with peak
brightness significantly different from the norm—could
generally be identified and screened out.4 Either their
spectra or their “colors” (the ratios of intensity seen
through two broadband filters) deviated from the tem-
plates. The anomalously fainter supernovae were typically
redder or found in highly inclined spiral galaxies (or both).
Many of these were presumably dimmed by dust, which
absorbs more blue light than red. 

Soon after Branch’s work, Mark Phillips at the Cerro
Tololo Interamerican Observatory in Chile showed that
the type Ia brightness outliers also deviated from the tem-
plate light curve—and in a very predictable way.5 The su-
pernovae that faded faster than the norm were fainter at
their peak, and the slower ones were brighter (see figure
1). In fact, one could use the light curve’s time scale to pre-
dict peak brightness and thus slightly recalibrate each su-
pernova. But the great majority of type Ia supernovae, as
Branch’s group showed, passed the screening tests and
were, in fact, excellent standard candles that needed no
such recalibration.6

Cosmological distances
When the veteran Swiss researcher Gustav Tammann and
his student Bruno Leibengut first reported the amazing
uniformity of type Ia supernovae, there was immediate in-
terest in trying to use them to determine the Hubble con-
stant, H0, which measures the present expansion rate of
the cosmos. That could be done by finding and measuring
a few type Ia supernovae just beyond the nearest clusters
of galaxies, that is, explosions that occurred some 100 mil-
lion years ago. An even more challenging goal lay in the

tantalizing prospect that we could find such standard-
candle supernovae more than ten times farther away and
thus sample the expansion of the universe several billion
years ago. Measurements using such remote supernovae
might actually show the expected slowing of the expansion
rate by gravity. Because that deceleration rate would de-
pend on the cosmic mean mass density rm, we would, in ef-
fect, be weighing the universe.

If mass density is, as was generally supposed a decade
ago, the primary energy constituent of the universe, then
the measurement of the changing expansion rate would
also determine the curvature of space and tell us about
whether the cosmos is finite or infinite. Furthermore, the
fate of the universe might be said to hang in the balance:
If, for example, we measured a cosmic deceleration big
enough to imply a rm exceeding the “critical density” rc
(roughly 10–29 gm/cm3), that would indicate that the uni-
verse will someday stop expanding and collapse toward an
apocalyptic “Big Crunch.”

All this sounded enticing: fundamental measure-
ments made with a new distance standard bright enough
to be seen at cosmological distances. The problem was that
type Ia supernovae are a pain in the neck, to be avoided if
anything else would do. At the time, a brief catalog of rea-
sons not to pursue cosmological measurement with type Ia
supernovae might have begun like this: 
! They are rare. A typical galaxy hosts only a couple of
type Ia explosions per millennium.
! They are random, giving no advance warning of where
to look. But the scarce observing time at the world’s largest
telescopes, the only tools powerful enough to measure
these most distant supernovae adequately, is allocated on
the basis of research proposals written more than six
months in advance. Even the few successful proposals are
granted only a few nights per semester. The possible oc-

54 April 2003    Physics Today http://www.physicstoday.org

–20

–20

–19

–19

–18

–18

–17

–17

–16

–16

–15

–15

A
B

SO
L

U
T

E
 M

A
G

N
IT

U
D

E
SC

A
L

E
D

 M
A

G
N

IT
U

D
E

–20 0 20 40 60
DAYS

a

b

Figure 1. Light curves of nearby, low-redshift type Ia super-
novae measured by Mario Hamuy and coworkers.7 (a) Ab-

solute magnitude, an inverse logarithmic measure of intrinsic
brightness, is plotted against time (in the star’s rest frame) be-

fore and after peak brightness. The great majority (not all of
them shown) fall neatly onto the yellow band. The figure

emphasizes the relatively rare outliers whose peak brightness
or duration differs noticeably from the norm. The nesting of

the light curves suggests that one can deduce the intrinsic
brightness of an outlier from its time scale. The brightest

supernovae wax and wane more slowly than the faintest. (b)
Simply by stretching the time scales of individual light

curves to fit the norm, and then scaling the brightness by an
amount determined by the required time stretch, one gets all

the type Ia light curves to match.5,8
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Which Evolutionary Track are 
we on?



Two teams



Came to an amazing answer!



lowed up. This approach also made it possible to use the
Hubble Space Telescope for follow-up light-curve observa-
tions, because we could specify in advance the one-square-
degree patch of sky in which our wide-field imager would
find its catch of supernovae. Such specificity is a require-
ment for advance scheduling of the HST. By now, the
Berkeley team, had grown to include some dozen collabo-
rators around the world, and was called Supernova Cos-
mology Project (SCP). 

A community effort
Meanwhile, the whole supernova community was making
progress with the understanding of relatively nearby su-
pernovae. Mario Hamuy and coworkers at Cerro Tololo
took a major step forward by finding and studying many
nearby (low-redshift) type Ia supernovae.7 The resulting
beautiful data set of 38 supernova light curves (some
shown in figure 1) made it possible to check and improve
on the results of Branch and Phillips, showing  that type
Ia peak brightness could be standardized.6,7

The new supernovae-on-demand techniques that per-
mitted systematic study of distant supernovae and the im-
proved understanding of brightness variations among
nearby type Ia’s spurred the community to redouble its ef-
forts. A second collaboration, called the High-Z Supernova
Search and led by Brian Schmidt of Australia’s Mount
Stromlo Observatory, was formed at the end of 1994. The
team includes many veteran supernova experts. The two
rival teams raced each other over the next few years—oc-
casionally covering for each other with observations when
one of us had bad weather—as we all worked feverishly to
find and study the guaranteed on-demand batches of 
supernovae.

At the beginning of 1997, the SCP team presented the
results for our first seven high-redshift supernovae.8 These
first results demonstrated the cosmological analysis tech-
niques from beginning to end. They were suggestive of an
expansion slowing down at about the rate expected for the
simplest inflationary Big Bang models, but with error bars
still too large to permit definite conclusions.

By the end of the year, the error bars began to tighten,
as both groups now submitted papers with a few more su-
pernovae, showing evidence for much less than the ex-
pected slowing of the cosmic expansion.9–11 This was be-
ginning to be a problem for the simplest inflationary
models with a universe dominated by its mass content.

Finally, at the beginning of 1998, the two groups pre-
sented the results shown in figure 3.12,13

What’s wrong with faint supernovae? 
The faintness—or distance—of the high-redshift super-
novae in figure 3 was a dramatic surprise. In the simplest
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Exploding White Dwarfs

Aplausible, though unconfirmed, scenario would explain
how all type Ia supernovae come to be so much alike,

given the varied range of stars they start from. A lightweight
star like the Sun uses up its nuclear fuel in 5 or 10 billion
years. It then shrinks to an Earth-sized ember, a white dwarf,
with its mass (mostly carbon and oxygen) supported against
further collapse by electron degeneracy pressure. Then it
begins to quietly fade away.

But the story can have a more dramatic finale if the white
dwarf is in a close binary orbit with a large star that is still
actively burning its nuclear fuel. If conditions of proximity
and relative mass are right, there will be a steady stream of
material from the active star slowly accreting onto the white
dwarf. Over millions of years, the dwarf’s mass builds up
until it reaches the critical mass (near the Chandrasekhar
limit, about 1.4 solar masses) that triggers a runaway ther-
monuclear explosion—a type Ia supernova.

This slow, relentless approach to a sudden cataclysmic
conclusion at a characteristic mass erases most of the orig-
inal differences among the progenitor stars. Thus the light
curves (see figure 1) and spectra of all type Ia supernovae
are remarkably similar. The differences we do occasionally
see presumably reflect variations on the common theme—
including differences, from one progenitor star to the next,
of accretion and rotation rates, or different carbon-to-oxy-
gen ratios.

Figure 3. Observed magnitude
versus redshift is plotted for

well-measures distant12,13 and
(in the inset) nearby7 type Ia su-
pernovae. For clarity, measure-
ments at the same redshift are

combined. At redshifts beyond
z = 0.1 (distances greater than
about 109 light-years), the cos-

mological predictions (indi-
cated by the curves) begin to

diverge, depending on the as-
sumed cosmic densities of

mass and vacuum energy. The
red curves represent models

with zero vacuum energy and
mass densities ranging from the
critical density rc down to zero
(an empty cosmos). The best fit

(blue line) assumes a mass 
density of about rc /3 plus a

vacuum energy density twice
that large—implying an accel-

erating cosmic expansion.

the

d

d



cosmological models, the expansion history of the cosmos
is determined entirely by its mass density. The greater the
density, the more the expansion is slowed by gravity. Thus,
in the past, a high-mass-density universe would have been
expanding much faster than it does today. So one should-
n’t have to look far back in time to especially distant (faint)
supernovae to find a given integrated expansion (redshift). 

Conversely, in a low-mass-density universe one would
have to look farther back. But there is a limit to how low
the mean mass density could be. After all, we are here, and
the stars and galaxies are here. All that mass surely puts
a lower limit on how far—that is, to what level of faint-
ness—we must look to find a given redshift. The high-
redshift supernovae in figure 3 are, however, fainter than
would be expected even for an empty cosmos.

If these data are correct, the obvious implication is
that the simplest cosmological model must be too simple.
The next simplest model might be one that Einstein en-
tertained for a time. Believing the universe to be static, he
tentatively introduced into the equations of general rela-
tivity an expansionary term he called the “cosmological
constant” (L) that would compete against gravitational col-
lapse. After Hubble’s discovery of the cosmic expansion,
Einstein famously rejected L as his “greatest blunder.” In
later years, L came to be identified with the zero-point
vacuum energy of all quantum fields.

It turns out that invoking a cosmological constant al-
lows us to fit the supernova data quite well. (Perhaps there
was more insight in Einstein’s blunder than in the best ef-
forts of ordinary mortals.) In 1995, my SCP colleague Ariel
Goobar and I had found that, with a sample of type Ia su-
pernovae spread over a sufficiently wide range of dis-
tances, it would be possible to separate out the competing
effects of the mean mass density and the vacuum-energy
density.14

The best fit to the 1998 supernova data (see figures 3
and 4) implies that, in the present epoch, the vacuum en-
ergy density rL is larger than the energy density attribut-
able to mass (rmc2). Therefore, the cosmic expansion is now
accelerating. If the universe has no large-scale curvature,

as the recent measurements of the cosmic microwave back-
ground strongly indicate, we can say quantitatively that
about 70% of the total energy density is vacuum energy
and 30% is mass. In units of the critical density rc, one
usually writes this result as

WL ! rL/rc " 0.7 and Wm ! rm/rc " 0.3.

Why not a cosmological constant?
The story might stop right here with a happy ending—a
complete physics model of the cosmic expansion—were it
not for a chorus of complaints from the particle theorists.
The standard model of particle physics has no natural
place for a vacuum energy density of the modest magni-
tude required by the astrophysical data. The simplest es-
timates would predict a vacuum energy 10120 times greater.
(In supersymmetric models, it’s “only” 1055 times greater.)
So enormous a L would have engendered an acceleration
so rapid that stars and galaxies could never have formed.
Therefore it has long been assumed that there must be
some underlying symmetry that precisely cancels the vac-
uum energy. Now, however, the supernova data appear to
require that such a cancellation would have to leave a re-
mainder of about one part in 10120. That degree of fine tun-
ing is most unappealing.

The cosmological constant model requires yet another
fine tuning. In the cosmic expansion, mass density be-
comes ever more dilute. Since the end of inflation, it has
fallen by very many orders of magnitude. But the vacuum
energy density rL, a property of empty space itself, stays
constant. It seems a remarkable and implausible coinci-
dence that the mass density, just in the present epoch, is
within a factor of 2 of the vacuum energy density.

Given these two fine-tuning coincidences, it seems
likely that the standard model is missing some funda-
mental physics. Perhaps we need some new kind of accel-
erating energy—a “dark energy” that, unlike L, is not con-
stant. Borrowing from the example of the putative
“inflaton” field that is thought to have triggered inflation,
theorists are proposing dynamical scalar-field models and
other even more exotic alternatives to a cosmological con-
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Figure 4. The history of cosmic 
expansion, as measured by the
high-redshift supernovae (the black
data points), assuming flat cosmic
geometry. The scale factor R of the
universe is taken to be 1 at pres-
ent, so it equals 1/(1 + z). The
curves in the blue shaded region
represent cosmological models in
which the accelerating effect of
vacuum energy eventually over-
comes the decelerating effect of
the mass density. These curves as-
sume vacuum energy densities
ranging from 0.95 rc (top curve)
down to 0.4 rc. In the yellow
shaded region, the curves repre-
sent models in which the cosmic
expansion is always decelerating
due to high mass density. They as-
sume mass densities ranging (left to
right) from 0.8 rc up to 1.4 rc. In
fact, for the last two curves, the ex-
pansion eventually halts and re-
verses into a cosmic collapse.



The Universe is not decelerating. 
It’s accelerating!



What?!!



Something is pushing the Universe apart 
…Dark Energy?



We Live in a Strange Universe



Nobel Prize #3
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Are we alone?

Earth
Image by Cassini Spacecraft 
from Saturn
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My Prediction: In the next 50 
years, we’ll have some sort of  

answer to this question.

Earth

Are we alone?
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Life in the Universe

Earth

Are we alone?
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The one place that we know of  
that has life



Where else might we find 
microbial life?



Habitable Zones

Presence of Liquid water?



Subterranean Mars 

Mars likely has water beneath the surface.

Curiosity finds ice



Moons around Giant Planets

Europa likely has a liquid ocean



Moons around Giant Planets

Titan has lots and lots of organic compounds, but maybe 
not enough energy to support life.

Organic mud



Is Life out there?



Fraction of   stars with planets

How do we find the planets around 
other stars?



Exoplanet Hunting
Radial Velocity or 
Doppler Method Transit Method



Is Life out there?

•



Fraction of   stars with planets



Is Life out there?

•



Is Life out there?= 5%, roughly

Kepler Space Craft



Is Life out there?

•



Is Life out there?

•

How would you measure the fraction 
of  planets that have life?



Is Life out there?

Spectrum of  Earth 
shows Water and 

Oxygen

•We think water is 
needed for life 
•Life produces oxygen in 
our atmosphere



Planets are dim and 
next to a really 

bright star

•Block light of star 
•Large Telescope 
•Take spectrum



@curiousmiah
Latest Astrophysics News, etc.

Let’s inspire the next generation to embrace their 
passionately curious inner child, ask profound questions, 
reach for the stars, and do something bold and amazing.


