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How did the universe evolve to produce the Earth - our world?
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Humanity’s quest to understand its origins is as old as

recorded history.

New tools for discovery are providing insights and questions at a rate

that is unprecedented in human history
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NASA’s Great
Observatory program
Circa 1990

James Webb Space Telescope
To be launched 2018




Space telescopes are astronomer’s most powerful tools for
exploring the fossil record of the universe
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Traveling back in time is the stuff of science
fiction, but looking back in time is science fact
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Learning how to measure distance in astronomy was key to
discovering that our galaxy is one among many

Starburst Galaxy NGC 3310

Planetary Nebula |C 418

Edwin P. Hubble
1889-1953

Hubble

Heritage Hubble
Heritage

NASA and The Hubble Heritage Team (STScl/AURA)
PRC00-28 « NASA andThe Hubble Heritage Team (STScl/AURA) « HST/WFPC2 Hubble Space Telescope WFPC2 ¢ STScl-PRC01-26

Which object further away?
How can you tell?
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Measuring distance in astronomy requires clever

techniques and a little bit of math ...

TRIANGLES
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Examples of “Standard Candles”™

- known

) ) ) Standard Candles are astronomical
period-brightness relation.

sources for which the intrinsic
P S brightness is known a priori.
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By measuring distance with “standard candles” Hubble
discovered that many “nebulae” are outside our galaxy
and are, in fact, other galaxies

Hubble at Mount Wilson telescope - Cepheids in the
| Y- - Andromeda galaxy
\ revealed that it is 8
times further than the

“Planetary Nebula” most distant star in our
are within our Galaxy €lelle)qY
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Measuring speed in astronomy also requires clever
techniques: Spectroscopy and the Doppler Shift of Light

Contmuum Spectrum
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Cold Gas Absorption Line Spectrum
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Atoms emit light at discrete
wavelengths that can be seen
with a spectroscope

¢ /\/\/\/’@

This “line spectrum” identifies
the atom and its velocity

If the source is moving, its
wavelength changes in
proportion to its velocity Wavelength
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By measuring distance with standard candles and velocity
with spectroscopy, Hubble observed Lemaitre’s prediction
that the universe is expanding!

30,0000

10,0000
Slope of line gives

George Lemaitre 1894 - 1966 .
age of universel!

T
c
O
QO
O

%
L
@
a
L

o
@
£

o

X

£

2

'Q

o
O

=

| I 1 | | | | | | | | | | | |

300 600 900

Distance in Millions of Light Years

19 Feb 2013 Presentation to public, Durban South Africa: Distribution unlimited



An analogy for the expansion of space

~—20cm ——

999999999

Early time
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Basic principles that enable asironomers to see the past

Light travels at a fixed speed

So, if asource of light lies at a
great distance, then the light
takes a long time to reach us

We see astronomical objects
as they were when their light
was emitted

Hence, we see the objects as
they were in the past

Here & Now

1 Billion light years away

1 Billion years ago

1 Million light years away,

1 Million years ago

Distance
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Putting it all together ...

To see backwards in fime, to when the Universe was
younger:
— We measure the Doppler Shift (redshift) with spectroscopy
— Hubble's law then tells us how far away the source is
— The speed of light tells us how long ago the light was emitted

Very distant sources (galaxies) are
faint and red shifted; so, to see the
early universe one needs:

— a powerful (big) telescope

— above the Earth’s atmosphere

— with very sensitive electronic
detectors
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Galaxies atiract each other due to gravity, so the
expansion should be slowing down -- Right??
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To tell, we need to compare

the velocity we measure on fa
nearby galaxies to ones at

very high redshift. | '

| N fzf
In other words, we need to | @

=t

extend Hubble’s velocity vs

distance plot to much greater 3' -y
distances. @ ‘ | @
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Bright standard candles are needed to extend distance vs
velocity measurements to the early universe

.. 0 Anglo-Australian Observatory. -

Supernovae are giant explosions that,
for a short time, can out shine a whole
galaxy

They are the furnaces in which all
elements heavier than iron are formed

They can be seen at great distances
with modern telescopes

Astronomers have recently figured
out how to determine the intrinsic
brightness of supernovae

In effect, we can now read their
wattage label

19 Feb 2013 Presentation to public, Durban South Africa: Distribution unlimited




Is the expansion of the universe slowing down or
staying the same?
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By using supernova as standard candles, asfronomers have
extended "“Hubble’s Law” to distances 10,000 times greater than
possible when it was first discovered

This work resulted in a remarkable discovery ....
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“Scientists confirmed today that everything we know about the
structure of the UNIVETSE 1S WIONGeAY—Wrong—wrong. ?
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COSMIC ACCELERATION
IS DRIVEN BY THE
AN¥I- GRAVITY OF

DARK ENERGY




HUH?
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Most of space consists of dark matter and energy that
we can’t see. We are aware of it, but we don’t yet
understand it.

Pressure from “Dark Energy” accelerates the cosmic expansion,
overcoming gravity

Universa Content

All the elements (atoms) that we
know of make up only 4% of the
universe
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Incredible discoveries are now occurring rapidly due to
the development of powerful telescopes in space

PHYSICS

Vol. 282 No. 5397
Pages 2141-2336 47

WMAP 2001

1992: Big Bang theory 1998: A new mystery
proven uncovered
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Imaging the first galaxies
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Two Micron All-Sky Survey (2MASS)

Hubble Extreme Deep Field: 2012 o 2
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Hubble Deep Field

PRC96-01a - ST Scl OPO - January 15, 1996

NASA and ESA

Hubble Space Telescope has been ' e
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size and wavelength range
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To explore the first galaxies, we need a big infrared

telescope

Distant galaxies are moving away
from us with high velocity :>

So their light is red shifted into the
infrared portion of the spectrum

To image them, NASA is building a
new telescope that is bigger than
the Hubble Space Telescope and
designed to observe infrared light
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Light comes in more colors than our eyes can see

Light from the first galaxies is redshifted from the
ultraviolet into the infrared.

Infrared is heat
radiation

Our eyes can’t
see it, but our skin
can feel it
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We also need electronic detectors that are more sensitive and
can see more colors than the eye

Adapted from Cosmic Discovery, M. Harwit
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The James Webb Space Telescope under construction
for launch during 2018

Why does it look this way?
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Who was James Webb?

James Webb (1906 - 1992).

Second Administrator of NASA (1961 — 1968)

Oversaw:
- first manned spaceflight programs: Mercury, Gemini, Apollo
- Mariner, Pioneer planetary exploration programs
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Key features of the JWST that enable it to explore beyond
the reach of all prior telescopes

/X the light gathering capability o e it
of the Hubble Space Telescope '

94.5 inches (2.4 meters)

Wavelength coverage spanning

the optical to mid-infrared
spectrum ﬂg

James Webb Space Telescope

Slm”Or CII’]QU|CII' reSO|UTIOﬂ TO HST 2556 inches (6.5 meters) UL?ﬁL\;:[r)nLET = oL#c";L Mlujlﬂ#arxnsu FAI:—?I?FEEIED
but at longer wavelengths WA NN

Wavelength coverage in microns (um)

Light-Gathering Power (Mirror Area)

AS a Conseq Uuence, 'I'he JWST A J(’;Ai/anl'éigg)Os pe:f* band - " Spitzer, 25 hour per band
req UII'eS . - i (60@DS collaboration)

L

« A primary mirror that is larger in ; - | .
diameter than available rocket s : s
fairings ) EEL .

* A high stability 40-50 K (-380 F, | :
-230 C) cryogenic operating ' T'x1" region in the UDF: 3.5 to 5.8 um

Tem perOTUre S. Casertano & M. Stiavelli « % > A8 |

19 Feb 2013 Presentation to public, Durban South Africa: Distribution unlimited




The JWST will be placed in orbit about the Sun-Earth L2 point
approximately 1.5 million km from Earth

An L2 point orbit was selected for JWST to
enable passive cryogenic cooling i
— Station keeping thrusters are required to | |
maintain this orbit
— Propellant sized for 11 years
— ~100 day journey to the L2 point wmim \\_ | a—

1.5 million km
(~932,000 mj)

North Ecliptic Pole

The JWST can observe the whole sky
while remaining continuously in the
shadow of its sunshield

\ — At any instant, the telescope can
Nl [ N point at 35% of the sky

Toward
the Sun — The whole sky is covered each year

with small continuous viewing zones
at the Ecliptic poles
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Fitting a 6.5 m diameter telescope into a 5 m diameter
rocket requires a fold-up deployable architecture.

JWST is designed to integrate
with an Ariane V launch
vehicle

Launch from Kourou Launch
Center (French Guiana)

-

P ‘\
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\ /
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JWST payload: 6330 kg

Click Video
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The JWST'’s 5 layer sunshield has an SPF of ~10¢

re

Cold Side
-388°F (-233°C)
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Construction of the JWST is nearing completion and
extensive testing for launch is beginning
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Testing the JWST requires the largest space simulation
facilities in the world

Apollo era facility extensively refurbished for JWST
Largest deep cryogenic space simulation chamber in the world
Performance certification completed during Aug 2012

W JSC Chamber A: 65 ft dia x 120 f

\‘ \'

21 Feb 2013 Presentation to: University of KwaZulu-Natal, Durban South Africa: Distribution unlimited




The JWST will advance understanding on a wide range
of topics other than the early universe...

How do stars form?

- : » a dark cloud
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How do planets form?
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NASA'’s Kepler mission has shown that our galaxy contains at least
1.6 billion alien planets on which liquid water can exist!

Milky Way Galaxy

CcCcD
Radiator

© 4 5% Wepler'Search Space v |
S <— 3,000 Iightyea}'s‘?_h«‘!v&L 0

R e
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Modules (4) Antenna  §

: \ --._,;._f';\-:"“S'a_g'ittariusArmt
ST e €D Sun Tl
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»

Kepler has been staring = ™. = *«
at one location since , % perseiis A
2009 to monitor 100,000 Bud oo
stars for the presence b
of planets.

The Milky Way contains
100 billion stars.

Portrait of the Milky Way © Jon Lomberg www.jonlomberg.com
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Some exoplanets have atmospheres
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Composition of atmospheres -1
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is revealed by spectroscopy \‘

“Blue of the sky”
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t jump
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: volcanic activity  Methane
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3 presence of
” anaerobic

bacteria

Brightness

So is the presence of life!

! Oxygen ~
and ozone ~d
were produced tlaatg'r
by living organisms 00 :em
habitability
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Wavelength
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JWST will characterize exoplanet atmospheres

Starlight filters through the planet's
sodium-richatmosphere.

—¢~> ,— HF

Spectrograph

absarption line spectrum

Transmission (Terminator)
Emission (Nightside)
Emission (Terminator)
Emission (Dayside)

Star

W
HST/MICMOS 1.9 um
Figure courtesy of M. Swain -

HD 189733b: 2pi reradiathe

Absorption %

Click Video

JWST simulation: 1 transit JWST simulation: 1 transit
T. Greene & J. Fortney 2012 T. Greene & J. Fortney 2012

Dayside Emission / Star

Wavelength (um) Wavelength (um)
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There will be plenty of known exoplanets for JWST to

observe when it is launched in 2018

Last Update: January 11, 2013

Number of Potential Habitable Worlds

Potential Unconfirmed Potential Predicted Potential N Earth
Habitable Exoplanets Habitable Exoplanets Habitable Exomoons (2)
9 27 30 1.6 %
All Currently Known Exoplanets
Confirmed Exoplanets NASA Kepler Candidates Other Unconfirmed Exoplanets
859 2320 186

Nearth 1S the minimum percentage of stars with habitable worlds

There are 100 billion stars in our galaxy » 1.6 billion habitable worlds

JWST has the sensitivity and stability for detecting LIQUID
WATER on a planet a few times the size of the Earth
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The JWST will study our solar system to learn how it
and others evolve after their planets are formed

A possible history of the Earth: Hartman & Davis 1975
e Sun and first solid bodies in Solar System 4.567 billion years
ago
Mars-sized body “Theia” hits Earth, melting everything,

dispersing volatiles like C and H; debris forms Moon, 90 MY
AF (after formation)

Cool early Earth, possibly with water

Jupiter, Saturn orbits switch (twice?), clear debris from solar
system, cause “late heavy bombardment”, “Hadean”
geologic period, many craters, new water and carbon
delivery to Earth, 400 - 700 MY AF

Life forms shortly after (~ 3.8 BY ago); all life uses same
genetic codel

Young Sun very active, gets steadily brighter with time,
warming Earth

300 MY from now - Plate tectonics produce super continent
1 BY from now - Sun 10% brighter; Earth too hot for us

8 BY from now - Sun becomes red giant and engulfs Earth
Age: < 300 million years
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Standing on his shoulders, future Einsteins
are asking big questions ...

HOW DID THE
UNIVERSE BEGIN ?

°

_ :
How Do ?LIFE START

WILL WE FIND NEW LAWS
OF PHY51cs THAT 3
1 GOVERN ww?c EVOLUTION. /.3

How DO gmze PIE

&

g R
g DOBLACK;IOLt-:s EXIST

|
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What MPPGMd MION "N l‘a Iang?
What”: af the ceMer of a black hok?
~ What is oy cosmic destiny? | - ;
What are space and ﬁmez b
' Are we alone? '

. 5 .', ; ‘\ -.‘ "\'

: o ¢ l - 5 : . & ,\: .;'4_.; '
_ “ Big'Questions, Ripe to Answer
I » ’.' ‘ o : ,“ R - .
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YOU can join the quest for answers

The scientists, engineers, and managers that use and
build space observatory's come from all walks of life.

You can join them!
Go to college.
Study science, engineering, and math ...

JWST Astronomer  JWST Astronomer ~ JWST Astronomer ~ JWST Engineer JWST Astronomer JWST Manager JWST Manager
Dr Jane Rigby Dr Jason Kalirai Dr Amber Straughn  Robert Rashford  Dr Jon Gardner Dr Kalyani Sukhatme John Durning
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