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Abstract: <p>The Hubble Space Telescope has completely revolutionized our understanding of the universe, and has become a beloved icon of
popular culture. As revolutionary as Hubble has been, we have pushed it to its scientific limits in many ways. Hubbled€™s successor, the James
Webb Space Telescope, has been in the works for almost two decades and is scheduled to launch in late 2018. It will be 100 times more powerful
than Hubble. In her Perimeter Public Lecture, Dr. Amber Straughn will provide an update on the progress of building the world&€™s largest-yet
space telescope, and will give an overview of the astronomical questions we hope to answer with Webb. These questions get to the heart of what it
means to be human: Where did we come from? How did we get here? Are we alone?</p>
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Where did we come from!?

How did we get here?

Are we alone!?
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is your telescope.
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Science Themes for JWST

Pirsa: 17030000 Page 20/81




First Lighf-& Reiohizatidh"- |
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“First nght& Reiof]izatio-h"- '

Ly

What Are the Flrst Gala)gles" + 3

When did the first luminous sources arise and what.was their nature?' :
" -What were their clustering properties!? \ -

" When and How Did Reionization Occur"

-Was reionization a single évent?
-What.is the ionization hlstory of the universe prior to the final -
reionization? - .

What Sources Causad Relonlzatlon’ i

“What were the sources respénﬂble for reionization?

- Were they powered by #uclear fusion or gravitational accretion?
- How is the evolution of galax:g and black holes affected by the possibly
3tended period of relonlzatlcm? i e > S ‘

%
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Galaxy Assembly
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Galaxy Assembly

When and How Did the Hubble Sequence Form?

-Where were stars in the Hubble Sequence galaxies formed?
-When did luminous quiescent galaxies appear?!
- How does this process depend o nvironment?

How did the Heavy ents Form?

-Where and when are the h
- To what extent do galaxies

What Physical P
Properties?

-When and how are the global scaling relations for galaxies established?
- Do luminous galaxies form through the hierarchical assembly of dark matter halos?

What are the Roles of Starbursts and Black Holes in
Galaxy Evolution?

- What are the redshifts and power sources of the high-redshift ultra-luminous infrared
galaxies (ULIRGs)?

- What is the relation between the evolution of galaxies and the growth and development
of black holes in their nuclei?
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How did we go from

to th_is? .
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To see stars & protoplanetary systems being born

™
v

i
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-Jo see stars & protoplanetary systems being born

How do Protostellar Clouds Collapse?
- How do clouds of gas and dust collapse down to the dense cores that form stars?
-What is the early evolution of protostars? ,nn

How Does Environment Affect Star Formation and Vice Versa?
- How do very massive stars form? ' :
- How do stellar winds and |on|zmg radiation from massive stars affect nearby star
formation?

How do Protoplanetary Systems Form?
- How do circumstellar disksform and evolve?
- What determines their cal sizes?
- How do dust grains within the disks form planets?

What are the life cycles.,a gas and dust?
- How do gas-phase molecules interact with dust grains in quiescent cloud cores?
- How does the formation of a star and planetary system affect the astrochemical
evolution of the gas and dust? :
- What is the origin of water and organic materials in a planetary system?
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20 study other worlds
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To study other worlds

How Do Planets Form?
- What are the physical processes that lead to planets? 2
- How common are giant planets and wlﬁt is the dlstrlbutlon of their orbl rs?

System?
- What comparisons, direct or indirect, can be made between our Solar System,
circumstellar disks (forming solar systems), and remnant disks?

How Are Habitable Zones Established?

- What are the sources of water and organics for planets in habitable zones?

- How are systems cleared of small bodies?

- What are the planetary evolutionary pathways by which habitability is established or lost?"
- Does our Solar System harbor evidence for steps on these pathways? '
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TRAPPIST-1 System

IHlustration
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Science Themes for JWST
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Spitzer Kepler M Formulation
8/25/2003 4 & 3/7/2009 I Implementation

B Primary Ops
M Extended Ops

LISA Pathfinder (ESA)
12/3/2015

WFIRST !Euc“d o
Mid 2020s - &~ - 2020

Chandri: : - <. XMM-Newton (ESA)

7/23/1999 i .~ & NSTAR 0 121011999
6/13/2012 .~ ' |

Swift L
11/20/2004

" Hubble, .-
4/24/1990

Fermi =~ . ISS-CREAM. " ISS-NICER
- 6/11/2008° o0 7 PR LR e o017

SOFIA
Full Ops 2014
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WEIRSIT

Wide-Field Infrared Survey Telescope
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/-~ PIPasSionlaroudiIcommeiRap: pose, anything is possible.”
- Howard Schultz
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jwst.nasa.gov
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Instrumentation
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JWST Science Planning Timeline

(draft schedule as of October 2015)
GO Cy1 commissioning

GOCy1CP
2017 Nov

GTO CP
2017Jan

GTO Proposal
deadline
2017Apr

GTO Cy1
observations finalized
June 2017

deadline

2018 Feb

TAC

2018 May
\ 4

2018

launch
20180ct

>
—

—
Cad

April 2019

"GTO & GO

2019

: . Cycle 2 science -
-Cycle 1 science - April 2020

. GTO & GO

2020
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JWST Cycle 1 ERS Proposal Schedule

GO Cyl GO Cy1
GO CP deadline TAC

ZQ17Nov 2018Feb  2013May- commissioning

- (6 mo)

T 2017

GTOCP
2017Jan

GTO Prop launch
deadline 20180ct

2017Apr

GTO Cy1

observations finalized
2017Jun draft as of 2015 October
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The James Webb Space Telescope

LIGHT GATHERING POWER

(MIRROR AREA)

©

JO

SPITZER

0.1 MICRONS

1 MICRONS 10 MICRONS

100 MICRONS

Light Gathering Power
JWST =25 m2; Hubble = 4.5 m? ; Spitzer = 0.6 m?
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JWST Imaging Modes

Instrument

Wavelength
(microns)

Pixel Scale
(arcsec)

Field of View

Imaging

NIRCam

06-23

0.032

22x4.4

NIRCam

24-50

0.065

22x44

NIRISS

09-5.0

0.065

2.2x2.2

MIRI

5.0-28

0.11

1.23 x1.88’

Aperture Mask

Interferometry

NIRISS

3.8-438

0.065

22x2.2

Coronography

NIRCam

06-23

0.032

20x 20”

NIRCam

24-5.0

0.065

20 x 20"

MIRI

10.65

0.11

24 x 24"

MIRI

114

0.11

24 x 24"

MIRI

15.5

0.11

24 x 24"

MIRI

23

0.11

30x30”
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JWST Spectroscopy Modes

Mode

Instrument

Wavelength
(microns)

Resolving Power

(MAN)

Field of View

Slitless
Spectroscopy

NIRISS

1.0-25

150

2.2x2.2

NIRISS

0.6-25

700

single object

NIRCam

2.4-50

2000

2.2x2.2

Multi-Object
Spectroscopy

NIRSpec

0.6-5.0

100, 1000, 2700

3.4 x 3.4’ with 250k
0.2x0.5”
microshutters

Single Slit
Spectroscopy

NIRSpec

100, 1000, 2700

slits with
0.4x3.8"
0.2x3.3”
1.6 x1.6°

MIRI

5.0-~14.0

~100 at 7.5 microns

0.6 x 5.5” slit

IFU
Spectroscopy

NIRSpec

0.6-5.0

100, 1000, 2700

3.0x3.0”

MIRI

50-7.7

3500

3.0x3.9"

MIRI

7.7-11.9

2800

3.5x4.4”

MIRI

11.9-18.3

2700

5.2x6.2"”

MIRI

18.3-28.8

2200

6.7x7.7"
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Logarithmic time:
10 - log10 second

150

NEXT Reionization » _
The Steliferous Era Dark Ages ———— 100 millien years: First star begins to shine.
140 <One milion years
X Recombination———— 379,000 years: Hydrogen and helium nuclei

130

120 5 1 capture electrons to form stable atoms. Photons
110 Dne thousand years are na longer able to interact srronq\y"wnh atoms
100 4 \ Cosmic microwave background radiation streams
5 4 \ freely.

0 - One year Photon epoch \

0 —70,000 years: Matter domination

& 4

50 3

o 4 One hour . . ’ s

; ] ‘ 3 to 20 minutes: Formation of helium nuclei

E Big Bang nucleosynthesis ‘

E‘i E Lepton epoch Lepton/anti-lepton pairs annihilate:

0 One second Neutrinos cease to interact with other particles.
10

20 4

30 § One milisecond| Hadron epoch Formation of hydragen nuclei.

4D 4

50 D "

gp -ne micrasecond Quarks become confined within hadrons.

70ne nanosecond Quark epoch

~ 1 One picosecond

The “weak™ force separates from the
electromagnetic force resulting in the four

. ] separate forces we know today.
The Primordial Era s ) y

Electroweak epoch

Reheating after inflation populates universe
with quarks and anti-quarks.

Inflationary epoch. The Universe expands exponentially

Separation of the strong force from the
electronuclear force.

333 E Grand unification epoch
400 -
410 4
420
430 Planck epoch Planck t‘ime. the smallest theoreﬂcg\ Dbsgrvab\e
unit of time and the time before which science is
0: Linear time Big Bang unable to describe the universe. At this point, the

force of gravity separated from the electronuclear
force.
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Leading the World With a Balanced Program of Space Exploration,
Aeronautics and Science Research
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