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W WEBE The Story of Us

* How do we get from this:

Hydrogen & Helium
* To this?

Carbon, Oxygen, Nitrogen, Calcium, Iron...
All arranged in complex molecules

STScI | Scenice wsmure



in of elements

== The Or

SPACE

INE

O Ol o = OO < >
~ =R s ™ o + (@) e}
© <+ O off =
0 ® O™ = 0 =
s -~ OO C RN O N~ O
© = (Ll o)) — © >
. © cflo cfle O 0 O

"o, (S @oNIT O T ©
© O SO @ SR o
< o O = o), — ©

Oy O o © o0 O © o© ©

— © o) () =

(%]
S
©
—
(%]
£
O
S
y—
v
v
(@)}
=
e
)
o
c
"
v
o
O
-—
(@]
2]
v
>
=
(9}
©
2
O
©
S
>
S
v
=

white dwarfs

cosmic ray fission
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Astronomical Image Credits:

ESA/NASA/AASNova

Graphic created by Jennifer Johnson

http://www.astronomy.ohio-state.edu/~jaj/nucleo/
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WEBB

SPACE TELESCOPE

Telescopes are time machines

WHAT IS

COSMOLOGICAL REDSHIFT?

WHEN SPACE EXPANDS, LIGHT STRETCHES

Since the big bang, the physical space of the universe has been expanding.
Stars and galaxies maintain their size, but the space
between them grows.

1 Wavelength

A
1 Wavelength
!
1 Wavelength
.\ _I_l . .'
@ -
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As light travels through expanding space, it is stretched to longer wavelengths.

BIG BANG
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How did we get here?

Recombinqﬁon occurs
380,000 years after the big bang

FIRST STARS form 2
million years after the
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Reionizati

begins when the first
stars start to shine
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How did we get here?

Recombinqﬁon occurs
380,000 years after the big bang

FIRST STARS form 20C

million years after the big bc
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stars start to shine
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How did we get here?

Recombinqﬁon occurs
380,000 years after the big bang

FIRST STARS form 20C

million years after the big bc
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@ WEEE How did we get here?

Recombinqﬁon occurs
380,000 years after the big bang

FIRST STARS form 20C 7

million years after the big bar
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Reionization
begins when the first complet
stars start to shine years after
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i WEES  Lingering questions

Recombinqﬁon occurs
380,000 years after the big bang

FIRST STARS form 20C 7

million years after the big bar
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i WEBB  Galaxy assembly simulations
V
» Dark matter’s gravity R ‘ i et

forms the deep “wells”
that material follows
onto nascent galaxies

galaxy steliar mass = mnthilli@gi’:hm
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wi WEEE Webb is showing this earlier epoch

 For the first time, we have seen
direct evidence of galaxies pulling
In primordial, neutral H

MACS0647-JD >
Zspec=10.170 B

o
o
@

Artist Cencept

1.3 14 1.5
Wavelength (um)

T
oq
N
[
E
v
~
[
0}
[9)
—
)
)]
T
o
—
X
N

Lya
[
|
|
I
|
|
[
|
|
k

0.00 1= --{? -------------- N R e e e e e e B e e -“'
1 2 3 4 5 T I SPACE TELESCOPE
Wavelength (um) S & SCIENCE INSTITUTE




00e) - -
Wi WEBE  What are the biggest surprises?

* Webb is seeing more bright galaxies than expected.

* There could be many reasons for this:
» Dust cleared out of smaller galaxies by intense star formation?

We can see something similar happening locally after all...
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{ WEEE M82: Example of nearby dust clearing

 Burst of star formation blows gas out of the galaxy

: ; . Lo e ' SPACE TELESCOPE
. ~ Hubble S 3 ~ Webb , STScI | science insmmure




* Webb is seeing more bright galaxies than expected.

* There could be many reasons for this:
» Dust cleared out of smaller galaxies by intense star formation?
« Star formation happens in brief, bright bursts?
« Easier to form massive stars with fewer heavy elements?

* Webb happened to look so far at a sight line along a dense strand of the
cosmic web?

 “Extra light” from growing black holes throwing off models that assume
starlight?

« Dark matter has a somewhat different nature than we thought?
 And more!

STScI | Scenice wsmure



»w WEBB - -

0 More surprises: the most distant

galaxy known so far

« Seeing some relatively f'_.' i ; e
enriched galaxies at very el e e
early times / |

» <300 million years after -
the Big Bang, ~3% as R S iy R
many heavy elements as e L A L ST

the Sun
* Already reddened by dust!

... SPACE TELESCOPE
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EBB - - -
gi=—""" Surprises in galaxy evolution

No dust
Few stars forming
Redder

Modern galaxies follow a “tuning fork”

Edwin Hubble's

Classification e N

Scheme “

Sc

Sa

Ellipticals \

EO E3 E5 E7 SO
. o-®- = ¢

Spirals

Lots of dust

Many stars forming

Bluer
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More surprises: Red & Dead early

galaxies . K

B Nec 132
: Imaged with Hubble
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A comedy for the kid in all of us.
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More surprises: Red & Dead early

galaxies . K
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Wi === More surprises: Disks and Noodles
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WEBB

SPACE TELESCOPE

More surprises: Disks and Noodles

Spheroid )

Volleyball

Oval

Surfboard

Prolate

Pool noodle

(

WEBB
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i WE=2  More surprises: Hints of the first
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# “EER  More surprises: Hints of the first
stars?

T "Wnlﬂll!llq!!!!lp
GALAXY GN - 111

PRISTINE GAS CLUMP NEAR GN - 111

NIRCam Imaging

He Il Detggted ’ GN - z11 " . " " .
a ! : 4' - ’ . \,
e e - : -
< . | | o
in halo | (- . -
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ionized helium
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# “EER  More surprises: Hints of the first
stars?
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‘. WEBB :
w === A close look at how star formation

shapes a galaxy
* PHANGS survey

— many high
resolution images

NGC 1566

STScI | Scenice wsmure
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i w525 The “Phantom Galaxy”, M74

STScI | scence wstmure




WEBE The “Phantom Galaxy”, M74
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WEBE The “Phantom Galaxy”, M74
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i w525 The “Phantom Galaxy”, M74
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i w525 The “Phantom Galaxy”, M74
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WEBE The “Phantom Galaxy”, M74
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i w525 The “Phantom Galaxy”, M74
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WEBE The “Phantom Galaxy”, M74
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WEEE NGC 7496

 Face-on barred
spiral

 |s the center a
bit bright?

STScI | science msmmore




(0
i =22 NGC 7496
=

 Face-on barred
spiral

* |s the center a
bit bright?
* Yes! There’s
an active black

hole in the
center
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wEEE NGC 1512
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wEEE NGC 1512
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Wi 2222 The Changing Universe

Can you spot the
differences?

-
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The Changing Universe

2022

Can you spot the
differences?

2023

z=12.845

z=0.655

-
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{1 WEEE The Changing Universe

z~38 z2=2.845 z2=0.655 —

2022 =

2023 .

s after the Big Bang

400 thousand 0.1 bision

r
The Big Bang

Fully ionised
[
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The Changing Universe

2022

2023

z=2.845
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z=0.655 -
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SN Requiem and Encore

* Multiple images
of same SN

A second SN
happened In
the same
galaxy!

Hubblé 2016 *

| Webb?2023 o
-
»

—
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i WEBS  New resources

* Articles broadly summarizing new science:
« Galaxies through time

« Exoplanets
« Solar System Science

Webb's Impact on Exoplanet Research

VIEW ALL ARTICLES

Webb Science: Galaxies Through Time

VIEW ALL ARTICLE!

Catch up on Webb's latest discoveries about galaxies and the universe's development over time.

In This Article:

How were galaxies in the early universe different from our
own cosmic neighborhood?

0w the u

L} L}
M O re a rt I C I e S a l I d V I d e O S What are planets around other stars like? What are they made of? How did they form? How different are they

from each other and the planets in our solar system?

coming soon!

Gas Giants: Artist Concept] WASP-17b. As

?
tom?

Webb's e y n f-the-art

} Expan

Jupiter (NIRCam Image). G
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