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s | | The Story of Our Universe May Be
évc\,lil; :'5;;t Glimpses of Early Galaxies Could Break Startmg o Unravel

The James Webb Space Telescope’s first images of the distant universe shocked e 22023

astronomers. Is the discovery of unimaginably distant galaxies a mirage or a revolution?

BY JONATHAN O'CALLAGHAN

SCIENCE

Astronomers spc
something perple¢
beginningof time ...

Monsters lurk in the background of James Webb Space
Telescope images. Scientists are scrambling to make sense of
them.

By Brian Resnick | @B_resnick | brian@vox.com | Jan 17,2024, 11:35am EST




What do we think the universe looks like?



cosmic time

gravity makes matter collapse

galaxy grows
l galaxy forms

The Cosmological Model



The Cosmological Model
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There's always traffic on

What goes up It's realllly hot in Austin
Mopac.

must come down. in the summer.
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How long did it take to build NYC?




Hubble Space Telescope,
launched 1990
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The speed of light is finite.

More distant

67 million miles per hour (!) y galaxies?
Q  _1 Millions to

(3% 10"ms™) billions of

years...

Light from the
Andromeda galaxy
takes 2 million years

Light from the (longer than humans
nearest star have been around).

outside of the
Reflected light solar system

The Sun’s light from Saturn takes 4.3 years.

. takes ~1 hour.
takes ~8 minutes

to reach Earth.

Light from nearby galaxies
used to infer cosmic
expansion has taken
several 10s-100s of

millions of years to reach
us (think dinosaurs).




Uranus and its rings ’
~3 light hours

_ Umbriel
.
f~,
Ariel ¥
Miranda
5
*‘ \ *\
Titania galaxies whose light has traveled ~5 billion years!
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How we write the cosmic history books

the earliest
galaxy Hubble
could see,
GN-z11 . ”
the big bang first galaxies like the today
Milky Way emerge the sun and earth form
t=0 t=200 Myr t=2-3 Gyr t=8-9 Gyr t=13.8 Gyr

?? time

the dark ages



Our telescopes can’t see everything...



The farthest objects tend to be bright

Firefly Lightbulb Lighthouse



The farthest objects tend to be bright

Firefly

V4



The farthest objects tend to be bright

- v
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.-="" GN-z11 is just the
tip of the iceberg
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ELECTROMAGNETIC SPECTRUM
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GAMMA X-RAY ULTRAVIOLET INFRARED MICROWAVE RADIO
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ELECTROMAGNETIC SPECTRUM
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James Webb Space Telescope
A journey that began when Hubble launched...

Final cost ~$10B, >10x over
initial estimates.

Plagued by delays and technical
challenges; initially set for launch in 2007.

About what the US population
spends on potato chips every year.

Funded careers of 10,000 scientists
& engineers

Turning the dream into reality had its challenges...



JWST Launch Day. December 25, 2021.
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The long journey post-launch...

b -
e <5, -

JWST at launch: a

complex piece of
origami that needed to

be unfolded...




, L
) A s
| Y

Hubble Space Telescope James Webb Space Telescope
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Southern Ring Nebula
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The remarkable resolution of JWST

e

..
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WISE W2 4.6 um Spitzer/IRAC 8.6 um JWST/MIRI 7.7 pm
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L4 spectrum of GN-z11. GN-z11.



So why the headlines?

Che New 1lork Cimes

The Story of Qur Universe May Be
Starting to Unravel

Sept. 2, 2023




The color of galaxies tells us how far away they are.
(roughly)

‘ ‘I



The color of galaxies tells us how far away they are.
(roughly)

‘ ‘I
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wavelength of light

farthest



wavelength of light
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The brightness of galaxies tells us how many stars they have.

bri
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The discovery of “little red dots”
nature

Explore content v  About the journal v  Publish with us v Subscribe

nature > articles » article

Article | Published: 22 February 2023

A population of red candidate massive galaxies ~600
Myr after the Big Bang

Nature 616, 266-269 (2023) | Cite this article

107k Accesses | 36 Citations | 4450 Altmetric | Metrics

Abstract

Galaxies with stellar masses as high as roughly 1011 solar masses have been identified22 out
to redshifts z of roughly 6, around 1 billion years after the Big Bang. It has been difficult to find
massive galaxies at even earlier times, as the Balmer break region, which is needed for
accurate mass estimates, is redshifted to wavelengths beyond 2.5 pm. Here we make use of

the 1-5 pm coverage of the James Webb Space Telescope early release observations to search

for intrinsically red galaxies in the first roughly 750 million years of cosmic history. In the
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Not all cities are the samel!







. \ - i o &
. ' ¢ + '
’ \ . L . .
- ‘0 ‘ z 2 . - . -~
. ’ \ “ .
= i ' - . o = . oy €. s ~
. ’ . A
- 0
', % - -8 P - - -~ > .
B : P, B @ - g : : %S
: ~ ’ - »
) : > . E : § o & 2
: . : : - .. - ¢ St 2
t - . X
v S 2 / : : ol
LY A N 5 4 . A
- - - - B
. . - . < .; -~ ; e
e, ; ,.} : _ "
| e " \
f e ®r W9 o - # ‘ - “ 2 <. 7 . . ”
3 ’ o ' . 3 - e
o ® % - ‘- » ’ » A
- - a ‘ 4 .." E
\ .
) e : N - .
‘ - . « ’ y , i 3 % v \
J — ' ’ - L@
‘ 2= = s
/ & ‘ '3 - n:‘. L ‘e ¢ . - o g . -
. ..- » " - - . > > . e .
N 9 G ‘ P h ? ‘
‘ " € r \ sl ¢ ’ &
- . .. , ‘, :
? ~ ’ g ; ) "
. . - . 3
‘ : . = o Sa : ' ; ] . " .
' | ~ « At
: ; { > ‘ ! ~ = 4 o 2
g , - .. ' i . . . =) % ¢ s : ‘
~ 3 o P ~ . . 5 \ » . 3 ® » 2¥ =
S { - " o, » = 3
‘ﬁ'- .‘ P'_' i A S . ’
, . J 5. - 4- . e
. 0 - ® »
y .‘. ’ ¢ 1 .Y ’ J - LN ’ s d 0' a o
- ’ e .o "
’ » o -
i . . ’ < .' - EY ‘- . - .\ .‘ 8 .
. 9, " b g = . e, S
. - . e i
. ¥ .-0; A £ y
. . . g -l e . ‘ & .
K ; : P ‘
" " ’ . ' 2 3 Ve . * .
v / - ’ . - ! .
! : . - A { g 1 4 .
B X o o
L ’ { « : A Q X \ . :
e \ Ve, 2 . . . L4 ’ \ - '_ ’ " \
L :’ \ . & . s 2 |
" ‘e e % ; P . = 3
" N Vel ’ 'z o 4 *
. .
i / - » ¢ N L " ‘ ? : A i .
i - ’ ' & i i : T A .
. " " "N . . 03 " 4 ' .
““\ ."' & ¥ o - - g / . s p ‘. - . \ . ’ -
4 iy , 7 v, p - \ > ’ ’
.‘ \ . . ) N Py - . .
~ ) - - ' \ 3 . g
i . . 2
o W - L4 : ‘ > .
2 \ -4 ¢ . ¥ . 4 ; \
“ s = - . - £
= ) _ e . - 7
\ . . i . o - 2 e
- - : gl ) y :
W e ., ‘ .
L) - . { N 2 ’ . - ¥
oy M ~ - - -4 .
. " . ‘ o I 4 . .- ~ -
. ' ‘ ’ \ : :
- . % l A
’ N - J—
, 2 : o : - =
‘ -~ . - . o ¥ \ 2 \
- :‘ ’ - s .\-. . 5
. pe / .
- = * » . - 4 1
- » - - a : ) ) j .
. ' [N : b o &
. - ’) : ; o .
. ] > 9
y - » g { \ / v
. P " y " o R - ! ‘ . : . . -
: . ] v A . L]
’ . \ d 3 . 3 /»
: \ ’ p y
3 g ‘ ‘ . ¥ A
~ 4 - ’ - . ‘ ; 4 ‘ .
‘ " i o ° L) - 2 \ -
5 " & e |










- S .
e Y s
- Semeemp el

.

» . . N
b ; - i tE PR
; R ot . W =
. : i ". . ; =
. < - T . ! / o .
. . 2 \ 3
« X £ ' x ¥ g :
R 2 PR ¥ <o : .w’ VR
; ." - ¢ -
e e T AT
" * . A v e .
- - . » 2 4 % [ 5
; - -
- . ’
", ¢ - B Al i ‘ 1
. . ) det™ % ' -~ ., Ll
. ¥ . . » ; :
. ".' v . W Sy k "% ‘. .' :
% % : - . x
- -4 L . i .
A : 5 Foy
ay >3 2 % ¢
-~
S . S .
.- . =35 A * e D
) . il e " - : ),
- - | : ; i :
= . - . '. -. N .‘.
’ .-,n / ) = - . i
. ..
: - . . . . o -
- \l ’
S . o . )
o HR . S vt
- ' A " . '.. %
J 4 s 3 ® . - )
. . : ¥
s . Riass i ’
= - - "= y s
. 2 - . ola . L)
R0 . > ) 3
.-"’ . ' . . P . . ’ 2
o P -
Fid s H . LS )
| J e’ . \ ] 3:
. - . - ] % .
' " 54 o - .
.. .‘ . . A AR ' N P /A :
2 : ” ' . NS
> .
. - . > ~ .
FER * ‘ N 1 ]
Q) ' % . e
- . \ - A
. . \ / ’
R A .
! u ot . ' -
- 4% L e :
B R D *
’ ’ \ .
: .... . -
. v - X
- 3 -
. 2
"y . ." 7 .
-t - : ! > 4 3 A
.' . . - . 4 > ) o :
< - 4 o . . 8 .. .
. - . £
s = y .
- . o b ; \
' Y ! .‘
; N o v o 5
s Sy . 1 . e ¢
yEs - J o L
. 2 L 24
s L. = €4 : -~ ,
X : ) s f B & Tos o
sutis i . :
= -. o . N 2
e g - s =
= .
- A <®
: .. Nos A . ’ °
. - - - .
g . . g e L. I e
- v PR, Y -
.. 3 *. L) ~ al ™
: .
- N Y iie ¢ G}
.. ) : Y PR
. ,' - . 't ‘.' = %
0 S ¢« 0 e . o
'* R SR & ‘. g
/ N - . Al - '.
‘ . . ’ -
AN s . . TN
. L) . L2 | S X
> . o - . -
7 S s i 32 Y2,
. = P R NS i
2 .' . . e 5 3 "
: o =
4 . .
- ° ‘ SELIL . - , 3
“ l.- ”
x s - . o - /
’ - - ey - v
3 . « " - ; .’ = %
- o . " ’ > : 3
- / o ;
. . - . ) i .
Sk . e =
.' < .‘ - e
' Pt
. x 5 R
R ) 2 s : i
» .. L . & - . > 3
X ! o 5 ...'-. . . - - .
A gt v iy ~
s . . o
. ' Y St
£ . - '. b - - ! 33
. X - . d
® \ '(.. - f"‘. . '
- .
. d \ / g .
'Y < - ) d
- . 14
5 3 y ' . v
. ’ :
i . . 3
4 P - . 3 Leg \,
. . - X b,
v ' .
2k ok '.: o
: '
. - N P e
4 & : V. .
. - ]
o\ s - 5 s i % A
o< / . W, ; 1 v
” » b
: 37 L LR .
2y * : o 8
- . L% y
: . ) ¢ F : !
] > ’ P 1] '-—"“
1 f B A5, ~
; (- 2® --_'______'___;________________I—‘—"_ 2 .
\ i ‘' o, - G )
. \ ; . X S e
. < 5 “ 8. 5 L
Xy "o . .o - < e '
- P -

.




s, 95 ’ . Jou =
tedi) ¥ . ' %
s . e R"
R R ek O ' .
v ¢ « 3
. ?" .'-
- ¢ . 4
‘ o
. : 9 e 8 .
. - .
’ 3 . L2y
e n .'. . d L X «
v . . b 1

.- - \ . -
- -
® .
»
N . . -
-
- .
- e N
Fes i .

. ..

Y ”e . '
. “
. - ¢
'3 Y
. ” o
'..
.
-
P
P -
. " L
o
..
¥ la
.
A %53
g v
- .
(N
:"n'
- 3 x
-
’ .
« b e . N
g R .
N
.
LS
‘s .
&
. .
) i
'
'
. tadd
. o

.

. ' -
.
. -
. .
-
-
- -
.-
-
- PR
.
- s
. .
.-
s - .
N - -
e
ey
’ . .
. : .-
. .. A e 4 . .
. Sae
g
. .
Ao ® Ny &
DiES ; ) .
- .
. \
- R .
v )
- = ! .
- f s . 4 .
t ) * .
g TR .
. 2 : o
.
.

0. -
.
1 SR
a 8 h
" 08 &
e
., ok
'. 4 \ o
-
° B .
. ., .
o
. P
< . .
e s
" :
- S .
. H
AT
. i B
'_'- ¢
& N -
N . -
. L
a 4 ’
<. . .
by . i '
LR
A B
’.-.
’
.
* » by
‘- v »
P *
.
¥
g
. ¥
. 2 *
» . }
.
'
R :
.y
. * )



\ -
\
-
: <
A
;
-
-
S
- .
.\l‘ -
%
- ..
P
-,
- 3
=
.
-
.
.
.
+
<y

4 . . 2 o - - .
v g : . ! : . 2 < ol .. 7 ’ ’
4 WL = . ’ 3 . i o ’, ' f d ’ O
) . e s Sk - . g e itie .
s : o - . . .
s 3 . !
. ‘ i % ‘ L
1
it -
. - : 5
- . 0 >
! .
’ " .: ,' x .
. 3 ‘.:: A ~
1 r - O I -
L AT A . : ' -t . ¥
.. . £ - 3
. - = . g ’ \
- - . ' e e
Y N : "_ v 4 - . . -
‘ s . - . :. a .
i3 X . A y ' LK
. L - ' ’ . ,
. ! g : -
. . H : '
‘ » .. . d - 3 ‘ ' "' . b X i ‘ >
= =< LR | - \ \ ,'.
. . - 3 < . ' %
s e * . B T : ;
. 2 ¢ y P ‘ & ot B o
. =23 4l i e e o - “ » - : :
. Lo ¢ g - Y g ' -
. . - L . . - -
- S Ao ’ . - .
¢ . N > - T
. Nl ’ - " .
: oo Tyh7 4 334 A . H " ’ 4 ! -
: S . N Z : % .
oM g g 2 X . g ‘ "‘
LA . e & g
' Gk 7 <K : : ' 2 A . . :
. LA . s - o | \ . .
SRS - S > - . . . t h L 3
r . Ay . . . K . -
. 2 . ’ 2
: Ly X\ 4 & : . |
. » . - * \ A : p -..
p i . - e ¥ - ; .
: [P AR . 3 i g ’ e
; . | ) . - !
. Ay . d . ." . '- . . < %
PE: - W . l ..\ " - & .
-.’ Y - » . Ll ’
- ‘ - 9. y . . "N
TR s . A . . fEH" 0. 14 ' : ;
- s -~ .
: X - . " - ' i - : » - | R
e ’ ' . ' - f »
' - - ey . o
. S . . / ‘ PSR .
- . - . - N ,
e 3 4 . . . . . I . 7 »
/ : . - 4 . ' . : L,
L ¢ - 4 . “u :\ ’ !
. -
R ¥ - -\ . . - A $
.
. :
.
. .
e |
. -
]
¥
-
-~
B . >
R . «f -
- .
\..
pr F
.
\ . - - .
< " - -~ o
j B . A ¢ - ..
’ 2 ' - . "
- ~ . = g
. te
Ol 0 = ro— - e .
- . - -~ ... :, N 300
T & - S Al L
R N - ' 3£
‘ . H ~a
! ' ' . x . .o . .\. =
O ' - e 3 : \'
7 e\ S . o -: « X i,
|- .’.. R z A - Nt Jl A
S - “y H » .
. X = Y ¥
e | E i P 1o e
- Ll
' .~
c "wois .
2 of =8 L 2 Y
) - Y -
. . R 3
LR Ky _. - .
N 5 5 ¥ P
. - . 2 v .
. . .
. - J i
- - - v
& N » s '
. : '
. '
. - . g " '
. $ '
- s £ \ b .
- . o
i : ¥ e
'
* b e v,
R . H
6.5 \ '
> ey - o’ ' 4
. . . '
» , 4 e
H
'
5% ‘ ‘ v ,:'
'
'
H
» '
'
- mmm--—-— - r
" .- ¥ -
. . P ‘.- > . . -
= Ry 4 54 .
. . \ -
¢ ) ' . i - £ 5 .
> p Y
N =3 X, % : R ; >
; . . . s . * : h .

.



Y gL T i T L . \ -
e : et
’ .l \

Many ope‘h quesflons’

R How ahd when d:d the. first galax:es assemble7 e e

Do they really have so mahy §tars-, or does

somethmg else make them SO k’hght”
" b J°

. '
\ |

B T ' | Do they gro'wﬁh'group?s? (2
« e, Y
' . * - . Dag they ccmtaJn massive black holes?

’ 0
' \‘ ‘ . . »
‘ . . .' o . : . . o.
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Thank you’ Happy to take your quest:ons
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