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Hundreds of galaxies confirmed in first billion years
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Pan Coe — JWST First Sci'ence

&

JD 1

JD 2

JD 3

Look again
at that dot

MACS0647-JD
z~ 11 (400 Myr)
Coe et al. 2013




Cosmic *
Spring

Pan Coe — JWST First Sci.ence
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F200W AB mag 25.0
magnification ~ 8x

JD 1
.
F200W AB mag 25.4
ification ~ 5
magnification ~ 5x D 2

F200W AB mag 26.2
magnification ~ 2x

JD 3

Look again
at those dots

MACS0647-JD
z=10.17 (460 Myr)

Tiger Hsiao et al.
arXiv:2210.14123
arXiv:2305.03042




A:r~70pc
- ~50 Myr old
~no dust
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B:r~ 20 pc .
~100 Myr old
~0.1 mag dust

SFH from GAINN simulation analysis
Lilian Santos-Olmsted+ arXiv:2305.17158

10?

SFR (Mo /yr)
=
o = =
! 2 2

[

= o

o |
NN

=
o

SFR (Mo /yr)
-
o

quiescent
lull?

125 100 75 50
Time before observed (Myr)

Pan Coe — JWST First Sciénce

JD 3

Look again
* at those dots

MACS0647-JD
z =10.17 (460 Myr)

Tiger Hsiao et al.
arXiv:2210.14123
arXiv:2305.03042
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Galaxy merger 400 Myr after the Big Bang?

Tiger Hsiao et al.

. i -2 A .

Simulated D1 \ﬂ JD2 A JD3  arXiv:2210.14123
Renaissance 3
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Cosmic Spring

| Tiger Hsiao & Abdurro’uf et al.
MACSO647_J D N3 \@’ (co-lead authors)
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Q Observed photometry
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Bright z > 10 galaxies yield emission lines
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Photo-Z’s slightly underestimated

* Lya damping wing due to neutral IGM (Heintz+)
* or low-metallicity top-heavy IMF (Cameron, Katz+)

piXedfit
TH-M

Transmitted

1.4 1.5
Wavelength [um]

analysis by Intae Jung
in Hsiao & Abdurro’uf et al.
arXiv:2305.03042

Ry [PMpc]

see also Henitz+23, Umeda+23, Cameron+23
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Cosmic Spring

MACS0647-JD metallicity
consistent with other z~4 — 11 measurements

Z solar
metallicity z=4-10, Nakajima+23

8.6 This work
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Cosmic Spring

JWST Cycle 2 GO 4246 Pl Abdurro’uf B
MACS064/-JD NIRSpec G395H; MIRI imaging + spectroscopy
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“direct” metallicity Rest-frame vaelength_r)[lo Al =
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 [OIlll] 4363A — Cycle 1 NIRSpec PRISM 35 T MACS0647-JD (z=10.17)
e [Olll] 5007A — Cycle 2 MIRI MRS : —— NIRSpec MSA PRISM

Model spectrum
Q© HST/ACS + NIRCam
Model photometry
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Cosmic Spring
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No strong outflows / AGN

Abdurro’uf et al. 2024 = “

Rest-frame wavelength [A]
4000 4100 4200

High resolution NIRSpec G395H
Line widths ~ 150 km/s

after correcting for broadening
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Cosmic Spring

Resolved [Oll] doublet: density n, ~ 1000 / cm?
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Cosmic Spring
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Cosmic Spring

MIRI detects MACS0647-JD (z=10.17)

-I- JpD1 - MR

- D1 - NIRCam RGB |- JD1 -

Ha =] MIRI MRS IFU reductions:
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Cosmic Spring

- MIRI MRS: [Olll], Hat in MACS0647-JD (z=10.17)

MIRI MRS reductions and analysis: Javier Alvarez
paper: Tiger Hsiao & Javier Alvarez et al. 2024
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Cosmic Spring

MACS0647-JD metallicity
consistent with other z~4 — 11 measurements

Z solar
metallicity z=4-10, Nakajima+23

8.6 This work
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Cosmic Spring

MACS0647-1D direct metallicity
consistent with other z~4 — 11 measurements

Z solar
metallicity z=4-10, Nakajima+23

8.6 This work

[Olll] 5007 /4363 =405
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Cosmic Spring
MACS0647-I1D

Expect lower metallicity given s sromonse=swo/v

M*: stellar mass =10 " 8.1 M
sSFR: specific SFR = SFR / M*

high specific star formation rate SFR= 10774y

—7.4
Ucci+23

T B

N
]

z2>17 Hsiao+24
Astraeus (Ucci et al. 2023)

-k~ MACS0647 — JD
Nakajima et al. (2023)
Morishita et al. (2023)
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Cosmic Spring

Individual
clump
properties?

Where is the emission
coming from?

upcoming JWST Cycle 3
NIRSpec IFU G395M
GTO 4528 (PI Isaak)
+13 targets incl.
MACS0647-]D

May 1, 2024

Cycle 1 (GO 1433)
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Rest-frame wavelength [A]
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GS-z12

z=12.48 (350 Myr)
Myy =-18.2

AB mag 29.0
extreme C/O

GHZ2/GLASS-z12

z = 12.34 (360 Myr)
Myy = —20.5

AB mag 27
extreme N/O, CIV

GN-z11

z =10.60 (430 Myr)
Myy = —21.5

AB mag 26.0
extreme N/O, AGN

MACS0647-JD
z=10.17 (460 Myr)
Myy =-20.3
25.0+25.4+26.2=24.2
extreme...?

May 1, 2024

=
3
IS
o
L
w
Q2
S
=
]
T
X
o

Are all z > 10 galaxies “extreme™?

-5 0 5

_S/N
d’Eugenio+23

iy -

__prism o
3215+1210
1000 1500 2000 . 2500 3000 3500
A (rest) [A]
Z=12.342: oméus

INejv] i

¢aste|lanp+24

Flux density (1071° erg/s/cm?/4

10000 15000 20000 25000 30000 35000 40000 45000 50000

Aobs (A)

3
Wavelength (micron)

Rest-frame wavelength [A]
2000 2500 300 3500

Hsiao,Abdurrouf+23b

LAY T e
e

Flux density [u)y]

Dan Coe — Extreme Galaxies

Flux Density [p]y]

unexpected,
requiring
explanation

| ||()|||| AA4959, 5007

556

L ) 3.0 0
Observed Wavelength [m]

7

Zavala+24

8

Observed Wavelength [pm]

560
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GS-z12
z2=12.48

MUV =-18.2 S U pe ' SO ‘ dal C/O Local: 8 Pox 186 JWST:  This work:

AB mag 29.0 MW stars DLA and LLS A AC22 @ GS-ZIQT
z=0 an : v J23 @ GS-z12
[C/O] >0.15 7=2-4 C17 & $23
o 123 S23

IFII 02

L _ "i"”"‘ﬁ“‘“”* W,-I'iik".l"'i[ﬁf".‘ff}'f I
o) {8 - lemhmm i

"f.illllﬂllli'irll BENE] ST GTNTNE ) KBRS 1L W g ‘ it '&;l |[\ ), r
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-5 5 i
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S/N
77321541210 (2= | = 12 + log (O/H) [dex]
1000 1500 2000 25 3000 3500 Nicholls et al. (2017) PoplII LC18 PoplI K20
X (rest) [A] Popl T07 & WW95 PoplIl V23
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GS-z12

2=12.48

MUV =-18.2 S u p e r S O ‘ a r C/O ? 1000 1500 2000 Rest-fraggowavelengg

AB mag 29.0 (o) Obser\I/ed hotometr

[C/O] >0.15 1.01 @ Model pho?ometry ’ § %

d’Eugenio+23 64 hours PRISM A (0bs) [um] ol )
= 05 ‘ N < 14  - o E‘; X s S} o | L‘ , ‘Hl’lllm‘ %‘v ‘ “W = Al

o , 87 JTTREELAF 1 i { | ‘1 ul v ‘h" 3 (6l ‘

© 0.0 Y SERE SRR | i : -
2 ———————y WWW'M .

> ~0.5 iU IRREUR R WOL TS U j“ S e H.) i c . MACS0647-JD
= 08 NV ° z=10.17 (460 Myr)
£ 06 g 2 Myy = —20.3
o 04 | AB mag 25.0+25.4+26.2 = 24.2
> 0.2} "m l "M\ | [C/O] ? (Hsiao+ in prep.)
5 oof | - - 0 g
g -0.2 _gg?rSnHZO ; i i > (?)E = HEfyACS  F1l5w F150W F200W F277W

< Z 0O 10 Z U /
* 1000 1500 2000 2500 3000 3500 02 G 20 25 30

X (rest) [A] Hsiao & Abdurro uf + Observed wavelengtt
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Globuar cluster progenitors over time

Cosmic Gems arc  (CoOsSmiC  Sunrise Arc Sparkler  SMACS0723 Messier 80
z~10 z~6 z=1.38 z=0.390 z=0

- |

S/-\\
Nebular knots Earende®

(500 Myr) Spring (1 Gyr) (4.5 Gyr) (9.4 Gyr) (13-8»Gyr)

Q ir~1lpc
r~1pc
. Mowla, lyer, et al. 2022
, ] Claeyssens et al. 2022
Adamo et al. 2023
MACS0647-JD | s o
i ellar clusters
z=1017  JlL—=
Adamo+ Welch+
Bradley+ | Vanzella+
Hsiao+
r~70 pc, Hsiao & Abdurrouf+
Abdurrouf+

Hsiao & Alvarez+ 29




@HRBELICS SPT0615 -JD: the most distant Iensed arc

R ————— M , -
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JWST: the smudge comes into focus
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Cosmic Gems: most distant bound star clusters known
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very small and dense clumps ~2e6 M,
gravitationally bound (age > 10 VR3/GM)

Expected to evolve, relax, and expand
to resemble globular clusters
in our own galaxy
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Extremely

Dense star clusters and mergers may drive starbursts
helping to explain abundance of “bright” early galaxies

extreme? or common?

' Cycle 3 GO 5917
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extreme C/O?
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‘I have been a child playing on the seashore,
diverting myself now and then finding a smoother pebble or a prettier shell,
while the great ocean of truth lay all undiscovered before me.”

- Newton
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GREEN LAND Eclipse observation point
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See you at
Extreme Galaxies 2026
for the eclipse Aug 12!
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JWST is observing the first star clusters
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. and they are extreme!
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Cosmic Spring

cosmic-spring.github.io
public data, code, papers
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