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Dark Matter Map in Galaxy Cluster Abell 1689
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“We came all this way to explore the Moon,
and the most important thing is that

we discovered the Earth.”

— Bill Anders, Apollo 8

Earthrise photo 1968
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Only when it is dark enough can you see the stars
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https://www.flickr.com/photos/nasawebbtelescope/51765688333




O'nly when it is dark enough can you-see the stars



Formation of the first stars
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lensing magnification uncertainties quantified

galaxy cluster simulations + lensing analyses (Meneghetti+17)
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Wedding cake of large lensing surveys
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Cosmic JWST follow up of
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= predicted spectral line features
’, CIV: outflow wind strength Call: metallicity?

'

Emma Lundgvist (T > 15000K)  arXiv:2404.10817 (T ~6000K)  Erik Zackrisson
NIRSpec G140M 50 hours

Ter=30000K, z =6

NIRSpec G140M 50 hours
Tes=6000K, z =3

25
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Wavelength (microns)

Jun 26, 2025 Dan Coe — GarthFest 40

1.021.041.061.081.101.12
Wavelength (microns)




z = 2.37 star spectrum

“Godzilla” AB mag 22
magnified by ~7000x e« ® o " -

' ¢ |
+ & Insthe Sunburst Arc /4 b L

spectrum resembles Eta Carinae:

Eta Carinae 1 1 i Godzillla

T Vs luminous blue variable eru!otlon
+ smaller hot blue companion

F336W U _

[O III]:EE-U.SﬂUE: Ha+[M II]  [Ar III]='.-'12'-E O | 8449 [s III]:E'#.]T-"I
N 3000 400 50 [+ 8]ul4] 000 . a0o0 9000
0.2 parsecs 15" . EJ Choe
y Dan Coe — First Stars VI 41




» AG Carinae . Earendel spectrum could reveal stellar winds
CER and heavy elements in the first billion years

-

lower metallicity
weaker winds .
' less feedback Earendel

. more star formation

~ brighter galaxies
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a few nearby stars
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Gliese 229B Sun
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Sirius B

The first stars
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Theoretical supermassive “Population Ill” star

made of only hydrogen and helium
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The most highly magnified galaxy in the first billion years

Sunrise Arc (z~6.2) 900 Myr
Brian Welch et al. arXiv:2207.03532 / tiny parsec-scale star clusters atz ~ 6

;

/'1 .5/6/7a

@ 11.1'55;5 ¥

X : Lensing critical
" ¥ ¢ curveatz=6.2

Interloper

@ RELICS

................. e 1 arcsec 1 arcsec

~ ] N :
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Cosmic

s The most highly magnified galaxy in the first billion years

’ Sunrise Arc (z~6.2) 900 Myr
Eros Vanzella et al. arXiv:2211.09839 intense emission revealed in NIRCam imaging
Green: HB +[0111]4959,5007
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Nebular knots  «  £5engel”

F277TW
F356W

i Stellar clusters
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Model spectrum (MAP)
Model photometry
Observed Photometry

Gourav Khullar

Wavelength [A]

Intense [Olll] from young stars < 5 Myr

confirmed in spectrum
Sunrise Arc (z=5.9) 950 Myr
Green: HB +[0l1114959,5007
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Cosmic

Spring s Sunrise Arc (z=5.9) 950 Myr
| e | 89 41 Eros Vanzella et al. arXiv:2211.09839
Femis older gravitationally bound star clusters

radiias small as 1 pc
Green: HB +[0l1114959,5007

Adélaide Claeyssens | f§ : 1 /
. Ee 2

Angela Adamo

Model spectrum (MAP) ﬁ
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Observed magnitude (AB)

Model photometry . 1
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Cosmic Spring

Cosmic Gems: most distant bound star clusters known

Y Sunrise z~6

e Sunburst_Arc z~2.4
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very small and dense clumps ~2e6 Mg
gravitationally bound (age > 10 VR3/GM)

Expected to evolve, relax, and expand
to resemble globular clusters
in our own galaxy
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The first star clusters
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Cosmic Gemsarc (CoOsSmic  Sunrise Arc Sparkler SMACS0723 Messier 80
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%1 . ~ . ¥ high-resolution spectroscopy
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The first star clusters

L5
Cosmic Gemsarc (CoOsSmic  Sunrise Arc Sparkler SMACS0723 Messier 80
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Cosmic JWST
Nelalale \ e Opc r~20pc

Spectrum reveals heavy elements

2 years ago
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Tiger Hsiao & Abdurro’uf et al.
(co-lead authors)
| arXiv:2305.03042

z=10.17 (460 Myr) 13.3 Gyr ago

most distant detection of the

auroral line [Oll1] 4363A
for direct measurement

of oxygen abundance: 13% solar

Cycle 1 NIRSpec PRISM
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Cosmic Spring

May 22, 2024
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Cosmic Spring Pl Abdurro’uf

=] MIRI MRS IFU reductions:
| Javier Alvarez-Marquez
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Cosmic Spring

MIRI I\/IRS [Olll], Hat in MACS0647-1D (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 direct metallicity (0.5 Gyr)

consistent with other measurements (1.5 — 0.5 Gyr)
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Dense star clusters and mergers may drive starbursts
helping to explain abundance of “bright” early galaxies

Observed star clusters suggest high star formation efficiency

upcoming

Cycle 3 GO 5917
Pl Eros Vanzella
NIRSpec IFU prism
MIRI MRS long

Jun 26, 2025
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2=12.92

High-resolution
(0.1 pc) simulated
high-z galaxy

Fred Garcia et al.
arXiv:2212.13946
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