At the Break of Cosmic Dawn:
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This is what we predicted to see with JWST... ]

z > 14
> 13.4 billion years ago
< 300 billion years after the Big Bang

[ Very few luminous galaxies at high redshifts, i.e., Cosmic Dawn]
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Image Credit: NASA



https://science.nasa.gov/universe/graphics/

[ This is what we actually saw with JWST... ]
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[ Lots of luminous galaxies at high redshifts, i.e., Cosmic Dawn ]
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This is what we actually saw with JWST...
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My Research Tries to Answer
the Question of “Why?”
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[ Lots of luminous galaxies at high redshifts, i.e., Cosmic Dawn ]
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https://science.nasa.gov/universe/graphics/

JADES-GS-z14-0 at z = 14.18 (~290 Myr after the Big Bang)
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mw ~ 27.0 AB mag

Muv ~ -20.81, fuv ~ -2.20

Rw ~ 260 parsecs, half-light
~ 300 million solar masses



https://jades.idies.jhu.edu/public/

Ultra-Deep
Spectroscopy

(~34 hours) with
the MIRI/LRS
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Image Credit: Jakob M. Helton et al. (2025c)



https://www.scixplorer.org/abs/2025arXiv251219695H/abstract

JADES—GS—214—0 with MIRI/Spectroscopy (This Work)
‘ Galaxies at z > 10 with Previous MIRI/Spectroscopy [Ngalaxics = 3]
®  Galaxies at z > 3 from JADES DR4 with S/N > 4 for HS [Ngalaxies = 853]
Galaxies at z > 3 from JADES DR4 [Nyglaxies = 1497]
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https://www.scixplorer.org/abs/2025arXiv251219695H/abstract

JADES—GS—2z14—0 with MIRI/Spectroscopy (This Work)
‘ Galaxies at z > 10 with Previous MIRI/Spectroscopy [Ngalaxies = 3]
B Galaxies at z > 3 from JADES DR4 with S/N > 4 for Hf [ Nyalaxies = 853]
Galaxies at z > 3 from JADES DRA4 [Ngalaxies = 1497]
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JADES—GS—2z14—0 with MIRI/Spectroscopy (This Work)
0 Galaxies at z > 10 with Previous MIRI/Spectroscopy [Ngalaxies = 3]
B Galaxies at z > 3 from JADES DR4 with S/N > 4 for Hf [Ngalaxies = 853]
Galaxies at z > 3 from JADES DR4 [Ngglaxies = 1497]
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[0 cue Model Predictions (x2 = 0.4)
@  Observed Line Luminosity
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Modeling Using
All Emission
Lines...
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] JADES—GS—z14—0
—— FIRE — II Relation (z = 6)
FIRE — II Relation (z = 12)
=== TllustrisTNG Relation (z = 6)
MilleniumTNG Relation (z = 12)
=== THESAN — Zoom Relation (z = 6)
THESAN — Zoom Relation (z = 12)

12 + log,, (O/H)

JADES-GS-z14-0 is an Extreme
Outlier in the Mass-Metallicity
Relation!

Slide #11 Image Credit: Jakob M. Helton (in preparation)




» N
. .
- §
by .. !
; -
. . & 4 - 4 . 5 > x .
v ¥ - ' g : ) : e : . , ‘ = . A
. DB - . .f P Vi V-5 - s g S . ' 4 ~

o We obtamed the deepest spectroscopy ever -
-acqulred byJWST/MIRI f“or JADES -G5-214-0 (2 = 14. 18)

These observatlons reveal extreme 1onlzat10p cond1t10ns~and
r rapld metal enrlchment less tHan 306 Myr after the-Big Bang
We fmd ev1dence for b.ursty star formatlon hlstorles :
and 1ncreased star formatlon efhmenc‘ies
‘, 5

% ' e i JWST/MIRI is the future .'for understan&mg »}-~.'-'
SR, TS . the first sta;rs and galaX1es' g 0

‘Slide #12 = = e Image Credit: NASA, ESA, CSA, the JADES ?Ollaberatien A. Pagan (STScl).
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