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Rest-frame UV
spectra

characterize galaxy

evolution across
all redshifts

Danielle A Bera |
COPAG Group-Meetina
01.7.2024 .Cosm|cﬁ Or_'.glns _._




z~0-1 credit: N. Byler
Fy
@ uv IR
3
£ Optical
Wavelength
z~2-3
Rest-frame UV
spectra %‘
characterize galaxy 5
evolution across =
all redshifts
Wavelength
z>6
£
n
c
3
£
Wavelength

Danielle ABera
COPAG Group-Meetina
01.7.2024 .Cosm"; Or!‘glns‘.




The UV hosts

numerous spectral
features that allow

Important
interlinked
processes to be
traced within the
same galaxies
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The COS Legacy .......
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FUV emission
lines diagnose

nebular gas
physical
conditions




CLASSY is improving the
calibration of FUV

ionization, T,, n., and

Mingozzi, Berg, and the metallicity diagnostics
CLASSY Team, 2022
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CLASSY is improving the
calibration of FUV

Densities from UV diagnostics are higher than Iomza;t'?m' Te' Ne, ar.‘d
optical diagnostics by 1-2 dex on average metallicity diagnostics

see, also, e.g., Hainline+09, Maseda+17, Berg+18
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Abundances
serve as

evolutionary
milestones
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C/0 relative abundances
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C/0 relative abundances
probe yields, feedback,

and timescales DLAS:
Cooke+ 2017
Disk Stars: RLs: High z:

Pettini+02 Stark+14

C/O

Relative CNO
abundances trace

Metal retention / CGM
& IGM enrichment

— Burst Cycles »

carbon
enrichment
oxygen from AGB
enrichment stars
from SNe
oxygen
outflows

Gustafsson+ 99 Esteban+02 .
Halo Stars: Peimbert+05 Fosbury+03  Steidel+16
, ) Erb+10 Vanzella+16
Akerman+04 Garcia-Rojas+07 . g
. , , Christensen+12 Amorin+17
Fabbian+ 09 Lépez-Sanchez+07 ) .
. Bayliss+14 Rigby+17
— Nissen+14 — Esteban+09
James+14 Berg+18
Esteban+14
Nbursty Qlpyrsty Nout\\J) vpsel Llerena+23
0.21 —— 2,050,000 @ Thiswork ™
m—2.0.20, 0.00 ® CELs |
= 2.0.07, 0.00 m RLs |
0 0 e 2.0.07, 0.50 A DLAs X g
’ m—4.0.15, 0.30 # Halo Stars “g «
m—4.0.15, 0.45 ¥ Disk Stars | ‘}* g -
— 4. 0.15, 0.60 %
—0.2
—_
@)
&
0.4
o
L |
—0.6
—0.8"
—1.01
6.0 6.5 7.0 7.5 8.0 8.5 9.0
12+log(O/H)

The C/O ratio depends critically on its specific star

| formation history and effective yields
Danielle A Bera

COPAG Grouo-Meétina
Cosmic Origins. 01.7.2024




- The C/O ratio depends
Relative CNO C critically on its specific

abundances star formation history
and effective yields
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- The C/O ratio depends
Relative CNO C critically on its specific

abundances star formation history

trace Metal and effective yields
retention / 0.4 o
Local CELs
CGM & IGM 0.2} CLASSY + +
I ~ 2
enrichment 2 i i
0.0} =—— Local weighted mean

z ~ 2 weighted mean

.
—0.2} + N CCSNe AGB
| -+ C TN A0

JOR |

Kobayashi+2020

log(C/0)

.

Martinez, Berg, D.A.,
et al. 2024, in prep.

i

L2 A0y - References (left to right):
—1.0f G95 g Ny Arellano-Cordova+22 (z=8.5)
Jones+23 (z=6.2)

. Marques-Chaves+23 (z=8.7)
CSNe YIeIdSCameron+23 (z=10.6)
. Citro, Berg, D.A.+23 (z~4)

7.0 75 3.0 85 9.0
12+log(O/H)

—1.2f

o1t [c NO O N T-RIELTeN Given the time delay in C
HENCIEL IR T production, we might
Al expect to see a delay in C

. . . Danielle A Bera
SEIEWIXY enrichment at high-z ... '

COPAG Grouo-Meétina
01.7.2024 -COSI:T"C., Orl.g'vns ;




NGC 5253

Spatial & Spectral
resolution are
important for rest-

frame UV absorption-
line spectra
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FUV resonant line
emission tells us
about the porosity of

the CGM and the
escape of ionizing
radiation

01.7.2024
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Local evolution shows
increase in neutral H
at recent times
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1200 1300 1350
Wavelength

Weida Hu ‘
Postdoc = <& ) Hu, W.; Berg, D.A.; and

Texas A&M the CLASSY team, 2023

Danielle ABera
COPAG Groun-.{\/leetina‘
01.7.2024 Cosmmic origms




CGM gas is complex. LyA profile observed
depends on both aperture and viewing angle.
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High-ionization
emission indicates

production of very
high-energy photons
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Resonant transitions can
tell us about the column
density of different
ionized gas populations

C
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Resonant transitions can
tell us about the column

density of different NUV Mgll AA2796,2803
ionized gas populations . .

emission probes LyC
emission into the epoch of

Mg Il detected in a z=7.5 galaxy. .. .
reionization

Mgll is much weaker than predicted by the
photoionization models, suggesting very little
Mg Il or LyC escapes this system
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NVA1238,1242

Normalized Flux + Offset

Broad wind
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Wind features are very
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lifetimes and low opacity to
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Chisholm, et al. 2022
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The UV is a power regime for diagnosing
the conditions in star-forming galaxies

Stellar wind P-Cygni features
characterize the massive star
populations (age, metallicity, ionizing
continuum) driving feedback and
producing emission-lines

along line of sight: metallicity,
outflow/inflow velocity, porosity,

ISM absorption features
diagnose properties of gas

turbulence, etc.
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escape of ionizing
photons; possible holes
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copious amounts of high-
energy photons produced

emission traces the
escape of high-
energy photons
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