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What can the UV dqior~y@u7 |

Flux (10-6erg s~lem=24-1 )

Optical

How are metals fruly distributed
throughout a galaxy?

What are the timescales of
chemical enrichment?

How dense is the ISM?

How intense are the high energy

photons and where are they /2
being produced? {
. Neutral —

Gas 7
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— Accurate UV diagnostics for measuring properties of local + high-z galaxies
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Mingozzi, James et al. 2022 UV n, diagnostics

Ne(SiIII]; Te([SIII])
ne(CIII]; Te([SIII])
ne(NIV]; Te([OIII])

UV density tracers:

[SIIII]A1883/SillI]A1892
NIV]A1483/NIV]A1486

Most common optical density tracers:
[SII]A6717/[SII]A6731

[O11]3729/3727

Electron density
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12+log(O/H)

UV densities are 1-2 dex higher than optical
diagnostics

The UV is tracing higher ionization zones

Collisional de-excitation of O%* @N,=10>°cm-3
— Lower temperatures = higher metallicity

Using the correct density dramatically changes
abundance calculations!
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Extremely metal-poor
galaxies tend to lie
at the edge of
star-forming locus
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* UV diagnostic emission lines trace the ISM properties

» Gas-phase metallicity and source of ionization of the CLASSY galaxies using only UV
lines

—UV toolkit to interpret the high-z Universe.
* However, still need accurate calibration on spatially resolved data!!

Shock-dominated region
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How are metals dl;trlbuted between the phases?

Alpha elements
behave similarly

T~5-100 Myr
Via Type Il SNe

More nitrogen in
the ionized phase

T~>100 Myr
via AGB stars
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James et al, 2025'§°(in-prep)
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lIron-peak
Depletion effects?
ICF issues?

T~1Gyr
Via Type la SNe
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Higher metallicity + strong outflows
— more nitrogen in ionized gas than neutral
gas
— gas less mixed on long timescales
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Spatlallv resolved observatlons
—Localized outflow effects
—Accurate gas abundances
—How/why do stars affect their surroundings?
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* 11 clusters: 15 orbits COS (PI: James) + 1 MUSE cube
» low-metallicity , starbursting + highly ionized gas
 WR stars — N-enriched gas (Westmoquette+ 2012)

How fast does enrichment happen? <6-8 Myr
How quickly do metals mix? 10-15Myrs
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‘What do We'sti
g oA -

How do massive stars affect their surroundings?
<100pc scales = stop averaging properties over clusters
— accurate abundances
— full sampling of stellar population ages/timescales
— directly link outflows + photons to their source

How much C, N and Si within a galaxy? And where?
Sensitive mapping of UV emission lines:
— actual C or Si emission lines (absent in optical 4)
— high ionization NIII], NIV lines
— map all ionic stages, stop relying on ICFs
— Highly accurate C, N, Si

Are high-z systems really N-enriched?
Map full density structure & accurate N/H
— determine role of electron density
Sample range of stellar populations
— Is it a timing issue?

Where are the high energy photons coming from?
Map high ionization lines at <100pc resolution
— disentangle shocks vs AGN vs SF

Column density
& kinematics
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65 Orbits with HST/STIS (PI: James)
G140M: R~10,000, 1540-1594A - ClV, Sill, Sill*
G140L: R~1000, 1150-1736A - full stellar continuum

High-R UV cube + low-R UV cube
0.2” x 0.2” spaxels (0.2”=86pc)

Haro 11
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(a) Three-colored image highlighting (b) Three-colored MUSE spectral
range of stellar ages. cube showing range of gas ionization.

Science Objectives:

1.map the structure and content of the cold neutral
ISM

2.characterize multi-phase outflows

3.directly map the effects of young massive stars

4.decipher the conditions for nebular CIV emission

Data due July 2025



Slmu.latmg 0 UV-IEU .thh HST/S .

G140M: R~10,000, 1540-1594A - CIV, Sill, Sill*
G140L: R~1000, 1150-1736A - full stellar continuum

Grid of UV cubes sampling:
0.2” — 0.8" spatial resolution (86pc - 350 pc) |
R = 1000 — 10,000 5% 1530 150 150 1560
Maps of optical properties: Rest Wavelength (1)
(temperature, density, kinematics, ionization)

| Address four fundamental questions for a HWO UV-|FU:.
ia. Over what physical extent can UV spectra be sampled?
At what spatial scales do UV properties vary?

ol
N

b
i C.  What is the minimum spectral resolution required to map outflows®?
d

How do UV properties change with respect to stellar+ISM conditions? | #
— 3
»00:36:52.8 52 7 52 6 52.5" 352.4" 52.3"
Right Ascension (J2000)

—33:33:22



- Steppi ,
' Breakthrough Sc:qpte

SF&ISM HWO Science Case:
"How do evolutionary processes, traced by the spatial distribution of elements (e.g., O, N, C, Si),

shape cosmic ecosystems from planets to galaxies across cosmic time?” Read our SCDD!
(Bethan James & Danielle Berg)

Measure: UV emission, absorption, nebular properties, kinematics, ionic
i abundances
Il_r:;-'-'--‘-i:;:?_ll Scale: <10pc
@; Why?: Resolve nebular structures & shock fronts in HII regions
>1 kpc - — Eliminate measurement bias by to study ISM physics.
— Spatially map source to velocity components.

@ Global/average

05 kpe o
D Designed to make major progress on:
100 pc | z"Jx *9 Large scale variations

Variations on

native scales . - ;“---~j 2.Impact of star formation and feedback processes on

| ' elemental abundances

3.Production sites/mechanisms of the various elements
4 .Effects of large-scale environment on elemental

0% 30% 80% 100% abundance patterns
Measurement Bias

Physical Scale of Measurement
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Observation - | State of the Art | Incremental | Substantial | Major ,'650.2'5«:.2"
Requirement Progress Progress Progress s,
(Enhancing) | (Enabling) (Breakthrough)
Spectroscopy | HST/COS for MOS or Efficient slit IFU spectroscopy
FUV multiple stepping N

HST/STIS for pointings in .

NUV one system

(single aperture ' .
pectroscop

Wavelength 1200-1950 900-1950A 1150-2850 A | 950-2850 A
Range (range with Complete (UVEX; 10x

reasonable FUV+NUV higher

sensitivity with | range throughput)

COS); havent | available with

been able to COS when

successfully combining all

detect many gratings

NUV lines with

STIS

FoV: Amount | 2.5" aperture 2° long slit 4"x4" >10"x10"
of sky covered | (COS) or 26" (UVEX)
long slit (STIS

Magnitude of | 19.5(SNR >5 | Fainter Faint galaxies | Mapping faint
target in in the galaxies - with any galaxies.
chosen continuum with | down to spatial
bandpass COS) 20-21 resolution

magnitude

Spatial 2.5" aperture 0.2°x17 slit for | 0.2°x0.2" slit | =0.1"x0.1" spaxels
resolution (COS) or slit stepping | extractions with contiguous

0.2"-1.0" wide with STIS (not spatial coverage

slit (STIS available

Spectral R=10,000 for R=10,000 R=10,000 R>10,000
resolution extended

objects at

current lifetime

position (COS,;

degraded from

original 20,000

Estimated Spatial Scales and
Exposure Times to Map | Zw 18
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What do we currently know from UV observations?
— Galaxies are not homogeneous in density, temperature, metal content, ionization

The UV provides key information on ALL these parts
But we lack the spatial resolution and sensitivity to provide unbiased calculations

With a UV-IFU we could answer:
 How do massive stars affect their surroundings?
* How much C, N, Si is within a galaxy and where is it located?
* Are high-z systems really N-enriched? If so, why?
* Where are the high energy photons coming from?

What do we need from a UV-IFU? 0.1"x0.1" spatial resolution @ R~10,000
How can we progress in the meantime? Simulating UV-IFU using slit-stepping with STIS
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