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Who are we?

• A combination of UV technologists and astronomers who 
are excited about the potential of HWO

• A cross-section of career stages - from graduate students to 
retired experts

• A broad multi-institution collection - contributors from 
Universities, NASA centers, and industry





Why this working group?

• The road to HWO is both really long (work wise) and surprisingly 
short (time wise)

• Crucial to capture the current state of UV technology

• Want to document and address some past concerns & experiences

• Demonstrate current state of the art – and exciting development 
paths!

• Instrumentalists are surprisingly (not that surprisingly) mediocre at 
publishing things. Building things? Great. Documenting that? A… 
little less great.
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Worlds & Suns 
in Context

ESO/M. Kornmesser



UV drives exoplanet photochemistry
100 - 320nm

100 - 115nm 
provide 
temperature and 
abundance 
diagnostics

Tsai et al 2023



Cosmic 
Ecosystems

E. Bacarra



Key Science
Observing the Circumgalactic Medium (CGM)

100 - 120 nm captures OVI (103.2nm) at z > 0.1 
and Ne VIII and Mg X at z > 0.5



Hardware 
& Processes



UV & Optical Coating Performance



Reflective Coatings - XeLiF



Reflective Coatings

Next push - scaling optics upward



Detectors - Microchannel Plates



Detectors - Solid State Detectors
Delta Doped CCDs
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Detectors - Solid State Detectors
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Developing 
Systems



Take aways
• Both planetary characterization and the circumgalactic medium (key science 

drivers) require pushing down to the 100nm cutoff.

• Current coatings reach nominal desired values in the UV.

• Electron-beam lithography is our most promising UV grating technology and has 
been tested sub-orbitally.

• Several mature UV detector technologies are available and flight qualified (with 
several more in the wings). There is room for performance improvement - this 
will especially benefit the transformational astrophysics goal of HWO.

• Contamination must be controlled at the systems level and the component level. 
We capture the wealth of knowledge on this topic to provide a strong start for 
HWO.

• Several multiplexing technologies have been space qualified. When combined with 
UV coating development, there is a very exciting path to a multiplexed UV 
instrument.



What comes next?
We suggest…..

• Process level (material physics) development (polarimetry 
performance of coatings, for example)

• Technologies need to scale up in aperture. We need to support facility 
to begin testing these larger scale components.

• Shifting modes from proving components to developing production 
lines and systems development and testing.

• Development of laboratory prototype testbed instruments

• Investment beyond APRA (sub-orbital) missions

• Technology Demonstration Missions (smallsats/pathfinders) to do 
systems level testing and provide early-career mission training





Mapping the CGM in the FUVMaratus:

Jessica Werk (UW), Matt 
McQuinn(UW), Tom Quinn(UW), 

Lauren Corelis (VRO), Paul 
Scowen (GSFC), Brian Fleming 

(CU), Jason McPhate (UCB)
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Figure 2 Maratus Schematic: GALEX Medium-Imaging Survey two-color image (5’ ⇥ 5’ field;
0.25 of our field of view) and SDSS 5-color color image (zoom-in 0.5’ ⇥ 0.5’ field) of the field
J0943+0531 containing a UV-bright QSO sightline studied by COS-Halos, and found to have Log
NOVI > 14.5 at ⇠100 kpc from the target galaxy at z = 0.35 [Tumlinson et al., 2011]. On top two
rightmost panels, we show illustrations of possible CGM morphologies in O vi emission between
which Maratus may distinguish with a deep-stare survey. At z ⇠0.35, 0.5’ is approximately 150
kpc. Di↵erent science goals that drive the narrow-band FUV legacy survey are highlighted in color
atop the GALEX MIS image.

Ly↵ emitters and Ly↵ blobs is from z & 2, when the Ly↵ transition has redshifted into the
optical and hence can be observed from the ground. While HST has been used to target
individual galaxies [Hayes, 2015], the most important survey work at low redshifts has been
done with GALEX [Wold et al., 2017]. Maratus’ estimated flux sensitivity of 2⇥ 10�15 erg
s�1 cm�2 is similar to the sensitivity of the 2 sq. deg. GALEX grism + optical data study
of Wold et al. [2017]. Maratus’ 100 deg.2 survey will extend this flux sensitivity over a much
larger area. Furthermore, Ly↵ emission is generically extended, with an abundance of Ly↵
blobs often centered around AGN known at z > 2. Few extended Ly↵ sources are known at
low-z [Wold et al., 2017]. Maratus will be poised to discover more.

There are also various line emitters that can redshift into our band, including O vi
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Mapping the Circumgalactic Medium
OVI at z ~ 0.3

Figure 2: This modified version of Figure 11 from Corlies & Schiminovich (2016) shows surface
brightness of both CIV and OVI from redshift of z=1 to z=0. You can see the evolution of structure
with time, as well as the variation from ion to ion.

combination of emission lines can be combined to trace the spatial distribution of this multiphase
medium and the galaxy’s metal enrichment history.
For the CGM and IGM with temperatures between 104 � 107 K, cooling is dominated by
emission lines in the rest-frame ultraviolet and into the X-ray for the most massive galaxies CITE.
Stacking galaxies within a cosmological volume, van de Voort & Schaye (2013) showed that,
with technology-pushing low surface brightness limits, emission from multiple metal lines (CIV,
OVI, SIII, SiIV) can be detected out to 10-20% of the galaxy’s virial radius while the brightest
line, CIII, can potentially be detected out as far as 60% of the virial radius.
Corlies & Schiminovich (2016) echoed these results while looking in specific detail at the
evolution of the emission around a single Milky Way-like galaxy for 1 < z < 0. However,
looking at a single galaxy instead of stacking, bright dense features in the halo are not smoothed
out and for the brightest lines (CIII, CIV, OVI), this means that detectable emission can extend as
far as 120 kpc at z=0, as can be seen in Figure 2. At low redshift, closer distances means that
emission is more extended on the sky and lower densities can be probed. At higher redshifts, the
emission remains possible to detect because while the redshift dimming is stronger, the emission
itself is intrinsically brighter because of the higher densities and lower temperatures of the
galactic halo at earlier times. At all redshifts, low surface brightness limits are required to observe
the hot, diffuse medium filling most of the virial volume at all redshifts.
In addition to these surface brightness limits, resolution, in particular, is important for
determining the source of the gas generating the emission. If pixels are too large, it becomes
impossible to distinguish halo emission from the main galactic disk. At high redshift, dense IGM
filaments are still feeding the galaxy and drive the extended emission while at low redshift, gas
stripped from in falling satellites seems to be the main source because of its higher density.
Having enough resolution to probe these structures will provide a more complete picture of the
origin of dense gas in the galactic halo.
Thus, simulations are all suggesting that this emission can be detected within a significant
volume of a galaxy halo and with high enough spatial resolution can be a new window into
understanding how gas flows into and out of galaxies and how these galaxies connect to the
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Predictions (from multiple simulations)


Constraints from past projects (FIREBall1 & 2)


Absorption measurements (COS-HALOs etc.)
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