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Why is the UV critically undersampled?

5.2 Hygroscopicity of Lithium Fluoride

Hygroscopic sensitivity has limited the use of LiF on astrophysical space missions due to
concerns about both the risk and cost of handling. Exposure of LiF+Al optics to typical
room-level humidity (40-70% RH) has been shown to permanently lower the FUV reflectivity
by � 20% in as few as 10 days (Oliveira et al., 1999). Relative inexperience with what
was then a cutting-edge technology contributed to a ⇠ 50% loss of throughput on OAO-3
Copernicus between coating and launch (Rogerson et al., 1973), however the degradation
during FUSE fabrication was limited to ⇠< 3% (Ohl et al., 2000).

Despite the success of FUSE, there is apprehension, voiced explicitly in the 2015
COATR, that the measures required to protect LiF-based coatings may represent too big of
a challenge for 8m+ sized optics on a flagship observatory. Limited research has suggested
that the improved material packing densities associated with the hot deposition process, or
with post-coating annealing, may decrease hygroscopicity (Adriaens & Feuerbacher, 1971),
however robust quantification of the reflectivity degradation of eLiF with exposure to hu-
midity is necessary to inform future mission planners and reduce risks (§7.2). For missions
that lack the scope to implement FUSE-like handling procedures, or where the LUV is not
the driving bandpass, our protected eLiF-varient may provide reflectivities higher than any
currently available option without hygroscopic concerns (§7.3).

6 Science Enabled by Enhanced Reflectivity Coatings

Table 3: EM Spectrum Coverage

Waveband Bandpass Sourcesa Sky Coverage
�-ray 20 – 30 MeV 2000 100%
X-ray 0.04 – 2 keV 1.5 ⇥ 105 100%
EUV 70 – 760 Å 801 100%
LUV 912 – 1200 Å 5700 <0.03%
FUV 1200 – 1800 Å 6.5 ⇥ 107 70%
NUV 1800 – 3200 Å 6.5 ⇥ 107 70%

Visible 3200 – 10,000 Å > 1 ⇥ 109 100%
NIR 1 – 3 µm > 1 ⇥ 109 100%
MIR 3 – 24 µm 1.3 ⇥ 106 100%
FIR 24 – 670 µm 1.7 ⇥ 105 100%

Radio 1 – 5 GHz 2.6 ⇥ 106 77.5%

a�-ray: Fermi, X-ray: Rosat, EUV: EUVE, LUV: FUSE,
FUV/NUV: GALEX, Visible: DSS/SDSS, NIR:
2MASS/UKDISS, MIR: IRAS/GLIMPSE, FIR: IRAS, Radio:
NVSS/FIRST, source: Djorgovski et al. (2013)

The case for a new LUV sensitive observa-
tory has been established in numerous white
papers and conference proceedings (Bowen
et al., 2009; Tumlinson et al., 2012; France
et al., 2015; Dalcanton et al., 2015, and oth-
ers). The LUV contains the Lyman series
of H I, the Lyman-Werner bands of H2, and
the most powerful tracer of coronal gas in
the IGM and ISM, O VI �� 1032,1038 Å.
These lines trace gas from 102 – 106 Kelvin,
and column densities from di↵use clouds in
the IGM (NH ⇠ 1012 cm�2) to dense molec-
ular clouds (NH ⇠> 1021 cm�2). In contrast

to all other major regions of the EM spectrum, the LUV sky is practically unexplored at
angular resolutions < 1� (Table 3). This lack of data is a technical limitation, not
one resulting from a deficit of scientific interest.

In this section, we outline three science cases enabled by eLiF coatings that could not
be achieved with current or planned instruments. We consider two mission concepts, one
a SMEX class varient of the SISTINE instrument discussed in Table 2 and §7.4, which
demonstrates the capability that this proposal will enable for a modest (⇠ $125M) budget,
and the second an 8-meter LUVOIR surveyor similar to the smallest version of the concepts
discussed in Postman & Mountain (2009) and Dalcanton et al. (2015).
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Why is the UV 
the forgotten 

wavelength 
range of 

astrophysics?

• Atmospheric transmission

• Difficult materials

• A lack of military/commercial/ground-based 
applications

• Maybe just a little bit harder than other 
wavelengths?



Scientifically, the UV 
is incredibly 
valuable!

• Dominant species in CGM/IGM Observations, Figure 
from Tumlinson 2020

• Missions include: Aspera (PI: Carlos Vargas, more later), 
FIREBall-2 (PI: Chris Martin, more from Keri Hoadley)



Exoplanet 
science in the 
UV (both 
planet and 
host star)
SPARCS mission (PI: E. Shkolnik, 
more later from her!), Detectors 
from JPL. Figure at right from 
Scowen (2018)
ESCAPE mission (PI K. France, 
who you’ve already heard from)



Multi-messenger astrophysics
UV/VIS follow up of binary neutron star 
mergers
Figure from Nicholl 2017
Dorado (PI: Cenko, who you’ve already 
heard from)



Scientifically & Astrophysically, the UV is 
incredibly valuable
• Other topics:

• Large Scale Structure

• Star Formation and SF histories
• Studies of the ISM of our own and nearby galaxies



AND- it’s easy to observe in!
Low Sky Backgrounds in the UV, Figures from HST Handbook



So what has 
changed?

Technology 
and priorities!

I’m happy to talk at 
length anytime about UV 
detectors (John 
Hennessey spoke about 
these earlier), including 
my SURP investigation 
with Dr. Nikzad



Competition sensitive, so I will provide only limited details!



NASA Goals that 
Hyperion will help to 
address:

1. How do stars 
form?
2. How do circum-
stellar disks evolve 
and form planetary 
systems?



Hyperion is designed to help answer a fundamental question: 
How do Stars Form?
PI: Erika Hamden (UA)
Science Team: Schiminovich (DPI; Columbia), Turner (PS; JPL), Hoadley (Caltech/Iowa),
Kim (UA), Chung (UA), Vargas (UA), Burkhart (Rutgers/CCA), Haworth (QMU), Nikzad (JPL), 
Kong (UA), Bialy (CfA), Lee (KASI), Kennicutt (UA), Pascucci (UA), Krumholz (ANU), 
Sternberg (TMU/CCA), Imara (UCSC), Hasegawa (JPL)

Science Objectives:
● RATE LIMITS: Why is star formation so low?
● FEEDBACK: How does feedback disrupt the birth cloud?
● STAR FORMATION IMPACTS: How does the star formation 

environment affect planetary system formation and evolution?

In development now as a MIDEX mission with JPL and Ball 
Aerospace!
Due December 9th, 2020
$300 Million Cost Cap

FUV, long slit, high resolution spectroscopy!

Hyperion Mission Overview

Methodology: 

● Hyperion will directly observe the life and death of Galactic 
molecular clouds and star forming regions via UV Fluorescence 
of H2 to quantify key properties of the molecular clouds surface 

for the first time, rather than relying on other tracers. 
● These properties will be linked to the lifetime of star forming 

clouds, their efficiency at forming stars, how the cloud changes 
over time, and the impact of environment on protoplanetary 

disk formation and evolution.

Schematic of an idealized H2 cloud
An idealized H2 cloud, showing the 

stratification of layers with cloud 
depth. At the HI/H2 interface (blue 

shell) where Hyperion observes, the 
formation and destruction of H2 yields 
key information on mass flux into the 

cloud. The impact of UV radiation from 
an external source is shown eating 

away at the cloud, eventually 
disrupting it. The boundary is shaped 
by the external environment and has 

an impact on the depths of the cloud.



Real clouds are much more complicated, and the 
boundary of the cloud is large, varied, and shaped by 

many forces. Figure above of MC Aquila-Ophiuchus 
(Bolatto 2013) showing CO (black contours) over Planck 

dust estimates of H2. 

Fundamental questions about star formation, molecular clouds, 
and their interactions and exchanges remain unanswered

Atomic H 
tracers, 21cm, 
C+

CO, other 
molecular tracers

Critical photoevaporative 
interface mapped ONLY by 

Hyperion

Goicoechea, 2016

Existing surveys of Molecular Clouds focus on a range of important tracers, which 
probe either the depths of the cloud (molecular tracers) or the non-molecular outskirts 
(atomic tracers), yet none of them are truly representative of the molecular cloud or its 
photoevaporative boundary the way H2, its dominant component, is.



Behold the diagnostic power of H2 Fluorescence
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Getting Hyperion going

• Writing the proposal: SUPER REWARDING
• Figuring out how to write the proposal: Incredibly frustrating
• Very limited guidance or accessible information
• I was told more than once that I should have started years earlier

• Support levels ranging from none to begrudging to enthusiastic
• Impenetrable systems at NASA Centers/JPL
• Very limited assumption of competence



What is the 
Circumgalactic 
Medium (CGM)?

It has many ‘phases’

Tumlinson et al. (2017)



Outside of the regions with 

stars, we don’t have a good 

idea of what is happening to 

gas as it flows into and out of 

the galaxy.

How do galaxies 
interact

with their 
surroundings?



Absorption Line 
Findings

• Large O VI columns to ~150 kpc

• Diffuse / occupies bulk of halo
• NOT shock front or boundary layer

• >10% of entire galactic feedback 
energy goes into support

• Contains more mass than stars!

• Caveats: Assumptions on filling 
factor; no morphological info!

• We do not have ‘eyes’ on the 
dominant matter component of 
galaxies



Tumlinson, 2017

FIREBall!

Aspera!



What do we 
know and 
where is it?

Werk et al. (2014) – COS-Halos

Observed Baryon Budget



We need to map warm-hot 
(coronal) gas…

So, why haven’t we?

"While the hot gas observed with Copernicus is very similar to the extended 
corona suggested nearly twenty years ago, the origin and spatial distribution 
of the observed coronal gas is not at all certain.” – Lyman Spitzer, 1976



It’s very faint, FUV, 
and filamentary 

• Strongest line – O VI @ 𝜆𝜆 1032, 1038 Å, 
rest-frame
• Need to go to Space!

• Surface brightness < 1 x 10-18 erg s-1 cm-2

arcsec-2 (near z=0) 

• Filaments à luck?

Otte et al. (2003) + Corlies (private comm) + Haeun Chung

UV optics/detectors are historically 
inefficient at these wavelengths…

It’s hard to get to space…



Setting the SBR Threshold
FUSE

Otte et al. 2003

Simulation: Lauren Corlies



• Selected in January 2021
• Concept Study Report submitted 

on Wednesday!
• Anticipated Launch in 2025



Not shown:
• Tom McMahon (Mission Manager)
• Kerry Gonzales (Systems Engineer)
• R.-J. Dettmar (Ruhr University)
• Aafaque Khan (UA, Grad Student)
• Simran Agarwal (UA, Grad Student)

Vargas, PI
Hamden, DPI

Chung, PS

Zaritsky

Kim

Corlies Schiminovich
Hoadley

Behroozi
Douglas

NASA Astrophysics SmallSat 
Studies (AS3) proposal 

submitted December 2019. Not 
selected, re-formulated for 2020 

Pioneers. Selected in January!



Aspera’s Goal and Objectives

Goal: How do baryons cycle in and out of galaxies and what do they do while they are there? 
(NWNH, Galaxies Across Cosmic Time, Question 2) 

Empirically confirm the presence of massive warm-hot halos, and determine its role in galaxy evolution 
• SO 1: Ubiquity of warm-hot gas: Determine the prevalence of circumgalactic warm-hot gas in nearby 

galaxies 
• SO 2: Morphology: Determine if the spatial distribution of large-scale warm-hot gas flows is 

significantly filamentary in galaxies with detections in SO 1 
• SO 3: Contribution to galaxy evolution: Determine if the abundance and kinematics of warm-hot 

phase baryons in the circumgalactic medium is consistent with ‘superbubble’ feedback models in 
galaxies with detection in SO 1 

 



Reformulated in response to 
AS3 comments

Four parallel (modular) channels
Share two detectors
FUSE-inspired

Instrument Design: Dr. Haeun Chung

50 x 40 mm



Aspera Payload System



Aspera Mock 
Observations

• Includes system response, spacecraft 
pointing/jitter, and aberration

• Asterisks à SNR > 5

• Exposure time à 2 days per pointing
14 days total



Targets

Selection Criteria
• i > 78°
• Ropt sampleable 
• cz sampleable
• Hubble type later than Sa 

(star forming)
• No starburst or AGN

• Simplifies interpretation

• No close companions
• Avoids confusion

• Visible in LEO

There are some exceptions (e.g., M 82)



Aspera vs. other missions

Figure shows performance for a 
small sample of missions for a 
particular CGM line
Assumptions that LUVOIR will 
solve all problems (I assumed 
that!) are maybe wrong due to 
balance between large aperture 
and very small resolution 
elements.
Power of dedicated Small Sats: 
Aspera is equivalent to 
Explorer/Probe Class missions 
(again, resolution element size is 
key here)

Chung, Vargas, & Hamden, submitted



While writing the SMEX proposal

I developed the idea for a workshop to tell people like me about what 
they needed to know well in advance of when they needed to know it. 
My primary objective was to make sure no one else would be surprised 
that they were already two years late.
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2019 and 2021 PI Launchpads
2019 version was held in Tucson, AZ. 2021 version was a virtual 
workshop. Funding for both from NASA and the Heising-
Simons Foundation.

Content from 2019 is online at NASA. 2021 coming soon!



How long does 
it take to 
develop a 

mission from 
scratch?

Depends on 
the size, but 

around 2 
years!



Decide on your science question & Build a team

1. What scientific concept are you trying to understand? 

2. What kinds of tests will you ideally perform? 

3. Why hasn’t this work been done before? 

4. What will your experiment/tests/observations show that we don’t 
know? 

5. How is this timely, given other NASA missions and/or priorities? 

Start asking people to join you! Start asking others for advice!



There are so many new things 
to discover

• You can be the one who finds those things out!

• Don’t ask for permission to start something

• But do ask for advice! Ask me! Ask people you know!
• You don’t have to have all the answers now!



Thank you!

• UV astrophysics needs attention!!
• In the post Hubble era, it can be exciting, fruitful, and full of 

discoveries
• It’s going to take many missions, many ideas, and work by many 

people!
• Part of that work is welcoming new PIs, encouraging technology 

development as much as possible, and then using that technology!
• Flagships are important but they can’t do everything
• Abundance, not scarcity!


