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Raison d’etre;

There will be a 10-20 year gap between the end of the Hubble Space
Telescope (HST ) mission and the beginning of a new flagship
mission with ultraviolet spectroscopic capabilities.

In the interim, what science should potential small- and modest-sized
missions focus on as precursor efforts that advance conceptual and
technical readiness and foster core-excellence in early career
scientists who will go on to be mainstream uses of future flagship
missions?

Three Sessions: Science, Technology and Mission in Development

Archives:https: //cor.gsfc.nasa.gov/copag/meetings/AAS Jan2024/A
AS2024-Agenda-MineTheGap-AM.php
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Ted Gull

UV spectroscopy requires a
selection of spectral
resolving powers combined
with excellent angular
resolution:

The capability of HST/STIS must
be built upon for the HWO

UV spectroscopy needs
intermediate steps to get there

A spectrum is worth a thousand
pictures ---- Blair Savage

A spectro-image is worth a
thousand spectra!

—— 3.2 arcseconds —

Angstroms



Jeffrey L. Linsky
Science topics

l‘eqUil‘ing hlgh- ISM kinematics and structure

I'ESOlUtiOl‘l uv Stellar emission line fluxes X

Stellar dynamics (flows, winds, flares X
Spectroscopy JEITEN )

Stellar accretion phenomena X

Exoplanet mass loss X

Capella observed with GHRS Ech-A (Linsky et al. 1993) VA046 Sgr at COS resolution (R=18,000, 17 km/s) (France et al. 2012)
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Lyman-a spectra of Capella at R=100,000 (3 km/s)
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Andrea Dupree

No UV? What will
we lose from stellar
astrophysics ?2??

us in many

Measures atoms (H I, ion species
DI, HeI OTI..)),

ions (He IT, Mg IT, C

III, O VI.),

molecules (H.)...,

Spans Temper'afur'es
from 10 2 - 10 ¢ K...
found in stars,

exoplanets, and the

ISM

"*| Mg II: Transit of WASP__@&%% TTTTTT
Lyman-alpha: escaping hydrogen ¢ op| (NOTJ UP'*CV'% Near UV - nvsroadcang
HD 209458b (Vidal-Madjar+ 2003) ﬁroadband Sreejith+ 2023)

0.10 ‘*‘_é__‘-__‘_l-l --- @@
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Gerrie Peters

New Perspectives on
Stellar Evolution in the
Upper Main Sequence

 The degree of mass loss to the
ISM by late O/Early B-type
interacting binaries is important
for galactic evolution studies.

« A FUV/NUYV spectropolarimeter
with moderate/high spectral
resolution can determine the
degree of systemic mass and
angular momentum loss to
calculate evolutionary tracks of
close binaries.

 For star cluster evolution the
most important number is how
many close binaries are formed.

What is Needed Next to Compute Realistic Evolutionary Tracks for OB Interacting Binaries?

* State of the art: See Gotberg, et al. 2018, A&A, 615, A78 and references therein.
* There is a need for observations to constrain non-conservative calculations of evolutionary tracks.
* These observations must be in the FUV.

The fraction of O-Early B stars in a star cluster that have
their evolutionary tracks modified depends on how
many close binaries are formed. Their initial separations
(may be modified by third body interactions) must be
approximately less than 20 AUs (r/a ~log q). Wide
binaries will undergo single star evolution.
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From Gotberg, et al. (2018)

Evidence for Mass Loss to the ISM by Be + sdO Systems and Other Be Binaries*

*|R images from WISE Spacecraft
(Mayer et al. 2016, A&A 587, A30)

& Per

(right) CX Dra (Algol-type, B2.5V + F5lI,
P=6.696 d)
(left) m Agr (well-studied Be star)
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Llnda Smlth %}?E‘Z\l Final ULLYSES sample of massive stars

Spectroscopy of Massive Stars s S
in the Nearby Universe: . |
ULLYSES sample (including archival . I L
targets) covers massive star parameter

Lessons from ULLYSES for et I I@
HWO » At least 4 stars per bin of SpT/LC for O and ) G _img

early B stars | tmce = M

o » 1-2 stars/bin for late B super-giants o,
U.LLYSES = Ultraviolet Legacy |  C08/e150M and GL60M. o
Library of Young Stars as Essential > STIS /E140M !
Standards » Late O, B stars: NUV 2 ‘ ‘ | I‘ I I
Director’s Discretionary Hubble e
program to obtain a spectroscopic A6 (023 + 0B
reference sample of young low and e Pl L
high mass stars — Largest HST AV177 (04 V()
program ever executed (~1000 orbits)
AV243 (06 V)

Designed by community ,‘WMWNMWW I ki e TR B
Multi-object UV spectroscopy with WWMWW MWW
HWO needed beyond the Milky | st eieas o
Way and Magellanic Clouds to build MWWH% A e epomyr——
a statistical sample of low Z OB stars 900 1000 1100 1200 1300 1400 1500 1600 1700

Wavelength (A)



 The name of the game...

Alexandre David-Uraz

Star Wind Variability in
the Ultraviolet

... Is time-domain.

To probe the multi-scale spatial and
temporal properties of massive star
winds, we must develop an agile suite

of observing tools that can deliver

precision, short cadence, and a long

temporal baseline.

7 May 2024

/elocity (kmys) (stellar rest frame)
Kaper et al., 1997

Mind the gap

UV Science and Instrumentation Workshop

1 from dynamic

Cranmer & xO/\)"(/ocki, 1996




HF-based metal fluoride ALD processes ALD encapsulation of PVD mirror coatings for improved
stability

- Test coatings fabricated for the SPRITE (FL: Brizn
Fleming, CU) program demorstreted ALT MgFz
encapsulsticn on GSFC eLiF process

- The SPRITE CubeSat primary mirror 18 x 18 x Sem s
largest optic coated to-date in this chamber.

- Thesame cosfing s being implemented on As pera-
Fioneers (PI: Carlos Vargss, UA)
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+ Utilize anhydrous HF or HF -pyridine as the fuorine-containing precursor o o e o oen e e ot 1

( p
=
st = Can deposit majority of relevant fluoride materials for operation in the waaLagn ()
UV, most at substrate temperatures near 100 *C . e

throughput and red-rejedion for spectros copy applications. applications where each region of the detector would be
optimized to match the spectral dispersion

ALD for metal-dielectric FUV bandpass filters Summary and Next Steps

. ° T et E:“i::i:::ieiimwm'd r:peg—ljbtll:yn::;:ufﬁ::;a « Successfully demonstrated butcher block style AR coatings

John Hennessy UV Mirror and Detector Coatings by e S
0 0 7

Atomic Layer Processing .

« Explore region separation/overlap limits and “gap penalty” e

« Improve deposition methods to eliminate cosmetic defects

« Environmental/stability studies

« Implementation with UV bandpass filters (ref. John
Hennessy's presentation)

I " HO, /N IHO, 1
A o, |

April Jewell Detectors for UV /Visible
Spectroscopy

Waveenghom)
Hennessy ot al., Proc. SPIE 10639 (2018) 106301P

Jewell et al, SPIE Opcs + Photonics 12678, San Diego, CA, August 2023 ipl.nasa.gov

Microchannel Plate Detectors
How they work
¢ Extremely high resolution at low gain

John Vallerga Latest developments of MCP R

i ﬁl:c;;un tiallcali * Maintains performance when scaled to
Alkali halides, Multialkali, GaAs, GaN \\)'pr\j B large area
phorseahads

detectors at Berkeley o S ——

) event rate with centroiding
\N_/ * Llocal pixel rate limit ~ 10 kHz,
wer (i o Mar for consistent with MCPs

ok —» | i penties cantguiaons

Timepix 4 — Advantages

Patterned anode measures charge
centroid

Keri Hoadly Advances in Diffraction Grating
Fabrication for Space-UV > ¥ |
Astro p hysics :‘:;::E:; cross strip a::; TimepIxAvreadu:ts, large area’ seagled tubes, and ASIC processing it ght - Tpx rEdDu[ B o T readout

ESCAPE

: : ; : e Customizable Gratings for orating: radially-
Advances in Diffraction Grating Fabrication Space UV Spectroscopy rled rooves

Manuel Quijada  Emerging Coating Technologies for for Space-UV Astrophysics
L R Wy —

* Data driven readout (photon counting)

USAF test pattern
showing
resolution better
than 64lp/mm
using Timepix

» Leads to innovative instrument concepts

Realizing High-Reflectance and Stable
Mirror Coatings for Observations in m—d T 4
the FarUVv

RISH Spherical
Grating with two
blaze angles,

| (Wilson et al 2003)

wy w o

Direct Write Blazing via TASTE

(McCoyetal 2020, W cCurdy et al. 2020) !
- 10WA Mindt - IDWA MinckheGap/LUV STIG AA§ 243 Splinter Session, 01192023
o o Approach: Using LowT, Plasmas to Remove Oxide and -
ara uttie ecnnology Ite Paper: Getting Passle e i P x-:] Reactive Physical Vapor Deposition (PVD)
* Initial Condition
ZHI\I <« ALD,

+— Aluminum

Ready for HWO | -

Plzsma Trestmant

B, for AIF, 2, 410,




Mission Presentations

Charz Shapiro
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CASTOR - Cosmological Advanced Survey
Telescope for Optical and uv Research

ESCAPE — Euv Stellar Characterization for
Atmospheric Physics and Evolution

SPARCS CubeSat - NUV & FUV photometry of 20
low-mass stars, young and old.

UV-Scope - Science Drivers & Spectroscopic
Capabilities for (MIDEX Concept)

POLSTAR - FUV Spectropolarimetry Mission
(SMEX)

SNOUT - SmallSat for EUV stellar flare effects on
exoplanets

Efficient Spectral Multiplexing for Habitable Worlds
Observatory - INFUSE: First FUV IFS Flown

CASTOR Mission Overview

t the very lare investments scale is for
a broad and compeliing science case,
uee Pace astronomy misson.”

ESCAPE

Extreme-ultraviolet Stellar Characterization
for Atmospheric Physics and Evolution

Exploring the P d Evolution of Potentially Habitable Worlds

NUV & FUV
photometry of 20
low-mass dars,
young and old.

Polstar Science — The Role of Rapid Rotation in the
Evolution of Massive Stars and the Galaxy

Evgenya Shkolnik, Ari
Propulsion Laboratory

SNOUT: A SmallSat UV + Optical Telescope

Viiske _ 6UV elsscops separsts i pr Chanel
=
EUV1 16-21 1 1 EUV Talescope CCD Image

Euv2 24-29 | b ’
EUV3 30-31 o

Visible 400-900

EUV Telescope: OAP, segmented
38 cm diameter with high-heritage
Al foil filter

Visible Telescope: OAP, 7.5 cm
diameter

Sensors: Teledyne e2v CCD 47-20

Starl
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