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Alice/UVS History

" Southwest Research Institute has been building and operating far-UV spectrographs
for planetary missions for almost 30 years

= R-Alice was selected for ESA’s Rosetta mission in 1996, launched in 2004, mission
concluded in 2016

= P_Alice was selected for NASA’s New Horizons mission in 2001, launched in 2006,
prime science in 2015, still exploring Kuiper Belt as of 2025

= | RO-LAMP was selected for NASA’s Lunar Reconnaissance Orbiter in 2004,
launched in 2009, operating 24/7 in lunar orbit for |6+ years

" Juno-UVS was selected for NASA’s Juno mission in 2005, launched in 201 |, prime
science started in 2016, in second extended mission

= JUICE-UVS was selected for ESA’s JUICE mission in 2013, launched in 2023, en route
to Jupiter system (2030-)

" Europa-UVS was selected for NASA’s Europa Clipper mission in 2015, launched in
2024, en route to Jupiter system (2029-)
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Alice/UVS

D) Juno-UYS™
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Baseline Alice/lUVS Design

* EUV/FUV Imaging Spectrograph covering ~135 nm range
— 70-205 nm R-Alice and Juno-UVS
— 52-187 nm NH-Alice
— 57-192 nm LRO-LAMP

" ~0.5 nm point source resolution, |-3 nm filled slit resolution
(depending on slit size and shape)

* Nominal 6-degree imaging FOV with ~0.3-degree resolution (Alice
& LAMP) or 0.17-degrees (Juno-UVY)

» Off-axis parabolic primary (f/3) feeds toroidal grating that images
onto a cylindrical microchannel plate detector
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Improvements introduced for JUICE and Europa

" First three Alice/UVS instruments featured double-delay line anode readouts,
consuming ~4 W power total

" Juno-UVS upgraded to cross-delay line anode readout for improved spatial resolution,
at the cost of an additional 3W of power

" JUICE- and Europa-UVS built upon Juno-UVS design with multiple improvements to
electronics and software

— High radiation environment during Europa and Ganymede encounters creates high
background rate

— High background rate mitigated by electronics and software improvements
" Europa-UVS features borosilicate glass MCPs

* Contamination control practices improve with every instrument iteration
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Improved Pulse Height Resolution Stability
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" Pulse height distribution of UV photons (red curve) differs from both MeV
electrons (blue curve) and gamma rays (black curve)

= JUICE and Europa-UVS detector electrons increase pulse height bins from 32 on
Juno to 256 for finer pulse height discrimination

— Discrimination is expected to reduce detected background rates by 30-50%

* Additional A:D converter in detector electronics allows accurate pulse height
reporting at 300 kHz rates, so that background can be rejected when it is
needed most

" Left figure from Siegmund, O.H.W. et al. (2015) Proceedings of SPIE, 9601,96010S

SPACE SCIENCE & ENGINEERING

swri.org

©SOUTHWEST RESEARCH INSTITUTE



Programmable Histogram Mode

Processing 32-bit Detector events and timehacks into 2 Mbyte acquisition memory
pages

Detector Events: | 2+12+8= 32 bits in size, so 4.3 -|0? different events are possible, about 1.3 :10¢ in the
active detector area (excluding the STIMs)

» Discriminator: lower and upper limit parameters 256%256/2= 32768 different filter combinations, all other
combinations stop all events

= Masking: ten masks four parameters each: 10%(4096*%4096/2)"2= 7.0 -10'* different combinations, all other
combinations stop all events

= LUT:2 large, spectral and spatial, LUTs of 4096 elements each and on pulse height LUT of 256 elements:
409674096*%409674096*2567256= ~10'>8% (a number of 16589 digits) different configurations, if only non-
decreasing LUTs were considered this would reduce to a mere 224096*2/4096*2/256= ~10%>34, But actual
LUT contents may be considered trivial and number of different LUT entries (called size in TM) really defines
the acquisition collection options, but different for the two acquisition modes:

— LUT-Pixellist: number of bits 0-12,0-12 and 1-8: I3*13*8 = 1352 different combinations, inserting timehacks is not
considered to be dependent on the total number of bits used in pixellist representation

— LUT-Histogram: 1-4096, 1-4096 and 0-256:4096*4096*257= 4.3 -10° combinations ,but is limited by available

acquisition memory (l6-bit counter entries) to 6.0 -108 possible histogram combinations
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Europa-UVS Commissioning Example

Histogram, 200x500
resolution

200 x 500 x 16 bits =
200kB

No loss of science
information!

Pixel list, full
resolution (4k x 4k)
427288 x 32 bits =
1.7MB
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Consequences for Operations

* Commissioning/calibration performed at full resolution for maximum information

» Standard science observations performed in programmable histogram mode
— Areas with poorer spatial/spectral resolution can be binned
— Areas with low/zero throughput can be binned or masked out entirely
= Histogram exposure time can range from 0.ls to 10 ks+
— Aside from very fast (flyby) events, time resolution is maintained wrt pixel list mode

— Time resolution can be traded for data volume, and vice versa
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Borosilicate Glass Microchannel Plates

= Require lower voltage than standard lead glass MCPs
— Europa-UVS operates ~ -3.5 kV versus ~ -4.5 kV for JUICE-UVS

" Minimal-to-no loss of gain after Coulombs/cm”2 extracted from plates

— See various Siegmund papers for reference

" 70% less susceptibility to gamma ray background noise

— Essential for low background detection in high radiation environments

= Can be curved just like standard lead glass MCPs and made into large (20 cm) arrays
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Europa-UVS Detector Voltage vs. Temperature
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FUVY Contamination Control

= Standard procedures for UV instruments include:
— Particulates
* Cleaning (GN, and/or swab)
* CO, snow cleaning after installation (if necessary)
— Molecular
* Bakeouts with RGA and QCM monitoring
* NVR analysis of surfaces and scavenger plate collection
* UV ozone scrub of mirrors after coating (if necessary)
* CO, snow cleaning after installation (if necessary)
— Inspections
* White light and UV/black light with magnification
— Monitoring
* Witness mirrors
= SwRI has delivered six UV spectrographs and three UV sounding rockets

(multiple launches each) without contamination degradation
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JUICE-UVS Pre- and Post-Launch Sensitivity

" Pink squares and yellow triangles JUICE-UVS Effective Area

represent pre-launch measurements in
December 2019

" Violet crosses represent Near-Earth
Commissioning measurements in June
2023, two months after launch
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* No noticeable loss in sensitivity during
calibration measurements since June
2023 (plots are still in work)

Effectivcg Area (%m"Z)

" Europa-UVS shows similar stability
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Nice summary, but what does this mean for Astrophysics?

= Reliable detector and electronics systems with decades of flight experience are

available
— Flagship missions need hardware solutions that will last for at least 5 years (hopefully
|5+)
" | ow mass-and-power enables cubesat, Pioneers, and other small low-Earth orbital
missions

— Plenty of astrophysics will be done before HWO, and all these missions need reliable
instrumentation

* Contamination control experience means instruments will not lose sensitivity
between delivery and flight operations

— JUICE-UVS was delivered to Germany in February 2020, underwent environmental

testing in the Netherlands in early 2021, in France through 2022, and launched from
French Guiana in 2023
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Planetary Instruments have supported Astrophysics

" Juno-UVS has observed spectra of over
400 stars during its operations

— |UE has known issues with bright stars

— Most of these stars are too bright for
HST or other existing UV assets to
observe

* New Horizons-Alice has observed the

Lyman-alpha sky at 57 AU

— “Local” IPM emissions can be
separated from galactic ISM
background

* JUICE- and Europa-UVS plan stellar
observations during cruise
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A Possible Implementation

" A dual-channel high-resolution
spectrograph fed by a 0.5-meter
telescope that will characterize nearby
(z < 0.01, or ~43 Mpc) galaxies in the
97-145 nm range

* Detector electronics, detector, and
contamination control processes all
derived from planetary UV
spectrograph heritage

" Programmable histogram mode
maximizes data return while minimizing
downlink
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Other Technology Advancements in Progress

* Digitized delay line readout electronics

— Current delay line electronics are analog, requiring A-to-D conversion before sending
data to instrument C&DH

— Digitized electronics could reduce power while improving resolution, further enhancing
science return with limited resources

» Additive manufactured microchannel plates

— Current MCP detector designs use a “z-stack’ of plates, so that three different plates
have to be matched in curvature, thickness, etc. for optimal performance

— An additive manufactured MCP can take any pore shape imaginable, eliminating large
batches and the time spent matching plates

* Data storage
— Memory gets larger, less expensive, and more reliable every year

— Larger detectors require larger memory, even with programmable histogram mode
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Summary

" There is a long history of compact planetary FUV spectrographs

" Technology enhancements along the way mean that #6 (Europa-UVS) is much more
capable than #1 (Rosetta-Alice)

» Flight software can greatly improve data storage and downlink without reducing
science return

» Borosilicate microchannel plate detectors are in flight (TRL9) on their way to Europa

= Contamination control practices mean instrument sensitivity will not diminish
between calibration and launch/commissioning

* Other technology enhancements in work

" All of these enhancements will make future astrophysics missions more productive
and successful
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Thank you!
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