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Abstract

SIHLA (Spatial/Spectral Imaging of Heliospheric Lyman Alpha pronounced as ‘Scylla’ [e.g. Homer, Odyssey, ˜675-725 BCE]

investigates fundamental physical processes that determine the interaction of the Sun with the interstellar medium (ISM); the

Sun with the Earth; and the Sun with comets and their subsequent evolution. To accomplish these goals, SIHLA studies the

shape of the heliosphere and maps the solar wind in 3D; characterizes changes in Earth’s extended upper atmosphere (the

hydrogen ‘geocorona’); discovers new comets and tracks the composition changes of new and known ones as they pass near

the Sun. SIHLA is a NASA Mission of Opportunity that has just completed its Phase A study (the Concept Study Report

or CSR). At the time of the writing of this abstract NASA has not decided whether to fly this small satellite mission or its

competitor (GLIDE: PI Prof. Lara Waldrop). SIHLA observes the ion-neutral interactions of hydrogen, the universe’s most

abundant element, from the edge of the solar system to the Earth, to understand the fundamental properties that shaped our

own home planet Earth and the heliosphere. From its L1 vantage point, well outside the Earth’s obscuring geocoronal hydrogen

cloud, SIHLA maps the entire sky using a flight-proven, compact, far ultraviolet (FUV) hyperspectral imager with a Hydrogen

Absorption Cell (HAC). The hyperspectral scanning imaging spectrograph (SIS) in combination with the spacecraft roll, creates

4 maps >87% of the sky each day, at essentially monochromatic lines over the entire FUV band (115 to 180nm) at every point
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in the scan. During half of these daily sky maps, the hydrogen absorption cell (HAC) provides a 0.001nm notch rejection filter

for the H Lyman a. Using the HAC, SIHLA builds up the lineshape profile of the H Lyman a emissions over the course of a

year. SIHLA’s SIS/HAC combination enables us to image the result of the ion-neutral interactions in the heliosheath, 100 AU

away, in the lowest energy, highest density, part of the neutral atom spectrum – H atoms with energies below 10eV. The novel

aspects of SIHLA are the scope of the science done within a MoO budget. The SIHLA projected costs were below the $75M

cap with a 31.3% reserve for Phase B-D. The re-purposing of a spectrographic that was part of the DMSP SSUSI line (a copy

was flown and NASA TIMED/GUVI and as NASA NEAR/NIS). Risk is extremely low in this Class-D mission with all major

elements at least at TRL6 at this time. SIHLA has a high potential for discovery. We expect that we will 1) First detection

of the hot H atoms produced directly from the ion-neutral interactions at the heliopause; 2) First detection of structures in

Interplanetary Medium H emission, 3) First detection of response of the Earth’s extended (out to lunar orbit) geocorona to

solar/geomagnetic drivers, 4) New UV-bright comets as they enter the inner solar system. SIHLA is a hyperspectral imager;

at every point in the sky SIHLA obtains the entire FUV spectrum.
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ABSTRACT

SIHLA will map the sky in H Lyman a photons, providing us with lineshape that characterizes the interaction at the
heliopause. These data are a senstive test of our understanding of the heliosheath processes and many other phenomena
in the heliosphere. SIHLA sky-map in Lyman-a intensity was predicted from model calculations by SIHLA co-I, Dr. Olga
Katushkina. 

 

SIHLA (Spatial/Spectral Imaging of Heliospheric Lyman Alpha pronounced as ‘Scylla’ [e.g. Homer, Odyssey, ~675-725
BCE] investigates fundamental physical processes that determine the interaction of the Sun with the interstellar medium
(ISM); the Sun with the Earth; and the Sun with comets and their subsequent evolution. To accomplish these goals,
SIHLA studies the shape of the heliosphere and maps the solar wind in 3D; characterizes changes in Earth’s extended
upper atmosphere (the hydrogen ‘geocorona’); discovers new comets and tracks the composition changes of new and
known ones as they pass near the Sun.

SIHLA is a NASA Mission of Opportunity that has just completed its Phase A study (the Concept Study Report or CSR).
At the time of the writing of this abstract NASA has not decided whether to fly this small satellite mission or its
competitor (GLIDE: PI Prof. Lara Waldrop). SIHLA observes the ion-neutral interactions of hydrogen, the universe’s
most abundant element, from the edge of the solar system to the Earth, to understand the fundamental properties that
shaped our own home planet Earth and the heliosphere. From its L1 vantage point, well outside the Earth’s obscuring
geocoronal hydrogen cloud, SIHLA maps the entire sky using a flight-proven, compact, far ultraviolet (FUV)
hyperspectral imager with a Hydrogen Absorption Cell (HAC). The hyperspectral scanning imaging spectrograph (SIS)
in combination with the spacecraft rol, creates 4 maps >87% of the sky each day, at essentially monochromatic lines
over the entire FUV band (115 to 180nm) at every point in the scan. During half of these daily sky maps, the hydrogen
absorption cell (HAC) provides a 0.001nm notch rejection filter for the H Lyman a. Using the HAC, SIHLA builds up
the lineshape profile of the H Lyman a emissions over the course of a year. SIHLA’s SIS/HAC combination enables us to
image the result of the ion-neutral interactions in the heliosheath, 100 AU away, in the lowest energy, highest density,
part of the neutral atom spectrum – H atoms with energies below 20eV. 

The novel aspects of SIHLA are the scope of the science done within a MoO budget. The SIHLA projected costs were
below the $75M cap with a 31.3% reserve for Phase B-D. The re-purposing of a spectrographic that was part of the
DMSP SSUSI line (a copy was flown and NASA TIMED/GUVI and as NASA NEAR/NIS). Risk is extremely low in
this Class-D mission with all major elements at least at TRL6 at this time. 

SIHLA has a high potential for discovery. We expect that we will 1) First detection of the hot H atoms produced directly
from the ion-neutral interactions at the heliopause; 2) First detection of structures in Interplanetary Medium H emission,
3) First detection of response of the Earth’s extended (out to lunar orbit) geocorona to solar/geomagnetic drivers, 4) New
UV-bright comets as they enter the inner solar system.

SIHLA is a hyperspectral imager; at every point in the sky SIHLA obtains the entire FUV spectrum. This enables SIHLA
to easily flag pixels contaminated by stars; obtain the spectrum of the Earth, viewed as an ‘exoplanet’ and observed the
response of the exosphere and the thermosphere to solar/geomagnetic events; detect comets and determine their
composition and how it varies at they enter and leave the inner solar system.

WHY SIHLA? 
SCIENCE QUESTIONS AND ANSWERS

 

SWAN data compared to models and SIHLA performance. (a)Top panel SWAN observations for 16 March 1997. Note the
large areas where SOHO structures or stars made observations unusable. O. Katushkina [private communication, 2020]
provided state-of-the-art (SOA) model calculations for maximum and minimum solar activity cases (panels b and c,
respectively). There are subtle but important differences in the two examples. In the bottom panel (d), the SIHLA count
rate for a 10-sec accumulation time is provided. The dimmest 0.8°×x0.8° pixel will have an SNR > 30 or a 3% error.
The brighter regions have an SNR > 55 or an error <smaller than 2%.

 

Recent Voyager 1 and 2 in situ observations brought many discoveries on the structure of the heliosphere boundary in
the nose direction (toward the interstellar inflow). However, the physical mechanisms in a complex interplay of plasma,
magnetic field and neutral particles forming this region remain unknown. Voyager 2 crossing of the heliopause (HP)
[Krimigis et al. 2019, Stone et al. 2019, Burlaga et al. 2019, Richardson et al. 2019] showed that heliopause location was
at 119 AU which is remarkably similar to the distance of 122 AU where Voyager 1 crossed the HP [Stone et al. 2013]
(Figure E-2). This is particular unexpected because two Voyagers crossed the HP in different hemispheres being 70°
apart in latitude and 170 AU apart in distance and in different parts of the solar cycle. Additionally, LECP observations
on board Voyager 1 and 2 have shown puzzling very similar behavior in the energetic particles in the heliosheath
[Krimigis et al. 2019]. These discoveries challenge the current understanding of the global heliosphere and its
interaction with the local interstellar medium. Clear disagreements between state-of-the-art models and Voyager data 
show that fundamental physical processes are missing in our current view of the global heliosphere.

Moreover, the structure of the tail region of the heliosphere (“downwind”) is unknown. From Lyman-a spectra of distant
stars observed on the Hubble Space Telescope, Wood et al. (2014) inferred the existence of hot hydrogen within a
narrow region of line-of-sights in the downwind direction which is not yet explained. Another mystery came from
SOHO/SWAN routine all sky observations of intensity of interplanetary Lyman-a emission (Figure E-3 (a)). During the
entire solar cycle the intensity in the direction toward the heliospheric tail (Figure E-3 (c)) is consistently larger than
predicted by the model [Izmodenov & Alexashov 2020]. The model underestimates the intensity by 50-60% in the
downwind. This discrepancy has been known for a decade but still remain puzzling. It points to the insufficient H
density in the heliospheric tail in the model, importance of hot H component and inadequate description of the structure
of the heliosphere boundary in the tail.

 

SG1: Understand the shape of the global heliosphere and corresponding effects of charge-exchange processes at the
heliosphere boundary by accurately determining spectral properties of the backscattered Lyman α.

·   SIHLA reveals properties of plasma and ion-neutral interactions at the heliosphere boundary by measuring spectral
characteristics of the Lyman a radiation using the HAC (Box E-3). By doing so, it provides constraints on the global
shape of the heliosphere (Box E-2).

·   SIHLA provides a new, independent, remote-sensing measurement of the ISM H flow direction. Comparision with the
undisturbed He flow gives a new estimate of the direction of the magnetic field in the VLISM.

SG2: Determine how the solar wind mass flux evolves globally across heliocentric latitudes with time.

·   SIHLA produces all-sky maps of the Lyman a intensity every 8 hours HAC ON/OFF. 

·   SIHLA’s high-cadence, precise (SNR>50), high-resolution (0.8ºx0.8º) maps of the observed intensity incorporate the
ISM H latitude-dependent charge-exchange ionization rate and, thus, the solar wind H+ mass flux.

SIHLA Enduring-Science Goals (ESGs) extend our understanding of ion-neutral interactions and/or H in the
heliosphere; these questions have been with us for decades. SIHLA will provide an invaluable dataset to a community
that will benefit from SIHLA’s unique perspective.

ESG1: Determine the extent of the hydrogen exosphere of Earth into interplanetary space and its 

global response to solar/geomagnetic activity.

·   SIHLA advances our understanding of the H escape rate in Earth’s exosphere by delineating the escape population
density and its dynamics out to lunar orbit.

·   SIHLA determines spatial and temporal variability of the Earth`s global exosphere by characterizing its response to
solar/geomagnetic activity.

ESG2: Determine cometary H and H2O production rate for all observed comets; obtain spectra and establish cometary
light curves; and discover new UV-bright comets.

·   SIHLA will discover dozens of new UV-bright comets and extend SPHEREx IR observations.

SIHLA will track C, H, O, N and S (CHONS) atomic-line radiance over time and heliocentric distance.The solar wind,
expanding from the Sun, flows well beyond the orbits of the Solar System planets until it interacts with the local
interstellar medium (LISM) and forms the heliosphere, a plasma bubble around the Sun. Both the Sun and LISM shape a
unique plasma environment in the heliosphere. This plasma surrounds planetary magnetospheres and govern their
radiation level, structure and dynamics. The heliosphere protects our home Earth and other planets from high energy
Galactic Cosmic Rays (GCR) coming from distant space and creates the Anomalous Cosmic Rays with energies of 10-
100 MeV. The heliospheric boundary deflects 75% of the GCR flux, which has implications for the development of life.
Our heliosphere is an example of a fundamental and common astrophysical phenomenon, an astrosphere, formed around
a star as the stellar wind interacts with the local galactic material. Our heliosphere is the only astrosphere wherein we
can explore its fundamental physics and place the Sun and its heliosphere in the context of other stellar systems.

Since the pioneering work by Parker (1961), the global shape and dimensions of the heliosphere have remained a
mystery. Whether the heliosphere resembles a sphere or has a comet-like shape is one of the outstanding questions of
heliophysics. Further, the heliospheric shape is not static but responds to solar activity and has a dynamic nature. Data
from Voyager 1 and 2, IBEX, Cassini, Hubble Space Telescope led to remarkable discoveries about the structure and
dynamics of the heliospheric boundary; discoveries that revealed a fundamental disconnect between existing theories
and observations in understanding the global shape. Key information about the heliospheric boundary is hidden in the
velocity distributions of H atoms in the heliosphere. The H atoms enter the heliosphere from LISM and are coupled with
plasma through charge exchange at the heliospheric boundary. SIHLA will provide global spatial variability, from the
nose to the tail of the heliosphere, of H emission lineshape. These measurements enable, for the first time, a rigorous test
of our understanding of the global shape of the heliosphere.

The dynamics and evolution of the heliosphere is driven by global variations in the solar wind. The Ulysses mission
made in-situ observations that discovered that the latitudinal structure of the solar wind is complex and varies
dramatically during the solar cycle. While extensive in-situ observations of the solar wind exist in the ecliptic plane, we
know little about the solar wind variability at higher ecliptic latitudes. SIHLA will measure the latitudinal variability of
the solar wind, continuously. These measurements will make a fundamental contribution to experimental knowledge of
latitudinal evolution of the solar wind 

SIHLAs observations of >87% of the sky will advance two areas of enduring scientific interest Enduring Science
Goals (ESG):

1) ESG1, the Earth`s exosphere and

2) ESG2, comets

to enable deeper understanding of ion-neutral interactions throughout the Solar System (Enduring Science Goals 1 and
2). SIHLA, for the first time, will characterize the extent and variation of the Earth`s far exosphere and its response to
space weather. SIHLA will observe comets as they fly through the solar system, discover new comets traversing Solar
System for the first time, and reveal their dynamic nature.

The SIHLA investigation is highly complementary to IMAP mission. SIHLA provides all-sky maps of the velocity
distribution of low energy H (< 10 eV) in the heliosphere complementing in-situ local IMAP-Lo measurements of ISM
H speed and temperature. By using a physically different but complementing to IMAP observational technique, SIHLA
focuses on global interaction and also obtains ISM H properties. SIHLA uniquely complements IMAP observations by
exploring H properties at distances a few astronomical units (AU) from the Sun where solar ionization and radiation
pressure have less influence compared to 1 AU enabling to reveal imprints of the heliospheric boundaries on H
distributions. SIHLA provides accurate information on spatial and temporal variability of H ionization rates which
complements IMAP GLOWS measurements to aid interpretation of IMAP low-energy ENA observations.

MISSION OVERVIEW

SIHLA is exciting Heliophysics Division science that connects to all SMD disciplines

SIHLA demonstrates that we can do transformative science within a MOO budget

SIHLA provides the means to do transdisciplinary science while engaging the public via social media, Hackathons and
profound and accessible science questions.

 

SIHLA features

•A high-heritage spacecraft w/simple, flexible data collection.

•An existing, flight-proven hyperspectral instrument (SIS) with an existing Engineering Model (EM)

•Hydrogen Absorption Cell (HAC): an ultra-high resolution notch filter to measure the H lineshape

SIHLA goes beyond what SOHO/SWAN accomplished by building on their experience. The SOHO/SWAN Team are
valued members of the SIHLA Team. SWAN suffered from instrument issues - this sometimes happens with real
pioneering missions. We've worked with SWAN to understand those issues we need to avoid.

SIHLA will usher in a new era of fundamental discovery about how our star shapes its environs and that of the Earth,
Moon, and comets.

SIHLA is an innovative low cost mission that will generate excitement in the public and scientific communities.

We are bound to be surprised by what we see

…and it is the surprises that inspire the next generation

SIHLA’s mission design enables us to fly from Earth orbit to our ultimate L1 orbit.

 

SIHLA is a small mission that brings big ideas to the public  by spanning disciplines. The goal is to convey in
meaningful ways. 

One such way is to relate phenomena that people are interested to heliophysics. For instance, comets are something that
the public is interested in. SIHLA will see comets. Comets interact with the solar wind and, being non-magnetized, that
interaction has a lot in common with how Mars interacts (and has interacted) with the solar wind.

The SOHO SWAN mission observed the sky and has recorded several comets. SIHLA is expected to do an even better
job and it provides an added dimesion - the spectra of the comets.

 

Comet SWAN was discovered in SOHO/SWAN data by Micahel Mattiazzo. 

 

SIHLA is a story of mystery and imagination

-Where does the atmosphere stop and space begin?

-How are the Earth, planets, comets, and the Sun alike (and different) in the way they interact in space?

-How is our Sun connected to the rest of the galaxy?

•SIHLA is about the future:

-Training the next generation of scientists, engineers and managers by creating meaningful opportunities

-Bringing excitement and meaningful hands-on learning experiences to students

This excitement powers social media interest in SIHLA

 

SIHLA is at the end of Phase A – Risk Reduction. At the time this poster is being created we do not know whether
SIHLA or GLIDE will be selected.

•The Step 1 proposal was submitted in Nov 2019

•In July 2020 the Concept Study Report was submitted.

-1085 pages detailing the approach with emphasis on Risks – cost, schedule, technical were created to provide technical
details.

Site Visit was held 24 and 25 Sept 2020.

On Monday 16 November 2020, SIHLA and GLIDE were presented to NASA SMD head Dr. Thomas Zurbuchen.

 

 

The baseline science mission  is planned for a duration of 12 months; however, there are no inherent mission,
operations, spacecraft or instrument design choices that would limit the instrument lifetime to less than 4 years. As such,
extended mission(s) can be readily supported. Completion of the baseline mission is currently scheduled to occur 16 Jan
2026, followed by decommissioning after the decommissioning and disposal readiness reviews (DR/DRR). SIHLA will
follow best practices of Sun-Earth L1 missions by executing a disposal maneuver to place the spacecraft in a
heliocentric orbit.

 

 

SIHLA’s operational timeline from launch to decommission.

 

SIHLA’s mission architecture enables a simple observing strategy while in a 28.7° halo orbit about SE L1. Mission
operations are conducted at NG, while science operations and science data analysis are performed at APL. 

SIHLA SCIENCE TEAM

The SIHLA Team is dedicated to providing opportunities for participation and career development.

We have an exciting set of science objectives that engage the scientific and technical community and are of interest to
the public. 

The SIHLA Team addresses the 3 G's; generations, gender and geography by establishing an inclusive, welcoming
environment to doing science wherein we can develop the next generation of scientists, managers. and engineers. 

 

The SIHLA Science Working Group is led by the SIHLA Deputy PI, Dr. Elena Provornoikova.

 

The science team members have responsibilities for particular science data products.

The science also produces particular data products for the community. These products will be available immediately
after processing - there is no proprietary period. 

We welcome participation from the broader community in developing new products and/or in fusing these products with
other data from IMAP, Solar Orbiter, SPHEREx, etc.

 

INSTRUMENTATION: A HYPERSPECTRAL IMAGER
 

The SIHLA flight unit.

 

SIHLA Science Goals require an instrument unlike any yet flown for heliospheric science. SIHLA consists of one
instrument (aside from ERNIE, the Student Contribution) - the SIS (the SSUSI F20 spectrograph) and its associated
electronics located in the DPU.

SWAN, while enormously capable, was plagued by S/C obscurations; the inability to fully correct for the bright UV stars
in the scene (especially those that are near the upwind flow direction); changes in the absolute calibration; and chromatic
aberration [Bertaux et al., 1995, 1997; also Quéemerais, private communication, 2019].

SIHLA SIS corrects the issues with SWAN and, in doing so, enables new science. The SIS, an all-reflection scanning
imaging spectrograph, eliminates chromatic aberration. The SIS preserves imaging information along the slit and
spectral information at every observed point within the FOV. By implementing an ~12° slit aligned in the rotation
direction, we improve the effective responsivity by a factor of 15 (12° slit length/0.8° pixel size) for the sky sample or
“mapping pixel.”

 

SIHLA, like SSUSI and GUVI, counts single photon events [§M.14.4.5; Paxton et al., 1992a,b, 2004, 2016, 2017], is
optimized for diffuse sources, and has extremely low noise (<less than 1 radiation- induced count per second over the
entire area of the detector at L1) in the system. The SIS Rowland cCircle spectrograph enables us to readily include the
HAC without design compromises. The existence of a technology readiness level (TRL) 6 DPU (Psyche/GRNS design
heritage; exceeds requirements and reduces nonrecurring engineering (NRE) through the use of multiple build-to-print
designs

 

 

Photo of the actual SIHLA flight scanning imaging spectrograph undergoing inspection. This unit will be slightly
modified for flight to L1.

 

 

 

 

The SIHLA flight unit on the left and the engineering model on the right. The differences are 1) changes to the design of
the mounting feet, 2) the sunshade and 3) the pin puller for the cover.

 

 

The major elements of the Scanning Imaging Spectrograph (SIS) are shown. The SIS is based on extensive spaceflight
heritage.

 

 

All of the key elements have extensive heritage. The SIHLA program has, at the end of Phase A, 1) the flight SIS, 2) an
engineering model, 3) the prototype DPU flight boards under construction and 4) a production line spacecraft.

SIHLA learns from SOHO/SWAN to produce an instrument that is capable of making the deep-sky measurements at
high SNR required to understand the processes that are at work, from the Earth to the heliopause. A simple photometer
such a the GLO instrument on IMAP, while useful, cannot produce the information required to understand the
interaction at the heliopause. For that, one must have a hyperspectral imager that minimizes the signal from stars and a
Hydrogen Absorption Cell to detect the H lineshape.
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The Hydrogen Absorption Cell
 

The HAC is a key component of SIHLA and implements a design proven in flight on the Prognoz-5 and 6, Nozomi, and
SOHO/SWAN missions. The HAC enables the extraction of the all-important shape of the line spectrum of the
backscattered Lyman α radiation [Quémerais, 1999; Quémerais et al., 2000] for pixel line-of-sight (LOS) in the sky. A
H-absorption cell is simply an evacuated glass vacuum tube (§F.1.1.1; §J.9.4.5) partially filled with a few hundred
pascals of H2. A filament is used to dissociate H2 into H. The H reaches a Maxwellian distribution within seconds of the
filament being powered. The filament temperature can be adjusted by changing the voltage applied. The active H cell
absorbs a part (Dl) of the incoming spectrum centered on the Doppler-shifted Lya wavelength lD=la(1+VD/c)
determined by the doppler shift between the H cell and the LOS-integrated relative velocity of H flow seen from the
spacecraft: VD=LOS*(Vs/c-VH) (A & B in the figure below). The ratio (R=ION/IOFF) of HAC ON (attenuated line-
integrated) to HAC OFF (unattenuated line-integrated) intensities can be measured in any chosen direction. The
physically important quantity is the “Absorption Fraction” A=1-R » DlI(lD)/òdl¢I(l¢) because it is proportional to the
Doppler-shifted intensity I(lD). Full sky maps of the absorption fraction (one A-value for each 0.8º pixel) will be
obtained every 12 hours by SIHLA: the difference between one 6-hr map of the line-integrated intensity (IOFF) which is
itself a useful quantity, is followed by one 6-hr map of (ION), which is the attenuated line-integrated intensity.

From a 6-month set of these “A-maps”, we can obtain the line shapes in individual pixels (as follows). The Earth (and
SIHLA) have an orbital (vector) velocity (Vs/c) of 30 km/s that varies around the Sun, while the H-atom flow through
the heliosphere (deflected by its passage through the interface) has a (vector) velocity (VH) <25 km/s that is steady in
time. Thus, the absorption fraction (A)—and hence the line shape I(lD)—for each particular pixel in the sky is traced out
every 6 months by the variation in the LOS Doppler shift (VD) in that pixel. In the figure below, C & D show the
absorption fraction (A=1-R) for crosswind LOS (C) and upwind LOS (D) as a function of the LOS component of the
S/C velocity (LOS×Vs/c) obtained from one year of SWAN observations. To zeroth order, the center of the back-
scattered emission line I(l) will correspond to the maximum A-value over 6-months. From the line shape of the
backscattered radiation, we can obtain line moments such as the line center and the line width, which directly reflects the
velocity and (to first order) the ‘temperature’ of H atoms along the line-of-sight (LOS) [Quémerais, 2000].

 

 

(A) A schematic representation of the change in the recorded signal when the HAC is ON or OFF. When ON, the
position of the absorption feature relative to the line center of the input ISM H line is determined by the LOS relative
velocity of the S/C and the ISM. (B) Example of the spectra with absorption for different magnitudes of VD. (C & D)
One year of SWAN absorption data for a crosswind (C) and upwind (D) LOS [Quémerais et al., 1999]. SIHLA provides
coverage of the entire range of observable Doppler shifts for every point in the sky every 6 months. Pop 1 and Pop 2
coverage are continuously resampled along various LOS with much shorter revisit times.

Over 1 year of observations SIHLA will scan Lyman α line profile in the upwind LOS twice in the range of Doppler
shifts ~0-60 km/s. For the downwind direction in a similar way the line will be scanned in the Doppler shift range -60 --
0 km/s..

SIHLA ADDRESSES HELIOPHYSICS AS A WHOLE

Mission Overview – SIHLA measures intensity and lineshape of interplanetary Ly-a to reveal hydrogen properties and
ion-neutral interactions from the edge of the heliosphere to the inner solar system.

 

WHAT WILL WE LEARN?

 

 

Voyager 2 (VGR2) appears to be crossing the heliopause (HP) into the VLISM at a helioradius ~120AU Seven years
ago, Voyager 1 crossed at 122 AU (indicated by the purple dot). State-of-the-art computer models (that include the all-
important kinetic interaction between solar wind H+ and interstellar H) failed to predict either of these actual HP
crossings (Izmodenov and Alexashov, 2015 [shown]). The rainbow color bar gives the normalized proton density, while
the streamline arrows indicate the proton flow that diverts around the HP and causes the atomic collisions (and resulting
charge exchange) with the inflow of interstellar H in the interface region. The calculation was constrained to give the
observed termination shock (TS) crossings along the VGR1 and VGR2 directions projected onto the X-Z plane defined
by the directions of the distant interstellar flow and magnetic field.

 

The HP crossings were predicted to be at ~180 AU and ~145 AU, respectively based on the TS crossing. The observed
Voyager crossings of the HP are indicated by the colored dots on the yellow arc at r ~ 120 AU. They suggest that the
upwind HP might be nearly spherical at this radius—and therefore dramatically smaller in extent than the upwind HP in
the model. These gross discrepancies between the observed and modeled HP crossings require that we rethink our basic
concepts of the global configuration of the heliosheath and heliopause, and they greatly increase the value and timeliness
of new and more sophisticated remote sensing data to come from the next generation of instrumentation on the
upcoming IMAP mission and this proposed SIHLA mission of opportunity.

 

SIHLA will determine whether the heliopause is comet-like or spherical. This is a fundamental question that demands an
answer.

 

SIHLA will make discoveries from its first day of operations.

On the first day we will:

1) map the Earth's geocorona

2) map the inner heliosphere H and from that establish the solar wind mass flux

3) map the Zero Doppler Shift Circle (ZDSC) and establish the flow direction of H into the heliosphere.

We may even be fortunate enough to see a UV bright comet. This will give us new and unique spectral observations of a
comet. There are very few of these observations - they are so rare that every one of them is unique and valuable. 

We expect to be in operation by the Spring of 2025. This will enable SIHLA to detect or refute the existence of a hot
heliosheath component of hydrogen. The number density of hot H is important in establishing the balance between the
external Interstellar Medium pressure and that of the solar wind outflow.

 

Additionally, the shape of the heliosphere, which is not known, is indicated by the upwind to downwind intensity ratio.

 

Large-scale discrepancy by 50% (panel c) exists between the Lyman α observations and state-of-the-art model in the
heliospheric tail indicating inadequate description of the tail in the models. Purple area shows contaminated SWAN
data.

AUTHOR INFORMATION
Larry J Paxton1, Elena Provornikova2, Edmond C Roelof1, Eric Quemerais3, Vladislav Izmodenov4, Olga A
Katushkina5, Edwin J Mierkiewicz6, Igor Baliukin7, Mike Gruntman8, Makoto Taguchi9, Wayne Robert Pryor10, Majd
Mayyasi11, Dimitra Koutroumpa12, Merav Opher13, Rosine Lallement14, Aroh Barjatya15, Ronald J Vervack Jr16,
Carey Michael Lisse17, Robert K Schaefer18, Robin J Barnes19, Brian E. Wood20 and The SIHLA Mission Team and
the APL SSUSI and GUVI Teams,

ABSTRACT
SIHLA (Spatial/Spectral Imaging of Heliospheric Lyman Alpha pronounced as ‘Scylla’ [e.g. Homer, Odyssey, ~675-725
BCE] investigates fundamental physical processes that determine the interaction of the Sun with the interstellar medium
(ISM); the Sun with the Earth; and the Sun with comets and their subsequent evolution. To accomplish these goals,
SIHLA studies the shape of the heliosphere and maps the solar wind in 3D; characterizes changes in Earth’s extended
upper atmosphere (the hydrogen ‘geocorona’); discovers new comets and tracks the composition changes of new and
known ones as they pass near the Sun.

SIHLA is a NASA Mission of Opportunity that has just completed its Phase A study (the Concept Study Report or CSR).
At the time of the writing of this abstract NASA has not decided whether to fly this small satellite mission or its
competitor (GLIDE: PI Prof. Lara Waldrop). SIHLA observes the ion-neutral interactions of hydrogen, the universe’s
most abundant element, from the edge of the solar system to the Earth, to understand the fundamental properties that
shaped our own home planet Earth and the heliosphere. From its L1 vantage point, well outside the Earth’s obscuring
geocoronal hydrogen cloud, SIHLA maps the entire sky using a flight-proven, compact, far ultraviolet (FUV)
hyperspectral imager with a Hydrogen Absorption Cell (HAC). The hyperspectral scanning imaging spectrograph (SIS)
in combination with the spacecraft rol, creates 4 maps >87% of the sky each day, at essentially monochromatic lines
over the entire FUV band (115 to 180nm) at every point in the scan. During half of these daily sky maps, the hydrogen
absorption cell (HAC) provides a 0.001nm notch rejection filter for the H Lyman a. Using the HAC, SIHLA builds up
the lineshape profile of the H Lyman a emissions over the course of a year. SIHLA’s SIS/HAC combination enables us to
image the result of the ion-neutral interactions in the heliosheath, 100 AU away, in the lowest energy, highest density,
part of the neutral atom spectrum – H atoms with energies below 20eV. 

The novel aspects of SIHLA are the scope of the science done within a MoO budget. The SIHLA projected costs were
below the $75M cap with a 31.3% reserve for Phase B-D. The re-purposing of a spectrographic that was part of the
DMSP SSUSI line (a copy was flown and NASA TIMED/GUVI and as NASA NEAR/NIS). Risk is extremely low in
this Class-D mission with all major elements at least at TRL6 at this time. 

SIHLA has a high potential for discovery. We expect that we will 1) First detection of the hot H atoms produced directly
from the ion-neutral interactions at the heliopause; 2) First detection of structures in Interplanetary Medium H emission,
3) First detection of response of the Earth’s extended (out to lunar orbit) geocorona to solar/geomagnetic drivers, 4) New
UV-bright comets as they enter the inner solar system.

SIHLA is a hyperspectral imager; at every point in the sky SIHLA obtains the entire FUV spectrum. This enables SIHLA
to easily flag pixels contaminated by stars; obtain the spectrum of the Earth, viewed as an ‘exoplanet’ and observed the
response of the exosphere and the thermosphere to solar/geomagnetic events; detect comets and determine their
composition and how it varies at they enter and leave the inner solar system.


