











Why do we need ESCAPADE? What can ESCAPADE do that
prior missions could not?

Coordinated, multipoint observations are necessary to accurately characterize the temporal
variability and real-time response of Mars' near-space environment to space weather, thereby
unraveling the chain of cause and effect within the system. When a single spacecraft measures a
change in local plasma conditions, it's impossible to tell whether conditions have changed globally or
if the spacecraft simply entered a new region of space where conditions are different. There's also
no way to know for sure if a single event, such as a more intense solar wind, directly results in change
elsewhere in Mars' magnetosphere, such as increased ion escape. With two spacecraft, ESCAPADE
can distinguish between different scenarios via simultaneous observations, thus addressing the
challenge of spatial versus temporal variability.

For instance, ESCAPADE enhances the study of plasma dynamics in a particular region of Mars at
shorter timescales. The MAVEN spacecraft's orbital period is approximately 3.6 hours. This means
the time variability in one particular area of the system can only be probed at timescales longer than
this. In contrast, during Campaign A when ESCAPADE's two spacecraft are following each other in
the same orbit, they will be able to characterize how areas within the system change on much
shorter timescales, between 2 and 30 minutes. During Campaign B, when the two spacecraft are in
different orbits, the mission will for the first time be able to study the real-time response to space
weather events. For example, a single spacecraft like MAVEN can either be: a) at high altitude in the
"upstream” solar wind (which hasn't reached Mars yet), measuring prevailing space weather
conditions; or b) "downstream” within Mars' magnetosphere, measuring the impact of that space
weather, such as rates of atmospheric escape. It takes MAVEN more than an hour to go from
upstream to downstream, whereas space weather impacts happen in minutes or less. The
ESCAPADE mission solves this predicament during Campaign B by simultaneously measuring
upstream and downstream conditions. This will allow us to untangle, with far more confidence, the
cause (i.e, space weather) and effect (i.e, the resulting changes) in this dynamic environment.

Science Instruments

Working together, ESCAPADE's instruments will help us better understand Mars' unique hybrid
magnetosphere and how solar energy flows through it, driving ion and plasma movement.
Additionally, this research will more accurately uncover the process of atmospheric escape,
providing valuable insights for Mars, as well as any planet with an atmosphere.

Each spacecraft has identical copies of the following instruments.

EESA: Electrostatic Analyzer

The ESCAPADE Electrostatic Analyzer (EESA) is designed to measure suprathermal ions and
electrons in the spacecraft's elliptical orbits around Mars. The instrument, mounted on the top
deck of each spacecraft, consists of two electrostatic analyzers with a common electronics box.
The EESA-i sensor measures suprathermal ions in the energy range from 0.5 eV to 30 keV with a
field of view of 23 x 23 degrees, while the EESA-e sensor measures suprathermal electrons from
0.5 eV to 6 keV. These measurements help study a) the suprathermal ions produced by extreme
ultraviolet radiation from the Sun and b) electron flows and magnetic topology around Mars,
respectively. The instrument has a mass of 5.34 kg, uses 6.1 W of power, and makes full
measurements every 8 seconds, returning data at 180-250 bits per second (bps).

The ESCAPADE Electrostatic Analyzer includes two
sensors: the EESA-i Suprathermal lons (gold <
on the right) and EESA-e Suprathermal Electrons (c
section on the left)
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EMAG: Magnetometer

The ESCAPADE Magnetometer (EMAG) is designed to
measure DC (direct current) magnetic fields around Mars.
Provided by NASA's Goddard Space Flight Center, the
EMAG measures Mars' magnetic field with a range up to
2,000 nanoTesla and an accuracy of 0.5 nanoTesla. Itis
mounted at the end of a two-meter-long boom,
alongside a segment of the ESCAPADE Langmuir Probe
(see below), to minimize spacecraft interference. The
magnetometer has a mass of 0.45 kg, uses 1.3 W of
power, and returns data at a rate of 21.5 bps, capturing
the ambient magnetic field in various plasma regions
encountered during orbit around Mars.

ESCAPADE Langmuir Probe

The ESCAPADE Langmuir Probe (ELP) suite, provided by
Embry-Riddle Aeronautical University, consists of three
types of Langmuir probes: 1) Planar lon Probes (PIPs); 2)
a multi-Needle Langmuir Probe (MNLP); and 3) a Floating
Potential Probe (FPP). These probes are designed to
measure the integrated extreme ultraviolet (EUV) flux and
thermal plasma density in the solar wind plasma from the
elliptical ESCAPADE orbit. The PIPs, mounted on two
corners of each spacecraft's top deck, measure the solar
EUV flux. The mNLP, mounted at two points along the
magnetometer boom, measures thermal plasma density
ranging from 50 to 200,000 particles per cubic
centimeter. The FPP, mounted on a short boom
extending from the spacecraft's top deck, tracks the
relative spacecraft potential. The instrument has a mass
of 0.538 kg, uses 0.95 W of power, and returns data at a
rate of 10.8 bps, providing crucial insights into plasma
characteristics including electric potential, electron
temperature, and density.

VISIONS (Visible & Infrared Camera)

Few people in the world, especially college students, can
boast that something they built is orbiting Mars. Soon, a
cross-disciplinary team of Northern Arizona University
students and faculty members will achieve this feat. The
team'’s Visible and Infrared Observation System
(VISIONS) camera is an important component of the
ESCAPADE mission's suite of science instruments. The
VISIONS camera captures images in both visible and
infrared wavelengths simultaneously, thereby providing
comprehensive information about the composition,
physical makeup, and climate of Mars. Unlike most
cameras on similar missions that capture images only
tens of kilometers wide, VISIONS is designed to capture
the entire planetary disk in one frame, enabling the study
of phenomena such as seasonal changes in the polar
caps. Additionally, the team hopes VISIONS will capture
images of Mars' auroras. What truly sets VISIONS apart is
its design and fabrication approach. Built largely from
carefully selected, commercially available components
(such as sensors and optics) rather than expensive
custom-made versions, VISIONS represents a
low-budget technical demonstration. It aims to prove
that a cost-effective, scientific-grade camera with
industrial-grade parts can be viable for spaceflight,
paving the way for future similar developments and
applications.

Nuir Probe suite includes a
(left), Planar lon Pro
angmuir Probe (right)

nasa.govs
.




&

NASA's Launch Services Program

NASA awarded Blue Origin, LLC, of Kent, Washington, a task order to provide launch services for
ESCAPADE as part of the agency's VADR (Venture-Class Acquisition of Dedicated and Rideshare)
launch services contract. Building on the agency's venture-class approach, NASA is targeting lower
launch costs for more risk-tolerant science payloads by using less agency oversight and greater
flexibility in how the commercial company manages the launch services for the mission.

NASA's Launch Services Program (LSP) unites scientific and robotic spacecraft customers’' needs
with the appropriate rocket, managing the process to ensure the spacecraft is placed in orbit
around Earth or the Sun, or powered to destinations deeper into the solar system. Established in
1998 at Kennedy Space Center, LSP manages the launch vehicle services for NASA, assisting
customers who need specialized, highly technical support worldwide, and enabling some of NASA's
greatest scientific missions and technical achievements,

ESCAPADE History

A timeline of the ESCAPADE mission can be found at
https://escapade.ssl.berkeley.edu/timeline-news/
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