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Introduction:  The NASA Heliophysics Living 

With a Star program focuses on the science necessary 
to understand aspects of the sun and Earth's space en-
vironment that affect life and society. The goal is to 
provide the comprehensive research needed to under-
stand the many factors affecting the sun-Earth system 
and thus provide the information necessary for im-
proved forecasting of space weather. Over the space 
age, we have accumulated extensive knowledge of the 
regions of space surrounding the Earth and the Sun, 
and the governing physical processes operating in the-
se regions. However, this knowledge, with few excep-
tions, has not fully translated into a systematic opera-
tional forecast capability that informs the users of 
space weather data on timescales sufficient to take 
appropriate actions, whether for day-to-day operations 
or to protect against catastrophic events. This is partic-
ularly an issue for the Deep Space Gateway (DSG) and 
Orion crews and potential lunar surface crews. Ad-
dressing these needs will require a fundamental shift in 
the strategic approach to space-based missions.  

Approachs:  In the past, in situ heliophysics ob-
servations have been obtained from flagship missions 
carrying comprehensive instrument suites and signifi-
cant budgets; however, these high-cost missions still 
supply only localized measurement sets that are diffi-
cult to use to characterize the global response of the 
system. Because of this, the promise of small satellites 
as an affordable option for in situ measurements of 
relevant space plasma parameters makes these plat-
forms an ideal candidate to obtain the outstanding ob-
servations necessary to advance space weather opera-
tions. The near-Earth vicinity of the Deep Space Gate-
way could represent the first step in formulation of the 
next-generation space weather system concept, poten-
tially providing a broad range of infrastructure (e.g., 
telemetry, launch capabilities) to enable a paradigm-
shifting, more systemic approach to how space-based 
measurements are made. The location is ideal to launch 
small satellites (< 6U) that carry both remote sensing 
and in-situ sensors to cover the near Earth environment 
from the magnetosphere to upstream of the Earth’s 
bow shock. In addition, the DSG can also provide a 
data relay function to pass real-time space weather 
measurement down to Earth or the Orion crew. 

Payload: The Johns Hopkins University Applied 
Physics Laboratory (APL) has been developing field 
and particle instruments that can be accommodated on 
small spacecraft such as those that proposed here. 

Korth et al. [1] have also developed at APL a minia-
ture atomic scalar magnetometer for space that is based 
on the rubidium isotope.  The entire sensor (excluding 
the harness) is less than 150 g and development is cur-
rently underway to incorporate this scalar sensor into 
an existing APL fluxgate magnetometer. The new 
combined sensor will be able to measure the vector 
magnetic field and self-calibrate, which is ideal for a 
small spacecraft mission. The APL’s many particle and 
dosemeter designs that have been successfully flown 
on previous NASA missions can also be accommodat-
ed in a small spacecraft such as those we propose here. 

Spacecraft: APL collectively continues to explore, 
and invest in R&D for new architectures for Civil and 
National Security Space (NSS) missions uniquely ena-
bled by small satellites in the 4 kg (3U CubeSat) to 
~180kg (ESPA-class) range. Notably, the Radiometer 
Assessment using Vertically Aligned Nanotubes 
(RAVAN) CubeSat Mission that is funded by NASA's 
Earth Science Technology Office was launched on 
Nov. 11, 2016. The payload was designed and built at 
APL and L-1 Standards and Technology; the 3U Cu-
beSat bus was designed and built by Blue Canyon 
Technologies, who also performed integration and 
testing. RAVAN is a pathfinder for a constellation to 
measure the Earth’s radiation imbalance, the single 
most important quantity for predicting the course of 
climate change over the next century. Prior to 
RAVAN, APL flew Multi-Mission Bus Demonstration 
(MBD) 3U CubeSats. Launched in Nov. 2013, these 
CubeSats, including payload, were entirely developed, 
built, and operated by APL. The technologies demon-
strated and lessons learned through RAVAN, MBD, 
and other NSS missions will guide this study’s investi-
gation into planetary small satellite applications. 
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