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Introduction

§ The Johns Hopkins University Applied Physics Laboratory 
(JHU/APL) pioneered real-time solar wind monitor (RTSW) 
by working with NOAA to incorporate that capability on the 
Advanced Composition Explorer (ACE) spacecraft

§ Over the years, APL has been working on the next 
generation RTSW concept that is based on our experience 
on ACE, STEREO and Van Allen Probes missions

§ Our current concept provides in-situ bulk plasma, particles, 
and fields measurements as well as coronagraph remote 
sensing on a three-axis platform at the L1 location as well as 
a second, equivalent measurement set in the quadrant 
trailing Earth in its 1 AU orbit

§ This concept presents a path to a permanent solution to the 
NOAA solar and upstream monitoring space weather 
requirements presently being met by NASA’s ACE, SOHO, 
STEREO and NOAA’s DSCOVR
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Advanced Composition Explorer (ACE)

§ Launched in 1997 for a 2-3 years mission, ACE 
continues to return high-quality science data 
after 20 years

§ The spacecraft consists of nine (9) field and 
particles instruments, and four of those provide 
data to the Real-time Solar Wind (RTSW):
Ø SWEPAM (solar wind plasma);
Ø MAG (Interplanetary magnetic field);
Ø EPAM (low energy particle);
Ø SIS (high-energy particle)

§ The ACE RTSW data pave the way for what future 
real-time space weather should be

§ STEREO and Van Allen Probes also implemented 
beacon data system
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NOAA Upstream Solar Wind Measurement Requirements
Real Time Solar Wind (RTSW) system will have at least one element on the Sun-Earth line to 
measure:

§ In-situ 
Ø Magnetic field vector
Ø Bulk solar wind vector velocity, ion temperature and ion density
Ø Energetic ions and electrons

§ Remote 
Ø Coronal Mass Ejections (CMEs) in the low corona

§ Detect and characterize CME events
§ Minimum of two images into cone model
§ Define inner boundary of heliospheric propagation models

§ Service requirements:
Ø Continuous data flow
Ø Broadcast within one minute of measurement, products available in operations center within 5 

minutes
Ø Data for 3-7 years
Ø Data delivered to acceptable duty station and real-time operation
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APL Space Weather Follow-on Study

Baseline:
§ Two identical spacecraft
§ Three axis stabilized – L1, L5 

plus/minus 1AU (off-angle)
§ In-situ plus white-light coronagraph
§ STEREO orbit transfer – approx. five 

years transit time to 90 degrees 
before Earth 

§ Single/Dual Manifest Launch options

Threshold:
§ Three axis stabilized - L1 
§ In-situ plus white-light coronagraph
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Spacecraft Summary

§ Spacecraft mass (<300 kg)
§ Athena IIc for single spacecraft 
§ Antares for dual spacecraft
§ Continuous real-time 

communications
§ Both spacecraft can have 

similar or different 
instrumentation

§ 3-year design life
§ Consumables for 10yr
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Launch - Dual Payloads
§ 3 Basic Design Concepts

Dual Payload Structure Platform

Stacked

STEREOPTSSJASON/TIMED

Stacked

RBSPIridiumGPS

Single launch could be accommodated via an appropriate rideshare
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Instrument set for both 3-axis platforms

Required
Measurement

Instrument Parameters Mass (kg) Power (W) Heritage

Solar Wind Velocity 
and Density

Faraday Cup 200-2000 km/s; 1-
100 cm-3

; 400K-
2MK

~3.2 ~3 SAO/UofMich

Magnetic Field Magnetometer 0 - ±100 nT along 
for each 
component

2.5 2.5 APL/GSFC

Solar Wind Low 
Energy Ion

Low energy 
particles 
package

~30-5000 keV ion; 
~30-1000 keV
electron

3.5 4 APL

CME Imagery 
(GFE)

Coronagraph –
White light

3.7 – 17 Rs 15.5 25 NRL CCOR

Total ~24.7 ~34.5

• This set of instruments meets all of the NOAA / Real-Time Solar Wind measurement 
requirements

• Spacecraft can accommodate more payload if it can meet the schedule requirements
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CCOR Sensor Overview

• The NRL Compact 
Coronagraph (CCOR) is 
an small envelope 
coronagraph for 
operational satellite that 
meets space weather 
forecasting requirements 
for imaging of coronal 
mass ejections (CMEs) 
near the Sun
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Solar Wind Ion – Faraday Cup

§ Measure the Solar Wind plasma 
(both ion and electron)

§ Large Field-of-View (60°)
§ Mount facing directly to the Sun
§ Heritage from Wind, DSCOVR, 

Solar Probe Plus
§ High voltage to accommodate 

maximum velocity requirement
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Low Energy Particle Instrument

§ Measure the energetic ion and 
electron

§ Ion: ~10 keV to 5 MeV
§ Electron: ~10 keV to 1 MeV
§ Fan like FoV: 160°x12°
§ Mount such that the large FoV is in 

the ecliptic plane to sample 
(sunward and anti-sunward 
direction)

§ High heritage instrument
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APL Launch and On-station Support

§ APL will build the two spacecraft and integrate the 
instruments

§ APL I&T Group will perform Integration & Test (I&T) 
activities.

§ APL Mission Operations Team (MOT) will
Ø Develop the Mission Concept of Operations.
Ø Develop the Mission Simulation test plan and procedures. 
Ø Train NOAA/NASA Flight Controllers (FCs), planners, analysts.
Ø Support Launch and Early Orbit Operations (LEOP) until 

spacecraft are on station (TBD ~90 days after launch).  
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Summary

§ APL leverages expertise from ACE, STEREO, and Van Allen Probes to 
design the next space weather monitor system

§ Small satellite solutions identified that address key upstream 
requirements

§ The design satisfies the NOAA RTSW requirements and provides an off-
angle spacecraft option to identify transient solar wind events

§ These platforms have resources to accommodate additional scientific 
instrumentation

§ 48 months development schedule can meet sponsor needs
Ø ACE Satellite End of Life Expected in ~2022
Ø DSCOVR




