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Introduction:  This paper promotes an ap-

plied heliophysics mission concept named “Space 
Weather Diamond” (SWx◊).  Such a mission fa-
cilitates the connection between science and soci-
etal needs, as well as supports NASA’s human 
and robotic explorers.  It provides an order of 
magnitude improvement over present-day L1 li-
bration point monitors that measure the solar 
wind input to Earth’s magnetosphere.  It would 
also provide advance warning of solar energetic 
particle (SEP) events and energetic storm particle 
(ESP) events associated with shocks in the solar 
wind.  Numerous techniques have demonstrated 
that sub-L1 measurements could provide signifi-
cantly improved warnings of these radiation haz-
ards in support of NASA’s human exploration 
mission. Additionally, the mission concept pro-
vides for significant science return, which is brief-
ly outlined in this paper.  

The next logical step in acquiring measure-
ments to improve space weather forecasting is a 
sub-L1 platform.  The SWx◊ concept offers an 
opportunity to make that significant advancement 
without the use of solar sails or other exotic 
methods of in-space propulsion. 

 
Mission Concept:  Space Weather Diamond is 

based on a constellation of four platforms that are 
phased into eccentric heliocentric orbits but, from 
the perspective of a fixed Sun-Earth line, the 
spacecraft appear to orbit Earth [1]. The approach 
is based on a concept called “distant retrograde 
orbits" [2] which are heliocentric orbits that re-
main in the vicinity of Earth.  It is similar to a 
mission concept called “elliptical string of pearls" 
[3].  The mission orbit is readily achievable using 
present day launch capabilities and lunar gravity 
assists. 

 
Four platforms of SWx◊ mission appear to cir-

cle Earth at ~0.1 A.U. 
 
The space weather monitoring platforms in our 

conceptual SWx◊ would be equipped with pri-
marily in situ instrumentation to monitor solar 
wind plasma, energetic particles, low-frequency 
radio/plasma waves, and interplanetary magnetic 
field characteristics.  An enhanced payload in-
cluding remote sensing instruments would signif-
icantly increase the scientific return of the mis-
sion, and these potential science goals are consid-
ered in the next section. 

 
Potential Science with SWx◊ 
Beyond the obvious utility as a monitor of up-

stream solar wind conditions, there are numerous 
scientific possibilities for the SWx◊ concept.  
Here we describe several that we have considered, 
but a formal airing in the scientific community 
would certainly uncover additional ideas.  The 
first science goal involves resolving the internal 
structure of interplanetary coronal mass ejections 
(ICMEs).  We know that at 1 A.U. ICMEs have 
typically a 0.1-0.3 A.U. diameter, but details of 
their cross-sectional geometry are unknown at this 
time.  Coronal white light observations would 
suggest near circular cross-sections (this is also 
the minimum energy configuration of the internal 
magnetic field); however, current state-of-the-art 
MHD heliospheric models predict significantly 
distorted cross-sections due to the interaction of 
the fast moving ICMEs and the ambient solar 
wind.  Current 1 A.U. in situ observations can 
provide only a single track through the body of 
the ICME.  These limited observations have been 
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unable to distinguish between highly elliptical 
and circular cross sections.  However, multiple 
measurements separated by ~0.1 A.U. would pro-
vide the necessary measurements to resolve this 
puzzle. 

A second science goal would be to resolve the 
beam width of solar energetic particles (SEPs).  
The precise physical mechanism of solar energet-
ic particle acceleration is still debated, and differ-
ent proposed mechanisms have different predicted 
initial beam widths.  Spacecraft separated by ~0.1 
A.U. would provide the ideal platform to compare 
the SEP flux and energy profiles from the same 
event, thus providing valuable clues to the ener-
gization process. 

A third science goal would employ triangula-
tion studies with low frequency radio instruments.  
Single spacecraft observations heavily depend on 
the theoretical density profile of the solar wind in 
the inner heliosphere.  A separation of ~0.1 A.U. 
is sufficient to allow precise tracking of shocks in 
the inner heliosphere, and multi-spacecraft trian-
gulation relaxes this critical assumption. 

If an enhanced payload included remote sens-
ing instrumentation, then significant additional 
science would be possible.  The first additional 
scientific aspect that SWx◊ would address is the 
critical need to perform 3D stereo imaging of the 
Sun--particularly active regions to obtain coronal 
magnetic structure using triangulation techniques.  
Magnetic field directions (but not magnitude) can 
be obtained for a large number of loops in the 
active region corona from stereo pairs of EUV 
images.  These data can be compared with results 
from magnetic field extrapolation models.  Initial 
comparisons using STEREO data and HINODE 
vector magnetic field measurements have shown 
that significant errors are found in the extrapola-
tions of ALL models.  The extrapolated field di-
rections typically differ from the observed direc-
tion of the magnetic field by an average of 30 de-
grees.  The STEREO spacecraft traversed these 
small elongations rapidly (in a few months) and 
very few active regions were available when these 
measurements were possible.  Additional observa-
tions would provide unique checks on the validity 
of coronal magnetic field extrapolations which are 
used as the basis for most modeling and scientific 
research on the corona and heliosphere.  Several 
researchers have concluded that there is a need for 

either more suitable (coronal rather than photo-
spheric) magnetic field measurements or more 
realistic field extrapolation models.   STEREO 
did not include magnetographs as part of the pay-
load, so one approach to solving this problem 
would be to obtain vector magnetograph meas-
urements from multiple vantage points such as 
would be offered by SWx◊. 

A second scientific problem addressed by 
SWx◊ involves stereoscopic helioseismology, 
which has been widely discussed as a promising 
direction to extend that technique in the future.  
With stereoscopic helioseismology, new acoustic 
ray paths can be taken into account to probe 
deeper layers in the solar interior.  The value of 
smaller separation angles for stereoscopic helio-
seismology is under study.  Such measurements 
could help solve the puzzle of the solar cycle and 
advance our understanding of the operation of the 
solar dynamo. 
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