
1 

Panorama from STEREO A & B imaging the 
heliosphere from the Sun to Earth (JPL image) 
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Understanding the Sun and its Interactions 

with the Earth and the Solar System  
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Heliophysics Science Goals 
2013 Heliophysics Decadal Report, “Solar and Space Physics: A Science for a 

Technological Society” 
  

•  Determine the origins of the Sun’s activity and predict the resulting 
variations of the space environment  (Space Weather Forecasting) 

•  Determine the dynamics & coupling of Earth’s magnetosphere, 
ionosphere & atmosphere and their response to solar and terrestrial 
inputs (Geospace) 

•  Determine interaction of the Sun with the solar system & interstellar 
medium 

•  Discover and characterize fundamental processes that occur both 
within the heliosphere and throughout the universe (particle 
acceleration, magnetic reconnection, shock heating, etc.)  



Scales of interest 
range from 10s of km 
to 100s of AU 
 
Measurable quantities 
include 
electromagnetic 
radiation, (from 
Gamma rays to long 
wave radio), electrons, 
protons, neutrons, ions 
and neutral atoms 



Structure of the outer heliosphere  

04-9 Mission Science Overview and Update: McComas Mission CDR

ENA Observations Image 
the 3-D Heliosphere

As an example of the detailed spectral
information provided by IBEX, Fig. 3 shows
the ENA energy spectra along LOSs toward the
two Voyager spacecraft. These spectra are nearly
straight power laws with slopes of ~1.5 (Voyager
1) and ~1.6 (Voyager 2). Globally, the spectra
generally show simple power laws near the equa-
tor with distinct enhancements at several keV at
higher latitudes (12), again consistent with higher-
energy PUIs in the high-latitude, fast solar wind.
IBEX observations are consistent with upper
bounds on ENA flux based on Ly-a absorption
(14). Claims of heliospheric ENA measurements
from ASPERA-3 (15) are inconsistent with
IBEX observations.

The discovery of the ribbon, not ordered by
ecliptic coordinates or the interstellar flow, requires
reconsideration of our fundamental concepts of
the heliosphere-LISM interaction. A possible ex-
planation could be based on the idea that the local
interstellar magnetic field plays a central role in
shaping the outer heliosphere. Figure 4 shows a
concept for the interaction where the external
dynamic and magnetic forces are comparable.
Here we depict the external field (16) wrapping
around and compressing the heliopause in a way
that pushes in the southern hemisphere (17)
enough to explain why Voyager 2 crossed the
TS ~10 AU closer to the Sun (10) than did
Voyager 1 (9), once the effects of the decreasing
solar wind dynamic pressure inside the TS (18)
are included (19). The ribbon closely matches
locations where a model (20) using this external
field orientation indicates that just outside the
heliopause, the field is transverse to IBEX’s radial-
viewing LOSs (21).

Several factors could contribute to the sub-
stantially enhanced emission in the ribbon, in-
cluding higher energetic ion intensities along the
LOS and pitch-angle distributions of ions that
preferentially emit radially inward. The combi-
nation of the external plasma dynamic (i.e., ram)
and magnetic (J × B) forces produces a localized
band of maximum total pressure around the helio-
pause, which is substantially offset from the
nose for a strong external field (21). Because
the suprathermal plasma observed in the inner
heliosheath is subsonic, information about the
enhanced pressure at the heliopause propagates
throughout the inner heliosheath, adjusting the
plasma properties and bulk flow and potentially
affecting the TS. Flows at the Voyager loca-
tions appear to be more directed away from the
ribbon than away from the nose. At Voyager 2
(22), south and offset from the nose meridian
(Fig. 1), in radial-tangential-normal (RTN) co-
ordinates, 〈VT〉 ~ +48 km s–1, whereas 〈VN〉 is
only ~ –14 km s–1. At Voyager 1, northward of
the nose, only VR and VT were measured (23),
but 〈VT〉 ~ –40 km s–1. Thus, the ribbon might
indicate the true region of highest pressure in
the inner heliosheath. If so, the location of the
ribbon divides inner heliosheath flows down
the two sides of the heliotail, analogous to a
continental divide; this may explain why VT is

several times VN at Voyager 2, as well as the large
transverse flow at Voyager 1.

If the pressure maximum is aligned with the
ribbon and the heliosheath flows are away from
it, then this represents the stagnation flow region,
where inside the heliopause the radial outflow
must go to zero. In this region, the plasma density
should maximize, producing copious ENAs that
would naturally map the region of maximum
pressure. This additional pressure might also ex-

trude a region of the heliopause, forming a
spatially limited outward bulge with high density
and little bulk flow. Because of the narrow
angular extent of the ribbon, it might be expected
that the emission region could be radially narrow
also, which would require magnetic or some
other sort of plasma confinement. Furthermore,
the spectral slope of the ribbon is similar to that
of the surrounding regions, which suggests that
this feature is not dominated by dynamical effects

Fig. 1. IBEX all-sky maps of measured ENA fluxes in Mollweide projections in ecliptic coordinates
(J2000), where the heliospheric nose is near the middle and the tail extends along both sides. The pixels
are 6° in spin phase (latitude), with widths (longitude) determined by the spacecraft pointing for different
orbits. Maps are shown in the spacecraft frame for passband central energies from IBEX-Hi of (A) 1.1 keV,
(C) 0.7 keV, (D) 1.7 keV, (E) 2.7 keV, and (F) 4.3 keV, and from IBEX-Lo of (G) 0.2 keV and (H) 0.9 keV.
Also shown in (A) is the galactic plane (red curve), which clearly does not coincide with the ribbon, as well
as directions toward Voyager 1 (V1) (35°, 255°), Voyager 2 (V2) (–32°, 289°), and the nose (5°, 255°).
(B) Magnified section of the ribbon where each 0.5° in spin phase is averaged with nearest neighbors to
reach 100 counts (10 counts standard deviation). Because of contamination of ENAs from Earth’s
magnetosphere, a small region on the right side of each map was not sampled in the first 6 months of
data; these regions have been filled in with average values from the adjacent areas and appear
unpixelated.
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Initial model 

Actual measurement 

E:7 Mission Systems Engineering_Pope IBEX MPSR

On-Orbit Operation

Routine Operations
! Nominal orbit - 40-50 R

E
x 

7000 km altitude, 6-8 days per 

orbit

! Sun-pointing spinning S/C (4 

rpm)

! Science observations  

> 10 R
E

altitude

! Engineering < 10 R
E

� Data download and command 

upload

� Adjust spin axis ~6-8° (EarthRs 

orbital motion)

! Nearly full sky viewing each 6 

months



Heating the low solar atmosphere 
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Slit-Jaw images and Spectra from the IRIS mission 


