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Abstract
In this study, we present a simple empirical model of
Energetic Neutral Atoms (ENA) from the heliosphere
and derive basic requirements for ENA instrumenta-
tion onboard a spacecraft headed for heliocentric dis-
tances beyond Earth. We consider the energy range
of heliospheric ENAs from 10 eV to 100 keV because
each part of the energy spectrum has its own merit for
heliospheric science.

1. Introduction
Several concepts for heliospheric missions operating
at heliocentric distances far beyond Earth orbit are cur-
rently investigated by the scientific community. The
mission concept of the Interstellar Probe, e.g., aims
at reaching a distance of 1000 au away from the Sun
within this century [11], far beyond the heliopause lo-
cated at roughly 100-200 au [13]. This would, among
many other scientific breakthroughs, allow the coming
generation to obtain a global view of our heliosphere
interacting with the interstellar medium by measuring
the Energetic Neutral Atoms (ENAs) originating from
the various plasma regions.

An ENA is created when a fast ion exchanges its
charge with an ambient neutral atom. The resulting
ENA leaves the source region on a straight trajectory,
no longer influenced by electromagnetic fields. This
allows an ENA camera to image the ion distribution
of remote plasma regions. We therefore integrated the
existing measurements of ENAs from the heliosphere
into a simple empirical model to predict global ENA
intensity maps for an observer at any heliocentric dis-
tance.

2. Our empirical ENA model
The fundamental ENA equation describes the differ-
ential intensity of ENAs at a given energy E as a line-

of-sight (LOS) integral of the local proton intensity jp

multiplied by the neutral hydrogen density nH , and
the energy-dependent charge-exchange cross-section
σ(E):

jENA =
∫

LOS
dl (jp(E) nH σ(E)) (1)

We only consider hydrogen ENAs in this study,
assuming a constant nH = 0.1 cm−3 inside the he-
liopause [15]. We use the σ(E) for H+ + H → H∗

+ H+ compiled by [1] and include loss processes due
to the re-ionization of ENAs outside the heliopause.
We distinguish three plasma regions as the places of
origin for heliospheric ENAs: supersonic solar wind
and pick-up ions inside the termination shock, shocked
solar wind of the inner heliosheath, and the outer he-
liosheath. We scale the proton intensities jp in such
a way as to reproduce the heliospheric ENA measure-
ments available so far (see Fig. 1). We further assume
that the globally distributed heliospheric ENA flux
apart from the IBEX Ribbon and the INCA Belt de-
rives from the inner heliosheath [4] and that the IBEX
Ribbon is caused by solar wind ENAs that leave the
heliopause before being ionized and neutralized again
outside the heliopause (so-called secondary ENAs, see
[10, 17], e.g.). The proper motion of the spacecraft and
plasma cooling in the heliosheath [15] can be taken
into account. The true shape of the heliopause re-
mains one of the open questions [13, 2, 16] to be re-
solved by a heliospheric probe at large heliocentric
distances. We examined three shapes so far (a small
ellipsoid, a large ellipsoid, and the cylindrical Parker
shape [12, 14]), but others can easily be implemented.

3. Model results
Since our model is computationally not demanding,
we can rapidly generate ENA maps from any vantage
point inside or outside the heliosphere for a wide va-
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Figure 1: Energy spectra of heliospheric ENAs. The
spectra assumed for the empirical model are plotted
as black solid (globally distributed flux) and dashed-
dotted line (IBEX Ribbon ENAs added), symbols de-
note observations (the HENA/IMAGE measurements
are to be interpreted as upper limits [7]).

Figure 2: ENA map predictions for an observer in the
inner heliosheath at 120 au heliocentric distance for
ENA energies of 0.1 keV (left) and 1 keV (right) in
units of cm−2 sr−1 s−1 keV−1. The Sun is in the cen-
tre of the hemispherical maps.

riety of parameters and heliospheric shapes. Figure 2
shows two ENA maps for energies 100 eV and 1 keV
predicted for a spacecraft in the ecliptic plane in the
flank of the heliosheath (perpendicular to the inflow
direction of the interstellar matter) at 120 au distance,
looking back to the Sun. The IBEX Ribbon and the
neutralized solar wind are most conspicuous at 1 keV
(right panel), the region inside the termination shock
shows up as an ENA cavity in all ENA energies. The
heliopause shape in Fig. 2 is the small ellipsoid.

4. Implications for ENA cameras
From our model, general recommendation about ENA
instrumentation (angular resolution, sensitivity etc.)

will be derived. All energies from 10 eV to 100 keV
have their own merits for heliospheric science. This
implies two or three different ENA instruments for a
future mission.

For a spacecraft orbiting the Sun, the heliocentric
distance should be at least 3 au to better constrain
the nature of the IBEX Ribbon ENAs via parallax ef-
fects [17]. For an interstellar probe, a radial trajectory
through the flank regions of the heliosphere is prefer-
able to a straight upwind or downwind trajectory.
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