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Abstract

Radio emission from coronal mass ejections (CMEs) is a di-
rect tracer of particle acceleration in the inner heliosphere
and potential magnetic connections from the lower solar
corona to the heliosphere. Energized electrons excite Lang-
muir waves, which convert into radio emission at the lo-
cal plasma frequency, with the most intense acceleration
thought to occur within 20 RS. The capability of ground-
based radio arrays to track this radio emission is limited by
ionospheric absorption (ν ∼> 15 MHz) to altitudes less than
about 3RS. The state of the art for tracking such emission
from space is defined by single antennas (Wind/WAVES,
Stereo/SWAVES), in which the tracking is accomplished by
assuming a frequency-to-density mapping; there has been
some success in triangulating the emission between the
spacecraft, but considerable uncertainties remain. The Sun
Radio Imaging Space Experiment (SunRISE) mission con-
cept would be a constellation of small spacecraft operating
as an interferometer designed to localize and track radio
emissions in the inner heliosphere. Each spacecraft would
carry a receiving system for observations below 25 MHz,
and SunRISE would image CMEs more than a few solar
radii from the Sun.

1 Introduction

Particle acceleration is one of the most pressing questions in
Heliophysics, as identified in the 2013–2022 Decadal Sur-
vey [1]. The phenomenon occurs in plasmas throughout the
cosmos: within planetary magnetospheres, at the termina-
tion shock, at stars, and at supernova shocks. Despite its
importance, still unresolved are the sources of solar ener-
getic particles (SEPs) within the heliosphere and how some
SEPs are able to spread quickly to a broad range in solar
longitudes. Solar Probe Plus [2] will fly within 10 RS and

Figure 1. Artist’s impression of the SunRISE constellation
of small spacecraft forming a synthetic aperture and observ-
ing a solar radio burst.

measure plasma, SEPs, and coronal mass ejections (CMEs),
but will not measure particles as they are first accelerated
[3]. The SunRISE mission concept aims at addressing this
limitation by imaging the radio emission produced by par-
ticle acceleration source regions in the low corona and by
energetic particles as they travel interplanetary space.

Solar radio bursts are produced when electrons energized to
a few to 20 keV flow through coronal plasma at more than
2 RS. The SunRISE mission concept would observe Type II
and III bursts (Figure 2; [4, 5]). These bursts encode de-
tailed information about the location and transport of ac-
celerated electrons. The SunRISE mission concept would
have two objectives. Objective O1 would be to discriminate
competing hypotheses for the source mechanism of CME-
associated SEPs by measuring the location and distribution
of Type II emission relative to expanding CMEs over the
range 2 RS–20 RS where the most intense acceleration oc-
curs (Figure 3).

The most intense and longest duration prompt SEP events
are associated with CMEs [6], and there is a strong obser-



Figure 2. SunRISE uses Type III (A) and Type II (B) radio bursts to track particle transport and acceleration within the inner
heliosphere. The middle panel shows the state of the art, a dynamic radio power spectrum from the Wind spacecraft illustrating
a storm of Type III bursts preceding a several hours long Type II burst from a CME.

Figure 3. SunRISE would measure the location and distri-
bution of radio emission with sufficient temporal, spatial,
and frequency resolution to separate between shock, flank,
reconnection, and non-local hypothesis for the source of
Type II emission.

vational association between the production of SEPs by a
CME and the occurrence of Type II bursts [7]. Particle ac-
celeration may be due to coronal shocks or compressions
driven by CMEs, by magnetic reconnection behind expand-
ing CMEs, or by stochastic acceleration mechanisms oper-
ating throughout the corona (Figure 3). A lack of obser-
vations of the acceleration process operating in space and
time makes it difficult to distinguish between these mod-
els. The interpretation of associated SEPs in interplanetary
space is further complicated by the unknown role of trans-
port effects between the CME and the observer: Is a slowly
increasing intensity of SEPs due to an increase in the ef-
ficiency of the acceleration mechanism at the source, or a
filtering effect due to the slow diffusion of SEPs along and

across a complex coronal and interplanetary magnetic field?

Objective O2 would be to determine if a broad magnetic
connection between active regions and interplanetary space
is responsible for the wide longitudinal extent of some SEPs
by imaging the field lines traced by Type III bursts from
2 RS–20 RS. Observations with the STEREO spacecraft,
combined with near-Earth measurements, have shown sur-
prisingly wide longitudinal distributions for SEPs [8, 9], in-
cluding a rapid spread over 360◦ in longitude observed in
CME-associated events and events observed near Earth for
which the sources are on the backside of the Sun. Whether
such distributions are a result of particle transport or intrin-
sic to the acceleration region remains to be determined.

Generally, SEPs accelerated during solar flares are rel-
atively narrowly confined (∼< 40◦ longitude). How-
ever, multi-spacecraft observations have revealed a num-
ber of 3He-rich events extending well over 60◦, and even
over 130◦ [10]. Explanations related to field-line mean-
dering (limited to < 10◦, J. Giacalone, private communi-
cation), field-line spreading from the photosphere to the
corona [10], or field-line corotation [9] have proven insuf-
ficient. One of the most promising proposed mechanisms
relies on reconnection within the complex magnetic topol-
ogy that can develop when a coronal hole is near a flaring
active region [11, 12, 13].

In order to achieve these science goals, the SunRISE mis-
sion would have to resolve the centroid and spread of radio
burst emission in the sky as a function of frequency and
time in order to relate the location and motion of the en-
ergized electrons responsible for the bursts to CME struc-
tures (O1) or coronal magnetic field lines (O2). Specific
mission requirements include covering the frequency range
of 0.1 MHz–25 MHz, in order to cover a sufficient range in
distance from the Sun; an orbit well above the Earth’s iono-
sphere; the capability to observe for several hours, in order
to track Type II bursts; the capability to localize the radio
emission to better than 1/3 of the diameter of a CME; and



a mission duration of at least 6 months, in order to operate
long enough to observe multiple Type II bursts.

2 Spacecraft and Mission Description

Interferometry is a well-established technique for observa-
tions of both the Sun and other celestial sources. Ground-
based synthetic apertures have been used to study solar ra-
dio emission [14, 15, 16], but these observations have been
limited to low altitudes (< 3RS) because of the Earth’s
ionosphere (ν ∼> 15MHz).

SunRISE would consist of six identical spacecraft, each
with a 6U CubeSat form factor (10 cm × 23 cm ×
36 cm), forming an observatory in a circular orbit slightly
above geosynchronous orbit (GEO). While all six space-
craft would be operated in formation, only five are required
to obtain the required localizations, providing resiliency to
spacecraft failure. Alibay et al. [17] describe the spacecraft
and mission design; here we summarize salient details.

Each SunRISE spacecraft would have two crossed, electri-
cally short dipoles (Figure 4), deployed once on orbit. A
front end would condition the received radio emissions by
amplifying and filtering, the conditioned signals would be
digitized, and a polyphase filterbank would transform the
digitized signals into the frequency domain [18]. This sig-
nal chain is robust against likely interference, as it is based
on the receiver being used for the Department of Defense
DHFR mission, which is designed to be Galactic noise
dominated in low-Earth orbit, and other resource require-
ments for the antenna elements and receiver are modest.

Figure 4. Artist’s impression of a SunRISE spacecraft, with
both the solar radio antenna and the solar panels deployed.

The GNSS signal chains would provide time stamps for
when the solar radio burst data were acquired and from
which the relative locations of the individual spacecraft can
be determined. The SunRISE GNSS signal chain would
inherit its major functions from the Cio payload on the Ci-
cero mission and the NASA-sponsored TriG receivers [19].

In this concept, on-board software would use a fast Fourier
transform (FFT) to determine the carrier phase and pseudo-
range to visible GNSS satellites. These data would be trans-
mitted to the ground, where they would be post-processed
to generate orbit determination solutions. Real-time navi-
gation solutions would not be required.

The SunRISE mission would be enabled by the use of an
FX-style correlator to form the visibility data [18], which
would both reduce the downlinked data volume by orders
of magnitude and shift substantial processing to the ground.
The “F” portion of the FX correlation is formed on-board
each spacecraft via the polyphase filterbank. The cross-
multiplication amongst all unique pairs, the “X” portion,
occurs on the ground.

A two-step procedure would be used to localize radio emis-
sion. (1) The visibility data are Fourier inverted to form an
image. (2) The location of the radio emission is determined
by fitting a simple model (Gaussian), using the location of
the peak in the image as an initial estimate for the fit. Soft-
ware to Fourier invert the visibility data and to fit for the
position of radio emission is well developed and routinely
used to process arrays consisting of tens of antennas with
thousands of frequency sub-bands [20].

The spacecraft would be launched as a secondary payload
and inserted into their initial orbit by a host satellite, form-
ing a passive formation for which only biweekly correc-
tion maneuvers are required to maintain 0.5 to 12 km base-
lines and avoid collisions. Once the spacecraft enter their
nominal science operations mode, they are operated using
a straightforward, repeating 2 week pattern. In a typical
week, there is only a 5 hr interval, during with each space-
craft desaturates its reaction wheels and downlinks to the
Deep Space Network (DSN). For the majority of a 2 week
cycle, the solar arrays and solar radio antennas are Sun-
pointed, with the instrument turned on and collecting data.

3 Conclusion

While ground-based interferometers have existed for some
time, space-based interferometers have been cost pro-
hibitive thus far. The SunRISE mission concept would
leverage the recent advancements in CubeSat technologies
and to obtain a low-cost mission concept that would ad-
dress important goals of the Heliophysics community. This
concept, which would be low cost and with a rapid develop-
ment cycle, could serve as a stepping-stone for the demon-
stration of space-based interferometry. Indeed, space-based
radio astronomical arrays can address a wide range of scien-
tific questions that go beyond those addressed here, ranging
from planetary and extrasolar planetary magnetospheres
and particle acceleration in astronomical sources to poten-
tially searching for the signatures of the first stars. Being
able to demonstrate the capabilities of such an observatory
with SunRISE could serve as a proving ground and an en-
abler for more complex future missions.



4 Acknowledgements

Part of this research was carried out at the Jet Propulsion
Laboratory, California Institute of Technology, under a con-
tract with the National Aeronautics & Space Administra-
tion.

References

[1] Space Studies Board, Solar and Space Physics: A Sci-
ence for a Technological Society (National Academies
Press: Washington, DC) 2013.

[2] N. J. Fox, M. C. Velli, S. D. Bale, et al., “The So-
lar Probe Plus Mission: Humanity’s First Visit to
Our Star,” Space Sci. Rev., 204, 2015, pp. 7–48, doi:
10.1007/s11214-015-0211-6.

[3] M. Pick, “Radio Emissions from the Sun and the In-
terplanetary Medium,” in Solar and Heliospheric Ori-
gins of Space Weather Phenomena, Lecture Notes in
Physics, Vol. 699, ed. J.-P. Rozelot, 2006 (Springer:
Berlin) pp. 119–142; doi: 10.1007/3-540-33759-8_6

[4] G. A. Dulk, Y. Leblanc, T. S. Bastian, and
J. L. Bougeret, “Acceleration of electrons at
type II shock fronts and production of shock-
accelerated type III bursts,” J. Geophys. Res.-
Space Phys., 105, 2000, pp. 27343–27352, doi:
10.1029/2000JA000076.

[5] N. Gopalswamy, S. Yashiro, M. L. Kaiser,
R. A. Howard, and J. L. Bougeret, “Character-
istics of coronal mass ejections associated with
long-wavelength type II radio bursts,” J. Geophys.
Res.-Space Phys., 106, 2001, pp. 29219–29229. doi:
10.1029/2001JA000234.

[6] D. V. Reames, “The Two Sources of Solar Energetic
Particles,” Space Sci. Rev., 175, 2013, pp. 53–92, doi:
10.1007/s11214-013-9958-9.

[7] L. M. Winter and Ledbetter, K., “Type II and Type III
Radio Bursts and Their Correlation with Solar Ener-
getic Proton Events,” Astrophys. J., 809, 2015, id. 105,
doi: 10.1088/0004-637X/809/1/105

[8] I. G. Richardson, T. T. von Rosenvinge, H. V. Cane, et
al., “> 25 MeV Proton Events Observed by the High
Energy Telescopes on the STEREO A and B Space-
craft and/or at Earth During the First ∼ Seven Years
of the STEREO Mission,” Solar Phys., 289, 2014,
pp. 3059-3107, doi: 10.1007/s11207-014-0524-8.

[9] C. M. S. Cohen, “Current understanding of SEP ac-
celeration and transport,” in Solar Wind 14, eds.
L. Wang et al., American Institute of Physics Conf.
Proc. (American Institute of Physics: Melville, NY)
Vol. 1720, id.060001, doi: 10.1063/1.4943836.

[10] M. E. Wiedenbeck, G. M. Mason, C. M. S. Cohen,
N. V. Nitta, R. Gomez-Herrero, and D. K. Haggerty,
“Observations of Solar Energetic Particles from He-
3-Rich Events over a Wide Range of Heliographic
Longitude,” Astrophys. J., 762, 2013, id. 54, doi:
10.1088/0004-637X/762/1/54.
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