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Scientific Rationale:  X-ray and gamma-ray observa-

tions of the Sun over a broad energy range from 

<1 keV to >10 MeV provide unique information on 

both the thermal and nonthermal processes occurring in 

the solar atmosphere. EUV and energetic neutral atom 

imaging spectroscopy from the lunar surface would 

greatly augment the scientific value of these observa-

tions. While there have been significant advances in 

our understanding of impulsive energy release at the 

Sun since the advent of RHESSI observations, there is 

a clear need for new X-ray observations that can cap-

ture the full range of emission in flares (e.g., faint cor-

onal sources near bright chromospheric sources), fol-

low the intricate evolution of energy release and 

changes in morphology, and search for the signatures 

of impulsive energy release in even the quiescent Sun. 

The science that would be addressed by new instru-

ments on the Moon extends over a very broad range of 

activity from the smallest nanoflares that may well be 

the driver of coronal heating to the largest solar erup-

tive events that produce the most extreme space weath-

er. The Earth’s atmosphere makes ground-based obser-

vations of this radiation impossible, and observations 

from spacecraft in low-Earth orbit are generally limited 

in scope by the ~95-minute day-night cycle and by 

passages through the van Allen radiation belts. In con-

trast, observations using X-ray and gamma-ray tele-

scopes on the lunar surface would not suffer from such 

limitations and thus could provide continuous imaging 

spectroscopy over the full energy range for periods of 

up to the length of a lunar day, ~14 Earth days.  

These observations would provide key information 

about a wide variety of solar phenomena including 

coronal heating, and energy release and particle accel-

eration in solar flares and in the often-associated coro-

nal mass ejections. 

Operational Parameters: The array of instruments 

that would best address the scientific goals is given in 

the white paper provided to the Heliophysics Decadal 

Survey committee on the Solar Eruptive Events (SEE) 

2020 Mission Concept [1]. The instruments include 

EUV, X-ray, and gamma-ray imaging spectrometers, a 

white-light coronagraph, and an energetic neutral atom 

imaging spectrometer. Any one of these instruments 

operating alone on the Moon would make important 

breakthrough observations but the scientific return 

would be greatly enhanced by coordinated observations 

with other lunar instruments in this set and with the 

many instruments that will likely be in Earth orbit and 

in ground-based observatories. All of these instruments 

would require a lunar facility to provide continuous 

solar pointing to within the ~half-degree solar disk.  

They would each have their own fine pointing control 

to achieve the desired arcsecond-class imaging capabil-

ity.  

The expected weight, volume, power, and telemetry 

requirements vary between the different instruments 

with the soft X-ray and ENA spectrometers being the 

least demanding and the gamma-ray instrument the 

most demanding. Representative values can be estimat-

ed by considering the relevant parameters of the Focus-

ing Optics X-ray Solar Imager (FOXSI), a Small Ex-

plorer (SMEX) Heliophysics mission that is currently 

undergoing a Phase A concept study. It uses a 14-m 

boom to separate the grazing-incidence focusing optics 

from the pixelated detectors to produce X-ray images 

with 8 arcsecond angular resolution. FOXSI will be 

able to observe the largest flares without saturation 

while still maintaining the sensitivity to detect X-ray 

emission from weak flares, escaping electrons, and hot 

active regions. It has an estimated mass of ~100 kg and 

a volume of 1 x 1 x 15 m; it requires ~100 watts of 

continuous power and generates up to 10 GB per day 

depending on the level of solar activity.  
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