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Introduction:  Moon Burst Energetics All-sky 

Monitor (MoonBEAM) is a free-flying CubeSat con-
cept of deploying gamma-ray detectors in cislunar 
space to increase our gamma-ray sky coverage and 
improve localization precision for gamma-ray bursts 
by utilizing the light travel time difference between 
spacecrafts in Earth and cislunar orbit.  

Gamma-ray bursts are among the most energetic 
and brightest events in the Universe. The flash of 
gamma rays can last from < 0.1s to > 100s, occurring 
about once a day, and are distributed isotropically 
across the sky. Emission from radio to X-ray has been 
observed after the prompt gamma-ray flash, and fade 
within hours or up to months past the initial burst of 
gamma rays. The electromagnetic radiation is created 
by violent interactions such as the merging of two 
compact objects (neutron star or black hole). Recently, 
an association between a gravitational wave and a 
gamma-ray burst was established during the first ob-
servation of two neutron stars merging by the Laser 
Interferometer Gravitational Wave Observatory, the 
Virgo interferometer, and the Fermi Gamma-ray Burst 
Monitor. The joint detection triggered electromagnetic 
follow-up observations by 70 observatories and result-
ed in a kilonova detection visible from radio to X-ray 
[1]. 

Current all-sky monitoring instruments have locali-
zation precision no better than a few degrees in radius. 
Follow-up observations require instruments to tile over 
a sky area that is many times larger than their field-of-
view in order to detect and observe the source. This 
mode of follow-up observations risk missing the after-
glow emission which may fade quickly. The Interplan-
etary Gamma-Ray Burst Timing Network has demon-
strated that with an additional detection from a distant 
spacecraft, the localization uncertainties can be im-
proved on average by a factor of 180 over localizations 
done by the Fermi-GBM in low Earth orbit alone [2]. 
The delay in data downlinks for instruments outside 
the Tracking and Data Relay Satellite network, howev-
er, prevents rapid follow-up observations.  

Instrument: MoonBEAM will be capable of rapid 
response given its closer orbit, but far enough to pro-
vide a timing baseline for localization improvement 
when partnered with an Earth-orbit instrument. The 
preliminary design is a 12U CubeSat, with gamma-ray 
detectors placed on 5 sides to maximize sky coverage 
and solar panels to be deployed on the 6th side for 
power. Its 12U size is driven mainly by propellant 

needed to achieve the desired orbit. A deep space 
gateway in the lunar vicinity can potentially allow us 
to shrink down the mass and volume through a closer 
approach to our desired orbit, provide additional orbit 
or mount options, and rapid communication to trigger 
timely follow-up observations. The desired data down-
link is 20kbps continuous transmission, with ~100kB 
per event trigger and up to 10 triggers per day to be 
transmitted to ground within minutes. Depending on 
the deep space gateway orbit in relation to the gamma-
ray background of the Moon, it may be possible to 
mount the MoonBEAM gamma-ray detectors external-
ly instead of on a free-flying CubeSat. The baseline 
gamma-ray detector module is a 160cm2 scintillation 
crystal coupled to an array of silicon photomultipliers, 
each weighing 1kg and requiring 1W of power. There 
is no pointing requirement as each detector module is 
statically mounted. At least 4 detectors are needed to 
cover the entire sky, optimally there would be more 
detectors with overlapping fields of view to enable 
independent or on-board localization of gamma-ray 
bursts.  

MoonBEAM would probe the extreme processes in 
the cosmic collision of compact objects and facilitate 
multi-messenger time-domain astronomy to explore 
the end of stellar life cycles and black hole formations. 
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