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Abstract:  The anomalously low solar activity ob-
served for cycle 23 is followed by the mini solar max-
imum of cycle 24, indicating that we may be entering 
an era of persistent decline in solar activity. As a re-
sult, we have observed the highest fluxes of galactic 
cosmic rays in the space age, and relatively few solar 
energetic particle events. A permanent presence in 
deep space will expose astronauts and equipment to a 
different radiation dose environment than experienced 
on the International Space Station. Here we report on 
observations from CRaTER (the Cosmic Radiation 
Telescope for the Effects of Radiation) on Lunar Re-
connaissance Orbiter (LRO). [1] used the evolution of 
the interplanetary magnetic field from [2] to project 
dose rates from galactic cosmic rays on the lunar sur-
face predicting a ~ 20% increase in the dose rates from 
one solar minimum to the next. Comparing actual dose 
rates observed by CRaTER in the last 4 years with the 
predictions of [1] shows a 10% further increase, indi-
cating that the radiation environment is worsening 
even more rapidly than previously estimated [3]. Here, 
we apply a more recent reconstruction of the interplan-
etary magnetic field from [4] for past solar grand min-
ima conditions, including the Maunder minimum 
(1645-1715) and the Dalton minimum (1790-1830), to 
predict the dose rates of galactic cosmic rays through-
out the next solar cycle [5]. We use these results to 
predict the most conservative allowable mission dura-
tions based on 3% risk of exposure-induced death 
(REID) at 95% confidence level in interplanetary 
space.  
Despite the persistent paucity of solar activity, the so-
lar energetic particle event of September 2017 was 
extremely hard with the largest dose rates in D3/D4 
(the most shielded detectors of CRaTER). It occurred 
as the result of  successive fast coronal mass ejections. 
The occurrence of the September 2017 event after 
more than a year of very few solar particle events 
shows that besides the high galactic cosmic radiation, 
discrete solar energetic particle events remain a signif-
icant hazard [3]. We suggest that an instrument such as 
CRaTER on the Deep Space Gateway (DSG) could 
provide realtime knowledge of ionizing radiation. 
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