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Introduction:  Potentially-habitable planets orbit-

ing M-dwarfs are of intense astrobiological interest 
because they are the only rocky worlds accessible to 
atmospheric characterization and biosignature search 
over the next 10+ years due to a confluence of obser-
vational effects [1,2,3]. Simultaneously, recent ex-
perimental and theoretical work suggest that UV light 
may have played a key role in the origin of life on 
Earth, and especially the origin of RNA [4,5,6]. Char-
acterizing the UV environment on M-dwarfs planets is 
important to understanding whether life as we know it 
could emerge on them. 

Methods:  We couple radiative transfer models to 
observed M-dwarf spectra to determine the UV envi-
ronment on prebiotic Earth-analog planets orbiting M-
dwarfs. We combine these surface UV spectra with 
simple physical chemistry models to quantify the im-
pact of different host stars on prebiotically-important 
photoprocesses by calculating relative reaction rates.  

Results:  We find that M-dwarf planets have ac-
cess to 100-1000 times less bioactive UV fluence than 
early Earth. It is unclear whether UV-sensitive prebi-
otic chemistry that may have been important to abio-
genesis, such as the only known prebiotically plausible 
pathways for pyrimidine ribonucleotide synthesis, 
could function on M-dwarf planets. This uncertainty 
affects objects like the recently-discovered habitable-
zone planets orbiting Proxima Centauri, TRAPPIST-1, 
and LHS 1140. Laboratory studies of the sensitivity of 
putative prebiotic pathways to irradiation level are 
required to resolve this uncertainty, and we describe 
the specific studies required [7]. 

We evaluate whether thinner atmospheres or ele-
vated M-dwarf UV output during the pre-main se-
quence phase can compensate for this lack of UV, and 
find they cannot. However, transient elevated UV irra-
diation due to flares may suffice; laboratory studies 
can constrain this possibility as well. If laboratory 
studies bear out this possibility, then planets orbiting 
active flare stars may be more compelling candidates 
for biosignature search than previously considered, 
especially if their atmospheres are stable to escape [7].  
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Top-of-atmosphere and surface UV radiation environ-
ment for early-Earth analog planets orbiting M-dwarfs. 
M-dwarf planet surfaces are UV-poor environments.  

 
Relative dose rates for prebiotically relevant photo-
processes for M-dwarf planets. M-dwarf reaction rates 
are suppressed by 2-4 orders of magnitude relative to 
Sunlike stars, and it is uncertain if prebiotic photo-
chemistry can function on them. Experiments can re-
solve this uncertainty. 
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