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Synopsis: Recent laboratory studies 
suggest UV light may have played a critical role 
in the synthesis of molecules relevant to the 
origin of life on Earth (prebiotic chemistry). 
Here, we use radiative transfer models to 
constrain the UV environment on prebiotic 
Earth-analog planets orbiting M-dwarfs, 
compare to the UV environment on early Earth, 
and explore the implications for origin-of-life 
scenarios on these worlds.

Introduction & Overview
Ultraviolet (UV) light may have played a key role in 
prebiotic chemistry (chemistry relevant to the origin 
of life). While UV light can destroy biomolecules 
and impede abiogenesis, it can also power 
prebiotic synthesis. UV photons can directly 
rearrange the electronic states of molecules, 
generating irreversible changes in the entropic 
states of molecular systems in ways thermal 
energy cannot (Pascal 2012). The uniform stability 
of the biogenic nucleobases suggests they evolved 
in a UV-rich environment (Beckstead et al. 2016). 
Consequently, UV light has been invoked in 
prebiotic chemistry ranging from the origin of 
chirality (Rosenberg et al. 2008) to the  
polymerization of RNA (Mulkidjanian et al. 2003). 
Most recently, UV light has been shown to play a 
key role in the only known plausibly prebiotic 
syntheses of the activated pyrimidine 
ribonucleotides (Powner et al. 2009), the selective 
synthesis of glycolaldehyde and glyceraldehyde 
(Ritson & Sutherland 2012), and a reaction network 
generating precursors for a range of prebiotically 
important molecules (Patel et al. 2015).

In our work, we use a radiative transfer model to 
explore the prebiotic UV environment at the 
surfaces of prebiotic Earth-analog planets orbiting 
M-dwarfs. We focus on M-dwarf planets as they 
are the only plausible targets for remote 
atmospheric characterization and biosignature 
search over at least the next decade. We compare 
the terrestrial prebiotic UV environment to that of 
M-dwarf planets, and explore the implications for 
UV-dependent origin-of-life scenarios on such 
worlds.

We quantify the impact of different spectral surface fluences on 
prebiotic chemistry by convolving and against the action spectra 
for different prebiotic photoprocesses and integrating over 
wavelength, computing the biologically effective dose (BED). 

We consider the photoprocesses of solvated electron 
production from cyanocuprate complexes and glycosidic bond 
cleavage in uridine monophosphate (UMP). We form the action 
spectra by multiplying the absorption spectra by quantum 
efficiency (QE) curves. Since the quantum efficiency (QE) 
curves are poorly constrained, we assume simple, physically 
motivated forms and explore the plausible range of parameters.

Methods
We use a two-stream multiple-scattering radiative transfer 
model to constrain the prebiotic UV surface environment at 
planetary surfaces. We validate this model against theoretical 
models and against measurements of UV fluence on Earth.
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 Results & Conclusions
• Prebiotic M-dwarf planets have much less surface 

UV than planets around Sunlike stars. It is 
uncertain whether UV-dependent prebiotic 
chemistry can proceed on M-dwarf planets.

• Laboratory studies of the reaction rates of 
putative prebiotic photochemistry as a function of 
irradiation level are required to determine:

• Can UV-dependent prebiotic chemistry 
proceed on M-dwarf planets?

• If not, can M-dwarf flares compensate for low 
steady-state UV? If so, there is reason to 
prioritize active M-dwarfs in biosignature 
searches.

• Such measurements are also relevant to 
early Mars, which may have been low-UV 
due to atmospheric dust.

• If laboratory measurements suggest that UV-
dependent origin of life scenarios cannot proceed 
around M-dwarf planets, then biosignature 
searches on such worlds provide an opportunity to 
to test origins-of life hypotheses.
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Selected Results & Conclusions
• Due to a variety of observational effects, planets orbiting M-dwarfs 

are presently the most compelling targets for the search for life 
beyond the solar system, and are hence of intense astrobiological 
interest. However, M-dwarf planets have access to 100-1000x 
less bioactive UV fluence compared to the early Earth, due to 
lower photospheric near-UV (NUV) emission by these cooler stars. 

• While M-dwarfs do emit more Far-UV (FUV) than Sunlike 
stars, none of this emission reaches the surface through 
even a trace atmosphere.

• It is unclear whether UV-dependent prebiotic chemistry 
(e.g., the ribonucleotide synthesis pathways of Powner et 
al. 2009) can proceed under such conditions.

• M-dwarfs are flare stars. During flare, M-dwarf NUV emission can 
rise dramatically, past solar NUV emission. It is possible that M-
dwarf flares can compensate for low quiescent NUV emission; 
laboratory studies are required to constrain this possibility.
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