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Introduction: There is an active debate about the 

habitability of planets around M main sequence stars 

(red dwarfs or M dwarfs) These stars are abundant, 

being 75% of the stars in the solar neighborhood, and 

they spend about 10
10
 years on the main sequence, giv-

ing their planets enough time for the origin and evolu-

tion of life. On the other hand, many M dwarfs have 

active chromospheres that produce high energy radia-

tion and particles that may be harmful for life (for a 

review see [1,2]).  

Here we explore the production of compounds rel-

evant for prebiotic chemistry by high energy particles 

in potentially habitable planets around M dwarfs. For 

habitable planet we refer to rocky (iron/silicate) planets 

with CO2-N2 atmospheres located in the habitable zone 

of their parent star. 

Methodology: Photochemical simulations were 

performed using the computer model described in [3] 

for atmospheres with a 1 bar surface pressure com-

posed by N2 and CO2 (3×10-4 to 0.5 bars). The stars 
used for this work where AD Leonis (M3.5V), GJ876 

(M4V) and the Sun, for comparison.  

We use the surface mixing ratios of CO and CO2 

from the models to calculate the chemical yields of 

important prebiotic compounds: uracil, hydrogen cya-

nide, formaldehyde and amino acids. For the yields of 

uracil, we considered two energy sources: cosmic rays 

and stellar protons, which we used to calculate uracil 

production rates as reported on [4]. For cosmic rays we 

used the value reported by [5] to calculate the produc-

tion rates of uracil in each of our simulated atmos-

pheres. Given that proton fluxes from M dwarf stars 

have not been experimentally measured, we calculated 

them from X ray fluxes using the relation reported by 

[6]. For the X ray fluxes, we used the values for M and 

K stars within 7 pc in [7]. Using these data we obtained 

the proton fluxes in proton flux units (pfu=protons cm
-2
 

sr
-1
 s

-1
) for each of the reported stars. Using the 

Weibull distribution for proton fluxes reported in [8] 

we found the necessary energetic fluxes to calculate the 

uracil production rates. Finally, we calculated hydro-

gen cyanide, formaldehyde and amino acid chemical 

yields due to electric discharge using the mixing ratios 

found from our simulations and the trends found by 

[9,10]. In this case, we considered the yields of the 

compounds due to carbon dioxide and carbon monox-

ide separately.  

Results: Our results show that superficial CO mix-

ing ratio in the atmospheres of planets around M dwarf 

stars is up to one order of magnitude higher than that in 

planets around the Sun. This phenomenon occurs due 

to the great chromospheric activity of these stars, and 

translate into higher production rates of biomolecules 

such as uracil. Furthermore, such production rates were 

found to be up to five orders of magnitude higher when 

considering stellar high energy protons as the main 

energy source, thought to be typical of active stars such 

as M dwarf stars, when compared to production rates 

where the main energy source is cosmic radiation. 

Chemical yields of biomolecules produced by electric 

discharge that considered only CO presented signifi-

cant values only in the cases of planets around M dwarf 

stars with a very high CO2 mixing ratio. Yields that 

considered only CO2 presented negligible values for 

planets around M dwarfs, and values commeasurable 

with those of planets around the Sun in the best cases. 
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