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Abstract
• Physical-mathematical model for aquatic photosynthesis, modified

by some of us to include muon dosimetry, used to assess the
perturbations that radiations coming from neutron star mergers
could make to this biological process.

• Neutron star mergers have potential to deplete aquatic
photosynthesis in rocky planetary bodies.

• Remarks concerning the affectation on other types of subsurface life
are done, and by extension some considerations on habitability of
the Milky Way.



COSMIC RAY BURSTS

- Hit the atmosphere depleting the ozone layer, radioactivate the 
environment and produce lethal fluxes of atmospheric muons at 
ground level, underground and underwater. 

- High energy muons can travel through hundreds of meters in the 
ocean water column. We present the depletion on phytoplankton 
photosynthesis that a flux of high energy muons would do. 

Dar et al: Life Extinctions by Cosmic Ray Bursts. Physics Letters 
1998



• We use two values for the average energy of the flux of high energy muons 
at planet’s surface:

• E1 = 20 GeV
• E2 = 40 GeV

ENERGY OF MUONS

Muons from
(ordinary) secondary cosmic rays: E < 3 GeV

Muons from Cosmic Ray
Bursts (CRB’s) from neutron star mergers: A CRB with energy
around 1 TeV/nucleon, coming from 1 kpc distance, flux of high
energy muons at sea level with E ~ Tens of GeV (Dar et al. 1998).



Photosynthesis E-Model

Fritz, J., Neale, P., Davis, R., Pelloquin, J.: Response of Antarctic

phytoplankton to solar UVR exposure: Inhibition and recovery of

photosynthesis in coastal and pelagic assemblages. Marine Ecology

Progress Series 365, 1 (2008)
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Modification of Photosynthesis E-
Model

𝐸

Atri, D., Melott, A.: Biological implications of high-energy cosmic ray induced 

muon flux in the extragalactic shock model.Geophysical Research Letters 38, 
19203 (2011)



Modification of Photosynthesis E-
Model

Rodríguez-López, L., Cardenas, R., Rodríguez-Hoyos, O.: Perturbations to 

aquatic photosynthesis due to high-energy cosmic ray induced muon flux in 

the extragalactic shock model. International Journal of Astrobiology 12, 326 
(2013)



Photosynthesis Depletion by Muons from CRB’s

The two upper curves represent phytoplankton photosynthetic potential for
ordinary conditions, while the two lower represent it after the impact of a muon
flux of 20 GeV average energy, for optical water types I and III



The two upper curves represent phytoplankton photosynthetic potential for
ordinary conditions, while the two lower represent it after the impact of a
muon flux of 40 GeV average energy, for optical water types I and III

Photosynthesis Depletion by Muons from CRB’s



Muons from Solar Storms

• I(z) = I0e
-(ρ/l)z

• l = n<E> 

• fir(z) = (I0,SS/I0)exp{-[(m-1)/m](ρ/l)z}

• Cardenas et al: Influence of solar and geomagnetic

storms in terrestrial photosynthesis. E3S Web of
Conferences 62, 02007 (2018)



Underground Life: Chemosynthesis instead of 
Photosynthesis

Energy also comes from:

This ecosystem totally depends on chemosynthesis as primary 
production mechanism.

Movile Cave, Romania (from Google Images)



Chemosynthesis induced by Radiolysis in 
Planetary Crust

Radiolytic Agents:
• Radioactive decay of  

U, Th and K present in  
rocks.

• Cosmic Rays 

Atri D.: On the possibility of galactic cosmic ray-induced radiolysis-powered

life in subsurface environments in the Universe. J. R. Soc. Interface 13:
20160459 (2016)

A colony of Candidatus Desulforudis  audaxviator, 
discovered at 2,8 km depth in a gold mine in South 
Africa 



Energy Availability for Chemosynthesis

Atri D.: On the possibility of galactic cosmic ray-induced radiolysis-powered life in

subsurface environments in the Universe. J. R. Soc. Interface 13: 20160459 (2016)

• Galactic Cosmic Rays in planetary bodies without
atmosphere provide maximum values



Criteria for defining a 
Galactic Habitable Zone

https://en.wikipedia.org/wiki/Galactic_habitable_zone. Accessed on 2017.05.10

• Chemical Evolution: Metallicity, radionuclides-
geological activity-geomagnetism

• Catastrophic Events: Supernovae, GRB´s, excessive
radiation, gravitational perturbations (inducing
asteroid and cometary showers): TO BE REVISITED!

• Galactic Morphology: Spiral arms, galactic bar

https://en.wikipedia.org/wiki/Galactic_habitable_zone


Conclusions and Perspectives 
- Developing habitability metrics for chemosynthesis-
based biospheres (in progress) and compare with 
photosynthesis-based biospheres.

- To embed these ideas in models for the habitability of 
the Milky Way.

- Book for the Cambridge Astrobiology Series: 
Quantifying Habitability-Implications for Life in the Milky 
Way and Beyond. Cardenas, Martin, Perez and Horvath 
(IAG-USP, Brazil)


