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Technosignatures vs biosignatures

• The presence of a biosphere on a planet results in signatures that can, in 
principle, be investigated remotely either as spectral lines or as generic 
chemical imbalance or thermodynamical disequilibrium (as in Krissansen-Totton 
et al 2016; see also Lovelock 1965, Kleidon 2010) 

• Two classes: 

• Biosignatures are sign or signals that would allow us to infer the existence of 
life elsewhere in the universe 

• Technosignatures are sign or signals that would allow us to infer the 
existence of technological life elsewhere in the universe 

• In the past, the search for technosignatures was mainly restricted to radio or 
optical communications, either intentional (e.g. beacons) or unintentional 
(leakage)



• ~50 invited participants 

• Current state + near and future goals 

• NASA role and partnerships



Next step: characterization

Cowan et al. 2015

in principle, the main factors 
influencing the climate of 
exoplanets can be empirically 
determined by photometric and 
spectroscopic observations


for terrestrial planets this will be 
extremely difficult, but might be 
within the reach of next-decade 
instruments (JWST, E-ELT)



Thermodynamics and life

Frank, Kleidon & Alberti 2017 



Coevolution of life and planetary environment



How to look for life: biosignatureshow to look for life (biosignatures)

atmospheric spectrum surface spectrum

• look for atmosphere with gases out of thermochemical redox equilibrium 
(ideally, redox pairs such as O2—CH4)


• caveats: 

• biosignatures can change significantly over time (cfr. past Earth history)

• false positives are possible (e.g. O2 from photodissociation of H2O) 



Earth as an exoplanet

before leaving for the 
Jupiter system, the 
Galileo probe was 
used to look for 
biosignatures from 
Earth

red edge

earth as an exoplanet



Spectra of Earth-like exoplanets

• obtaining atmospheric spectra for Earth-like planets is not a near-term goal 

• some nearby super-Earth atmospheres around M-dwarfs might be observable in 
a ten-year time span (e.g. from JWST or ground based large telescopes) 

• lots of theoretical modeling + laboratory measurements needed in the meantime

Seager 2014

(Top) Visible wavelength spectrum from Earthshine 
measurements plotted as normalized reflectance (Turnbull et al 
20067).  

(Middle) Near-IR spectrum from NASA’s Extrasolar Planet 
Observation and Deep Impact Extended Investigation mission, 
with flux in units of watts meter−2 micrometer−1 (Robinson et 
al. 2011).  

(Bottom) Mid-IR spectrum as observed by Mars Global 
Surveyor en route to Mars, with flux in units of Watts meter−2 
Hertz−1   (Christensen et al 1997)

• obtaining similar atmospheric spectra for Earth-like planets is not a near-
term goal


• some nearby super-Earth atmospheres around M-dwarfs might be 
observable in a ten-year time span (e.g. from JWST or ground based large 
telescopes) 


• lots of theoretical modeling + laboratory measurements needed in the 
meantime (“Atmosphere in a Test-Tube” project, with R. Claudi et al.)



Artificial atmospheric constituents (AAC)

• Pollutants (eg. CFC [Schneider et al. 2010, Lin et al. 
2014], greenhouse gases from fossil fuel combustion), 
deliberate geo-engineering, cataclysmic events (Stevens 
et al 2016)

Lin et al. 2014, present day Earth levels, ~2 days integration with JWST
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Natural spectral signatures

photosynthesis around M-dwarfs

with R. Ferrazzoli, D. Billi (U. Tor Vergata)

chlorophyll absorbs light preferentially at 
wavelengths ~450 nm and ~680 nm…

…but if one looks into even longer 
wavelengths (near infrared) finds a 
reflectivity increase of a factor 10 
called vegetation red edge

the red edge might be a useful biosignature, but there can be abiotic mechanisms producing similar lines; 
also, photosynthetic life around other stars with different emission spectra can have adapted differently 

… and is reflected preferentially in the 
green part of the spectrum

Just started: ASI  Italian Project on astrobiology



Artificial spectral signatures

• Lingam & Loeb 2017: 
harvesting stellar energy 
with artificial structures 
(eg. solar panels) may 
result in characteristic 
features in reflectance 
spectra 



Artificial spectral signatures

• Also, artificial 
illumination may be 
detectable remotely 
(Loeb & Turner 
2012)



Photometric signatures

• 2D inversion techniques of multi-bands unresolved lighcurves can recover the 
signature from ‘heat islands’ (cities), global warming, planetary scale features 
(Kuhn & Berdyugina 2015, Berdyugina & Kuhn 2017)

Reflective ‘umbrella’ over cities



Other possibilities

• Megastructures: Dyson spheres or similar planetary scale 
artifacts (Dyson 1960, Wright 2015)  

• Laser bursts for ligthsail propulsion (Lubin 2016, Lingam 
& Loeb 2017) 

• Satellite belts (Socas-Navarro 2018)



Final remarks

• Nearby targets (< 10 pc) are preferable for future 
characterization (atmosphere retrieval, direct imaging, etc) 
for both bio and techno signatures: Alpha Cen is ideal! 

• While transmission spectroscopy will require transit, many 
signatures are available in unresolved reflectance or 
emission spectra 

• Sending probes would open a whole new set of possibilities 

• Theoretical modeling needed to predict and classify 
possible signatures


