This evening’s speaker Dr Ryan McDonald from St Andrews University was introduced by DAS chair June Gilchrist. Dr McDonald completed undergraduate studies at Oxford University followed by a PhD gained at Cambridge University. He moved to the US and carried out post doc research at the Carl Sagan Research Institute followed by a few years working on the JWST.
Dr McDonald explained he would be talking about Exoplanets and the search for alien life.
The current thinking is that there will be at least on planet per star in our own galaxy and many exoplanet systems discovered so far are multiple planet solar systems. How do we search for signs of civilization on planetary systems? We may be alone in the Universe but there are billions of galaxies and billions of stars in each galaxy.
The fact remains we live in a habitable zone which can be defined as a planet with some liquid water on the surface. However, Venus and Mars are in a habitable zone yet have no liquid water on the surface. Venus has suffered a runaway greenhouse effect and Mars has almost no atmosphere.
To have a realistic chance of working out the chances of a civilization existing on an exoplanet we need to be able to measure the atmospheric composition. Certain gases in an atmosphere indicate a high probability that life is present to create these gases.
Our own solar system may not be typical with the nearer planets being rocky and the outer planets being gas giants. Hot gas giants have been discovered close to their suns and five times larger than Jupiter.
Finding exoplanets requires indirect observations as zooming in on a bright star does not reveal planets only glare from the star.
Measuring the radial velocity of a star may uncover doppler wobble caused by an exoplanet orbiting the star. 51 Pegasi b was discovered in 1995 this being the first hot Jupiter discovery.
55 Cancri e is a super Earth (8 Earth masses) orbiting very close to its star. This was the first super Earth discovered and orbits the star in less than one day.
The transit method exploits the observed dip in the light curve of a star when an exoplanet moves across the face of the star.
The first Earth sized exoplanet in the habitable zone was discovered in 2014 by the Keppler space telescope using the transit method. This exoplanet is designated K 186 f.
The Trappist 1 system is a red dwarf star with seven known planets all detected using the transit method.
WD 1856 b is an exoplanet orbiting a white dwarf and is believed to be a Jupiter type planet so this planet has a diameter eight times greater than the star it orbits.
To date about 6000 exoplanets have been discovered.
The technique for measuring the composition of exoplanet atmospheres makes use of the transit method. Subtraction of combined light observed during transit from non-transit light
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can isolate compounds in the exoplanet atmosphere. H2O CO2 and CH4 can be detected and these are compounds which can be produced by life. Models are run on computers to predict the abundances of compounds under varying planetary conditions. These models predict the abundances of various compounds as above but also including H2S and SO2.
If the spectra of these compounds can be measured in the exoplanetary atmospheres this can be an indicator for conditions suitable for life to exist.
The JWST will be important in further exoplanet discoveries as it is an infrared telescope.
JWST has detected clouds of small quartz crystals in WASP 17b and further unusual discoveries are expected when JWST carries out further observations on exoplanets.
It is very difficult to detect small rocky exoplanets in comparison to detecting giant Jupiter sized exoplanets because they may have little or no atmosphere and as they are much smaller than gas giants the block a tiny amount of light when transiting. For example, Earth only blocks 0.01% of our Sun.
LHS 475b is a small rocky planet detected by JWST orbiting very close to an M type red dwarf and shows how important JWST will be in detecting small Earth sized rocky planets. Many rocky planets discovered are very close to the host star and orbit the host star in a few days. As the red dwarf stars are relatively dim compared to other stars there is less glare allowing close in planets to be discovered.
Trappist 1 system is very interesting as it has seven rocky planets similar in size to Earth where d,e,f and g lie in the habitable zone and could have liquid water. As yet no firm evidence of atmospheres on these planets.
When searching for extraterrestrial life there are key biosignatures which may be detected. Oxygen would indicated plant life while methane could indicate bacterial life.
Nitrogen and oxygen in an atmosphere would require life to maintain it and detection of ozone could also indicate life.
Technology signatures would be radio signals and manufactured chemicals.
The ELT 40 metre aperture telescope will be able to carry out chemical surveys of the thousand nearest planets as it will be able to directly image planets and obtain spectra due to its new technology.
A few candidate exoplanets have been identified for possible existence of exomoons but none have been found so far.
Is it possible that methane can be produced by something other than life.? Yes, since Titan has lots of methane but no life. This why we look for pairs of gases when investigating the possibility of life.
Comets deliver chemicals onto planets which could explain methane without life. It is estimated that 20% of stars have rocky planets in the habitable zone.

Is there any way of measuring magnetic fields around exoplanets? Radio emission is an indirect detection of a magnetic field and could be used to infer the existence of a magnetic field round and exoplanet. These emissions would be too weak to penetrate our atmosphere.
Some spectra have been obtained of large Jupiter mass planets not associated with a star so these may be interstellar exoplanets expelled from their host solar system.
Exoplanets have also been discovered around pulsars.
June thanked Dr McDonald on behalf of the society for his brilliant talk about exoplanets. Refreshments were served and the meeting closed.
