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Report on the PhD thesis of Ondřej Chrenko

Dear Professor Kratochvil,

this is my report on the PhD thesis of Ondřej Chrenko with the topic

Early phases of formation and evolution of planetary systems

The thesis deals with the growth and orbital evolution of protoplanets still embedded in their nascent
disc. This research field lies at the heart of understanding the origin and architecture of our own Solar
System and the observed extrasolar planetary systems. In view of the past, present and forthcoming
space missions the work is very timely.

It contains the results of four publications in refereed journals preceded by an in depth introduction into
the topic and a summary of the main results. This introduction is very comprehensive and gives an
excellent overview of the fields of particle accumulation, pebble accretion and planet-disc interaction.
It demonstrates that the candidate, Mr. Chrenko, has an excellent understanding of the underlying
physical concepts of his work and knows the present status of the field very well indeed.

In his work he combines the orbital evolution of protoplanets in the disc together with their growth
by particle accretion. For this purpose he developed a new numerical tool Thorin which combines
hydrodynamics, radiation and particles. The implementation, and verification is presented together with
first results in Paper I of his thesis. One of the main findings was the ’hot trail’ effect, which leads to
an increase of eccentricity due to the heat released by the accretion of small pebbles. This effect is
important when studying multiple cores embedded in the disc as it can disrupt existing resonances
between the planets, leading to more compact configurations, a process very important to explain the
architecture of extrasolar planets. The effect of the ’hot trail’ was new at the time and independently
discovered by Eklund & Masset (2017). Unfortunately, some of the results may need some correction as
pointed out in a Corrigendum (in Sect. 2.1.2). I was surprised indeed to see what impact a, in first sight,
minor numerical error can have on the results. It is not mentioned unfortunately, what consequence this
error has on the results presented in Papers II and III, which were calculated using the same code.



Paper II, in which Mr. Chrenko is 2nd author, deals with the evolution of a large set of embryos (120)
that are simultaneously evolved in the disc. It is shown that the gravitational interaction between these
objects and the pebbles leads to viscous stirring with the corresponding increase in pebble accretion.

In Paper III he describes another new discovery made using the developed code. Specifically, it was
found that the interaction of the embedded embryos with each other can lead to the formation of
planet binaries. These were not found in previous simulation, and there may indeed be one system,
Kepler-1625, which contains a binary planet, of much larger mass, however. The rather high formation
rate of binaries in the simulations is the consequence of the inclusion of some ’vertical stirring’, an
inclination excitation effect similar to the ’hot trail’ for eccentricity, that was introduced here in a rather
ad hoc manner. It remains to be seen if this result persists using the corrected code version but it opens
a new channel of binary planet formation, similar to the Pluto Charon system in the Solar System.

In Paper IV he describes an additional new effect of small embedded planets, this time in full three
dimensions. Analysing in detail the effect of the opacity it was found that the heating torque (produced
by the accretion luminosity of the collected pebbles) has an oscillatory behaviour and is negative,
on average. This is in contract to the previous finding of outward migration. This result is, again,
very important with respect to the migration evolution of embedded planets. The origin of this newly
discovered feature is thoroughly discussed in the paper.

In summary, the thesis work of Mr. Chrenko is very well written, demonstrates his excellent astrophysical
knowledge, and contains several new scientific findings. The results are published in four refereed and
well respected international journals. Hence, the thesis proved his ability for creative scientific work.

I strongly recommend to accept the thesis of Mr. Ondřej Chrenko, it is an excellent piece of work that
meets all international standards.

(Wilhelm Kley)
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