
To whom it may concern,

I have had the pleasure of reviewing the doctoral thesis of Mr. Zhiqiang Yan entitled
“Chemical evolution of galaxies with an environmental dependent stellar initial mass
function”, supervised by Prof. Dr. Pavel Kroupa. The thesis focuses on the crucial yet still
unsettled debate about the universality of the stellar initial mass function (IMF) and, in
particular, on the implications that a variable IMF might have on the production and
recycling of metals in galaxies. In my opinion, the scientific results presented and
discussed in the revised document are of clear scientific relevance and undoubtedly
reflect the ability of Mr. Zhiqiang Yan to develop and pursue novel scientific ideas. The
thesis summarizes the content of five refereed and already published research papers
which further emphasizes the importance of the work done by the PhD candidate.

I would like to highlight three key ideas contained in this thesis. First, regardless of
whether the integrated galactic IMF (igIMF) theory is the ultimate explanation for the
observed IMF variations on galactic scales or not, the framework described in this thesis
where the shape of the igIMF emerges from the physically meaningful quantities such as
star formation rate or metallicity is much more satisfactory than treating the IMF as an
independent parameter. Second, Mr. Zhiqiang Yan has clearly shown the importance of a
self-consistent treatment of the stellar mass growth, chemical enrichment, and IMF
variations. Given the importance of the interconnected evolution of these three elements,
I anticipate that chemically-consistent analyses as presented in this thesis will become
the standard approach in the upcoming years when studying the stellar population
content of galaxies. Finally, I would also like to note the importance of a time-dependent
igIMF where the low-mass and high-mass ends vary, in principle, independently. It is a
rather simple idea but it may not be obvious yet for a fraction of the astronomical
community. With this thesis, Mr. Zhiqiang Yan makes a strong argument calling for a
comprehensive analysis of IMF variations across the whole range of stellar masses.

After reviewing the thesis I have some comments and specific questions that I would like
to share with Mr. Zhiqiang Yan.

Given the importance of the parameters in Equations 1.4, 1.5, and 1.6, I would have liked
to read a more detailed description of their meaning. Regarding the adopted values for
these parameters, and given their importance on describing the observed galaxy-wide
properties (e.g. Section 3.2) I wonder if they could also be calibrated based on the values
measured in e.g. early-type galaxies and how they would compare then to those assumed
in this thesis.

In Figure 1.3, one may tend to claim that observations are systematically above the line
indicating the most massive star in the embedded cluster for cluster masses below 10³
M☉. Also regarding the figures in the thesis, it may be interesting to show the observed
data in Figure 1.6.



I found the discussion about the rate of SNIa particularly instructive. I have two
questions regarding this interesting section. First, the SNIa production efficiency is
corrected by the galaxy-wide SFR, but in principle it could also depend on other
quantities as actually noted by Mr. Zhiqiang Yan on page 40. How sensitive are the
results on this particular choice of dependence? The second question is regarding the
calibration of Equation 2.14. It was not obvious to me why that particular functional
form was selected and how it is related to the work of McDermid et al. 2015.

My final remarks are about the broader impact of the detailed results, in particular
regarding the modelling of the chemical evolution. The assumption of a log-normal star
formation history has strong consequences (as shown for example in mass locked in the
form of gas as stars shown in Figure 2.8) and implicit assumptions about the baryonic
cycle in galaxies. Mr. Zhiqiang Yan briefly mentions that it would resemble the hot halos
around massive early-type galaxies and I would have liked him to expand a bit more on
these ideas. What is in practice driving the log-normal shape of the proposed star
formation history? How does it fit in a “monolithic collapse”-like scenario as indicated at
the end of chapter 3.2? In a more general note and being aware of the results published
by Mr. Zhiqiang Yan, I think the final chapters of this thesis do not really capture all the
work and implications of his most recent publications.

In summary, I think the work that Mr. Zhiqiang Yan has carried out over the last years,
summarized in this thesis, is of great importance and demonstrates his scientific
abilities. I would like to end this report by congratulating him and his thesis advisor.
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