
Open Problems in Modern Astrophysics – Problem set 3. Autumn 2015

The answers should be returned by Tuesday (13.10) 12 o’clock to the mail box of the
course assistant Pauli Pihajoki (3rd floor, central corridor. The mail boxes are at the

end of the corridor). – The problem set will be discussed on Wednesday (14.10) after the
lecture.

This problem set will contain General questions and questions based on the two papers:
Ofek, E. O.; Sullivan, M.; Cenko, S. B et al., 2013, Nature, 494, 65: "An outburst from a
massive star 40 days before a supernova explosion" (Paper 1)
Maund, J. R., Fraser, M., Ergon, M. et al., 2011, ApJL, 739, 37: "The Yellow Supergiant
Progenitor of the Type II Supernova 2011dh in M51" (Paper 2)

1. General question 1

(a) Consider a massive star of a given mass. How does rotation influence its futu-
re evolution, how does a rapidly rotating star evolve differently from a slow-
rotator? What is the role of metallicity on the luminosity and mass loss of a
massive star?

(b) How can binary evolution result in a supernova even for a star which has an
initial mass below . 8M⊙? What are the Roche lobe and common envelope
evolution? How can the chemical composition of a star change due to binary
evolution? What is a blue straggler star and where can they be observed?

(c) How can magnetic fields be generated in massive stars and how is this process
different from solar-mass stars? What are convective overshooting and semicon-
vection? At roughly what mass would you expect a star with an initial mass
of M = 60M⊙ to explode for a star with solar metallicity and for a star with
the much lower metallicity of the Large Magellanic cloud?

2. General question 2

(a) How is a red supergiant star defined? What are blue loops in the HR diagram
and what causes them? What is a Luminous Blue Variable (LBV) star and
why do some stars becomes LBVs? What are Wolf-Rayet stars, what type of
stars become Wolf-Rayet stars?

(b) What is the division into Type I and Type II supernovae based on? What dif-
ferent types of core-collapse supernovae exist? Give an estimate on the relative
occurrence of the various types of supernovae? What is the most common type
of observed supernovae and what type of star is its most likely progenitor?

(c) What is an electron-capture supernova? What type of stars may explode as
electron-capture supernovae and why? What is a pair-instability supernova
(PISN)? Why are PISNs more likely to occur in stars with low metallicities?

3. Based on Paper 1 answer the following questions:

(a) What have the authors observed in this paper? Specifically what does Fig 1.
in the paper tell us? What type of supernova is observed and what is the most
likely type of the progenitor star?

(b) Studying the spectra in Fig 2. the authors say that the Hα-line has a P Cygni
profile. What is a P Cygni profile and what is the interpretation if such a profile
is observed?
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(c) Studying Fig 3. what is the main model used to describe the observations
presented by the authors? Does it involve multiple mass ejection events? What
could have caused the observed pre-supernova outburst?

4. Based on Paper 2 answer the following questions:

(a) What have the authors found in this paper? Specifically what does Fig 1. show?
What are the spectral properties and temperature of the progenitor star and
why are the authors confident that their progenitor detection is not a stellar
cluster?

(b) Studying Figs 3. and 4. why are the authors stating that the progenitor star
was not a Wolf-Rayet star? What was the mass estimate for the progenitor
star and how was it derived? From Fig 4. why was it surprising that this star
exploded as a supernova?

(c) Is it possible that the progenitor system was a binary and why is it difficult to
know if this is the case? What argues against this system containing an unseen
binary? How can one make sure that the progenitor star was indeed the object
detected in this paper?


