
Open Problems in Modern Astrophysics – Problem set 6. Autumn 2018
The answers should be returned by Monday (3.12) 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 Tuesday (4.12) at 14.00-16.00

This problem set will contain General questions and questions based on the two papers:
Ellis, R.S., McLure, R.J., Dunlop, J.S. et al., 2013, ApJL, 763, 7: "The Abundance of
Star-forming Galaxies in the Redshift Range 8.5-12: New Results from the 2012 Hubble
Ultra Deep Field Campaign" (Paper 1)
Sobral, D., Matthee, J., Darvish, B. et al., 2015, ApJ, 808, 139: "Evidence for PopIII-like
Stellar Populations in the Most Luminous Lyman-α Emitters at the Epoch of Reioniza-
tion: Spectroscopic Confirmation" (Paper 2)

1. General question 1

(a) What is an atomic cooling halo? How is this related to the definition of the
first galaxies? When did the first galaxies and first stars form in the Universe?
Which formed first, the stars or the galaxies?

(b) What was the initial mass function (IMF) of the first stars? Why was the IMF
different from the current IMF in the Milky Way? How well do we know the
IMF of the first stars? What do the simulations and observations tell us about
the IMF of the first stars?

(c) How did the re-ionisation of the Universe proceed and why was it necessary for
making the Universe transparent? What sources were probably responsible for
this process and roughly at what redshift was re-ionisation completed? What
is the escape fraction? How can we observationally estimate when and how the
process of re-ionisation proceeded?

2. General question 2

(a) Using which two alternative mechanisms do we think that the first supermassive
black holes could have formed in the Universe? Observations have shown that
black holes with masses of MBH ∼ 109M� existed in the Universe already at
z ∼ 7, why is this a problem for theoretical models of black hole formation?

(b) Why is the James Webb Space telescope critical for attempting to detect the
first galaxies? What spectral signs would be a telltale signature of a first galaxy?
How does the observed surface brightness of galaxies behave as a function of
redshift? Would it be possible to detect a Milky Way analogue with current
technology at z ∼ 6? Are such galaxies likely to exist already at z ∼ 6?

(c) What is meant by stellar archaeology? How could the observations of local
ultrafaint dwarf galaxies be related to the properties of the very first galaxies?
What are the estimated dark matter halo masses of ultrafaint dwarf galaxies
and how is this connected to the first galaxies?

3. Based on Paper 1 answer the following questions:

(a) What type of instrument is used in the observations? How long are the ex-
posure times and in which wavebands are they done? What is the drop out
technique and how can it be used for observing galaxies at z & 8.5? Why are
the discovered galaxies at high redshift in general called “candidates” and not
detections?
TURN THE PAGE



(b) How many of the previously found candidate sources are they able to confirm
in this paper? How many new candidate galaxies are presented in this paper?
Studying Figs 1-3. there is something strange going on with the source UDFj-
12-3954-6284. What is the estimated redshift of this source? Could the high-z
galaxy candidates be explained by lower redshift objects? If so, what type of
objects would be required?

(c) Studying Fig 4., how does the star formation rate density of the Universe evolve
at high redshifts? How uncertain are the observed points on this plot and why
are there two points at z ∼ 12? How does the red and yellow point differ from
each other? Is the star formation rate density of the Universe higher or lower
at z ∼ 10 when compared to z ∼ 6? Is this observed evolution expected in a
ΛCDM Universe?

4. Based on Paper 2 answer the following questions:

(a) The authors observe two sources in detail in this paper. What type of sources
and at what redshifts are they? What spectral lines are seen in them? Why are
both sources potentially very interesting and what spectral observation makes
the CR7 source unique? Use Figures 1-3. in the paper when answering the
question.

(b) The observations are modelled using a SED fitting technique. Why do a single
stellar population fit fail for CR7 and why must the authors resort to a compo-
site stellar population fit? Making a PopIII stellar population generally requires
very low metallicities. How do the authors motivate in the paper the scenario
of a composite SED with both evolved stars and Pop III objects?

(c) There exists archival HST imaging of the CR7 source. How were these obser-
vations crucial for determining what might be going on in this source? Use
Figures 6-8. in the paper when answering this question. Finally, the authors
discuss potential explanations for their observations of CR7. What models are
ruled out and which models remain? Could CR7 potentially be the first obser-
ved direct collapse black hole?


