
Open Problems in Modern Astrophysics – Problem set 5. Autumn 2021
The answers should be returned by Friday (19.11) 4pm (16.00) in Moodle, link
through the official course homepage. The answers to the problem set will be discussed

on Tuesday (23.11) at 12.15-14.00 in Room D123, Exactum.

This problem set will contain General questions and questions based on the two papers:
Laevens, B.P.M., Martin, N.F., Ibata, R.A. et al., 2015, ApJL, 802, 18: "A New Faint
Milky Way Satellite Discovered in the Pan-STARRS1 3π Survey" (Paper 1)
Spekkens, K., Urbancic, N., Mason, B.S. et al., 2015, ApJL, 795, 5: "The Dearth of
Neutral Hydrogen in Galactic Dwarf Spheroidal Galaxies" (Paper 2)

1. General question 1

(a) How is a dwarf galaxy defined as opposed to a stellar cluster? Name at least the
two main differences. What are the typical magnitudes, surface brightnesses
and sizes of dwarf galaxies?

(b) In what mass range can dwarf galaxies be found? Give both the mass range
in stellar mass and dark matter. What are the typical resulting mass-to-light
ratios that come out of these type of measurements? Finally approximately
how many dwarf galaxies have been detected in the Local group of galaxies?

(c) What are the predictions from standard cold dark matter structure formation
theory for the 1) abundance of dark matter haloes as a function of mass, 2) for
the abundance of substructure within a dark matter halo and 3) finally for the
density profiles of individual dark matter haloes?

2. General question 2

(a) What is the missing satellites and dwarf problem and why is it a problem in
the standard cold dark matter (CDM) structure formation model? Explain
how this problem was discovered and how it could be potentially solved within
the CDM framework. What it the too-big-to-fail problem and how is it related
to the missing satellites problem? Could both problems be solved by the same
mechanism?

(b) Many dwarf galaxies around more massive galaxies are located in quite narrow
planes. Firstly find out for how many galaxies such narrow planes have been
found. Secondly discuss the difficulties and caveats in determining if these
satellite systems really are narrow planes. Finally, why would it be a serious
challenge to the CDM paradigm if these satellite planes would turn out to be
rotationally supported?

(c) How will future observational capabilities, such as the LSST aid in finding new
dwarf galaxies in the Local group and beyond? Why would finding a starless
dwarf galaxy in a dark matter halo be hugely important for confirming the
CDM model? How could this potentially be done and are there any prospects
that such objects will be discovered in the next 10 years?

3. Based on Paper 1 answer the following questions:

(a) What do the authors claim to have detected in this paper? Studying Figs. 1
and 2, why is deeper follow-up data crucial for making this detection? What
are identified in the different boxes in Fig. 1 and what does this prove?

(b) What are the main properties of the discovered object, such as its distance,
size, metallicity, age and magnitude. Describe very briefly how these quantities
were determined?
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(c) Studying Fig. 4 in the paper, what is the true nature of this object? Is
there any evidence for dark matter in this object and how would one go about
trying to find out? What are stellar streams and could the detected object be
connected to one of these streams?

4. Based on Paper 2 answer the following questions:

(a) What are the authors observing in this paper and using which instruments do
they perform their survey? How is the source sample selected, what objects
are excluded and why?

(b) Studying Fig. 1 in the paper, what is the main result of the paper? How
large gas masses do they find for their sample galaxies? They also relate the
measured gas masses to both the stellar and dynamical masses, how are these
two quantities estimated?

(c) What is shown in Fig. 2 in the paper? Explain why the points are grouped in
two different groups on either side of the dividing line. Based on this plot what
is the most likely physical explanation for their results? Finally, the authors
discuss the non-detections of UMi and Draco, why are these results peculiar?


