
Open Problems in Modern Astrophysics – Problem set 1. Autumn 2015

The answers should be returned by Tuesday (15.9) 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 (16.9) after the
lecture.

This problem set will contain General questions and questions based on the two papers:
Dumusque, X.; Pepe, F.; Lovis, C. et al. 2012, Nature, 491, 207: "An Earth-mass planet
orbiting α Centauri B" (Paper 1)
Carson, J.; Thalmann, C.; Janson, M, et al., 2013, ApJL, 763, 32: "Direct Imaging Disco-
very of a "Super-Jupiter"around the Late B-type Star κ And" (Paper 2)

1. General question 1

(a) Describe briefly the main methods for detecting extrasolar planets and give
rough estimates for how many exoplanets have been found to date in total
using each different method.

(b) Describe briefly what are the main two formation mechanisms for planets.
Explain which method is favoured at the moment and why. Finally explain why
the metallicity of the host star should correlate positively with the probability
of harbouring a giant planet in only one of the two formation mechanisms and
state if such a correlation has been observed.

(c) What requirements are needed to make a planet Earth-like? What are biosig-
natures and how could they be detected on an extrasolar planet? Have any
truly Earth-like planets been detected so far? If not, what is the most Earth-
like planet known? In your personal opinion, what are the prospects of finding
a Earth-twin within the next 5-10 years?

2. General question 2

(a) So called ’hot Jupiters’ have been detected in very tight orbits around their
host stars. Why were it a surprise to find such massive planets orbiting their
host stars so nearby? Where were these planets most probably formed and
what is their future if gravitational tidal evolution is considered?

(b) How can the cloud structure and even ’weather’ be observed on massive exopla-
nets? Why would you expect extremely strong winds in hot Jupiters that orbit
very close to their host star? Many hot Jupiters seem to be very ’bloated’, i.e.
their radii are larger than expected for their masses. What could potentially
explain such observations?

(c) Using the internet give an update on the status of the current and recently
finished missions such as COROT and KEPLER and future missions in plan-
ning such as CHEOPS and TESS. What methods of exoplanet detections have
these missions used or are planning to use? How many planets and of what
masses did these missions find or expect to find?

3. Based on Paper 1 answer the following questions:

(a) What type of observing method was used to discover this planet? What ty-
pe of planets are most easily discovered using this method? What is the key
observational technological requirement necessary for using this method?

(b) What is the size of the signal in km/s corresponding to the detected planet.
Compare the size of this signal to other perturbing signals that can mask the
presence of the planet. Mention a few (3-4) of the most important perturbing
signals that one must correct for in order to be able to observe small planets.
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(c) Analyse Figures 4. and 5. in the paper and explain why a planet with a period
of P = 3.236 days can be seen in the data. The eccentricity of the planet
is poorly constrained but it is consistent with being zero. Why would you
naturally expect the orbit of the planet to have an eccentricity close to zero?

4. Based on Paper 2 answer the following questions:

(a) The planet was first imaged in the J-, H- and K-bands with a coronagraphic
mask. What wavelengths do the J-, H- and K-bands correspond to and why
were these bands used and what is a coronagraphic mask? In later observations
in the L

′-band the coronagraphic mask is not needed, why?

(b) Analyse Figure 2. in the paper and explain how these measurements can be
used to confirm that the object orbits its host star. How can the age of the
object be estimated based on its kinematic motion?

(c) How are the mass and temperature of the object derived and describe briefly
what modelling assumptions go into the model (i.e. what are the DUSTY and
COND evolutionary tracks?). What factors strengthen the notion that the
object is an actual planet and not a brown dwarf? Finally, why do the authors
of the paper prefer to use the term “super-Jupiter” for the object and how is
this connected to the deuterium burning limit?


