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Figur: Mayor & Queloz (1995)



Exoplaneter
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Figur: Mayor & Queloz (1995)

Figur: NASA



Planetdannelse
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Figur: plymouth.edu
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Figur: NASA
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Figurer: Triaud (2016)
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Figurer: Triaud (2016)
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Figurer: Triaud (2016)

Disk: Dynamik:



Oblikviteter: Dynamisk Migration
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Figur: ESO
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Figur: ESO

Figur: Winn et al. (2010)
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Figur: ESO

Figur: Winn et al. (2010)

Figur: Albrecht et al. (2012)
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Skrå disk: Disk Migration
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Figur: NASA (disk)



Skrå disk: Disk Migration
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Gas
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Figur: NASA (disk)

Eksempler på mekanismer:
• Kaotisk stjernedannelse (Bate et al. (2010)).

• Dobbeltstjernesystem (Batygin (2012)).



Skrå disk: Disk Migration
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Gas
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Figur: NASA (disk)

Eksempler på mekanismer:
• Kaotisk stjernedannelse (Bate et al. (2010)).

• Dobbeltstjernesystem (Batygin (2012)).

• Stjernens magnetfelt (Lai et al. (2011), Spalding & Batygin (2015)).



Skrå disk: Disk Migration
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Figur: Spalding & Batygin (2015)



Dynamik eller Disk?
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Figur: Albrecht et al. (2012)

Figur: Spalding & Batygin (2015)



Løsning: Warm Jupiters
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• Warm Jupiters: 0− 180◦

Disk:
• Spalding og Batygin (2015):
Kun indre disk skrå:

a
R∗
. 20

• Warm Jupiters: ∼ 0◦



Løsning: Multiplanetsystemer
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Dynamik:
• Hot Jupiter: 0− 180◦

• Andre planeter: ∼ 0◦



Løsning: Multiplanetsystemer
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Dynamik:
• Hot Jupiter: 0− 180◦

• Andre planeter: ∼ 0◦

Disk:
• Hot Jupiter: 0− 180◦

• Indre planeter:
samme som Hot Jupiter
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European Organisation for Astronomical Research in the Southern Hemisphere

OBSERVING PROGRAMMES OFFICE • Karl-Schwarzschild-Straße 2 • D-85748 Garching bei München • e-mail: opo@eso.org • Tel. : +49 89 320 06473

APPLICATION FOR OBSERVING TIME

PERIOD: 99A

Important Notice:
By submitting this proposal, the PI takes full responsibility for the content of the proposal, in particular with regard to the

names of CoIs and the agreement to act according to the ESO policy and regulations, should observing time be granted.

1. Title

Category: C–7

Towards a better understanding of Hot Jupiter formation: Obliquity measurements of key systems

2. Abstract / Total Time Requested

Total Amount of Time: 1 nights VM, 11 hours SM

Exoplanetary science has been full of surprises, one of which emerged at the dawn of this field; the existence of hot

Jupiters having orbital distances much smaller than an astronomical unit (AU). It is thought that giant planets

can only form at distances of several AU from their host stars. Different mechanisms have been proposed which

might transport giant planets from their presumed birthplaces inward to where we find them. Obliquity (spin-

orbit alignment) measurements have shown that many hot-Jupiter have large obliquities, favoring a dynamical

origin of their close orbits. However this interpretation is not settled yet. Here we propose to target three key

system, HATS-14, HATS-17, and WASP-67, occupying a parameter space relatively unexplored so far. These

measurements will be significant steps towards a better understanding of hot Jupiter formation. Given the

system declinations, magnitudes and signal strengths UVES is the instrument of choice.

3. Run Period Instrument
Time

Month Moon Seeing Sky Mode Type

A
99

UVES

1n

apr
n

0.8
CLR v

B
99

UVES

5h

jun
n

0.8
CLR s

C
99

UVES

6h

aug
n

0.8
CLR s4. Number of nights/hours

Telescope(s)

Amount of time

a) already awarded to this project:

b) still required to complete this project:

5. Special remarks:
These observations will be important for a PhD project started September 2016. The PhD student, Maria

Hjorth, who already carried out the simulations presented in the proposal will lead this project with supervision

by the PI.

6. Principal Investigator: Simon Albrecht, albrecht@phys.au.dk, DK, University of Aarhus

6a. Co-investigators:Maria
Hjorth

Institute for Physics and Astronomy,University of Aarhus,DK
- 1 -

Flere observationer:
• Multiplanetsystemer
• Warm Jupiters
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Flere observationer:
• Multiplanetsystemer
• Warm Jupiters

Bedre Dataanalyse:
• Genanalysere data
• Nye metoder
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Flere observationer:
• Multiplanetsystemer
• Warm Jupiters

Bedre Dataanalyse:
• Genanalysere data
• Nye metoder

Nye teleskoper:
• ESPRESSO
• TESS, PLATO



Konklusion
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• Dannelse: migration.

• Disk eller dynamik??

• Hældning ml. stjerne og bane: dynamik
..men: Skrå disk?

• Svar: Multiplanetsystemer og Warm Jupiters.

• Fremtiden: Flere observationer, bedre
dataanalyse og nye teleskoper.



Spørgsmål?
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