
GE/AY 133 Problem Set #5 
Due Tuesday May 14 at 5 pm 
 
1.  Exploring exoplanets with the NASA Exoplanet Archive 
 

We want to introduce you to a very useful resource for exoplanet research, the NASA 
Exoplanet Archive (http://exoplanetarchive.ipac.caltech.edu/index.html). In this problem, 
we’ll take a look at the currently known exoplanet population using their plotting tools. 
Note: You may find this database very helpful in thinking about your projects or future 
research as well! 
 
There are a lot of useful stellar and planetary parameters in the database and we’ll look at 
a small part of it today. First, take a look at the pre-generated plots on: 
http://exoplanetarchive.ipac.caltech.edu/exoplanetplots/.  
 
Now, let’s try making some plots ourselves! 

• From the exoplanets plots page, click on “Confirmed Planets Plotting Tool” or 
from the home page, click on the “Tools” then “Confirmed Planets Plotting Tool” 

• The sidebar on the left side lets you customize the plot. You can pick the variables 
plotted on each axis and choose between a scatter plot or a histogram plot. 

• You can save plots by right-clicking on the plot or the buttons on the bottom row 
with the “down” arrows (there is one for saving as an image and another for 
saving as a table of values). 

• Note: exoplanets.org is another website with slightly more advanced plotting 
tools, however, their data is not as updated and accurate as the NASA Exoplanet 
Archive. If you want more plotting options for your project or future research, 
you can always use the NASA Exoplanet Archive to preview the data and then 
download it and use your own plotting scripts! 

• Also, if you want to see the data directly as a table, the “Data” link on the top 
allows you to do this and filter/search for specific parameters. You can then also 
generate plots from these searches. 

 
Once you are comfortable with the plotting tools, continue with the set. 

 
a. Make a plot of planet mass vs. separation. In the rest of this problem set, you will be 

adding points and lines to this plot. You can either print this plot and add them by hand 
(be sure to use a color distinct from the points), or export as a PNG and then add the 
points/lines digitally using “Paint” (or similar software) and then print afterwards. 
Whichever method you choose, print it so it fills the whole page. 
 

b. First, add the locations of the following solar system planets to the plot: Mercury, Earth, 
Jupiter, Saturn, Uranus, and Neptune. If a planet is off the scale, just put it on the x-axis 
in the appropriate place. How do most of the planets (especially transiting ones) compare 
with Mercury’s semi-major axis? 
 



c. Let’s explore the possibility of Type 1 and Type 2 migration. Armitage shows that the 
Type 1 migration regime is for planets with Saturn masses and below while Type 2 
migration affects planets with Jupiter masses and above. Draw two horizontal lines on 
your plot to label the limits of these migration regimes.  

 
In Armitage, Figure 7.3 (p. 234) shows typical migration timescales for both of these 
regimes. How do these timescales compare to gas disk lifetimes and ages of planetary 
systems? Can Type 1 and Type 2 migration explain the semi-major axes of the planets we 
observed today? Does it work better for some mass ranges than others? 

 
d. Now, we need a way to stop the planet! We remember from an earlier problem set that 

the disk’s truncation radius is ~16 Solar Radii. Perhaps planets migrate inwards and the 
only way they could stop is when they run out of disk. Draw a vertical line on your plot at 
a semi-major axis of 16 Solar Radii.  
 
Let’s evaluate the plausibility of giant planets forming at 5 AU, migrating inwards via 
disk migration and then stopping when the planet hits the truncation radius. Does the 
current distribution of planets above the Saturn-mass limit support this idea? Why or why 
not? That is, if this scenario were the dominant form of migration, how would you expect 
the planets to be distributed near this truncation radius? Is this observed? 

 

e. We should consider whether the planets we’ve detected are representative of the Galaxy’s 
planet population or whether observational biases are influencing the objects we’ve seen. 
 
First, consider the transiting planets. Take a look at this color-coded plot: 
http://exoplanetarchive.ipac.caltech.edu/exoplanetplots/exo_massperiod.png (note: unlike 
your plot, it’s orbital period on the x-axis instead of semi-major axis). There seems to be 
a pile up of transiting giant planets with periods of a few days and much fewer transiting 
planets at periods beyond 100 days.  
 
Given that the probability of observing a transit is R*/a (radius of star divided by the semi-
major axis), compute the probability of transit of a planet on a 3 day orbit compared to a 
365 day orbit. Assume a star with solar mass and solar radius. Do you think the lack of 
transiting giant planets detected beyond 100 days is real? 

 
f. Second, let’s consider the limits on the RV method. In the 1-5 AU range, there are many 

giant planets but not a lot of small ones. Let’s find out if the lack of small planets with 
this separation is simply due to the detection limit or if these planets just do not form. For 
a circular planet on an edge-on orbit around a solar mass star, the radial velocity signal 
produced is: 
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State-of-the-art instruments can reliably measure 1 m/s radial velocities, although some 
instruments can sometimes do better (and even more sensitive instruments are on coming 



online in 2016 and 2017). If a planet has a semi-major axis of 1 AU, what is the 
magnitude of the radial velocity signal K? Draw a line on your original plot to mark the 
RV detection limit. Hint: Now that you have a point (the minimum mass sensitivity at 1 
AU), compute the minimum mass at another point and connect them with a line.  Now 
that you have the RV detection limit, answer the original question: Do you think there is 
truly a lack of planets below 0.1 MJup in the 1-5 AU region? 
 
The RV planet population drops off very quickly beyond ~5 AU, even though Jupiter-
mass planets at 10 AU would still cause RV signals greater than 1 m/s. Why do you think 
this is the case? 
 

g. Resonances may be another way to stop planets from migrating all the way into their star. 
In the Grand Tack model, the initially inward migration of Jupiter and Saturn changes 
direction. This reversal requires the outer giant planet to be less massive than the inner 
giant planet. Does the famous resonant planetary system Gliese 876 (also written GJ 876 
or Gl 876) conform to these predictions? Should we expect it to? (Hint: First, identify 
which planets would be able to open a gap. Also, planets don’t form in orbital 
resonances, so the existence of a resonance implies a past migration event. Where did the 
planets in this system likely originate?) 
 

h. Finally, it is interesting to look at the eccentricity distribution of the radial velocity 
planets. Use the Data Table to filter out radial velocity planets with masses above 0.5 
Jupiter masses only and semi-major axes > 0.1 AU. You can use text boxes in the column 
headings to type in filters (i.e. type in “Radial Velocity” in the Discovery method box and 
“> 0.5” in the mass box and “> 0.1” in the semi-major axis box.).  

 
Then, use the “Plot Table” option to plot this population only. Print a histogram of the 
orbital eccentricities of these planets and draw a vertical line for the most eccentric planet 
in our solar system. How do they compare? Could a migration mechanism be responsible 
for the increased eccentricity? Why did we exclude the planets with a < 0.1 AU? 

 
 


