FINDING EXOPLANETS AND MEASURING THEIR PROPERTIES
Description:  In this activity, students will first familiarize with the ZOONIVERSE project named “Planet Hunters TESS” and learn how to spot a transiting planet in a star lightcurve. Next, they will inspect a specific lightcurve and derive from it two main planet properties. 
Instructions: Form groups of 2-3 students. You will have 1h to complete the activity.  Each group should see the TESS tutorial and identify planet transit from at least 5 different stars. Next, the group will use two different lightcurves to infer a planet‘s period and radius.
Material: Laptot, pencil, eraser, ruler, calculator.
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Planet Hunters TESS 
Planet Hunters TESS is one of the Zooniverse’s project. Zooniverse is a platform for people to contribute to academic research on their own computer and at their own convenience. Planet Hunters TESS is a project to uncover planets and planetary systems from data acquired with the Transiting Exoplanet Survey Satellite (TESS).  In just two years TESS will survey over two-hundred-thousand bright nearby stars and record their brightness every 2 minutes. Many of such stars might harbor planets, you could be the first to discover them!
Go to the Planet Hunters TESS website at: https://www.zooniverse.org/projects/nora-dot-eisner/planet-hunters-tess/classify
A Tutorial will pop out. Read the Tutorial to understand how the transit method to discover exoplanets work and how to identify transiting planets in a star’s lightcurve. Next, find the transit from the lightcurve shown on the green portion of the website. Once you have identified the transit click “Done” (the green button on the right side of the screen). You will be able to test if you have correctly identified all transits. Repeat this task 5 times, i.e. for 5 different stars, and then answer the following questions.
1. What is a lightcurve?

2. How can we say from a star’s lightcurve that one or more planets revolve around that star?

3. Think about the geometry for a transit to occur. Do you think that most of the observed stars will or will not have a transit? Explain your reasoning.

Calculating Exoplanet Characteristics 

Figure 1 shows one of the first TESS discoveries. The upper panel gives the lightcurve recorded by TESS for a star that has a mass of 1.1 MSun and a radius of 1.1 RSun and it is about 60 light years away from us. The mass of the Sun is about 2x1030 kg while its radius is about 695,700 km. The middle panel of Figure 1 shows the same lightcurve after removing instrumental artifacts. The lower panel shows the combination of the transits as a function of time, it is useful to estimate the duration of the transit. 
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1. Which of the plots would you use to estimate how many transits occurred while TESS was observing this star? How many transits can you see?
2. Estimate the cadence of these transits. Which planet’s property can you infer from the cadence of the transits? Calculate that planet property, show your work and reasoning.
3. Which of the plots would you use to estimate by how much the planet has dimmed the star’s light? Estimate the amount of dimming.
4. Which planet’s property can you infer from the dimming of the star’s light? Calculate that planet property, show your work and reasoning.

5. Now look at Table 1 and compare the properties of the planet discovered by TESS with the properties of the planets in our Solar System. Which of our Solar System’s planets is more similar to this new exoplanet discovered by TESS?
Table 1. Solar System planet properties (data from the book “Planetary Sciences” by I. de Pater & J. Lissauer). A planet’s average distance is related to its period via Kepler’s third law: distance3 = period2 where distance is measured in AU and period in years. 
	Planet
	Average Distance (AU)
	Radius (km)

	Mercury
	0.387
	2440

	Venus
	0.723
	6051.8

	Earth
	1
	6371

	Mars
	1.524
	3389.9

	Jupiter
	5.203
	71492

	Saturn
	9.542
	60268

	Uranus
	19.19
	25559

	Neptune
	30.07
	24766
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