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OVERVIEW

* Announcing the general audience
launch ot Exoplanet Watch: a citizen

sclence project to monitor transiting
exoplanets

* Limited launch with amateur and
orofessional astronomers since 2021

* Anyone and everyone can participate!

» Learn how exoplanet science is really
done!




TRANSITS

* Measures the change in brightness as
the planet passes in front of or behind its
host star

INVARYAN

* Also allow us to study a planet’s
atmosphere

» Exoplanet Watch refines transit times

. \ JWST - NASA/Goddard
\2/

* You can help!
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CITIZEN SCIENTISTS MONITORING
TRANSITING EXOPLANETS

O

Citizen science project _to routinely observe transiting
exoplanets to keep their transit times precise

You will help enable NASA science!



EXOPLANET
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Collaborative effort to complement existing surveys

O

Data is immediately public

Target requests by protessional astronomers
Observers are listed as co-authors

Part of NASA's Universe of Learning

NASA'S UNIVERSE OF

LEARNING




GOALS

Education goals: to engage and teach the public
about exoplanets and enable them to do science

Science goals: to ensure efficient use of large
telescopes; discover and confirm new exoplanets;

monitor stellar variability
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Abstract

Due to the efforts by numerous ground-based surveys and NASA’s Kepler and Transiting Exoplanet Survey
atcllite (TESS). there will be hundreds. if not thousands, of transiting exoplanets ideal for atmospheric
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would be required to ensure the detection of the entire transit. As a result, follow-up observations to characterize
these exoplanetary atmospheres would require less-efficient use of an observatory’s time—which is an issue for
large platforms where minimizing observing overheads is a necessity. Here we demonstrate the power of citizen
scientists operating smaller observatories (<1m) to keep ephemerides “fresh.” defined here as when the 1o
uncertainty in the mid-transit time is less than half the transit duration. We advocate for the creation of a
community-wide effort to perform ephemeris maintenance on transiting exoplanets by citizen scientists. Such
observations can be conducted with even a 6inch telescope, which has the potential to save up to ~10,000 days for
a 1000-planet survey. Based on a preliminary analysis of 14 transits from a single 6inch MicroObservatory
telescope, we empirically estimate the ability of small telescopes to benefit the community. Observations with a
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Abstract

Due to the efforts by numerous ground-based surveys and NASA's Kepler and Transiting Exoplanet Survey

atellite S). there will be hundreds, if not thousands, of tmnsiting exoplanets ideal for atmospheric
characterization via spectroscopy with large platforms such as James Webb Space Telescope and ARIEL. However
their next predicted mid-transit time could become so increasingly uncertain over time that significant overhead
would be required to ensure the detection of the entire transit. As a result, follow-up observations to characterize
these exoplanetary atmospheres would require less-efficient use of an observatory’s time—which is an issue for
large platforms where minimizing observing overheads is a necessity. Here we demonstrate the power of citizen
scientists operating smaller observatories (<1m) to keep ephemerides “fresh.” defined here as when the 1o
uncertainty in the mid-transit time is less than half the transit duration. We advocate for the creation of a
community-wide effort to perform ephemeris maintenance on transiting exoplanets by citizen scientists. Such
observations can be conducted with even a 6inch telescope, which has the potential to save up to ~10.000 days for
a 1000-planet survey. Based on a preliminary analysis of 14 transits from a single 6inch MicroObservatory
telescope, we empirically estimate the ability of small telescopes to benefit the community. Observations with a
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Abstract
Due 1o the efforts by numerous ground-based surveys and NASA’s Kepler and Transiting Exoplanet Survey
Satellite (TESS), there will be hundreds, if not thousands, of tmnsiting exoplanets ideal for atmospheric
characterization via spectroscopy with large platforms such as James Webb Space Telescope and ARIEL. However
their next predicted mid-transit time could become so increasingly uncertain over time that significant overhead
would be required to ensure the detection of the entire transit. As a result, follow-up observations to characterize
these exoplanetary atmospheres would require less-efficient use of an observatory’s time—which is an issue for
large platforms where minimizing observing overheads is a necessity. Here we demonstrate the power of citizen
scientists operating smaller observatories (<1m) to keep ephemerides “fresh.” defined here as when the 1o
uncertainty in the mid-transit time is less than half the transit duration. We advocate for the creation of a
community-wide effort to perform ephemeris maintenance on transiting exoplanets by citizen scientists. Such
observations can be conducted with even a 6inch telescope, which has the potential to save up to ~10,000 days for
a 1000-planet survey. Based on a preliminary analysis of 14 transits from a single 6inch MicroObservatory
telescope, we empirically estimate the ability of small telescopes to benefit the community. Observations with a
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What to Observe

No matier where you are on Earth, i's likely that at least a few transiting exoplanets will
be visible tonight. You can look up upcoming transits o that you know when and where to
look for them. Transits can last anywhere from an hour to five or six hours, and some
even longer. When observing an exoplanet transit it's important to capture the star's
baseline brightness before the exoplanet starts passing in front of it then capture the
as well as an hour or two after the transit ends, so that the baseline brightness of
r can be measured again.

Embedded below
arth
helpful tool for
e T o planning your own
L . abservations of
v any transiting

ety oplanet.

You can prioritize
the Exoplanet
Watch targets by
selecting the
Exoplanet
Watch targets”
radio button at the top of the form.
Select an observatory near your location or choose ‘manual coordinate entry” at the end of the list
3. Under “Date window” select the “base date” that you would like to begin scheduling and fil in the appropriate number of days before and/or after this base date.
In addition, you can optionally include consiraints on the target's elevation during the transitf your horizon has limited visibilty.
Once you hit the “Submit” button, the service might take a few seconds to minutes o load, depending on the number of days you have requested.
On the page that does open, you can sortthe planets according to their “Exoplanet Watch rank” where a low number (e.g., 1) is higher priority than a larger
number (e.g., 1000). You can also filer your targets based upon the host star's V-magnitude (*V_max) and the expected transit depth (“Depth_min’ in units of
parts per thousand ppt). You can sort the list by the date, by the name of the exoplanet, or by the Exoplanet Watch rank, as well as by the magnitude of the star
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Get Involve How to Observe | How to Analyze Your Data ‘our Dat

Request an Exoplanet Observation

Exoplanet Watch partners with the MicroObservatory's DIY Planet Search to obtain robotic
bservations of ransiting exoplanets for Exoplanet Watch partcipants who do not

sharing ten d
exoplanet observations with us so that you can participate in Exoplanet Watch.

‘Submit your email address below to check out a night's observation of an exoplanet trai
by a robotic telescope. Once you h

produce a lightcurve using this data that you can then submit to the AAVSO, the American
Association of Variable Star Observers. (If you haven't used EXOTIC before, try the tutorial to
learn how 1o use it first) Use the Standard version of EXOTIC to process the data we give you,
50you can ¢ i own light curve of a transiting exoplar

Once submitted, your data will be shared with the professional astronomers who study
exoplanets and your light curve will be included on Exoplanet Watch's Results webpage. If your
observations or light curves are used in a scientific paper, your name will be listed as a co-author
on the paper, and you will get credit for participating in scientific research!

When you check out data, the observation is yours for two weeks, 50 you have two weeks to
process the data and upload the resulting light curve 1o the AAVSO. You will be the only person
10 receive this data set during this time. At the end of this period, we will email you to let you
know your data has been reclaimed so that it can be reassigned to someone else who can use it
if you haven't processed it by then. You can make data requests every two weeks if you want to
make another light cun

‘The exoplanet you will be studying is randomly selected for you, so you can't request data of a
specific exoplanet.

As with any astronomical observation, some nights are clear and some nights are cloudy. We
can't guarantee that the data set you get will be from a clear night. If you get a cloudy data set,
You can try to process it anyway and see if it works. If the sky is completely clouded o

back in two weeks and request another data set. Hopefully it will be from a clearer night
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identfications, software updates, and other news.
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Abstract

Due to the efforts by numerous ground-based surveys and NASA’s Kepler and Transiting Exoplanet Survey

atcllite (TESS). there will be hundreds. if not thousands, of transiting exoplanets ideal for atmospheric
characterization via spectroscopy with large platforms such as James Webb Space Telescope and ARIEL. However
their next predicted mid-transit time could become so increasingly uncertain over time that significant overhead
would be required to ensure the detection of the entire transit. As a result, follow-up observations to characterize
these exoplanetary atmospheres would require less-efficient use of an observatory’s time—which is an issue for
large platforms where minimizing observing overheads is a necessity. Here we demonstrate the power of citizen
scientists operating smaller observatories (<1m) to keep ephemerides “fresh.” defined here as when the 1o
uncertainty in the mid-transit time is less than half the transit duration. We advocate for the creation of a
community-wide effort to perform ephemeris maintenance on transiting exoplanets by citizen scientists. Such
observations can be conducted with even a 6inch telescope, which has the potential to save up to ~10.000 days for
a 1000-planet survey. Based on a preliminary analysis of 14 transits from a single 6inch MicroObservatory
telescope, we empirically estimate the ability of small telescopes o benefit the community. Observations with a
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What to Observe

No matier where you are on Earth, i's likely that at least a few transiting exoplanets will
be visible tonight. You can look up upcoming transits so that you know when and where to
look for them. Transits can last anywhere from an hour to five or six hours, and some are
even longer. When observing an exoplanet transit it's important to capture the star's
baseline brightness before the exoplanet starts passing in front of t, then capture the
transit as well as an hour or two after the transit ends, so that the baseline brightness of
the star can be measured again.
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Exoplanet Watch partners with the MicroObservatory's DIY Planet Search to obtain robotic
telescope observations of transiting exoplanets for Exoplanet Watch participants who do not
have their own telescope. MicroObservatory is generously sharing ten years of archived
transiting exoplanet observations with us o that you can participate in Exoplanet Watch.

‘Submit your email address below to check out a night's observation of an exoplanet transit taken

by a robotic telescope. Once you have this data, use EXOTIC, our data reduction software, to e
produce a lightcurve using this data that you can then submit to the AAVSO, the American

Association of Variable Star Observers. (If you haven't used EXOTIC before, try the tutorial to

lear how 1o use it first) Use the Standard version of EXOTIC to process the data we give you,

50 you can create your own light curve of a transiting exoplanet.

Once submitted, your data will be shared with the professional astronomers who study
exoplanets and your light curve will be included on Exoplanet Watch's Results webpage. If your
observations or light curves are used in a scientific paper, your name will be listed as a co-author
on the paper, and you will get credit for participating in scientific research!

When you check out data, the observation is yours for two weeks, 50 you have two weeks to

2 °
process the data and upload the resulting light curve 1o the AAVSO. You will be the only person f LY ‘
1o receive this data set during this time. At the end of this period, we will email you to let you : NEYS %
know your data has been reclaimed so that it can be reassigned to someone else who can use it L T,
if you haven't processed it by then. You can make data requests every two weeks if you want to y

make another light curve.

‘The exoplanet you will be studying is randomly selected for you, so you can't request data of a
specific exoplanet.

As with any astronomical observation, some nights are clear and some nights are cloudy. We
cant guarantee that the data set you get will be from a clear night. If you get a cloudy data set,
You can try to process it anyway and see if it works. If the sky is completely clouded over, come
back in two weeks and request another data set. Hopefully it will be from a clearer night.

Email

Yes, Sign me up for monthly email updates from Exoplanet Watch, including nightly target
identifications, software updates, and other news.
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EXOplanet Transit Interpretation Code
Real astronomy analysis tool
Teach you how science is done

Have step-by-step tutorials on how to use
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DEC 2021 OBSERVING CAMPAIGN

Relative Flux

OQCLCANIA

RZ/RZ = 0.01777 £ 0.00076
0.4m LCO 0.4m LCO:1.27 % eVscope (rev): 0.51

Tma = 2459556.7007 * 0.0035 B|D7os 0.4m LCO: 0.81 eVscope (etxB): 1.23 % eVscope (257): 0.37 ¢
GROWTH-India: 0.54 % 0.4m LCO: 1.22 % eVscope (sdp): 0.81 % eVscope (8cm): 1.55 %
EW (RJBA): 1.49 % EW (NCC) 1: 1.00 % y eVscope (3mh): 0.6 eVscope (etx): 0.63 %
EW (HJEB)- 1.29 % EW (NCC) 2: 0.80 % eVscope (2rz): 0.87 % Binned Data: 0.15 %
EW (LGEC): 0.80 BARO: 0.97 % eVscope (2rzB): 1.08 %

JWST - NASA/Goddard ool

Residuals [%]

24 tacilities; <=0.7-m (30-in Pearson et al. (2022)
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DEC 2021 OBSERVING CAMPAIGN

World-wide observing
campaign ot HD 80606

In support ot JWST
observations this ~fall

12-hour long transit

Requires multiple
observers across the
worla

Pearson et al. (submitted)
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DEC 20217 OBSERVING CAMPAIGN
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DEC 2021 OBSERVING CAMPAIGN
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DEC 2021 OBSERVING CAMPAIGN
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MICROOBSERVATORY DATA
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CITISENS PIPELINE

Observer Code (Primary or Secondary)

Exoplanet Name

Start Date End Date

Star

TrES-1

TrES-1

WASP-2

WASP-52

Exoplanet

TrES-1b
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WASP-52b

¢ -

American Aséb'ciation‘ of Vari.a

.

Observation Primary
Date Observer
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1. Scrape
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119in 3.38 hrs
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Fitting a Light Curve Model to Your Data
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Sampling 2 chains, @ divergences:

2. Process
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Planet Name *  Metalicity

CoRoT-2b
CoRoT-7b
CoRoT-8b
CoRoT-14b
CoRoT-18b
GJ436b
GJ1214b
GJ3470b
HAT-P-1b
HAT-P-3b
HAT-P-5b
HAT-P-6 b
HAT-P-7b
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Host
Star

loa(a)

EXOPLANET
WATCH

Host Star
Effective
Temperature
K]

eccentricity

incination
[degrees]

3. Publish

orbital
period
[days]

1.742007
0.854
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1.9000769
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2 80073826
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CITISENS PIPELINE
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\ & American Ass'bciation of Variable Star Observers E XO P L a N E T
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CITISENS PIPELINE
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HOW TO GET INVOLVED?

EXGPLANET EXPLORATION @ What is an Exoplanet? The Search For Life Discovery Explore More For Scientists Q

NA
& © Planets Beyond Our Solar System

Exoplanet Watch
[ J
V\/ e b S I t e What is Exoplanet Watch? How to Participate What to Observe Resources Publications Results

What is Exoplanet Watch?

Overview

Monthly newsletter

You Can Help NASA Observe Other Worlds!

Click here for a sharable article about Exoplanet Watch. Slgn Up for Email Alerts

Sign up for 'V‘i;;;’;{s;";':ates from Exoplanet
a C C a | I I . e NASA's Universe of Learning's Exoplanet Watch is a citizen science project, currently geared Watch, including n'igghtly target identifications

toward amateur astronomers and astronomy students at colleges and universities, to observe software updates, and other news.
transiting exoplanets — planets outside our solar system — with small telescopes. A transiting
exoplanet is a planet outside of our solar system that periodically passes in front of its host
star, causing the star to appear to slightly dim (typically by ~1%). Observing exoplanet transits
is important, as they provide direct measurement of a planet's radius and composition.

oI~ LN
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HOW TO GET INVOLVED?

Website

Monthly newsletter

Slack channel

Exoplanet Watch

Fune 2022 Newsletter

Explore Distant Worlds

- Be a citizen scientist -
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HOW TO GET INVOLVED?

» Currently, launched to those
who have their own telescope

» Or access to a robotic one

* MicroObservatory, LCO

» By end of CY 2022, will be
getting additional data to loan
out people so that everyone
and anyone can participate
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