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EXOplanet Transit Interpretation Code (EXOTIC) Instructions:
How to Run the Code

I. Using the Terminal/Ubuntu/ Windows CMD Terminal (skip this step if you are
already familiar with the command line)

>
e Opening the Application .
o Ifyou are using a Mac, open up the terminal.
o Ifyou followed the recommended installation instructions for Windows and are @
using Ubuntu, open Ubuntu.
o If you chose to run EXOTIC natively on Windows, open Command Prompt.
e Changing Directories
o A “directory” is just another term for a folder in your computer
o To enter a directory in terminal, type “cd” followed by a space, and then the path
to your directory, and then hitting return which will execute the command.
= The path to the folder you want to change into can be found by right
clicking on the folder in Finder, and then holding down the option key,
and then selecting “Copy ‘Your file’ as Pathname”
= Pasting that copied file path after the “cd” is the easiest way to accurately
and reliably change into your desired directory
o To go back to your “Home” directory, simply type “cd”, or “cd ~” for Windows
CMD users and then hit enter
o “pwd” (“cd” for those using Windows CMD Terminal) can be used to determine
your current directory
e Listing Files in a Directory
o To list all of the files in your current directory, enter “Is”, or “dir” for those using
Windows CMD Terminal)
o This is a good way to make sure that a/e file you are looking for is actually in the
directory you think it is
e Keyboard Interrupt
o To kill a process or program while its running, hit “Ctrl + ¢”
e Quitting the Terminal
o To quit the terminal, after you have killed any processes that were running using
the keyboard interrupt, type exit and hit enter



I1. Getting the Code to Run

If you are using a Mac or Ubuntu:

1. Change into the directory in which “exotic.py” is located using Terminal (cd
...[EXOTIC)
2. Type “python3 exotic.py” and then hit enter
o This command may be “python exotic.py”. Run this instead if command is not
found.
3. If you see the EXOTIC header, the pipeline is running!

G) m)js2369@DESKTOP-R2PG3MN: /mnt/c/Users/Marlena Smith/Desktop/ExoplanetWatch/EXOTIC - Od X

$ cd /mnt/c/Users/Marlena\ Smith/Desktopl

/ExoplanetWatch/EXOTIC
: % python3 exotic.py

: Using NumPy C-API based implementation for BLAS functions.

retation Code (EXOTIC)

............. dokckkkckRckoRRRRRRRRR

1" for Real Time Reduction or "2" for for Complete Reduction:

If you are using Windows CMD Terminal:

1. Change into the directory in which “exotic.py” is located using CMD Terminal
2. Type “ipython” and then hit enter
3. Type “run exotic.py” and then hit enter



4. If you see the header for EXOTIC, the pipeline is running!

IPython: C:ExoplanetWatch/EXQOTIC - O X

C:\Users\Marlena Smith\Desktop\ExoplanetWatch>cd EXOTIC

C:\Users\Marlena Smith\Desktop\Exoplane atch\EXTTIC»lp hon

S 4 bit (AMD64)]
or 'lic ! e i tion
IP»tth 7.12.8 -- An Pnhanc@d Interactive P»thon Type "?" for help.

run exotic.py
Importing

1 same far 7—
g conda “conda in
\\1tF packanss 1Fano~conflgdsfaultn ) Jserk g: DeprecationWarning: there is no c++ compiler.T]|
ated and with Theanc 1 a c++ compiler v mandatarv
g precationWa there is no c++ compiler.
WARNING (theano. conflgdsfaults} g++ not detected ! Theano will be unable to execute optimized C-implementations (for bo)
th CPU and GPU) and will default to P»thon implementations. Performance will be severely degraded. To remove this warnin|
, set Theano flags cxx to an empty
Thinking \WARNING (theano.tensor.blas): Using NumPy C-API based implementation for BLAS functions.
Thinking -

s 3 S R R RS R K R K SR KR K R K SR KR K R K SR R K R K R R KR KR R KR Kk K

Welcome to the EXOplanet Transit Interpretation Code (EXOTIC)
\Version ©.7.5
B L P T R T T T T e

Enter "1" for Real Time Reduction or "2" for for Complete Reduction:

After the program is running, you will first be presented with 2 options:
Enter ‘1’ to Reduce your Data in Real Time
i. This option should only be selected if you want to a quick reduction your
data while you are on an observing run
ii.  This will simply serve as a visual tool, but will not fit a model lightcurve,
nor will it extract planetary data
Enter 2’ to do a Complete Reduction
iii. The default option that should be selected at all times except for the case
described in 1lai.
iv. This performs a full reduction on all of your data
1. See How it Works for an explanation of the reduction process

I11. Real Time Reduction Routine (skip this if you entered “2”)

Now that you have the pipeline running, this chapter will walk you through how to reduce your
dataset in real time. The photos used below are using an example data set of HAT-P-32b.

1. Enter the directory path to the FITS Image Files
a. You will need to enter the complete path to the folder where the images you will
be taking will get saved into



i. If you don’t have a folder in which your images will get saved, you will
need to make one by simply creating a new folder using finder
b. The easiest way to get the path to your folder is by right clicking on the folder in
Finder, and then holding down the option key, selecting “Copy ‘Your file’ as
Pathname”, and then pasting that into the terminal
2. Enter the name of the planet you are observing
a. For plot title only
3. Start Your Observing Run
a. Once you start your observing run, “.FITS” files should be entering the directory
at the rate you set your observing cadence to.
Type “continue” after the first image has been taken and saved after the prompt
Entering the Pixel Coordinates of your Target Star

a. Go to: http://nova.astrometry.net/upload

ok~

b. Upload the first “.FITS” image in your in your dataset to Astrometry.net (left)
C. After it finishes analyzing your image click “Go to results page” (center)
d. Then click to download “new-image.fits” (right)

OTE: signins g again_ but read . Nq NOTE: g1 ng agan Notsigned in | Sign &
NOTE . l
lﬂ —— ll\slrometrg.nel Astrometry.net
SIFOmedry.ne Home Explore Upload API Support T sech
Home Explore Upload API Support e
Home Explore

Upload APl Support [ — |  Images > HATP-32171220013343.FITS
Submission 2778214 . _

Upload Submitted by (1)

le or url to upload Submitter: (U] Upload Settings
ofie chosen Date Submitted: Party: try both simultaneously
Filename: HATP-32171220013343 FITS Scale Units: width of the field (in degrees)

on
as* HATP-32171220013343 FITS *
(Submission 2778214)

under Attribution 3.0 Unported

Job Status

° 2': Scale Type: bounds

Scale Lower Bound: 0.1

The folowing il types are supporied:

Job 3465485
+ JPEG, GIF, PNG, or FITS Imag Succes:

Scale UpperBound:  180.0
Carioning § BNTABLE of deeced bicts, i X nd Y pxl potions Downsample Factor: 2
o ow

FITS binay tabe,
“D" (doudle) or “E" (float) columns, with one object per
+ toxtlis
Go to results page

Source extraction image (fullsize)
Log file tail [-]
(full)

Calibration

space, isting e XY
ied wih e rghtes sources frst

Center (RA, Dec): ~ (31.249, 46.742)
+ tarball (tar, ga), contanng fesof any of e bove ypes

Center (RA, hms): 02" 04™ 59.835¢
Center (Dec, dms): ~ +46° 44' 29.650"
Size: 55.9x43 arcmin
Radius: 0587 deg

5.16 arcsecipixel
Upis 180 degrees E
of N

Upload

Advanced Settings [+]

5= 0 0 1.5191e-05
0 -5.9943e-06
-~1.6861e-06
AP = -0.00031212 -9.5689€-07 ~1.2362e-06
1.0679-06 ~3.5825e-06
-3.4476e-06
BP = -0.00099053 4.3346-06 -1.5053e-05
-1.6406e-06 5.9166e-06

rdis.fits

axyfts

1.6801e-06 Nearby Images (View All)

e. Open “new-image.fits” in DS9, which should now be WCS encoded
i. To open a fits image with DS9, simply right click on the image in Finder,
and select “Open With” and choose “SAOImageDS9”

ii. When opening for the first time, the system will say the application is by
an unidentified developer. To get past this, open System Preferences and
under the General pane of the Security & Privacy tab, you can allow the
application under “Allow apps downloaded from:”

iii. Here is the User Guide: DS9 User Guide on their website

f. Search the SIMBAD database for your target star by typing its name into the
search box
i. Link: SIMBAD Search Portal



http://ds9.si.edu/doc/user/gui/index.html#gui
http://simbad.u-strasbg.fr/simbad/sim-fbasic

ii. Once you see a page like this one, with your target name, obtain the RA
and Dec Coordinates (Green Box) and note the V-mag (Orange Box)

hat p 32
other query Identifier Coordinate Criteria Reference Basic Script TAP Output Help
modes : query query query query query submission options
Query : hat p 32 ]| submit id | C.D.S. - SIMBAD4 rel 1.7 - 2019.07.04CEST01:56:07

Available data : Basic data « Identifiers « Plot & images s Bibliography * Measurements « External archives s Notes s Annotations

Basic data : b
HAT-P-32 -- Star RA DEC SIMBAD query around|with radius 2 | arcmin
Other object types:
ICRS coord. (ep=J2000) : I 02 04 10.2775457769I+45 41 16.210382751 [joptical) [ 0.0572 0.0399 90 | A 2018yCat.1345....0G . o
| Interactive AladinLite view
FK4 coord. (ep=B1950 eq=1950) ' - - 0.0572 0.0399 90 | y
Gal coord. (ep=J2000) : 135.6985495038660 -14.3730606007401 [ 0.0572 0.0399 90 |
Proper motions mas/yr : -9.825 3.477 [0.100 0.086 90] A 201ByCat.1345....0G
Radial velocity / Redshift / cz : V{km/s) -23.95 [0.23] / /
(Opt) A 2018yCat.1345....0G

Parallaxes (mas): 3.4305 [0.0624] A 2018yCat.1345....0G
Fluxes (7) : B 11.79 (0,101 D 2000A8A 1550 27H

V 11.44 [0.12] D 2000A&A...355L..27H

K 11.23 [U0.06] E Z009yCat.1315....0%

G 11.1335 [0.0005] C 201ByCat.1345....0G

J 10.251 [0.022] C 2003yCat.2246....0C

H 10.024 [0.022] C 2003yCat.2246....0C MASS @055 (| sDss &)

K 9.990 [0.022] € 2003yCat.2246....0C

g. Find your target on the “new-image.fits” in DS9 by moving your cursor around on
the image until the “tk5” values match the Ra and Dec values shown on the
SIMBAD Database

i. You can see stars more clearly by clicking “scale” = “zscale”



h. When the FK5 values match the Ra and Dec from Simbad, the numbers in the
boxes next to image (blue box) are the x and y pixel coordinates of your target

LK) N SA0IM0s A58
File new-image-3.fits
) Object HATP-32 -
Move your cursor around the Image 1350 ja 1
] B FK5 «| 2:04:10.2301 +46:41:18.873
(right) until your RA and Dec shown on e e e e
. Image X 424.333 y 286.833 |
the green box on the image match the Frame T I — —
Values On SIMBAD file edit view frame bin zoom - color region wes analysis help

- log power sqrt squared asinh sinh histogram min max
o e o - - n
L
-

6. Entering the Pixel Coordinates of your Comparison Star

a. Return to the SIMBAD Page of your Star

b. Above the image of your target on SIMBAD, click on the “Interactive AladinLite
View”

€. Check the box that says SIMBAD under “Catalogues”

d. Then click on the nearby stars (green circles) around your target star (purple +),
looking for stars of similar brightness

e. Then in the “SIMBAD source” box on the left, check to make sure you have in
fact clicked on a star by ensuring “main_type” = Star

f.  Then scroll down in the “SIMBAD source” box and check the number next to V.
If it is close to the VV-mag of your target star (within 1.5 units), you have likely
found a good comparison star!

g. Obtain the “ra_sexa” and “dec_sexa” which are located in the “SIMBAD source”
box (green arrow)

i. These are the RA and Dec values for your comp star



5 C @ Not Secure  aladin.u-strasbg.fr;
[ Portal  Simbad  VizieR Aladin  X-Match Other~  Help

Aladin Lite

Target: . 5 a

HAT-P-12 . . .

SDSS9 J =
3 *

DSS2/red |

VISSHa & “ [€ SIMBAD source . é 3 Catalogues
a TYC 3033-696-1 3 » & SIMBAD
PanSTARRS/DR1-z-2g-g a 209.5327083710 . »  Gaia DR2
~y +43.3794535510 s x . > 2MASS
coo_err_maj 0.000 .
c X
coo_err_an ¢
n

DECaPS/DR1

13 58 07.85001
+43 22 46.0328
e Star

[A] Thumbnails
SDSS9 color - SLOAN Disitized Sky Survey.- Healpixed by CDS

h. Find your comparison star on your “new-image.fits” in DS9 using the same
procedure you did for finding your target star. (step 4h)
i. Enter the X and Y coordinates of your comparison star into your terminal.
7. A plot of Normalized Flux vs. Time (a lightcurve!) will be generated, and this plot will
get updated every time a new image is added to the specified folder.
8. After you are done observing, either close out the plot, or quit the program by typing
“Ctrl+c”

IVV. Complete Reduction Routine

Now that you have the pipeline running, this chapter will walk you through how to perform a full
reduction of your dataset. The photos used below are using an example data set of HAT-P-32b,
which can be found in the sample-data folder.

1. You will first be asked whether you will be using .FITS files or pre-reduced data in a .txt
file.
a. If you are unsure of which one you are using, you will most likely be using .FITS
files (these files contain raw data obtained directly from your telescope).
b. Type the correct number and press enter.
2. You will then be asked how you would like to input your initial parameters.
a. Enter “1” to do so manually and follow steps 3-10 below.
b. Enter “2” to do so using an input file, which is a file that contains all the
parameters EXOTIC will ask for, including the location of your data.
i. Enter the directory and filename of the input file. Hit enter.
ii. If you select this option, skip to step 11 below.
Iii. You can test this method by using the file in your EXOTIC folder titled
“inits.txt”. This input file contains the figures for the star HAT-P-32b,
which corresponds to the sample data.



llstrnmelrg.nek
Home Explore

Upload

Upload AP

iv. To learn more about input files and how to create and utilize them, check
out our guide on Input Files:
https://github.com/rzellem/EXOTIC/tree/main/Documentation

Enter the directory path to the FITS Image Files
a. You will need to enter the complete path to the folder where the images you want
to reduce are located
b. The easiest way to get the path to your folder is by right clicking on the folder in
Finder, and then holding down the option key, selecting “Copy ‘Your file’ as
Pathname”, and then pasting that into the terminal
Enter the directory path to the folder you want the results of the reduction saved into
i. If you don’t already have a folder where you want your plots saved into,
you will need to make one by simply creating a new folder using finder in
your desired location
Enter the name of the planet you are looking at and then the date (MM-DD-YYYY)
a. This information is just used to make plot titles. It is not relevant to the data
reducing itself.
Enter the longitude and latitude in degrees of where you observed when prompted
a. These values are easy to find by simply googling it (an estimate is sufficient)
Locate Your Target Star
a. Go to: http://nova.astrometry.net/upload
b. Upload the first “.FITS” image in your in your dataset to Astrometry.net (left)
c. After it finishes analyzing your image click “Go to results page” (center)

i. If the results shown in the figures do not appear, refresh the page.
Then click to download “new-image.fits” (right)

o

NOTE: signins shouid be working again. . but read about account migration. N NOTE: s Not signed in | Sign &

e
llstrumelrg.nel IM“‘"‘G“%“E‘
Home Explore Upload AP Support [ sewen
Home Explore Upload API Support _
Search Images > HATP-32171220013343.FITS

Submission 2778214
Submitted by (1)
on

Select afile or url to upload
Chasse Fie | No e chasen

The folowing fie types are supporied:

« JPEG, GIF, PNG, o FITS Image

« FITS binary table, containing a BINTABLE of detected objects, with X and Y pixel posiions in Downsample Factor: 2
D" (double) or " (foat) columns, wth one object pe row
textlist,

Submitter: 1) Upload Settings.
Date Submitted: Parity try both simultaneously
Filename: HATP-32171220013343.FITS Scale Units: width of the field (in degrees)

3217120013343 FITS
2778214

(Sub
under Attribution 3.0 Unported

Scale Type: bounds Job Status
Scale Lower Bound: 0.1 Job 3465485
Scale Upper Bound: ~ 180.0 Succes:

Calibration

postions of soutces,sored weh e brghiestsoutes st
+ tarbal(tar, ga),cortanng fesof an o e aboe ypes

space, sting e XY

Center (RA, Dec): (31249, 46.742)
Center (RA. hms): 02" 04™ 59.835°
Center (Dec, dms):  +46° 44' 29,650
Size: 55.9 x 43 arcmin

Advanced Settings [+]

0.587 deg

Radius:
Pixel scale 5.16 arcsec/pixel

Up s 180 degrees E
of N

Source extraction image (fullsize)
Log file tail [-]
(full)

B=

1.5191e-05

0 ]
0 -5.9943e-06
-1.6861e-06

AP = -0.00031212 -

Cormespondences
-1.64060-06  5.3166e- between image and
1.6801e-06 Nearby Images (View All) roforonce stag | comts

e. Open “new-image.fits” in DS9, which should now be WCS encoded
i. One way to check is if the boxes next to the FKS5 label in DS9 are no
longer empty once you hover your cursor over the image
f. Search the SIMBAD database for your target star by typing its name into the
search box
i. Link: SIMBAD Search Portal



https://github.com/rzellem/EXOTIC/tree/main/Documentation
http://simbad.u-strasbg.fr/simbad/sim-fbasic

ii. Use the name formatting from the source tweet
g. Once you see a page like this one, with your target name, obtain the RA and Dec
Coordinates (Green Box) and note the V-mag (Orange Box)

hat p 32
other query Identifier Coordinate Criteria Reference Basic Script TAP Output  Help
modes : query query query query query submission options

Query : hat p 32 ) submitid)

C.D.S. - SIMBAD4 rel 1.7 - 2019.07.04CEST01:56:07

Available data : Basic data « Identifiers » Plot & images = Bibliography  Measurements « External archives s Notes e Annotations

Basic data :

Ea:))
HAT-P-32 -- Star RA DEC SIMBAD query arnund|with radius 2 | arcmin
Other object types:
ICRS coord. (ep=72000) : 02 04 10.27754577690+46 41 16.210382751 |{Optical) [ 0.0572 0.0399 90 ] A 2018yCat.1345....0G . o .
LUW Interactive AladinLite view
FK4 coord. (ep=B1950 eq=1950) ! . * . 0.0572 0.0339 90 |
Gal coord. (ep=712000) : 135.6985495038660 -14.3730606007401 [ 0.0572 0.039% 90 |
Proper motions mas/yr : -9.825 3.477 [0.100 0.086 90] A 201ByCat.1345....0G
Radial velocity / Redshift / cz : V{km/s) -23.95 [0.23] / /
(Opt) A 2018yCat.1345....0G
Parallaxes (mas): 3.4305 [0.0624] A 2018yCat.1345....0G
Fluxes (7) : R 11,78 10 101 D 2000350 3551, 27K
V 11.44 [0.12]) D 2000AEA...355L..27H
R 11.23 [U0.06] E Z009yCat.1315....02
G 11.1335 [0.0005] C 201ByCat.1345....0G
J 10.251 [0.022] C 2003yCat.2246....0C
H 10.024 [0.022] C 2003yCat.2246....0C O 2 @oss | soss 3)
K 9.990 [0.022] € 2003yCat.2246....0C -

h. Enter the Ra and Dec in the form ‘##:##:##°

i. For example, in the example above, the Ra should get entered as 02:04:10
and the Dec as 46:41:16 (ignore the values after the decimal)
Find your target on the “new-image.fits” in DS9 by moving your cursor around on
the image until the “fk5” values match the Ra and Dec values shown on the
SIMBAD Database
i. You can see stars more clearly by clicking “scale” = “zscale”
1. Blue highlighted buttons in image below



ii. When the FK5 values match the Ra and Dec from Simbad, the numbers in
the boxes next to image (blue box) are the x and y pixel coordinates of

your target
e e SAOImage ds9
Move your cursor around the image bt T T—
(right) until your RA and Dec shown on T e T e
the green box on the image match the e et
values on SIMBAD Frame 1 ] I O ] N T [

file edit view frame bin zoom - color region wes analysis help
- log power sgrt squared asinh sinh histogram min max
o e v e « n
<

j. Enter the Target X and Y Image (pixel) position (Blue Box in image above) into
the terminal when prompted
8. Decide how many comparison stars you want to use
a. 3 is recommended, but any number between 1-10 will do
9. Entering the X and Y Pixel Coordinates of your Comparison Stars
a. Return to the SIMBAD Page of your Star
b. Above the image of your target on SIMBAD, click on the “Interactive AladinLite
View”
c. Check the box that says SIMBAD under “Catalogues”
d. Then click on the nearby stars (green circles) around your target star (purple +),
looking for stars of similar brightness
e. Then in the “SIMBAD source” box on the left, check to make sure you have in
fact clicked on a star by ensuring “main_type” = Star
f. Then scroll down in the “SIMBAD source” box and check the number next to V.
If it is close to the V-mag of your target star, you have likely found a good
comparison star!
g. Obtain the “ra_sexa” and “dec_sexa” which are located in the “SIMBAD source”
box (green arrow)
i. These are the RA and Dec values for your comp star
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~y +43.3794535510 s x . > 2MASS
coo_err_maj 0.000 .
c X
coo_err_an ¢
n

DECaPS/DR1

13 58 07.85001
+43 22 46.0328
e Star

[A] Thumbnails
SDSS9 color - SLOAN Disitized Sky Survey.- Healpixed by CDS

h. Find your comparison star on your “new-image.fits” in DS9 using the same
procedure you did for finding your target star. (step 4h)
i. Enter the X and Y coordinates of your comparison star into your terminal.
j. Repeat steps 5b through 5j until you have entered the coordinates for each of the
comparison stars you wanted to use
10. When asked if you have calibration images (flats, darks, or biases), enter ‘y’ if you have
them, otherwise enter ‘n’
a. Ifyou don’t know, or aren’t sure what they are, you probably don’t have them and
should enter ‘n’ and the code will take you to step 8.
b. For each type of calibration image you have, enter the directory path to where
each set located when prompted
11. Enter the Planetary Parameters for Lightcurve Fitting
a. Go to the NASA Exoplanet Archive look up
i. Link: NASA Exoplanet Archive Search
b. Enter the name of your target star in the search bar under “Host Name” then click
on its name once you have found it
i. The site is case sensitive so be careful with capitalization
ii. It should open a site that looks like the image shown at the bottom of page
11
c. The code will iterate through each parameter it needs and will attempt to scrape
the values off of the Exoplanet Archive website
d. It will then prompt you to verify that each parameter is correct
i. Parameters: Orbital Period, Mid-Transit Time, Eccentricity, Ratio of
Planet to Stellar Radius, Ratio of Distance to Stellar Radius, Orbital
Inclination (all boxed in green in the image below)
ii. For Mid-Transit Time, you want to pick the largest value in the column
and its corresponding uncertainty (the values after the +).



file:///C:/Users/Ethan%20Blaser/Downloads/NASA%20Exoplanet%20Archive%20Search

e.

For everything else, pick the value highlighted in gold if it’s available, and
then go to the most recently published non-null value if it’s not

For each parameter it asks if you agree for, if the value the code obtained is not

the same as what you see on the Archive, type ‘n’, and then enter the correct value
when prompted

Planet Related Overviews Transit Service
Confirmed Kepler Pipeline
HAT-P-32 b Planet | Host | HAT-P-32 b Transits
Planet Orbital Properties
Planet Period (days) Semi-Major Axis Inclination Eccentricity Time of Periastron Passage Longitude of Periastron Date of Orbital Reference
(deg) (days) (deg) Solution
b| 2.15000825:0.00000012| 0.03427 30000 [~ 88.9020. <0.044 null null null| Bonomo et al. 2017
b 2.150010:£0.000001 null|  88.90:0.40 0.0 null null null| Stassun et al. 2017
b 2.1500080 null|  89.33 g:gg 0 null null null | Nortmann et al. 2016
b| 215000805 "ooobon0oy 0.0343+0.0004 88.9:0.4 | 0.0072 3100 null o "I null Zhao et al. 2014
b null null null 0207013 null 58.0 200 null| Knutson et al. 2014
b| 2.1500085+0.0000002 null| 89.12 051 null null null null|  Gibson et al. 2013
b 2.150008+0.000001 |  0.0343+0.0004 88.9:0.4 0. null 0 null| Hartman et al. 2011

Planet Parameters

Planet M sin(i) Mass Radius Density Equilibrium Temperature Reference
(Jupiter Mass) | (Earth Mass) | (Jupiter Mass) {Earth Mass) (Solar Radii) (Jupiter Radii) | (Earth Radii) {gh:m’) (1K)
b null null 0.75:0.13 238+41| 0.1838:0.0026] 1.789:0025| 20.05:0.28| 0.163 0o null| Bonomo et al. 2017
b null null|  0.830:0.210 264167 0.18020.014|  1.75:0.14 19.6£1.6 null null|  Stassun etal. 2017
b null null null null null null null null null| MNortmann et al. 2016
b null null null null|  0.184:0.003| 1.789:0.025] 20.053:0.280 null null Zhao et al. 2014
b null null 0.79+0.15 251448 null null null null null Knutson et al. 2014
b null null| 0.8800+0.1640 273.3:52.1| 0.1845 0005 | 1.796 0hay | 2013793 D.18:0.04 1779426 Gibson et al. 2013
b null null|  0.860:0.164 | 273.322452.122| 0.1839+0.0026| 1.789:0.025| 20.053:0.280|  0.19:0.04 1786426  Hartman et al. 2011
- Frope ps
Planet| Depth (perc) | Duration (days) Duration Mid-Point (days) Impact Occultation Ratio of Distance to Ratie of Planet to Reference
(hours) Parameter Depth (perc) Stellar Radius Stellar Radius

b null null null 2454420.44645+0.00009 null null null null| Beonomo et al. 2017
b|2.300£0.012 null null null null null 6.060.13 null| Stassun et al. 2017
b null null null | 2456185.602987+0.000110 null null 6.123 0021 | 01516376 T ooiee | Nortmann et al. 2016
b null null null| 2454420.44712 *T000002 null null null null Zhao et al. 2014
b null null null null null null null null| Knutson et al. 2014
b null| 0.12059 "TI0T 13 1902 DU | 2454942 898449:0.000077 | 0.0930 010 null 6.081 003 0.1515:0.0012| Gibson et al. 2013
b 1.8523| 0.1295:0.0003 [ 3.1080£0.0072| 2454420.44637+0.00009| 0.117 Tonis null 6.05 02 0.1508+0.0004 | Hartman et al. 2011

12. Limb Darkening



13.

14.

15.

16.

17.

a. Onthe NASA Exoplanet Archive page of your planet, scroll down until you reach
the section called “Summary of Stellar Information”

Summary of Stellar Information

Right Ascension 02h04m10.28s |Declination +46d41m16.2s
Galactic Longitude (deg) 135.69859 |Galactic Latitude (deg) -14.37298
Parallax (mas) 3.4304647653712994+0.0623970254391056 |Distance (pc) 291.50569045176132+5.30222265110304
RA Proper Motion (mas/yr) -0.8+0.1 |Dec Proper Motion {maslyr) 3.5+0.1
[Tr:t:l:!::]epar Motion 10.4+0.1 Radial Velocity (km/s) .23.2120.28
B-band {mag) null [K-band {rnag_} 9.99010.02
Spectral Type null fEffective Temperature (K) 6207488
sk g 4333001 “Uminesity (1081o(lsunl) null
Radius (Rgyn) 1.1940.10 |Mass (Mgy,) 1.0940.28
\Density (a/cm?) 0.91+0.06 |Age (Gyr) null
'Mmmciry (dex) -0.04 | Metallicity Ratio [FelH]
'V sin(i) (kmis) 20.7+0.5 [S-index null
log R'HK null (X-ray activity, log(L,) null

Number of Hipparcos
Light Curves

0

Number of Photomatric non-
Hipparcos Light Curves

0

Number of Radial Velocity
Time Series

[=]

Number of Amateur Light
Curves

0

Number of Spectra

0

Number of Images

3

b. Similar to how you entered the planetary parameters in step 8, the code will once
again ask you to verify that the values it scrapes from the Archive are correct
i. It will ask for the Effective Temperature (green box), the Metallicity (red),

and the Surface Gravity in the log(g) box (yellow)

Now that you have entered all the necessary information, the code will then reduce the

dataset

After the reduction component is done a set of plots are generated and saved into your
specified directory
a. The target star’s raw time varying flux (see How it Works sect...)
i. Figure name: ‘TargetRawFlux<planet name><date>.png’
b. The comparison star’s raw time varying flux
i. Figure name: ‘CompRawFlux<planet name><date>.png’
c. The Normalized Target Flux as a function of phase
i. Figure name: ‘NormalizedFluxPhase<planet name><date>.png’
The code uses an MCMC to fit a model light curve to your data, fitting for airmass, mid

transit time, and

planet radius

a. Warning: this will take some time. Usually around 30 minutes
b. For explanation, see How it Works: Full Lightcurve Fitting Routine
Final Light Curve fitted with a model is generated and saved in your specified directory
a. Figure name: ‘FinalLightCurve<planet name><date>.pdf’
The final planetary parameters of Mid Transit Time and Ratio of Planet to Stellar Radius
and their corresponding uncertainties will be displayed in the terminal, and also saved as
a “.txt’ file in your specified directory
a. Figure name: ‘FinalParams<planet name><date>.txt’



b. To learn how to interpret your results, go to “How it Works: Results
Interpretation”
18. If you want to save your reduced data into the official AAVSO data format file, type ‘y’
when prompted
a. Enter your AAVSO Observer ID
I. If you don’t have an Observer ID, it’s probably because you haven’t
created an account, which can be done at:
https://www.aavso.org/apps/register/
b. Enter your exposure length in seconds
i. This is simply how long you exposed for when you took the data
ii. It often can be found by opening one of the images in DS9, and then going
to File -> Display Header
c. Enter the binning used on your camera
i. If you don’t know or are unsure, just type ‘1x1’
d. The file should now be saved as “AAVSO<target name><date>.txt”



https://www.aavso.org/apps/register/

