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What is an Exoplanet?

Planets orbiting stars outside our Solar System

Nearly 6000 exoplanets to-date

Earth-like to gas giants

Studied to understand planet formation, evolution, demographics,
atmospheres, and the possibility of habitability

Brown dwarfs and low mass stellar companions are also interesting to
scientists



Exoplanet Detection - Transit Method

Light Curve of a Star During Planetary Transit

e A planet passes ('transits') in front of its
host star, causing a small, temporary dip in
the star’s brightness
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e The depth and duration of the dimming
reveals the planet’s size (relative to the

host star)

Brightness

e Repeating transits reveal the orbital period Time



Exoplanet Detection - Radial Velocity Method

e Measures the star's "wobble" caused by the planet's
gravity.
e \Wobble appears as periodic Doppler shifts in the

star’s spectrum.
e Precise instruments can detect velocity changes

smaller than a meter per second.

By combining transit data (for planet size) with radial
velocity measurements (for mass), we determine the
planet’s density and derive constraints on its composition.
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Ground and Space-Based Transit Surveys

KELT “Telescope”

e Ground-Based Transit Surveys:

e Used/use networks of small-to-medium telescopes
(e.g., HATNet, WASP, KELT, NGTS)

e Monitored wide fields for transit events across millions of stars
Typically sensitive to larger/closer-in planets due to atmospheric
limits

e Space-Based Transit Surveys:

e Satellites above the atmosphere
(e.g., CoRoT, Kepler, TESS)

e Achieve higher photometric precision, no weather or day/night cycles

e Can detect smaller/longer-period planets
Enables statistical studies of exoplanet populations

Artist's impression of the Kepler telescope



TESS Mission

NASA'’s Transiting Exoplanet Survey Satellite, launched 2018
Nearly all-sky survey to find planets around bright, nearby stars
Starting its 8th year of observations (3rd Extended Mission) in

October




TESS Observing Strategy

Uses 4 wide-field
cameras covering
24° x 96° per
pointing
Continuously
observes 27-day
“sectors” to spot
transit events
Observes 13 sectors
per year

Has two continuous
coverage zones



TESS Results So Far

Over 7500 planet candidates

(TESS Objects of Interest — TOls)

687 published TESS planet discoveries

373 planets smaller than Neptune

80 planets smaller than 1.5 Earth radii

500 planets with mass measurements

Prime targets for JWST atmospheric observations



TESS Image Pixel Scale

e TESS Pixels are 21" x 217
e TESS photometric apertures are roughly 60" x 60"
e Multiple stars are typically blended within the TESS photometric apertures




The need for ground-based follow-up

TESS simply detects variations in a
lightcurve of a ~60 arcsec region of
the sky

Higher spatial resolution ground-
based lightcurves may be needed to
determine the source of the dip in
flux
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The need for ground-based follow-up

/Gemini Zorro Speckle\

P25]01-22_06h20m56s_cb.spec.fits

Seeing limits may hide very close in
stellar neighbor

Adaptive optics and speckle high
resolution imaging may reveal < 1”
neighbors

Stellar spectroscopy may reveal even
closer in “spectroscopic binaries” that
are not otherwise resolved \J
Stellar spectroscopy may also find that
star is rotating too rapidly for precise
radial velocity measurements
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The need for ground-based follow-up

e Mass measurement with precise

radial velocities (from spectroscopy)
Planet
or star
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TESS Follow-up Observing Program (TFOP)

@ Led by the Smithsonian Astrophysical Observatory (SAO) as part of the TESS Science Office

@ Goal is to foster communication and coordination among the TESS Science Team members and the community:
O Maximize scientific output
O Minimize duplication of effort

TESS Objects of Interest (TOIs)

@ The TFOP is organized into five sub-groups (SGs):

O Ground-Based Lightcurve Photometry (SG1) - Karen Collins (lead)
O Recon Spectroscopy (SG2) - Sam Quinn (lead)
O High-Resolution Imaging (SG3) - David Ciardi (lead) False positive screening, blend & stellar characterization
O Precise Radial Velocities (SG4) - David Latham (SG4 and overall TFOP lead) Seeing-Limited Phot.| | Recon Spectroscop High-Res Imagin
O Space-Based Photometry (SG5) - Diana Dragomir (lead; Spitzer, CHEOPS, NEOSSAT) (561) P~ (sG2) (5G3)
1D nearby \ - Stellar » Resolve close|
; ot ¢ BT ; A
@ 700+ registered TFOP members worldwide 212{2?;""’5 "v' ".E’L"Zﬁ:i’é‘ s i
blending b spectra multiplicity

@ 500+ registered SG1 members
280+ registered SG1 observatories (suitable for lightcurve follow-up)

A

Planetary confirmation and characterization

@ TFOP WG Charter and TFOP WG Publication Policy ensure coordinated publication efforts

and intellectual property protections between TFOP members Precise RV Work (5G4) Space-Based ?{\g}émetrv (SGS)
O Useful observations are included in TESS planet discovery papers Do (e
O Observers are included as coauthors of planet discovery papers planetary =1 it curve,

ephemeris, |'
meas. 11Vs

orbits and »fh,c;oi%';aw;,w}—w‘
masses 0 ST 0 \

@ Observation results and final TOI dispositions are uploaded to ExoFOP
(with a 12 month TFOP group proprietary period for uploaded files)

Image credits (clockwise from top left): KELT Survey, NOAO/AURA/NSF, Buchhave
etal. (2011), Berta et al. (2012), Malavolta et al. (2016).



TFOP SG1 Overview

TFOP SG1 conducts ground-based lightcurve photometry

TFOP SG1 goals:

e Determine the true source the TESS transit detection
(<1 arcsec px scale vs 21 arcsec TESS px scale)
e Refine the TESS transit ephemeris, depth, and duration

Check for color dependent depth differences (chromaticity)

across optical, IR, and NIR bands
Conduct long-term TTV observations

Track down the true orbital period of high uncertainty systems

a. TOls with limited TESS time baseline coverage

b. Period from TESS Single Transit detections + RVs
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Duo Transits (Orbital Period Aliasing)

Generally a result of TESS data gaps

TESS detection is consistent with a family of orbital periods
Upper orbital period limit from two (or more) transit detections
Lower orbital period limit from TESS coverage with no transits

We parameterize as a maximum period and a set of valid alias integers “I”

I:)N - I:)MAX / IN
TIC: 384159646 Candidate: 1 of 1 Period: 748.074 d
TOI: 1895 Corr: No Ephemeris Match
«10°° Tmag° 976 R‘ 1.37 Rs Teff: 6682.0 K Logg 4 31 MIH 0000 Rho 0.544
S5 [BR0 BR 1 36T BT 550 566

5 I“ IIhL oo B B3 S B2 B0 B B2 B B BEE B BT B :Eil! [ ¥ B B4E B4 I E4p BiE BE0 B 5 51 B54 |B5E B5E] BT ERR

' ||||||||||||u||||||I|||nl|||||I|||l||||1||||l|||| | ||||I|||I||1||||I|||I|||||||||||||||I|||I|||I|||I| e |||||||I I|||II|||II|||I||||I|||||||||||H||||I||||I||I||I||||||||||||||| | | ||||||||||1|I|[|I|||||||I||| |

I
lud; ||||I|||||I|\!I!!|||I|||||I|||||I|||||I|||I|||I|||I i oS | | b
dimi i i ||[||||H||||||||| i | I|||I|||I|1|I|||I|||||||I|||I||+r

i i e e

i ¢
1800 2000 2200 2400 2600 2800 3000
Time [BJD - 2457000]

Dhnann



TFOP SG1 Observatories
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Software Tools Provided to SG1 Team

. TESS Transit Finder (TTF)
(private to TFOP members)

. SG1 TOI List shared spreadsheet
(private to TFOP members)

. TESS Observations Coordinator (TOC)
(private to TFOP members)

. Field of view tool

. Gaia apertures tool
. ExoFOP (reduced data repository and sharing)
. Astrolmaged (data reduction)



TESS Transit Finder (TTF)

Two methods for accessing TTF transit searches:
. User interface mode for interactive searches

. Scripted with output optionally available as csv file for easier parsing

Secure version including TESS alerts
Find TESS Candidate Transits

This form calculates observability of our 3561 current TESS transit candidates, and optionally 1446
candidates on hold (priority 4) and 3076 expired (priority 5).

Observatory:
Choose an observatory, or choose "manual coordinate entry" at end of list:

[LCO Cerro Tololo Interamerican, 1m v| @ Use UTC / O Use observatory's
local time.

Date window:

Base date for transit list (mm-dd-yyyy or ‘today’): E

From that date, show transits for the next days.
(Also include transits from the previous days.)

Constraints:
Elevation:

Only show transits with an elevation (in degrees) of at least:

at ingress:
at egress:

Unspecified elevation constraints default to 0. Constraints are evaluated at night, i.e. to be
shown as observable an event has to meet that elevation constraint during nighttime hours.

} Combine constraints with O AND @ OR.



TESS Transit Finder (TTF)

Ephemeris prediction tool available to TFOP team for scheduling observations

. Transit predictions based on latest SG1 ephemerides, dispositions, priorities
. Provides feedback to observers:
. Status of TOI
- Observation history
- Type of observation needed next
VPC VPC VRV? qlp-s49-219824470 Sectors:[16, 22, 23, 49] SG2:[TRES(18), Vrot=4] SG4:[Ariel, NEID-Yee]:
TFOP determined this star (TIC 219824470) is the true source of TOI 1848.01 / TIC 219824469 which has been
retired as off-target; Rick Schwarz/LCO-Teid-1m0 analyzed a full on 20240314 in zs and ruled out an on-time 3
ppt event on the original target, but detected an on-time 3 ppt in this star. No more observations needed,
except for a high precision (<1.0 ppt/10 min) full transit in a blue (U, u’, B, g') filter to check chromaticity.
High-precision (<1.0 ppt/10 min) multi-band observations even better. \
% of transit
Local - (baseline) Start— ¢ = e
evenng Name mag || g | gobermble, | M | prory | (I R Duraten | TS i sl
start, end
Fri. 2026-05-01: Nautical twilight 2026-05-01 21:30 — 2026-05-02 06:15 local time / 2026-05-02 02:30 — 2026-05-02 11:15 UTC \
\
Fri. 2026- s /RV? 549-21982. ectors:[16, 22, 23, 2; . Vrot= :[Ariel,
;in harts Kaaaid o ; . .55 .312824469\\ ich has retire as off-target: 'Ric'Sc1\\ax'L'ITCO-Tei -1m0 analyzed a full on
mw“mm i%;‘;& N Ses |3 | e faw | G | we R o e oot Sl g A1 e (LD PO S Bl
”012:_23—;0 Airmass, ACP plan 04:19—'1-0:29 o :ﬂx;l:’;;::;::‘(::;fbi)ﬂﬁhﬂ to check chromaticity. High-precision (<1.0 ppt/10 min) multi-
.15 65°—36°




(coming soon)
TTF handling of high ephemeris uncertainty systems

. Typical ephemeris prediction tools require a nominal ingress or egress to be observable
. New TTF version will consider ephemeris uncertainty when listing observable transits

Elev. % of
at transit
Local Start— start, (baseline)
evening Name Mid mid, Duration observable, .
date —End end Suggested
2 obs. start,
hrs end

Tue. 2025-08-05: Nautical twilight 2025-08-05 19:51 — 2025-08-06 05:10

(+)
Tue.
%ﬁﬁio(fgg 0] TIC 277329402.01 (TOT 08:19 78°
5851.01) _Add to TOC 18:21 — _40°
Nautical Finding charts: Annotated, Aladin; 19:32 -5 1°
twilight Info: ExoFOP, Simbad, Gaia, TIC, —20:43 “57%
05,5% _ VSX, AlJ apertures, Vizier phot.; 06:45
15:10 Airmass, ACP plan +8:02 87
(UTC)




SG1 TOI List

A shared google sheet listing data and status for all public and custom TOls
TESS Transit Finder (TTF) reads data from SG1 sheet

Maintained by SG1 leads and trained volunteers

AR | AS | AT | AU av AW BC BD BE BF BG BMH | Bl | BK  BL | BM | BN BO BP
Rp Cur
Master Phot Spec Dura (R_ Eph Dur Delta Owner/Interest/
Pipe- Sec- Prio Disposi Disposi Dispo tion Depth Eat Unc Unc Tc N Publication
line tor rity tion tion sition Tc_BTJD Tc_Em P P_Err (hrs) (ppm) h) (min) (min) (min) Obs Status Comments

TFOP determined this star (TIC 219824470) is the true source of TOI 1848.01/ TIC 219824469 which has been
retired as off-target; Rick Schwarz/LCO-Teid-1m0 analyzed a full on 20240314 in zs and ruled out an on-time 3
ppt event on the original target, but detected an on-time 3 pptiiin this star. No more observations needed,
except for a high precision (<1.0 ppt/10 min) full transit in a blue (U, u', B, g') filter to check chromaticity.

CTOl S49 3 VRV? 2661.0743 0.0025 54809114 0.0000215 491 2237 84 8 36 00 High-precision (<1.0 ppt/10 min) multi-band observations even better.
Rp Cur TOl
Master Phot Spec Dura (R_ Eph Dur Delta Owner/Interest/ List
. Pipe- Sec- Prio Disposi Disposi Dispo tion Depth Eart Unc Unc Tc N Publication Eph
. line tor rity tion tion sition Tc_BTJD Tc_Emrr P P_Err (hrs) (ppm) h)  (min) (min) (min) Obs Status Comments ) Unc
[P=3.0513298] no centroid inf ion; slightly v-shaped; Update from AlJ-s24+s78. [P=3.0498798] Ferran

Grau/ Gemma Doménech/ Kike Herrero/ Jordi Lopesino/ TJO-0m8/ analyzed a full on 20250305 in rp and
detected an ~11 min (1.40) late, ~20 min longer duration, ~23.0 ppt event using an uncontaminated 4.9" target
aperture. [P=3.0499550] Dur => 1.82 hr. K. Barkaou/LCO-Teid-1.0m analyzed a full on 20250425 in gp and
detected a ~23 ppt event on target using an uncontaminated 3.5 aperture. ChrisS/LCO-SAAO-1m0 analyzed a
full on 20250425 in gp and detected a 5 min (0.60) early, 8 min (0.50) longer, 22 ppt [(Rp/R*)*: 23.6 ppt] event
using an uncontaminated 4.7" target aperture. MuSCAT2 Team observed a nominal full on 20250619 in gp, rp, ip,
zs and detected a ~6 min. early 24.4, 24.84, 22.97, 21.22 ppt events using an uncontaminated 5.7" target

SPOC S78 4 3434.6862 0.0053 3.0499550 0.0000100 182 23466 112 8 14 7 apertures. No more SG1 observations needed at this time. 294




TFOP SG1 Process Overview

Public and Custom TFOP TOls

. 2

SG1 TOI List

TOI status and observation request

Comments

[P=4.0863647] v-shaped; ChrisS/ Hwd observed a full on 20241008 in R and detected an ~on-time ~4.3 ppt
[(Rp/R*)* 5.9 ppt] event using an uncontaminated 5.5" target aperture and cleared the neighbors over the window.
Bob Massey/ LCO-CTIO-0m35/ analyzed a full on 20241029 in ip and detected a ~0-10 min (2.50) early ~3.2 ppt
[(Rp/R*)*=4.2] event using an uncontaminated 5.9" target aperture. This observation checks the depth in a red
band. FrancisWilkin/ KarenC/ LCO-CTIO-0m35 on 20250705 in gp an ingress+80% (intended full cut short by
weather) and detected a ~17 min early, 4 ppt ingress on target in an uncontaminated 6.0" aperture.
[P=4.0862946] No more observations needed, except for a high precision (<1.0 ppt/10 min) full transitin a
blue (U, u’, B, g’) filter to check chromaticity and refine the timing. High-precision (<1.0 ppt/10 min)
multi-band observations even better.

TESS Transit Finder Update TOI Obs. Request SG1 List Dispositions

on SG1 Sheet / TTF Master Phot = Spec

Prio  Disposi Disposi Dispo

- s

rity  tion tion  sition

Update TOI Disposition on 4 ---

SG1 List/ TTF / ExoFOP

'

SG1 Leads

and ExoFOP-TESS Interpret Result
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o

5 NEB NEB
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TESS Observations Coordinator (TOC)

TTF Provides connection to TOC interface for posting planned observations
The plans will show up in the TTF output to inform other potential observers

o For events with planned observation, the priority cell is highlighted in yellow

o Mouse over to see details

Can help avoid duplication of observations

TESS Observations Coordinator

[LCO Cerro v]

Estimate Success

[ 50% VJ

New Entry
Submit

Selected Entry

Sun. 2025-05-25:  Nautical twilight 2025-05-25 18:47 — 2025-05-26 06:32 local time

[ 2025-05-25 22:47 — 2025-05-26 10:32 UTC

View Latest

(ren )

Help
Sun. 2025-
05-25 (local 07
Observer Target ID When UTC Duration date) [ TIC 288421619.01 (TOI 7166.01) 15.79 —|_|_
Add to TOC 136 0394?; 10821.8682
Your Name || TiC 28842161|| 2025-06-08 || Fullevent « Nastical | Finding charts. & Aladin 1312 2 1292 87 - oas | 1os219015 | 21
twilight | Infor ExoFOP, Simbad, Gaia. TIC. Moon 1% £0:13 - 108219349
- - - : Svar~ | MSX. AL apertures, Vigier phot s 100% (100%)
Filter 1 Filter 2 Filter 3 Filter 4 1032 Airmass, ACP plan 07:20—11-52 013
(UTC)
[ Open v] [ None v] [ None v] [ None v]
Comment Choose Satellite View Weather Sat. 2025-06-07- Nautical twilight 2025-06-07 18:45 — 2025-06-08 0638 local time / 2025-Qgf7 22— 2025-06.0; uTC
[ Your Text ] [East Full C v] [ Clouds ] Sat 2005
06-07 (local Planned observations:
TIC 25342 10Q.01 (TOI 7166.01)
Update Selected  Delete Selected View Catalog taE) < Add o TOC 7 57 —|_|_ aren, LCO Cerro Tololo 1m; Filter: ip
[ None ] [ Update ] [ Delete ] ExoFOP Nastical inding charts im;;:mc‘.ifla;‘cn' 1312 ) Full, Prob. 25%: LCO KEY2023B005 ID 2256006 IPP 1.16 0851
t;;z?hf VSX ALJ apertures, Vizier phot - M‘;’;ﬁlu“ 100% (100% aren, LCO McDonald 1m; Filter: ip
From UTC To UTC Every UTC Database 103 | Amass ACP plan - 05:23—09:5 Full, Prob. 25%; LCO KEY2023B005 ID 2256132 IPP 1.15 085,
R (UTC) (Note
2025-06-06 2025-06-10 All Entries Search lanned obs,




Field of View Tool

Shows zoomable field of view using catalog imagery

|dentifies target star

Green symbols identify all nearby Gaia stars bright enough to host TESS detected signal
Field of view can be set to match your telescope
Click symbol for catalog data on each star
Example field

Detector outline : Width: [ 10]' Height:[ 10|' PA:[ 45]° | =28 |

PO T1C 420191112

B T = 16.638
O A7 = 7.65
B = 125"

125"
- Gaia DR3
DR3Name 19878880620
65853696
337.9647655
3940

+49.1665953
S1R4 ¥

PRIONN RA_ICRS

DE_ICRS



https://astro.swarthmore.edu/telescope/tess-secure/aladin.html?name=TIC+420191136.01&ra=338.015314&dec=49.1567374&mag=8.98453&depth=0.443&showBlends=1&showGaia=0&showTIC=0&showEBs=1&showVars=1&showMismatches=1&gaiaDistThresh=0.5&gaiaMagThresh=0.5&showFov=1&fovHeight=26&fovWidth=26&fovPA=0
https://astro.swarthmore.edu/telescope/tess-secure/aladin.html?name=TIC+420191136.01&ra=338.015314&dec=49.1567374&mag=8.98453&depth=0.443&showBlends=1&showGaia=0&showTIC=0&showEBs=1&showVars=1&showMismatches=1&gaiaDistThresh=0.5&gaiaMagThresh=0.5&showFov=1&fovHeight=26&fovWidth=26&fovPA=0

Gaia Apertures Tool

. Provides a list of star locations that should be checked for NEBs
. Star locations provided depend on transit depth
« Linkto tool from TTF and SG1 sheet

. User interface auto-filled and bypassed when using TTF link
. Drag and drop file into AstrolmageJ

aia EDR3 Stars in Observed TESS Fi
Help

Observation UTC

2025-09-06

Source of Coordinates

) Observation

Declination

Source of Coordinates

® TIC 2000.0

Right Ascension

Source of Coordinates

) Gaia 2016.0

Magnitude Transit Depth

PPT

Query Gaia
Submit

Sun. 2025-05-25: Nautical twilight 2025-05-25 18:47 — 2025-05-26 06:32 local time [/

2025-05-25 22:47 — 2025-05-26 10:32 UTC

Sun. 2025-
790
05-25 (local | 1 1y 96849161901 (TOI 7166.01) | | 0720
date) 15.79
Add to TOC 08:48— 10821.8682
5 ing dipotated, Aladin 1:36 09:36 ’
Nautical Pt 13.12 2 1292 87 : 1004 | 108219015 21
twilight i Moon 1% =0:13 - 10821.9349
22:47— . Viyier phot.; @se® 100% (100%)
1032 ass. ACP plan 07:20—11:52 =0:13
(UTC)
Sat. 2025-06-07: Nautical twilight 2025-06-07 18:45 — 2025-06-08 06:38 localtime / 2025-06-07 22:45 — 2025-06-08 10:38 UTC
— [ | ||
=l | O Tcasee161000 TOLTIS60D | 579 L] Planned observations:
& Add to TOC Karen, LCO Cerro Tololo 1m; Filter: ip
Nautical | Finding charts d, Aladin; 4 Full, Prob. 25%: LCO KEY2023B005 ID 2256006 IPP 1.16 0851
~ 13.12 2
(i Info: ExoFOP. Simbad. Gaia, TIC, Moon 91% i .
2045 — VSX, Al apertures, Vizier phot.;  @103° 100% (100%) Karen, LCO McDonald 1m; Filter: ip
10:38 Airmass, ACP plan - 05:23—09:57 Full, Prob. 25%; LCO KEY2023B005 ID 2256132 IPP 1.15 0851
(UTC) (Note

planned obs)




ExXoFOP (Provided by NExSci at Caltech)

Time Series Observati

Reduced data

Photometric Faintes]

i 1ol User Telescope Camera Filter E’r‘f:ff‘e [E:::‘:[‘Je“ = Aperture E'D“\:‘:r';gg Neighbor bgration
repOSItory Radius (pixel) delta Mag
IC 288421619.01 TOI 7166.01 stockdale LCO-Teig-Tm0 (10 m)  SINISTRO i 389 155 s Full
P rOV| d e S I | St Of a I I TIC 288421619.01 01 7166.01 collins LCO-CTIO-TmO(1.0m)  SINISTRO ™ 0389 226 7 Egress 2025-07-04
0 bS e rvat | ons fo r TIC 288421619.01 TOI 7166.01 barkaoui TRAPPIST-South (0.6..  FLIProline PL3041-BB  Re 064 25 7 Full 2025-06-21
h T I C / TO I TIC 288421619.01 TOI 7166.01 barkaoui SPECULOOS-South (1.... Andor ikon-L P 035 18 8 Full 2025-06-21
eac C 288421619.01 TOI 7166.01 schwarz LCO-CTIO-TmO (1.0 m)  SINISTRO ap 389 226 15 Full
num be r TOI 7166.01 barkacui SPECULOOS-South (1. Andor ikon-L lez .35 38 B Full
H OStS re d uce d TiC 288421619.01 gL 716601 barkaoui LCO-McD-10m (1.0m)  SINISTRO i 0.389 183 9 Full 2025-06-08
data files, with Files €
Optional 1 year T Toi Type Date User
ro ri eta e ri O d TIC 288421619.01 TOI 7166.01 inding_Chart TOI-7166.01_20250608_SPECULOOS-South-1m0_LCO-McD-1m0_l+z_ip_lightcurves.pdf T1 Light Curve 2025-06-09 03:08:31 barkaoui
p p ry p TIC 283421619.01 Light_Curve TIC288421619-22_20250821_LCO-Teid-1m0_ip_Seeing-Profie.png Al Seeing Profile stackdale

for TFOP
members

User interface or
scriptable data
uploads

Main Page

2025-08-24 01:07:46 stockdale

TOI 7166.01 Light_Curve TIC288421619-22_20250821_LCO-Teid-1m0_ip_Platesolved-Image.fits.fz All Sample Platesolved FITS Image

2025-08-24 01:07:07 kdale

Observation Notes

TOI 7166.01 Light_Curve TIC288421619-22_20250821_LCO-Teid-1m0_ip_Observation-Notes.txt

2025-08-24 01:07:07

TIC 288421619.01 TiC288421

TOI7166.01 Light_Curve 619-22_20250821_LCO-Teid-1m0_ip_8px_Measurements_dmagRMS-plot.png All dMag RMS Plot

TIC 288421619.01 TOI 7166.01 TIC288421619-22 20250821 _LCO-Teid-1m0_ip_8px_Measurements_8px_NEBcheckzip All NEBcheck Plots 2025-08-24 01:07:06

Light_Curve

TIC288421619-22 _20. All NEBcheck Table: 2025-08-24 01:07:04

TIC 288421619.01 TOI 7166.01 Light_Curve 250821_LCO-Teid-1m0_ip_8px_Measurements_8px_NEB-table xt

2025-08-24 01:07:03

All Measurements Table

TIC 288421619.01 TOI 7166.01 Light_Curve TIC288421619-22_20250821_LCO-Taid-1m0_ip_8px_Measurements.thl

TiC288421 Al Plot Configuration File 2025-08-24 01:06:57

TIC 288421619.01 TOI 7166.01 Light_Curve 619-22_20250821_LCO-Teid-1m0_ip_8px_Measurements.plotcfy

TOI 7166.01 Light_Curve TIC288421619-22 20250821 _LCO-Teid-1m0_ip_8px_Measurements.apertures All Aperture File 2025-08-24 01:06:33 stockdale
T I C 2 8 842 1 6 1 9 TIC 288421619.01 TOI 7166.01 Light_Curve TIC288421619-22_20250821_LCO-Teid-1m0_ip_8px_Lightcurve.png Al Lightcurve stockdale
TOI 7166.01 it Curve TIC288421619-22_20250821_LCO-Taid-1m0_ip_8px_Field.png Al Field 2025-08-24 01:06:53 stockdale

Page TIC 288421619.01



https://exofop.ipac.caltech.edu/tess/
https://exofop.ipac.caltech.edu/tess/
https://exofop.ipac.caltech.edu/tess/target.php?id=288421619
https://exofop.ipac.caltech.edu/tess/target.php?id=288421619
https://exofop.ipac.caltech.edu/tess/target.php?id=288421619

AstrolmageJ

General astronomical image and data analysis tool (based on ImageJ)

Image calibration (bias, dark, and flat-fielding)

Differential aperture photometry

Lightcurve plotting (with automatic titing and legend capabilities)

Lightcurve detrending and fitting

Automatic comparison star selections

Various aperture options (fixed, auto-fixed, variable size; circular, elliptical, arbitrary shape)
Automated NEBcheck routine (written by AAVSO’s Dennis Conti)

Automatic optimization of comparison stars and detrend parameters

Plate solving using astrometry.net (local solver capability on Microsoft Windows)
Moving object tracking

Image alignment (if needed)

TESS image (e.g. TESScut) and SPOC lightcurve analysis



Astrolmaged Toolbar

Provides access to Astronomy Tools (and underlying Imaged tools)
Data Processor (DP; data calibration)

Multi-Aperture (MA; differential photometry)

Multi-Plot and lightcurve fitting (MP; plotting facility)

Coordinate Converter (CC; time format and coordinate conversion)

W Astrolmage) = *
File Edit Image Process Analyze Plugins Window Help

qqaﬂaqumqmﬂiﬂﬁmEM@Ek




Data Processor (Image Calibration)

Create master
calibration files

Bias subtract
Dark Subtract
Flat field

Update FITS
headers

Plate Solve

Save calibrated
files

Optional run
photometry and
plotting

Run in realtime
mode while
observing to
monitor live
lightcurve

CCD Data Processor = X
File Preferences View
Control Options Filename/Pattern Totals
r Science Image Processing
Filename Pattern Matching
B Enable @ sort Num Cilsers\karen\Documents'_Obsenvations'_WASP-12b_qty-1920091127_WASP-12b_r-ilter '; WASP-12b_* fits {"-y 134
Filename Mumber Filtering
(] Enable Min 1000000000 WASP-12b_* fits 134
r Bias Subtraction
B Build O ave © med SWsersikaren\Documents'_Observations\_WASP-12b_gty-1920091127_WASP-12b_rfilter\Bias '; BIAS_* fits {"-J B
B Enable S\Users\karen\Documents'_Observations\_WASP-12b_qty-19\20091127_WASP-12b_rfilter\Bias '; mbias fits u 1
r Dark Subtraction
B Build O ave © med Usersikaren\Documents\_Observations'_WASP-12b_aty-19\20091127_WASP-12b_r-filteriDarks '; Diark_100s_* fits u 10
@ Enable @ scale @ deBias | Usersikaren\Documents\_Observations\_WASP-12b_qty-19120091127_WASP-12b_rfilter\Darks '; mdark fits {“.J 1
r Flat Division
] Build ave med C\Users\Karen\Documents'__Awaiting Reduction - TESSWingham\Calibration_Images\Flats 1x ' *FLAT.FIT ' 0
@ Enable Remove Gradient C\Usersikaren\Documents\_Obsenvations\_WASP-12b_gly-1920091127_WASP-12b_r-filter '; mflat fits u
rimage Correction
(] Enable Linearity Correction New pixel value = 0.0E0 - | * (PixValF + 0.0E0 - | = (PixValf®
(] Remove Outliers Bright Dark Radius:
r FITS Header Updat
Target Coordinate Source Observatory Location Source
8 Ceneral () Plate Solve E 3 ~# | FITs headertarget RADEC (J2000) | FITS header latitude and longitude v
r Save Calibrated Imag
@ Enable O @32 Sub-dir: . /pipelineout Format: @ FPACK [ GZIP
r Post Processing
B nap (] Save Image ' [ Macro 1 |C\Users\Karent ' 0
B M-Plot ] save Plot ' [ Macro 2 |C:\Users\Karen\ ' 0
r Control Panel
Folling Interval — .
@ e Processed: 0
33 et % L RESET Remaining: 134




B TiC426956677-01_20250809_LCO-CTIO-1m0_zs_30s_0f1_199 (19.8%) = (m] X

n
File Preferences Contrast View Annotate Measure Edit Process Color Analyze WCS
183/199 (Isc1m005-fa15-20250808-0443-e91 fits f2); 4096x4096 pixels; 32-bit; 12.4GB (WCS=RA,DEC,TAN,CD matrix)

ImageJ X: 13.4413 | ImagelY: 1,827.7577 Value: 262.4629
RA:| 00:09:13.075 DEC: +18:47:25.61 Peak: 1,010.3579
FITS X: 13.9413 FITSY: 2,268.7423 Int Cnts: 9,939.7867

Zoom and pan image with mouse 8 FEoBER: XY B50E ZR2X ¥

Adjust contrast

Scroll through stack

Photometer at mouse pointer

X, Y, East, North, indicators
Access to all AlJ settings and tools

o lcons for common settings and tools

o Menus for all others

>4 D
500 -48.8 4843 3./058.5 1714.8 2371.0 3027.3 3683.5 4339.8 4996.0 5652.3 6308.5 6964.8 7621.0 8277.3 89335 10000‘

[500.0000 [:min [ 118.4211]black mean: 262.8687 white:[ 1,013.1579 max[_ 10,000.0000]




Multi-Aperture

Select aperture shape

Select aperture size and size mode
Select new or saved aperture mode
Select aperture tracking modes

Set up auto comp star mode

Select runtime display options

Select “Place Apertures” to
Interactively add, remove, or move
apertures in image stack

W Multi-A

rture Measurements

() Auta Variable Apertures from each image T1 radial profile Normalized flux cutoff threshold: 0.005 5

Aperture Shape:  Circular ~
Firstslice 4| [ v 1
Lastslice 4 | >| 109
Fixed/Base radius of photometric aperture 4 Y[ s
Fixed/Base radius of inner background annulus 4 Y[ 30
Fixed/Base radius of outer background annulus 4 | >| 45
(O Fixed Apertures as selected above
(O Auto Fixed Apertures from firstimage T1 radial profile Normalized flux cutoff threshold: 0.005 7| (0 < cutoff < 1; default = 0.010)
O Auto Fixed Apertures from multi-image T radial profiles Normalized flux cutoff threshold: 0.005 | (0 < cutoff < 1; default = 0.010)

(0 = cutoff = 1 ; default = 0.010)

(O Auto Variable Apertures from each image T1 FWHI FWHMfactor «[ [ ][ 44
() Place all new aperiures
(O Place first previously used aperture
() Place 31 previously used apertures
O Place 1imported apertures
[[J Use RA/Dec to locate aperture positions
[ T1is maving object
() Use single step mode (1-click to setfirst aperture location in each image)
Allow aperture changes between slices in single step mode (right click to advance image)
8 suto comparison stars (] Enable log [ Show peaks
Smoothing Filter Radius 35 5 pixels

@ Auto Thresholds Max. Peak Value 145,370.01 Min. Peak Value 470.56
Base Aperture 15| Max Comp. Brightness % 300.0 5| Min. Comp. Brightness % 10.0 5

Weight of Distance I 50 vs Brightness Max. Comp. Stars 30 <
@ Centroid apertures (initial setting) (] Halt processing on WCS or centroid error
B Remaove stars from background ] Assume background is a plane
[CJ Prompt to enter ref star apparent magnitude (required if target star apparent mag is desired)
[CJ Update plot while running [CJ Show help panel during aperture selection
(] Update image display while running
CLICK 'PLACE APERTURES' AND SELECT APERTURE LOCATIONS WITH LEFT CLICKS.
THEN RIGHT CLICK or <ENTER= TO BEGIM PROCESSING
(to abort aperture selection or processing, press <ESC=)

Place Apertures Aperture Seffings Cancel




Measurements Table Display

B Measurements in TIC393818343-01_20240702_LCO-CTIO-Omdp_ip_Spx_KC_measurements.thl = O *
| File Edit Font Results Filter
. Label slice Saturated 1.D.-2400000 ID_UTC BID_TR® — ADMACE  IAMCULIMID. CORATEMA

( ;Ontalns a” data lsc0mM476-5934-20240701-0141-e91.fits.fz|  1[0.0 60493.60185756395 | 2460493.601857564 | 246045 Sort table based on column values
sc0M476-5034-20240701-0143-91.fts.fz|  2(0.0 60493.60233846679 | 2460493.602338467 | 246045 Ered e e e
sc0M476-5034-20240701-0145-e91.fts.fz|  3(0.0 60493.60281584505 | 2460493.602815845 | 246049

. lsc0M476-5934-20240701-0147-e91.fts.fz|  4[0.0 60493.603305567056 | 2460493.603305567 | 246045 Apply mathematical operation to this column

from multl_ a ertu re lsc0m476-5934-20240701-0149-e91.fts.fz|  5(0.0 60493.603779363446 | 2460493.6037793634 | 246045 Select Col

lscOm476-5934-20240701-0151-e91.fits.z|  6[0.0 650493.60424845526 | 2460493.6042484553 | 246045 CECLEnIES

lscOm476-5934-20240701-0159-e91.fits.fz| 10|0.0
lscOm476-5934-20240701-0163-e91.fits.fz| 12|0.0
lscOm476-5034-20240701-0165-e91.fits.fz| 13|0.0
lsc0m476-5934-20240701-0167-e91.fits.fz| 14|0.0
lscOm476-5934-20240701-0169-e91.fits.fz| 15|0.0
lscOm476-5934-20240701-0171-e91.fits.fz| 16|0.0
13 | Isc0m476-5034-20240701-0173-e91.fits.fz| 17[0.0
lscOm476-sq34-20240701-0175-e91.fits.fz| 18[0.0
lsc0m476-5934-20240701-0177-e91.fits.fz| 19|0.0
lscOm476-5934-20240701-0179-e91.fits.fz| 20|0.0
lscOm476-5934-20240701-0181-e91.fits.fz| 21|0.0
lscOm476-5q34-20240701-0183-e91.fits.fz| 22|0.0
lsc0m476-5934-20240701-0185-e91.fits.fz| 23|0.0
lscOm476-5934-20240701-0187-e91.fits.fz| 24|0.0
lscOm476-5934-20240701-0191-e91.fits.fz| 26|0.0
lscOM476-5034-20240701-0193-e91.fits.fz| 27|0.0
lscOm476-sq34-20240701-0195-e91.fits.fz| 28| 0.0
lsc0m476-5934-20240701-0197-e91.fits.fz| 29|0.0
lscOm476-5934-20240701-0201-e91.fits.fz| 31|0.0
lscOm476-5934-20240701-0203-e91.fits.fz| 32|0.0
lscOm476-5q34-20240701-0205-e91.fits.fz| 33| 0.0
lsc0m476-5934-20240701-0207-e91.fits.fz| 34|0.0
lscOm476-5934-20240701-0209-e91.fits.fz| 35|0.0
lscOm476-5934-20240701-0211-e91.fits.fz| 36|0.0
lscOM476-5034-20240701-0213-e91.fits.fz| 37[0.0
lscOm476-sq34-20240701-0215-e91.fits.fz| 38| 0.0
lsc0m476-5934-20240701-0217-e91.fits.fz| 39|0.0
lscOm476-5934-20240701-0221-e91.fits.fz| 41|0.0
lscOm476-5934-20240701-0223-e91.fits.fz| 42|0.0
lscOm476-5q34-20240701-0225-e91.fits.fz| 43| 0.0
lsc0m476-5934-20240701-0227-e91.fits.fz| 44|0.0
lscOm476-5934-20240701-0229-e91.fits.fz| 45|0.0
lscOm476-5934-20240701-0231-e91.fits.fz| 46|0.0
lscOM476-5034-20240701-0233-e91.fits.fz| 47 0.0
lscOm476-sq34-20240701-0235-e91.fits.fz| 48|0.0
lsc0m476-5934-20240701-0237-e91.fits.fz| 49|0.0

60493.6061387267 2460493.6061387267 | 24604¢
60493.6070901854 | 2460493.6070901854 | 246049
60493.60756527772 | 2460493.6075652777 | 246045
60493.60803953698 | 2460493.608039537 | 246045
60493.60851792246 | 2460493.6085179225 | 246049
60493.608991921414 | 2460493.6089919214 | 2460493.614355225 | 2.6277055 |8.1999998 | 5.0
60493.60946921911 | 2460493.609469219 | 2460493.6148325466 | 2.6121411 | 8.1999998 | 5.0
60493.60994497128 | 2460493.6099449713 | 2460493.6153083397 | 2.5968253 | 8.1999998 | 5.0
60493.610423472244 | 2460493.6104234722 | 2460493.6157868453 | 2.5816444 | 8.3999996 | 5.0
60493.61090125609 | 2460493.610901256 | 2460493.616264639 | 2.5666837 | 8.3000002 | 5.0
60493.61137435166 | 2460493.6113743517 | 2460493.616737785 |2.55216 | 8.3000002 |5.0
60493.61184606468 | 2460493.6118460647 | 2460493.617209513 | 2.5377973 | 8.3999996 |4.9
60493.61237861728 | 2460493.6123786173 | 2460493.6177421017 | 2.5217778 | 8.3999996 | 4.9
60493.61285255244 | 2460493.6128525524 | 2460493.6182160503 | 2.5077045 | 8.3999996 | 5.0
60493.61385250604 | 2460493.613852506 | 2460493.6192160523 | 2.478667 |8.3999996 | 5.0
60493.61432887195 | 2460493.614328872 | 2460493.619692437 | 2.4650562 | 8.3999996 | 5.0
60493.61480316566 | 2460493.6148031657 | 2460493.620166754 | 2.4518042 | 8.3999996 | 5.0
60493.61527910316 | 2460493.615279103 | 2460493.6206427277 | 2.4385194 | 8.3000002 | 5.0
60493.6162245255 2460493.6162245255 | 2460493.6215881845 | 2.4127734 | 8.3000002 | 5.0
60493.61669783015 | 2460493.61669783 2460493.622061524 | 2.4000463 | 8.1999998 |5.0
60493.61716912035 | 2460493.6171691203 | 2460493.6225328185 | 2.3875693 | 8.1999998 | 5.0
60493.61764584482 | 2460493.617645845 | 2460493.623009576 | 2.3750951 | 8.1999998 | 5.0
60493.61812527198 | 2460493.618125272 |2460493.6234890316 | 2.362771 |8.1999998 |5.0
60493.61860082764 | 2460493.6186008276 | 2460493.6239646026 | 2.3507039 | 8.1999998 | 5.0
60493.61907348968 | 2460493.6190734897 | 2460493.6244372884 | 2.3387428 | 8.1999998 | 5.0
60493.61954888329 | 2460493.6195488833 | 2460493.6249127192 | 2.326592 8.3000002 | 5.0
60493.6200197977 2460493.6200197977 | 2460493.6253836434 | 2.3153751 | 8.1000004 |5.0
60493.62096436927 | 2460493.620964 3693 | 2460493.6263282606 | 2.2924956 | 8.1999998 | 5.0
60493.6214413424 | 2460493.6214413424 | 2460493.6268052696 | 2.2811632 | 8.1000004 | 5.0
60493.621919664554 | 2460493.6219196646 | 2460493.6272836123 | 2.2699313 | 8.1999998 | 5.0
60493.622391458135 | 2460493.622391458 | 2460493.627755431 | 2.2590361 | 8.1000004 | 5.0
60493.62286680564 | 2460493.6228668056 | 2460493.6282307953 | 2.2481639 | 8.1999998 | 5.0
60493.62334713573 | 2460493.6233471357 | 2460493.628711152 | 2.2372494 |8.1999998 | 5.0
60493.623822575435 | 2460493.6238225754 | 2460493.6291866186 | 2.2265576 | 8.1999998 | 5.0
60493.62430097815 | 2460493.624300978 | 2460493.62966504 | 2.2155799 | 8.1000004 | 5.0
60493.624772505835 | 2460493.624772506 | 2460493.6301365993 | 2.2056925 | 8.1999998 | 5.0

Delete column

Add column

run

Rename column

RIE(B|e|eo|~owm|bs|w mf-

[
iy

Interactive with
plotted data

Searchable
Sortable
Editable
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Controls related
to overall plot

Titling

Axis labeling
Axis Scaling
Legend

Plot size

Multi-plot Main

M Multi-plot Main — O X
File Preferences Table K-axis ¥ -axis Style Help
rData (TIC393818343-01_20240702_LCO-CTIO-Om4p_ip_5px_KC_measurements.tbl)
Default X-data ¥-datasets Detrend Vars Rel. Mag. Reference W, Marker 1 i] Copy V., Marker 2 i]
BID_TDE “ 15 7 sets 0 10 - samples | @ 06207 | NF | @ 0.7936 =
Title Subtitle Legend
(CiMone @ Text () Programmable (CyNone @ Text () Programmable | Align: (O Left € Center () Right oY
TIC 393318343,01 (TOI 6883.01) on UT 2024-07-02 LCO-CTIO-Om4p Telescope (ip-band, exp=14s, C-FA: 5-30- Pasition
Top Middle Bottom Top Middle Bottom Top Middle Bottom
Left Center Right Left Center Right Left Center Right
X-Axis Label Y-Axis Label Trim Data Samples—
(OMone (@ Column Label (") Custom Label || ©ynNene (O Column Label € Custom Label = Head =
¥-axis custom label Relative Flux Tail 0-s
X-Axis Scaling ¥Y-Axis Scaling Plot Size
© Auto ¥range (C) First X-value as min () Custom X-range () Auto Y-range O Custom Y-range
QEDD X-width 0.251088 = X-max 2458823.803 = %DD ¥-max 1.016573 = Height, 800
XxiE| o0 ° S X-min 2458823453912 = || vx1E| 02 Y-min 0.943377 = Width 800 >
Phase Folding
TO (Days) Period (Days) Duration (Hours)
© Unphased () Days Since Tc Hours Since Tc Phase 2455873.679 = Sync 3.019 * e 2P odd/even
Meridian Flip Fit and Normalize Region Selection Other Panels —
Show Flip Time Show Left Trim Left Copy Right Right Trim Redraw Flat add Data
O 062 8 0O 0.01 2 06207 5| | ol 0.7936 = 6.649275 = | ) == e




. Color, symbol shape

Fitting mode

Multi-plot Y-data

. Controls related to individual plotted datasets

@

Leo-crios

Tisastess o1

TIC 393818343.01 (TOI 6883.01) on UT 2024-07-02
(rp-oar s, CFA 53 o

1120 - 2.89, Peak 28579)

°
I Ak
. . . . WA i s
. Data averaging and binning P —

H Multi-plot V-data

Dsi:ta ';T Plot ;cl;at; X-data i{l“l“'::tg RIEE F:u';ﬁ Y-operand i:‘x Color Symbol  Lines A:r':apr:;e gpmrle;':th Hzlttie ;e'fé':t Cﬁ:&nt D:r;'::zt :r:;'ﬂif :::; Pﬁﬂf Scale  then Shift B'lon“Etrr (min)
!]'-default O | rel_fux. Tt 0 O blue vidot v 0O 1O EE~00000 0000 O 0.0000023 % v|EH~v| 0|20 1 o O
E]® 0 @8 O emer 0 O v v O sElOREA-0000000000[ o YA oso[ ] ew:loO
M 8 e O relfucTt O O darkgre. v st~ O 12|00 € [H0 - 0fJo oo © © O O et :wtcams @~ olgo 13 em:l@mO
BO @ ca O e m O mwgeta ~v/x ~ O[] 12O v/00OOCOO OO QO wwmz: @~ olgo 13 wees|O O
]® 0 8 ar O |refncs o O back ~[x ~ O[ 2O« [0O0O0COOO0O O O nmmss: /@~ olgo 13 wossOO
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Plot Window

H Plot of Measurements in TIC393818243-01_20240702_LCO-CTIO-Omdp_ip_Spx_KC_measurements.tbl - ] X

Displays plotted dataset(s)

Is interactive with mouse and data
table

Zoom and pan with mouse

Relative Flux (normalized)
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TIC 393818343.01 (TOI 6883.01) on UT 2024-07-02
LCO-CTIO-Om4p Telescope (ip-band, exp=14s, C-FA: 5-30-45, foc=0.0, AM 1.20 - 2.89, Peak 28579)
T T v 18 fw_T1 (RM5=6 37 pp! T
pel_flux_T1 (BJD_TDB+tot_C_ents detrended with transit fit) (RMS=3.35 ppt) (depth=13 48 ppt) (BIC=1034.5) (RMS=0.58 ppti10 min)|
— rel_flux_T1 Transit Model ([P=3], (Rp/R*)"2=! 2, [=90.0], Te=2460493.738721, [u1=0.3], [u2=0.3])
+ tot_C_cnts (R 7pp vitrarily =d and shifted)
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Ingress
Th21

| \ \ ooy o
0.60 0.65 0.70 0.75 0.80

0475 ReDr'r?o‘\red Barycentric Julian Date (TDB) - 2460493 (mid-exposure) AlJ5.5.1.00
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Lightcurve Fitting Panel
Set up initial fitting parameters
View fitted values

Manually select detrending

Auto remove bad data points (“clean’
Auto optimize comparison stars
Auto optimize detrending

Pt of Messurements i TICI93818343.01 20240702, LCO-CTIO 0o, 5p KC_messorementssol - o x

TIC 393818343.01 (TOI 6883.01) on UT 2024-07-02
LCO-CTIO-0m4p Telescope (p-0and. exp=14s, C-FA. 5-30-45, oc=0.0. AM 1.20 - 289, Peak 28575)
T TS 37 500 T

102
1T (BD_T0BHo.C.

3738721, 0103, 2=

Retas Flux nomaiizec)

“reagon
n3s

oo o o7
075 Rafiidiba. Barycentic Julan Date (TDS)- 2460493 (mid-sxposure)

Asssn0

B Data Set 3 Fit Settings - o x
File  Auto Priors
rel_flux_T1
User Specified (not fitted).
Orbital Host Star (enter one)
Period (days) cir Ecc o (deg) Sp.T. Teff () % R= Rsun) | - M* (Msun) | p* (cgs)
po: a 00 5 00 % [T 5800 5| || 0.386 5| 1006 S| || 0.9825| | 10623
Transit
(8 Enzble Transit Fit (@ Auto Undate Priors Extract Prior Center Values From Light Curve, Orbit, and Fit Markers
Parameter Best Fit Lock  Prior Center use Prior Width Cust StepSize
Baseline Flux (Raw) 0.177981438 | B (] 0.177516248 a 0.03550325 (] 0.1
(RD/ R.)? 0.011466227 | B[] 0.010650118 a 0.005345053 = (] 0.010690118 %
3/Re 6.152852370 | [ 6127483167 - | O s | O 1.0
Te 2460493.738720852 | B [ 2460493.70715 a 0.015 O 0.04
Inclination (deg) 90000000000 | > @ 90.0 2 a 15.0 (] 30.0
Linear LD ut 0.300000000 | @ 03s| O il O 013
Quad LD u2 0.300000000 | @ 0.3 a 025 (] 0.1
Depth (ppt) b t14 () 114 (ms) 123 (d) tau (d) p* (cgs) Rp (Riup)
Calculated from model B4 | |u‘uun :‘D [o.172761 | [[os08:47 | [[0.13073 || [ 001684 | [ otmsz | [ ros
Detrend
Use Parameter Best Fit Lock  Prior Center Use Prior Width Cust StepSize
[ ARMASS - & 00 2 10 013
@ ©&m_ms v 0.003308716042 | & [ 00 a 10 2 O 015
[ width_T1 v B 0.0 - 10 015
[ Sky/Pixel_T1 v ]} 0.0 2 10 2 013
B ttcCots ~| -0.000000002762 | & () 00 a L0 O 017
[0 ¥FITS)_TL v B 0.0 o 10 015
[0 x(FITs)_T1 v B 0.0 - 10 2 015
(m] v & 0.0 3 10 0115
(m] v ) 00 2 L0 Z 015
O v B 0.0 o 10 015
Fit Statistic
RMS (ppt) chi/dof 8IC dof chiz
Fit Statistics 3w | [ zwsea || soaesess || 469 ][ so74e8s
Fit Optimization
Outlier Removal Comparison Star Selection Detrend Parameter Selection
©  Modelvs RMS ~ Clean Quick ~ Start MaxPars: 1 |Exhaustive v Start
H: 33 0 0| | Iter. Remaining: NfA| BIC Thres; 2 7 Iter. Remaining: N/A
Plot Setting:
Line Color
18 Show Model @ show inlegend | gk green - ([ Log Optimization
Shaw in legend Line Color Ling Width Symbol Symbol Color shift
(1) show Residuals Show Error dark green dot magenta 0.015 *
Fit Control
Fit Update Options Fit Tolerance: Max Allowed Steps Steps Taken
Fit Control 18 Auto Update Fit Update Fit Now 108 2 ‘ ‘ 5,000 1535




Reference Star Panel

. Interactively change comparison stars
. Add comp star magnitude data (optional)

¥ Flot of essurements in TIC3S3212342-01 20240702, L€0-CTIO-Omp .5

393818343,
cope (p-band

4= Multi-plot Reference Star Settings

Select reference stars to indude in tot_C_onts and rel_flux calculations

[ Show Magnitudes i  Hide Magnitudes

~Reference Star Selection

Maone All Save Recall Cyde Enabled Stars Less One Cyde Individual Stars

C4 L5 C3 Ci0 Cili1 Ci12 €13 Ci4 Ci5 Cie CiF Ci8

Green checkbox border - aperture peak count under linearity limit
Yellow checkbox border - aperture peak count over linearity limit

Red checkbox border - aperture peak count over saturation limit

~SavefShow Current Configuration

Save Table Save Apertures

Send to Multi-aperture Show Apertures




Add Astronomical Data Panel

“H Add astronomical data to table = a pd
Add calculated data to measurements
© 10 (UTC) (O HID WUTC) () BID (TDB) Jb_UTC w
ta b I e RA/Dec Source (12000) RA Column (hrs) DEC Column {deg)
. () Manual € Table RA_T1 ~ | DEC_T1 -
Examples are BJD_ TDB, airmass, etc. et ol ot e o o
@ Aimess ATRMASS2
Optionally runs automatically at end of ) e e
. (] Azimuth AZIMUTH
each Multi-Aperture run ——
(] Zenith Distance ZEMITH_DIST
[Jo_utc 1D_UTC_MOEBS
[JHID_UTE HID_UTC_MOBS
[CJ HID Correction HID_CORR
@ B1D_T0B BID_TDEB
[C] BID Correction BID_CORR
[CJRA Now RA_ECD
] Dedination Now DEC_ECD
[JRA 12000 RA_12000
(") Dedlination 12000 DEC_J2000

Setup target and/or observatory parameters

in'MP Coordinate Converter' window,

then press the "Update Table' button, B Auto Update Table Close



Coordinate Converter Panel

. <7 Coordinate Converter — [m]
Convert between time formats Fle_Preferences Nework_Hel
. Current UTC-based Time

CO nve rt betwee N COO rd 18] ate { UTC:|2025-0005  [11:07:57 | Local:|2025-00-05  [07:0757 JD:|2460923.963858 | LST: 05:23:57

r SIMBAD Object ID (or 55 Object) Time Zone Observatory ID
fo 'm atS —‘ {UTC offset| 4 - LLCD G0 s

e r Target Proper Motion {masiyr) ———  Geographic Location of Observatory

Ca I Cu Iates Obse rva bl I Ity pmRA:| 0 pmDec: 0 { Lon:|-70.815000 Lat:{-30.165000 Alt: (2215

r Standard Coordinates

J2000 Equatorial J2000 Ecliptic

pa ram ete s oD | Ra[15245316 | Dec|-72.684828 | | Lon:|251.426781 | Lat[-51.905055

SIMBAD

B1950 Equatorial

Galactic

InCIUdeS Ieap Second CaICU|at|0nS _.;k:,_‘;ap RA:[15.158580 | Dec|-72.408568 | Lon:[313.210085 | Lat[12.740402

r Epoch of Interest

Manual control or automatic control | "e==me
from:

[ Lock Local:| 2020-01-10 03:21:24

Dynamical Time

Update O@; Auto @ Leap-secs:|37.0

| B4 1240 JD:| 2458858 848104 |LST:10:55:28
2 o352 HJD: 2458858 845428 | dT:|-00:03:59

OSUlfinternal (] BJD: 2453858846208 | dT:-00:02:52

o Data Processor Equatorial Edliptic
RA[15.279270 | pec|-72752073 | | Lon:[251.694040 | Lat|-51.904368
Horizontal Direction - Hour Angle - Zenith Distance - Airmass
o Add Data pane| Alt[25.961394 | Az[160562732 | |pir| s |HA|-4.354841 | ZD:|54.038606 | AM: 16980
Phase - Altitude - Proximity
;’1‘ Moon Mercury Venus Mars Jupiter Saturn Uranus Meptune Pluto
19.53 Crown Down Crown Down Drown

™ 1125 Down Down
- 12283 59.05 78.94

52.50 56.77 62.25 118.28 92.14 61.50




Submit Your Results!

. Use File => “Save All" to save reduced data files

. Run NEBcheck (if still needed)

. Upload reduced data to ExoFOP

. Send summary email to SG1 lead

. Select and observe your next target from the TTF!



Planet Publication Techniques

. Typical methods used for publishing transiting planet discoveries

O  Statistical validation
m Typically uses TESS and ground-based lightcurves to show <1% chance of false positive

m  May also include spectroscopic stellar parameters, high resolution imaging, and Gaia magnitudes to
strengthen results

m Yields planet size, but not mass
O Radial velocity mass confirmation

m  Models lightcurve data, precise radial velocities, stellar parameters, Gaia parallax and other catalog data to
virtual push the chance of a false positive to near 0%

m Yields planet size and mass, and thus bulk density and constraints on composition
O  Transit timing variation confirmation
m  Models many transit observations from TESS and ground to characterize TTVs

m Yields planet size, and often planet mass, and pushes chance of false positive to near 0%



Publication Process

TFOP lead authors request to post abstract of planet discovery on “TESS
Wiki” protected website

Lead author will review and select data from ExoFOP (SG1 leads will
shadow to ensure proper data inclusion when practical)

. You may be asked to provide a short write describing your equipment and
observation (SG1 leads attempt to help with this part when practical)

. When your data are useful for a publication, you will be nominated to join
the paper as coauthor

. You will need to review the paper and agree to join as coauthor

Lead author takes paper through peer review process
Paper will appear in peer reviewed journal, including you as coauthor



Join the Fun!

. If you are new to transit observing, | highly recommend two training approaches

o  Go to Dennis Conti’'s website and work through his “A Practical Guide to Exoplanet Observing”

o Attend an online AAVSO “Introduction to Exoplanet Observing” course, and possibly the more
advanced course “Advanced Use of AstrolmageJ for Exoplanet Observing”

« Apply to join TFOP
o  Dennis Conti (AAVSO) offers a program to qualify AAVSO members to join TFOP

o  Experienced transit observers may opt to apply directly following instructions at
https://tess.mit.edu/followup/apply-join-tfop

m Send email to TFOP SG1 Lead (current me), answering bulleted questions

m Read and agree to abide by the TFOP WG Charter (7 pages)

m Read and agree to abide by the TFOP WG Publication Policy (3 pages)



https://www.astrodennis.com/
https://www.astrodennis.com/Guide.pdf
https://tess.mit.edu/followup/apply-join-tfop/
https://tess.mit.edu/followup/apply-join-tfop/
https://tess.mit.edu/followup/apply-join-tfop/
https://tess.mit.edu/followup/apply-join-tfop/
https://tess.mit.edu/followup/apply-join-tfop/
https://tess.mit.edu/wp-content/uploads/TFOPWG_CharterV19.pdf
https://tess.mit.edu/wp-content/uploads/TFOPWG_PublicationPolicyv17.pdf
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