Ground-based Light
Curve Follow-up
Validation Observations
of TESS Object of
Interest TOI 5944.01

Aiden Wang', Dr. Peter Plavchan?

!John Champe High School, Aldie, VA
*Department of Physics and Astronomy, 4430 University Drive MS
3F3, George Mason University, Fairfax, VA 22030, USA

Abstract

The Transiting Exoplanet Survey Satellite
(TESS) mission, launched in 2018, aims to discover
exoplanets by observing transits across bright stars.
Using the transit method, TESS collects planetary
properties such as radius, mass, and orbital period
which are all used to identify potentially habitable
planets. In this study, we present ground-based
follow-up observations of TOI 5944.01 using data
collected at George Mason University Observatory.
Astrolmage] was used to do tasks such as data
reduction and light curve generation and a NEB
check was conducted to indicate a potential
false-positive that did not deny the possibility of a
false-positive. The analysis calculated a transit depth
of 15.53 parts per thousand, closely resembling
TESS’s reported 15.16 parts per thousand. TOI
5944.01 was classified as a Hot Jupiter due to a
radius 12 times of Earth, an orbital period of 5.94
days, and a temperature of 947 K. However, further
investigation is required to confirm a true transit due
to the possibility of a Nearby Eclipsing Binary and
assess its habitability.

1. Introduction

The Transiting Exoplanet Survey Satellite
(TESS) mission launched in 2018 searches for
thousands of planets outside our solar system known
as exoplanets (NASA, 2019). The TESS mission
surveys around 85% of the sky and searches for
planets around bright host stars that allow for
ground-based follow-up observations (Barclay, n.d.).

By utilizing the transit method, numerous planetary
properties can be obtained such as planet radius,
planet mass, and orbital period (Eisner et al., 2020).
Planet transit is monitored by TESS by tracking
periodic drops in the brightness of host stars that
indicate an exoplanet is passing in front of its host
star (NASA, 2019). The properties gathered by the
transit method can lead to the discovery of a
habitable planet with habitable planets likely
possessing similar properties to Earth in composition,
mass, and size (Jones et al., 2006). There are
currently four recognized types of exoplanets: gas
giants, Neptunian planets, super-Earths, and
terrestrial planets (NASA, 2024). However, some
exoplanet candidates are presumed to be false
positives as a result of low spatial resolution causing
an eclipsing binary to be mistaken as a transit
(Giacomo Mantovan et al., 2022). As a result, a
ground-based follow-up is necessary to validate
whether a false positive has been detected as
ground-based follow-up observations can confirm
exoplanet discoveries, rule out false positives,
provide information about host stars, and provide
insights on planet habitability (Ciardi, n.d.).

Of the over 7000 TESS candidates, only
around 550 have been confirmed (NASA, 2019).
While a paper has been published on our TESS object
of interest TOI 5944.01 with promising results, a
Nearby Eclipsing Binary (NEB) test was not
conducted resulting in the possibility of a false
positive as well as TOI 5944.01 not being classified
(Wang & Plavchan, n.d.). As a result, this presents
the issue of 5944.01 being a possible false positive
and needing a possible. In this paper, we will be
presenting ground-based follow-up observations on
TOI 5944.01 with data we gathered with the purpose
of investigating if the transit occurs at the expected
time with expected duration and depth.

2. Observations

We collected raw science images at the
George Mason University Observatory using the
0.8m telescope and R filter. We collected a total of
194 raw science images with an exposure time of 90
seconds each. On July 10th, 2024, we began
capturing images at 21:50 and ended capturing the
next day, July 11th, at 4:45 for a total duration of 6
hours and 55 minutes. According to TESS



observations, TOI 5944.01 had a Right Ascension removed in Figure 3, allowing for more accurate
(RA) of 20h, 14m, 57.825s and a Declination (Dec) results.

of 17h, 6m, 14.07s.In addition, TOI 5944.01 has a . 28
radius of 11.945 R_Earth, an orbital period of 5.94
days, and a depth of 15160 ppm. (ExoFOP TIC
88101924, 2015).

3. Analysis

We used Astrolmagel, a software that does
an assortment of tasks such as data reduction,
multi-aperture photometry, and generating light
curves. Of the 194 raw science images that were
captured, 166 remained after low quality images were
removed that consisted of streaks, significant shifts,
and clouds. . Next, data reduction was performed by
utilizing flats, science darks, and flat darks to
improve efficiency and remove noise. A seeing
profile can be seen in Figure 1 that tells us how the
light from a target object is separated from the
surrounding background.

Image: TOI5944-01_90.000s_R-0001_outfits
FITS Center: (1518.80, 2190.19)
FWHM: 11.77 [pixels] : 4 26 [arcsec]
T T T

o
pady SOURCE BACKGROUND,
2000 T

1500

1000

ADU

500

-500 — -
HWHI Radius Back= =Back

589 | | 2500 | j4300 | | 6500 Figure 3: Platesolved image of TOI 5944.01 using
Radius [pixels] AStrOImageJ

Figure 1: Seeing Profile of TOI 5944.01 with

photometry radius of 25, inner annulus radius of 43,
and outer annulus radius of 65

To plate solve the sciences, the sciences
were centered around the previously mentioned
celestial coordinates (RA and Dec) to generate a light
curve to identify a transit. Figures 2 and 3 exemplify
plate solving improving image quality that can be
seen by interference in Figure 2 that is completely



After plate solving all 166 sciences, we
created a measurement table in AstrolmagelJ by
comparing reference stars with TOI 5944.01 that
have similar brightnesses. Seen in Figure 4 are the
reference stars used, imported from the Gaia database
circled in green.

Figure 4: TOI 5944.01 and its reference stars
imported from the Gaia database

A Nearby Eclipsing Binary (NEB) check is
also conducted to eliminate the possibilities of a
false-positive exoplanet classification due to a nearby
binary system causing a similar dip in light that could
be mistaken for a transit. Unfortunately, as seen in
Figure 5, the NEB check did not yield any substantial
results as none of the reference stars passed any
boundary, resulting in the possibility of a
false-positive that requires further analysis.
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Figure 5: dmagRMS plot of TOI 5944.01 for
potential NEBs.

4. Results

Seen in Figure 6, a light curve was
generated for TOI 5944.01 using Astrolmagel] with
several plots.
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Figure 6: Light curve of TOI 5944.01 with an ingress
time of 0.762 BJD and egress time of 0.855 BJD

Settings of the plots can be seen in Figure 7.
Some important plots include air mass, tot C cnts,
Width T1, X(FITS), and Y(FITS) that are used to
correct atmospheric effects and ensuring accurate
analysis of light curves.
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Figure 7: Plot settings used to generate Figure 6

Based on the light curve seen in Figure 6,
the Data Set 2 Fit Settings in Figure 8 provides
additional statistical analysis on the data gathered. It
can be seen that a depth of 15.53 parts per thousand
(ppt) was calculated and when compared to the TESS
calculated depth of 15160 parts per million (ppm) or



15.16 ppt, the depths are extremely similar and
support the claim that the data is accurate. In
addition, an Root Mean Square value of 14.52 and a
Chi Squared per Degree of Freedom of 2.64 was
calculated, both supporting a set of accurate data.
However, it should be noted that these values do
suggest some overfitting and could impact the
model’s accuracy.
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Figure 8: Data Set 2 Fit Settings that calculated a
depth of 15.53 ppt, an RMS of 14.52, and a y* DOF
of 2.644

5. Discussion

We will be attempting to validate whether or
not TOI 5944.01 is an exoplanet, and if so, what type
of exoplanet. To attempt to classify TOI 5944.01, it is
important to know the temperature, orbital period,
radius, and depth. To begin, the temperature was
measured at 947 K which equates to ~674 C° that
could indicate a potential Hot Jupiter. In addition, the
orbital period of 5.94 days falls within the 3-10 day
orbital period that many Hot Jupiters exhibit (Fortney
et al., 2021). The radius of TOI 5944.01 is nearly 12
times that of Earth, and when compared to the Jupiter
in our solar system which is 10 times that of Earth,
this points to TOI 5944.01 being a Hot Jupiter (Hot
Jupiter - NASA Science, 2008). Finally, the depth of
TOI 5944.01 is 15160 ppm which indicates a
significant amount of light is blocked by the potential
planet when it passes its star, consistent with a
potential Hot Jupiter.

In Figure 6, between the predicted ingress
and egress times, a visible dip can be observed that
corresponds with a transiting planet. In combination
with the large size, high temperature, and short
orbital period consistent with a Hot Jupiter, this leads
us to the conclusion that there is an exoplanet transit
and that TOI 5944.01 is a Hot Jupiter.

6. Conclusions and Future Work

In conclusion, we believe that this candidate
demonstrated an exoplanet transit demonstrated by
the dip in the light curve along with characteristics
that align with those of a Hot Jupiter. However,
further analysis is still required as there is still a
possibility of a false-positive. Figure 5 proves this by
none of the reference stars even passing the likely
cleared boundary, implying significant possibility of
a NEB. Future work could attempt to rule out a NEB
as well as following up on characteristics of TOI
5944.01 to determine whether life can be supported.
Overall, TOI 5944.01 still possesses many avenues to
explore and still requires research from many angles
to come to a more concrete conclusion.
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