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Abstract

The primary objective of this paper was to provide one of the first confirmations and
validations regarding the candidate exoplanet TOI 5612.01 discovered in 2022 by the transit
method. All observations used in this study were from ground-based telescope observations at
the George Mason University Observatory. Utilizing Astrolmage] to complete the necessary data
processing steps, we plotted a light curve based on over a hundred sets of viable data. However,
after analyzing the given processed and graphed data, we were unable to reach any conclusive
decision regarding whether there was truly a transit for our data at our specific observation
period. This paper aims to outline our methodology and analysis in reaching such a conclusion;

we also provide suggestions for future research.

1. Introduction

Ever since the dawn of humankind, humans have been fascinated by the potential for
extraterrestrial life and the unknowns of our enormous universe. The reality is that the Earth is
only a small fraction of our universe, and much of the universe requires further study. The rapid
growth in our world's population directly challenges the limited supply of materials on Earth.
Thus, scientists aim to explore exoplanets, planets that orbit other stars outside of our universe,
to see whether such planets are habitable, or if they can provide any context for habitable regions
other than Earth.

The NASA TESS (Transiting Exoplanet Survey Satellite) mission launched on April 18
2018 to explore the unknown planets outside of our solar system, exoplanets. This mission is a
continuation of the Kepler mission. The TESS and Kepler missions use the transit method to

identify, confirm, or verify exoplanets. The transit methodology works when the exoplanet’s host



star’s light is slightly obscured due to the exoplanet itself orbiting the star, leading to a dip in
light flux. This dip in light can often mean the identification of a transit.

Being only about three decades since the original discoveries of exoplanets in our
universe, humankind has uncovered more than five thousand exoplanets ever since (How Many
Exoplanets Are There?, n.d.). In addition, there are several more thousands of planets classified
as exoplanet candidates. The TESS Object of Interest 5612.01, or TOI 5612.01, is the candidate
exoplanet determined by TESS that we are investigating. Since the discovery of TOI 5612.01 in
2022, there has been very limited literature published in terms of truly verifying if TOI 5612.01
is an exoplanet. This, in turn, will be one of the first ground-based light curve follow-ups on TOI
5612.01. Thus, this paper aims to provide deeper context into TOI 5612.01 and to potentially
offer a conclusion based on our observations and analysis.

To provide the necessary follow-ups on TOI 5612.01, we analyzed the observations made
by George Mason University Observatory on February 20, 2022. The radius of this planet
relative to the Earth is 8.0. The orbital period of this planet is 7.13 days. Our ultimate goal is to
investigate whether a transit truly occurs on the expected star at the expected time, with the

expected duration and depth.

2. Observations

We referenced all our collected data on TOI 5612.01 from the George Mason University
Observatory on February 20, 2024. Section 2.1 will go in-depth about the specific exoplanet
candidate properties and its host star. Section 2.2 will go in-depth about the specific observations

we made.

2.1 Properties of TOI 5612 01 and TOI 5612
TOI 5612.01 has an equilibrium temperature of 759 kelvins. The host star’s stellar

effective temperature is 4701.56 kelvins. The period of TOI 5612.01 is 7.13 days. The transit
depth is 7.5 ppt. The predicated ingress and egress times of TOI 5612.01 are 10361.6274 and
10361.7445, respectively. The RA and DEC of our target star are 11:29:38.655 and +38:56:11.4,

respectively



2.2 Our Observations

We collected a total of 264 science images with an exposure of 90 seconds. We also had a
folder of ten flat images, with exposures of 3.5 seconds. Additionally, there were two sets of ten
dark images. One set was 90 seconds exposure, and one set was 3.5 seconds exposure. We used

the R (red) filter for our telescope observations.

3. Analysis

This section presents several figures we encountered throughout our analysis, providing
our commentary and displaying our methods in data processing and reduction. We used
Astrolmagel] throughout this process, from the initial data reduction and plate solving to the

multiple aperture photometry and light curve analysis.

1 Initial Data R tion and Platesolvin
To officially begin the analysis, we analyzed every one of our 264 science images,
checking for bad quality such as excessive smearing or no stars. Figure 1 is a great example of a
bad science image, with barely any visible stars and excessive smearing. There were 108 viable

images to reduce and platesolve towards the end, meaning 156 bad images were removed.



File Preferences Contrast View Annotate Measure Edit Process Color Analyze WCS
TOI5612-01_90.000s_R-0079 fits™; 4096x4096 pixels; 16-bit, 32MB (No WCS)

ImageJ X:| -2517.0000| ImageJY: 2,267.6110 Value NaN
RA: DEC: Peak: 0.0000
FITSX:| -2516.5000 FITSY: 1,828.8890 Int Cnts: 0.0000

FERRRE 2% Tl eE XU W

1083 32898 6048.4 89909 11933.4 152437 18554.0 21864.4 251747 284850 317953 351056 384159 417262 45036.5 48163

1,083.0000 -min 2,430.3700black mean: 2,391.6187 white: 2,618.5837 max: 48,163.0000

Figure 1: Example of a Bad Science Image (Generated from Astrolmagel)

Using Astrolmage] (CCD Data Processor Tool), we created a master dark file and a
master flat file in our dark and flat folders. This master file will be used when we reduce our
science images. After this step, we could start the reduction and plate solving by importing our
images into Astrolmagel.

We used the master dark and flat files with similar exposure times when creating our
reduced and plate-solved science images. After inputting RA and DEC coordinates of my target
star and completing all the necessary modifications in AstrolmageJ, we were ready to start the
plate-solving process. The plate-solving process ultimately creates an image with the coordinates

of the target star—this will be useful for aperture photometry later on.



3.2 Aperture Photometry
Using our RA and DEC coordinates, 11:29:38.655 and +38:56:11.4, respectively, we

located our target star. We first opened up a seeing profile on our target star to check on some
measurements such as radius (Figure 2). We adjusted our aperture settings according to the
values shown in the seeing profile. We created a radius of 2.5 around our target star and imported
a Gaia star file onto the target star (Figure 3). The purpose of the green stars is to assess the
possibility of a near eclipsing binary near the target star. This will later be used for false-positive

analysis.
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Figure 2: Seeing Profile of Target Star (Generated from Astrolmagel)



Figure 3: Aperture Locations (Generated from Astrolmagel)

We began multiple aperture photometry using the tool from AstrolmageJ. A measurement
table was generated shortly after we began multiple aperture photometry (Figure 4). The data in
this table ultimately generates our light curve plot later on which will give us important

information on transits.
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Figure 4: Sample of Measurements Taken (Generated from Astrolmagel)
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Ultimately to analyze the lightcurve, we manipulated various star’s flux on the plot

regarding ingress/egress times, transit parameters, scaling, etc.

4. Results

This section presents the results of our ground-based light curve and RMS vs dmag plot
of Gaia reference stars. Figure 5 is our light curve generated through Astrolmagel. Figure 6 is
our RMS vs dmag plot.
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Figure 5: Light Curve Plot (Generated from Astrolmagel)
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Figure 6: RMS vs dmag (Generated from Astrolmage))

5. Discussions

Our results were not optimal, as many of our observations in our predicted time of transit
were bad photos (cloud cover, streaks).

Looking at our generated light curve (Figure 6), there does not seem to be a transit in our
predicted ingress and egress times. There, however, seems to be potentially a transit after our
predicted times, as seen by a noticeable dip in flux from 0.64 to 0.87. However, that is still
difficult to say because we do not have much data during that dip. If the ingress or egress times
are incorrect, this means there could be even more inconsistencies with our predicted
characteristics of TOI 5612.01. This could, however, be something future research looks at.

Additionally, there seems to be a large fluctuation in the transit depth generated from our
light curve and the transit depth we once predicted. This may be attributed to the timing of the
transit in the first place or other inconsistencies in our predicted characteristics of TOI 5612.01.

There is an overall high RMS of 54.32, suggesting a large margin of error and scatter in
our data. This makes it difficult to truly make any conclusive decision.

Referencing Figure 6, RMS vs dmag, we were also unable to conclude if there was an
NEB. The target stars are all outside of the boundaries. In general, we can not make a conclusive
decision with our RMS vs dmag plot either.



6. Conclusions and Future Work

We were unable to reach a definitive conclusion on whether a transit truly occurred on
TOI 56121.01 at the expected time, with the expected duration and depth. This paper will be one
of the first ground-based light curve follow-ups on TOI 5612.01, so we do not have any research
to base on from the past. We do, however, have suggestions for future work. First, we suggest to
collect a larger quantity of quality data. Ideally, this data is not only in the predicted ingress and
egress times—having some data outside of those times is great in case the transit does not happen
at the expected times. From our work, we believe that there is a possibility that the transit does
not occur at the original expected times. In turn, there also may potentially be errors with the
expected duration and depth of the transit if the predicted ingress and egress times were wrong.
We do not, however, conclude with such a statement as our collected data is not substantial
enough to reach such a conclusion, especially with our RMS. In all, we believe that if more
quality data were used in the analysis, TOI 5612.01’s transit could be pinpointed, which would

lead us our way to determining if TOI 5612.01 is an exoplanet.
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