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Abstract

The Transiting Exoplanet Survey Satellite (TESS), which uses transit photometry to
detect possible exoplanet candidates, has greatly enhanced the hunt for exoplanets. The results
of ground-based follow-up observations of TOI 3772.01 are presented in this study. Our
objective was to validate the expected transit characteristics in order to verify the correctness of
TOI 3772.01. We determined the transit event by analyzing the light curves using information
obtained with the GMU 0.8m telescope. Using the GMU 0.8 telescope, we obtained a total of
182 exposures. We then reduced the exposures and performed multi aperture photometry with
Astrolmagel] to produce a light curve. Our findings suggest that the transit parameters are
somewhat consistent with expectations, which is in line with the designation of TOI 3772.01 as
having inconclusive evidence for being a real exoplanet.

Introduction

Exoplanet research has blossomed in the nearly 30 years since scientists discovered
planets that orbit stars other than our sun. These stars provide a window into how planets form
and the possibility for life beyond our solar system. NASA along with MIT developed the TESS
mission, which looks for any variability in star systems that could be caused by exoplanets.
These stars that are picked are identified as TOIs (TESS Objects of Interest) and have ground
based analysis performed on them to validate whether they belong as an exoplanet.

Operated by NASA, the Transiting Exoplanet Survey Satellite (TESS) mission plays a
crucial role in this search, where it scans wide areas of the sky to identify hundreds of thousands
of potential exoplanets. All of these so-called TESS Objects of Interest (TOIs) need to be



observed in much greater detail to ensure that they're real planets rather than false positives.
There have been many stars that have been identified as exoplanets but many still haven’t been
analyzed. In this paper we contribute further to exoplanet research and verification with TOI
3772.01.

Ground-based telescopes play a vital role in these follow-up observations, providing the
necessary precision to validate the transits observed by TESS. In this paper, we focus on the
candidate exoplanet TOI 3772.01, conducting observations to determine if the transit occurs at
the expected time and with the predicted depth and duration. These observations were performed
using the George Mason University 0.8m telescope, which allowed us to gather high-quality
data for our analysis.

In this paper, we present the follow up observations of TOI 3772.01. The objectives of
our study include confirming the predicted transit parameters of TOI 3772.01 and confirming its
classification as an exoplanet. The characteristics of TOI 3772.01 include a radius of 7.8 solar
radii, an orbital period of 4.169 days, and a transit duration of 2.19 hours.

In Section 2, we describe our observational setup and methodology. Section 3 includes
the data reduction process along with the light curves and data returned. The results of our
analysis along with our data is presented in Section 4, followed by a discussion in Section 5.
Lastly, Section 6 displays our conclusions and suggests directions for future research.

Observations

2.1 Properties of TOI 3772

In this section, we provide information on TOI 3772.01 and its host star, obtained from the NASA
Exoplanet Archive and the Exoplanet Follow-up Observing Program (ExoFOP). TOI 3772 has a
right ascension of 05h44m10.43s and a declination of +36d04m50.62s. The star has an
equilibrium temperature of 961.39 K with a radius of 7.8 solar radii. The transit depth for TOI
3772.01 is recorded at 7.716 mmag.

2.2 Observation Procedure

On 2023.12.12, we conducted observations of TOI 3772.01 using the George Mason University
0.8m telescope. We collected a total of 182 exposures, each lasting 85.00 seconds. The



observation period began at 18:35 and concluded at 6:15. Alongside the science exposures, we
captured 20 dark frames and 10 flat frames. Of these, 10 dark frames matched the exposure time
of the science frames (85.00 seconds), and 10 dark frames matched the exposure time of the flat
frames (3.00 seconds). The telescope was equipped with the R filter for this session.

Analysis
3.1 Data Reduction Process

Post-observation, the collected exposures required reduction to mitigate any image distortions.
Utilizing AstrolmagelJ, we employed the CCD Data Processor and DP Converter tools to generate
a master flat dark and master science dark. Each raw flat was then subtracted from the master flat
dark. We subsequently created a master flat from these dark-subtracted flats. Following this, we
dark-subtracted and flat-divided our raw science frames to produce reduced science images.
Finally, we used (https://github.com/oalfaro2/alnitak) to plate solve our sciences.

3.2 Light Curve Analysis

For the light curve generation, we performed aperture photometry and multi-aperture photometry
(Plavchan et al. 2022). First, we generated a seeing profile using AstrolmagelJ’s plugins
dropdown menu. We then created a 2.5’ radius annotation around the target star in AstrolmageJ.
The Gaia reference star file was uploaded to the plate-solved science images to identify any
nearby stars that might indicate a near-eclipsing binary scenario.


https://github.com/oalfaro2/alnitak

Image: reduced_TOI3772-01_85.000s_R-0011 fits
FITS Center: (880.84, 2773.70)
FWHM: 9.99 [pixels] : 3.61 [arcsec]
| | |

!
i SOURCE BACKGROUND
2500 (o

2000

1500
2 1000
o

500

=500 —
HWHM Radius Baclk=> <Back
4.99 | | 2500 | 43.00 | | 6500
0 10 20 30 40 50 60 70
Radius [pixels]

We conducted multi-aperture photometry using the Multi-Aperture tool in AstrolmagelJ (Collins
et al., 2017). The object aperture radius was set to 25 pixels, with inner and outer annulus radii of
43 and 65 pixels, respectively, as determined by the seeing profile. Upon the completion of
multi-aperture photometry a measurement table was created by Astrolmagel.

Next, we analyzed the ground-based light curve using the multiplot tool in AstrolmageJ. We
began by uploading the Template plotcfg file from astrodennis.com to the multiplot main window
and changed the default x-data to BJD TDB. Then we used the predicted ingress and egress
times from the Transit Info png as the “V. Marker 1 and “V. Marker 2” boxes. We then set the



x-axis scaling to auto, and renamed the title to the target's name and UT date of observation.

In the Data Set 2 Fit Settings window, we entered TOI 3772’s period (4.17 days) and radius (7.8
solar radii). We utilize our target’s effective temperature and surface gravity parameters to find
the “Linear LD ul” and “Quad LD u2” values using
(https://astroutils.astronomy.osu.edu/exofast/limbdark.shtml). We applied the AIRMASS detrend
parameter with residuals containing low error.

rel_flux_T1
- User Specified P s (not fitted)
Orbital F s Host Star P s (enter one)
Period (days) Cir Ecc w (deg) Sp.T. Teff (K) J-K R* (Rsun) M* (Msunj) p* (cgs)
417 E | KOV | - | | 5392 E‘ ‘ D.4BBE‘ | D.BNE‘ | 0.835 E‘ | 1.546&‘
- Transit F s
Enable Transit Fit Auto Update 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) 0.088993723 || [] B | =H O I
®, 1 R)? 0.008149322 || [] = O = O I
a/R, 14.396188666 [ ) [] H O H O ]
T 2460291.689465736 ||| [] = O = O =
Inclination (deg) 89.999788747 ([ [] B | = O =
Linear LD ul 0.498873540 ”E—(») 0.49887354(—  [] = O —
Quad LD u2 0.198831030 ||E:-> 0.19883103(— [ — O —
Depth (ppt) b t14 (d) t14 (hms) 123 (d) tau (d) p* (cas) Rp (Rjup)
Calculated from model 1017 | | H [ ||| 0200621 | | v224s4 ||| o0s3934 ||| o.00s3ss ||| 32429 | [ o077
-D s
Use Parameter Best Fit Lock Prior Center Use Prior Width Cust StepSize
AIRMASS v || o.000739861522 | B[ [] ol [ S| =
O |widgh1 - |® O = O M O =
[ |Sky/Pixel_TL - ”E—(») [} = O — O —
O [xmAmsm - ® O = O 0 O =
O |vems_m - ||E:-> O = O = O =
[ |tot.C_ents - |® O O O -]
O [wo_ros - [ H O H O —
[] [Meridian_Flip - ”E:-b O — O = O —
-Fit s
RMS (ppt) chi*fdof BIC dof chi*
Fit Statistics [ e13ees ||| oomseis || 13sasse || 114 [[|  0ses0s |
r Fit Optimization
Qutlier Removal Comparison Star Selection Detrend Parameter Selection
| -] | Clean @ | |Quick Optimize | - | Start | Max Detrend Pars.: 1 % Exhaustive Optimize | - | Start |
N x ot 5 |:: o Iter. Remaining: N/A Min. BIC Thres.: 2 Iter. Remaining: NfA
- Plot
Line Color Line Width
Show Model Show in legend |md | - | | IH [] Log Optimization
. Shew inlienend Line Color Line Width Symbol Symbol Color Shift
[] Show Residuals Show Error |magenta |V| | IH |dot |V| |magenta |v| | -D'ME‘
- Fit Control
Fit Update Options Fit Tol Max Allowed Steps Steps Taken
Fit Contral Auto Update Fit | Update Fit Now | | l.DE-lDH | zn,DDDH | lZBll

We plotted each parameter using the recommended scale, shift and color settings from




the TFOP SG1 Guidelines.

Finally, we used the TFOP SG1 NEB Analysis Macro tool from AstrolmagelJ to conduct
a near eclipsing binary analysis of TOI 3772.01. We created an NEB analysis measurements
table, and a dmag vs RMS plot.

Results

In Section 4.1 we present our ground based light curve and other findings from our
data analysis.

4.1 Data Figures

Figure 1 Plot of Ground Based Light Curve
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The ground based light curve shows the ingress and egress covering much of the transit.



Figure 2 dmag vs RMS plot
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All stars are above the lines representing the boundaries for clearing the NEB analysis.

Table 1. NEB analysis measurements table

Star from target PA (deg.) dmag RMS(ppt) NEBdepth(ppt) NEBdepth/RMS Disposition

1&3#*+0'18" 262 15.000 352.35
183 *+0'20" 331  12.905 5470.42
T4 024" 3 3918 487.66
5 027" 356 4.143 444.94
T6 028" 4 3990 346.66
T7 031" 300 4.041 183.12
T8 030" 92 2819 67.46
T9 037" 278  3.585 125.04
T10 046" 337  4.407 264.38

N/A  N/A ***Not Cleared-flux too
N/A  N/A ***Not Cleared-flux too
184.0 0.4 ***Not Cleared***
226.4 0.5 ***Not Cleared***
196.6 0.6 ***Not Cleared***
206.0 1.1 ***Not Cleared™**
66.9 1.0 ***Not Cleared***
1354 1.1 ***Not Cleared***
288.8 1.1 ***Not Cleared***
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No reference stars cleared the NEB analysis.
Discussion

In section 5.1 we discuss our interpretation of our results. In section 5.2 we discuss our
results in context of the greater field of follow up research for the NASA TESS mission.

5.1 Interpretation of results

The ground based light curve does show some transit detection between the ingress and
egress lines. The RMS values are fairly low, especially after detrending, which suggests that the
data is good quality. The residuals show some scatter but no significant deviation from zero,
indicating that the transit event has been captured accurately.

5.2 Results in context of the greater field

TOI 3772.01 likely fits the profile of either a Hot Jupiter, a Hot Neptune, or a
Super-Earth, depending on the exact size of the host star. Its short orbital period suggests that
it experiences high surface temperatures, which could lead to fluctuating atmospheric
conditions. Further observations would need to be confirmed to authenticate the classification
of this star.

Conclusion and Future Work

In conclusion, we are inconclusive on the validity of TOI 3772.01 as an exoplanet. The
target does have many traits of an exoplanet, such as the raw image data being similar to the
detrended data, and low RMS. Despite this info, we concluded that TOI 3772.01 should be given
more time and research. With possibly better data and more expansive findings we could firmly
conclude a classification for this target.
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