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Transiting Light Curve Analysis of A Possible Planet Hosting Star
TOI-3653 using the PNUO 0.5 m Telescope
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Abstract: This paper presents the results of a transit light curve analysis for TOI-3653, a possible planet hosting star.
Observations were conducted for 2.2h from 15h 28 m on August 12, 2024 (UT) using the 0.5m telescope at Pusan
National University Observatory (PNUO). The light curve was obtained through data reduction and relative photometry
using ambient comparison stars in the target field. Consequently, we detected a flux dimming of ~1.7% relative to the
baseline flux in the light curve, which fits well with the transit light curve model from EXOFAST (y°,= 1.08). Despite its
model dependency, the best-fit model estimates the planetary radius to be 3.15 R,, suggesting the presence of the
transiting exoplanet TOI-3653 b. Our results demonstrate that the PNUO 0.5 m telescope can detect flux variations due to
exoplanet transit and supports its utility in exoplanet studies.
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Table 1. Information of TOI-3653 and its exoplanet candidate from TOI catalog (Guerrero et al. 2021)

Host star (TOI-3653)

Exoplanet candidate

R.A. (deg) 27.528542
Dec. (deg.) 49.104842
Effective temperature (K) 5981x122
Mass (Mo) 1.1
Radius (Ro) 1.121
V (mag.) 13.6+0.1
B-V color (mag.) 0.6+0.1
Distance (pc) 622

Period (days) 4.602+0.001
Radius (R)) 1.2
Equilibrium temperature (K) 851
Transit duration (hrs) 1.5+0.3
Transit depth (%) 1.4+0.1
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Fig. 1. The PNUO telescope system. The 0.5m telescope is
co-mounted on the same mount with a 0.36m telescope for
visual observation.
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Fig. 2. A single r-band image of TOI-3653 obtained with a 180-second exposure using the PNUO 0.5 m telescope. TOI-3653
and 7 comparison stars in the ambience are marked with black circles. The field of view is 36'x24', and the orientation is indi-
cated in the upper right. A zoomed-in view of the 5'x5' region around TOI-3653 is shown in the lower left corner.
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Table 2. Information of the comparison stars selected from APASS DRY catalog

Number R. A. (deg.) Dec. (deg.) V (mag.) "o (mag,) B-V (mag.) o3y (mag.)
1 27.532383 49.238887 14.40 0.04 0.61 0.07
2 27.691276 49.008454 10.94 0.06 0.60 0.08
3 27.694228 48.945528 14.13 0.05 0.61 0.06
4 27.545175 48.973964 14.83 0.05 0.61 0.12
5 27.553494 49.215467 13.31 0.04 0.60 0.05
6 27.539681 49.379932 13.95 0.05 0.61 0.05
7 27.300275 49.058572 14.49 0.05 0.62 0.08

Note: 1o photometric uncertainty

Table 3. The best-fit results of stellar and planetary parameters of TOI-3653 from EXOFAST

Parameter Units Values Method

Primary Transit Parameters

T Mid-transit time (BJDrpg) 2460535.18 measured
RJ/R, Radius of planet in stellar radii 0.344 measured
a/R, Semi-major axis in stellar radii 12.70 measured

u linear limb-darkening coefficient 0.353 model-derived

173 quadratic limb-darkening coefficient 0.300 model-derived

i Inclination (deg.) 84.7 model-derived

b Impact Parameter 1.17 measured

T Ingress/egress duration (days) 0.0386 measured

m Total duration (days) 0.0773 measured

0 Transit depth for non-grazing transits with no limb darkening 0.120 model-derived
Depth Flux decrement at mid-transit time 0.0165 measured

Stellar Parameters

M, Mass (Mo) 1.08 model-derived
R, Radius (Re) 0.940 model-derived
Ly, Luminosity (Le) 1.02 model-derived
Px Density (g em™) 1.84 model-derived
log (g) Surface gravity (cgs) 453 model-derived
Tor Effective temperature (K) 5981 prior
[Fe/H) Metalicity 0.000 prior
Planetary Parameters
e Eccentricity 0.00000100 model-derived
P Orbital period (days) 4.60 prior
a Semi-major axis (AU) 0.0556 model-derived
R, Radius (R)) calculated by ¢ 3.15 model-derived
Ty Equilibrium Temperature (K) 1186 model-derived
<F> Average incident flux (10° erg s cm™) 0.449 model-derived
Tp Time of periastron (BJDrpg) 2460534.03 model-derived

25 Foto] Y 3% =8 %H(measured), EXOFAST Table 30i|4] she] A& F=qM HZo 2 HEH
o] Y aRE A& E]H(model-derived), 123 A ) 233 (Depth), 2] AEAZHTL)S 45k 3
HAFO R FofF F(prioryE TR FAISIICE 33 B DAF VSRR, A= 2
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Fig. 3. r-band light curve of TOI-3653, plotted as a func-
tion of time relative to the mid-transit time 7. (2460535.18
BJDmmg). The flux is normalized using the last data point,
which represents the baseline level. The red solid line rep-
resents the best-fit planetary transit model obtained using
EXOFAST. Data point that significantly deviates from the
model after 3o clipping are shown in gray. The gray shaded
region marks the predicted transit duration based on the
NASA Exoplanet Archive. The RMS of the residuals after
subtracting the best-fit model is 0.006, indicating a good
agreement between the model and the observed data.
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Fig. 4. Observable follow-up targets at PNUO for stars
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