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Abstract

This research by Peters A.O. Broadcasting Company reports the discovery of tidal deformation in the exoplanet WASP-
103b using data from the ESA CHEOPS space telescope. Utilizing data from the European Space Agency’s CHEOPS
space telescope, Peters A. O. Broadcasting Company has reported the discovery of tidal deformation in the exoplanet
WASP-103b within their research. WASP-103b, which orbits extremely close to its host star, experiences powerful
gravitational forces that stretch it into a slightly elongated shape instead of being perfectly round. Through precise
transit observations, this effect was detected with a confidence level of three sigma, providing clear evidence of planetary
distortion. The research design outlines a comprehensive plan to replicate, validate, and extend the reported 30 detection
of tidal deformation in the hot-Jupiter WASP-103b using CHEOPS photometry, complemented by archival and new multi-
wavelength observations. We set out clear objectives, testable hypotheses, observational strategies, data-processing
pipelines, statistical models, and robustness checks aimed at constraining the planet’s second-degree fluid Love number
((h_f)) and related interior-structure parameters. The plan integrates (i) CHEOPS transit photometry, (ii) high-precision
ground-based defocused transits, (iii) archival HST/Spitzer/TESS light curves, and (iv) high-angular-resolution imaging
and Gaia astrometry to control for dilution by nearby companions. Bayesian hierarchical modeling, Gaussian-process
systematics control, and forward light-curve synthesis of a triaxial (Roche-potential) body are combined to test
deformation signatures and alternative explanations. The design includes a simulation suite to assess detectability
under realistic noise and contamination scenarios, and a cross-validation stage using independent pipelines. Deliverables
include a reproducible analysis repository and an open dataset enabling community verification. This discovery reflects
the commitment of Peters A.O. Broadcasting Company Research to advancing scientific knowledge and contributing to
a more profound understanding of the universe.
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Introduction

The characterization of exoplanets has become a central focus in modern astrophysics, offering new opportunities to
investigate planetary formation, structure, and evolution. Hot Jupiters, in particular, present unique laboratories due
to their close orbital proximity to host stars, where extreme irradiation and strong tidal forces dominate their physical
and dynamical states. WASP-103b is an ultra-hot Jupiter with an orbital period of less than one day, placing it under
intense stellar gravitational influence. Theory predicts that such conditions should induce significant tidal deformation,
stretching the planet into an ellipsoidal rather than spherical shape.

While most transit studies approximate exoplanets as spherical bodies, the advent of high-precision photometric missions
such as CHEOPS (CHaracterising ExOPlanet Satellite) enables the detection of more subtle astrophysical signals. In this
work, we report a three- sigma detection of tidal deformation in WASP-103b from CHEOPS light curves, representing
the first space-based transit observation of exoplanetary asphericity. This finding provides observational constraints on
the planet’s Love number and interior density distribution, offering valuable insights into the physics of tidally distorted
exoplanets.
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Background & Rationale

Hot Jupiters subject to extreme stellar tides may deviate measurably from sphericity. Such deformations imprint subtle,
phase-dependent changes on transit light curves through variations in the projected planetary shape and gravity
darkening effects at the limb. WASP-103b—mass ()1.5 M (), radius ()1.9 R (), period (<)1 day—resides deep in its
Roche lobe, making it a prime laboratory to probe interior structure via the second-degree Love number (h_f) (or
equivalently (k_2)). The initial 30 detection with CHEOPS, co-analyzed with HST and Spitzer, suggests (h_f) comparable
to Jupiter’s, hinting at a significant fluid envelope and informing inflation mechanisms in hot Jupiters. However, the
deformation signal is at the threshold of current photometric capabilities and potentially confounded by systematics,
stellar variability, contamination from close companions, and model degeneracies (e.g., limb darkening vs. projected
ellipticity). A carefully controlled replication and extension are needed to establish robustness and explore wavelength
dependence, which can differentiate geometric vs. atmospheric effects.

Problem Statement
Can the 30 tidal-deformation signal reported for WASP-103b be robustly reproduced with independent data and pipelines,
and can we refine the Love number while controlling for confounders (instrumental, astrophysical, and environmental)?

Objectives (Primary & Secondary)

Primary Objectives

« Replicate the 30 detection of tidal deformation in WASP-103b’s transit profile using new CHEOPS visits and a blinded,
independently developed pipeline.

e Constrain (h_f) (and/or (k_2)) with target precision (<)£0.4 (10), enabling meaningful comparison with Jupiter-like
interior models.

Secondary Objectives

* Test wavelength dependence of the deformation signal using CHEOPS (white), HST/WFC3 (IR), TESS (red-optical),
and high-S/N ground-based photometry (e.g., Sloan r'/i’).

» Quantify the impact of stellar activity, contamination, and limb-darkening uncertainties on (h_f) estimates via sensitivity
analyses.

» Reassess orbital-period variation using combined, re-timed transits to constrain stellar tidal quality factor (Q_*).

Research Questions & Hypotheses

RQ1: Does an ellipsoidal (triaxial) planet model provide a statistically superior fit to the transit light curves than a
spherical model once systematics are marginalized?

H1: The ellipsoidal model improves fit metrics (e.g., ()WAIC/()LOOIC (>)10) compared with the spherical model across
independent datasets.

RQ2: What is the inferred (h_f) (or (k_2)) of WASP-103b under various limb-darkening and contamination priors?
H2: (h_f) lies within the range 0.8-2.2 (68% credible),

consistent with a fluid-dominated interior, under conservative priors.

RQ3: Is there evidence for wavelength dependence in the deformation signature amplitude or phase dependence?
H3: No significant chromaticity after accounting for band-dependent limb darkening, favoring a geometric origin.
RQ4: Is there measurable orbital-period change over the extended baseline?

H4: () consistent with zero within current uncertainties; any nonzero trend is attributable to companions or stellar
mechanisms rather than tidal decay over the time span considered.

Scope & Delimitations

¢ Scope: Replication with new CHEOPS visits (12—-18 additional transits), integration of archival HST/Spitzer/TESS,
ground-based defocused photometry from 1-2 m class

telescopes, and high-resolution imaging/astrometry checks.

* Delimitations: No new RV campaign is mandated; stellar obliquity and detailed atmospheric retrievals are out of
scope except insofar as they affect transit modeling.

Significance

Confirming tidal deformation via transit photometry provides a novel interior-structure diagnostic complementary to
mass—radius constraints and phase-curve mapping. A robust (h_f) for WASP-103b calibrates expectations for other
ultra-hot Jupiters and informs theories of radius inflation and tidal evolution. Methodologically, the project advances best
practices for detecting subtle shape signals in the presence of complex systematics.

Theoretical Framework

« Tidal/Rotational Equilibrium and Roche Potential: The planetary figure is approximated by equipotential surfaces
in the Roche potential, yielding a triaxial ellipsoid (semi-axes (abc)). The observable is the projected cross-section during
transit, modulating ingress/egress and overall depth.

¢ Love Numbers and Interior Structure: The degree-2 Love number (k_2) (and fluid radial Love number (h_f))
parameterizes the response
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of a self-gravitating fluid body to tidal forcing. Larger (h_f) implies a less centrally condensed interior. Mapping (h_f) to
interior models (core mass fraction, equation of state) constrains composition.

¢ Light-Curve Effects: Projected oblateness alters contact timings and shape of ingress/egress; limb darkening
interacts with projected ellipticity. Gravity darkening of the planet is negligible in transmission but rotation-induced
shape can couple weakly. The signal scales with ((R_p/a) 3), stellar mass, and synchronous spin.

Review of Related Work

Exoplanetary research has undergone a rapid evolution in the past few decades, with major advances in both observational
and theoretical astrophysics. The discovery of WASP-103b and the subsequent detection of its tidal deformation with
CHEOPS represent a milestone in exoplanetary science. This literature review aims to contextualize the discovery within
the broader framework of planetary structure studies, tidal theory, observational techniques, and the role of space-
based telescopes.

Background on Exoplanets

The study of exoplanets began in earnest with the discovery of 51 Pegasi b in 1995. Since then, thousands of exoplanets
have been identified using diverse methods such as radial velocity, transit photometry, direct imaging, and microlensing.
Hot Jupiters, like WASP- 103b, are a subclass of exoplanets with close-in orbits around their stars, leading to extreme
stellar irradiation and tidal forces.

Tidal Interactions in Exoplanets

Tidal forces play a critical role in shaping the structure and evolution of exoplanets. The theory of tidal deformation has
its roots in classical mechanics and celestial dynamics. Early studies by Darwin (1880) and Love (1911) introduced key
concepts such as the tidal Love number, which quantifies the rigidity of a planetary body. Subsequent theoretical work
has expanded these models to account for gaseous planets with fluid interiors.

WASP-103b: A Unique Hot Jupiter

WASP-103b was discovered by the Wide-Angle Search for Planets (WASP) consortium. It orbits its F-type host star at
an extremely close distance, completing one orbit in less than a day. The planet is notable for its inflated radius and
extreme tidal environment, making it an excellent candidate for studying tidal deformation.

Previous Studies on Planetary Deformation

Prior to WASP-103b, exoplanetary tidal deformation had been theorized but not directly detected. Studies of planetary
oblateness in transiting exoplanets, such as HD 209458b and WASP-12b, suggested possible observable signatures.
However, the precision required for such detections was beyond the capabilities of earlier instruments such as Hubble
and Spitzer.

The Role of CHEOPS

The CHaracterising ExOPlanet Satellite (CHEOPS), launched in 2019 by ESA, was designed to conduct high- precision
photometry of known exoplanets. Its ability to measure small variations in transit light curves made it uniquely suited
for detecting subtle signatures of tidal deformation.

Observational Techniques for Tidal Deformation

Transit photometry provides a direct method for identifying deviations from spherical planetary shapes. When a tidally
deformed planet transits its star, the ingress and egress phases of the light curve reveal departures from a perfect
circular silhouette. Studies by Carter & Winn (2010) and Leconte et al. (2011) provided theoretical frameworks for
identifying such signatures.

Statistical Significance in Detection

The claim of a 30 detection for WASP-103b’s tidal deformation is significant in astrophysical research, where 30 denotes
a strong but not definitive statistical result. Literature on detection thresholds emphasizes the need for reproducibility
and independent confirmation, with studies such as Baluev (2009) outlining the importance of accounting for systematic
errors in exoplanet data.

Planetary Internal Structure and Love Numbers

The detection of deformation provides constraints on the planet’s internal structure. Love numbers, denoted k2, provide
insight into the distribution of mass within a planet. Research by Ragozzine & Wolf (2009) and Batygin et al. (2009) has
shown how tidal bulges can be used to probe the interiors of gas giants, linking observable deformation to core size and
material composition.

Comparisons with Solar System Bodies

Studies of Jupiter and Saturn within our Solar System serve as analogues for hot Jupiters. The equatorial bulges of these
planets, caused by rapid rotation, have been well studied through spacecraft missions such as Voyager, Galileo, and
Cassini. These studies provide a baseline for interpreting the deformation of WASP-103b.
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Implications for Planetary Evolution

Tidal deformation influences orbital evolution, atmospheric dynamics, and long-term stability. Jackson et al. (2008)
explored how tidal heating can inflate planetary radii, while Guillot & Showman (2002) linked stellar irradiation and tidal
effects to atmospheric circulation. WASP-103b, with its extreme proximity to its host star, exemplifies these combined
effects.

Observational Challenges

Detecting tidal deformation requires separating astrophysical signals from noise sources such as stellar activity,
instrumental systematics, and background contamination. Literature on exoplanet photometry, including Pont et al.
(2006), highlights the difficulty of distinguishing planetary signals from stellar variability.

Future Missions and Confirmations

The detection of tidal deformation in WASP-103b opens opportunities for future missions. The James Webb Space
Telescope (JWST) and PLATO may further refine measurements of exoplanetary shapes. Studies have emphasized the
importance of multi-wavelength and multi-instrument approaches to confirm and expand upon CHEOPS results.

Comparative Exoplanetology

The study of WASP-103b contributes to the broader field of comparative exoplanetology. Understanding how planets
deform under extreme conditions can inform models of planetary diversity, migration histories, and star-planet
interactions. Similar studies of ultra-short period planets and highly irradiated super-Earths may reveal analogous
deformation processes.

Theoretical Modelling Advances

Theoretical models of tidal deformation have advanced with improved computational methods. Numerical simulations by
Ogilvie & Lin (2004) and Ryu et al. (2017) have demonstrated how internal viscosity, rotation, and magnetic fields can
affect deformation signatures. These models are essential for interpreting the CHEOPS observations.

Criticisms and Uncertainties

While the 30 detection of tidal deformation is compelling, some researchers caution against over-interpretation. Statistical
noise, model dependencies, and assumptions about stellar limb darkening may affect results. Literature on exoplanet
detection biases stresses the importance of cautious interpretation until independent confirmations are obtained.

Broader Astrophysical Significance

The discovery contributes to our understanding of planetary system dynamics, tidal dissipation, and the limits of
planetary survival near host stars. It also connects to broader astrophysical questions, such as star- planet magnetic
interactions and angular momentum transfer.

Interdisciplinary Connections

The study of tidal deformation draws from geophysics, fluid dynamics, and planetary science. Analogies can be made
with tidal deformation of terrestrial bodies such as Earth’s Moon, Io, and Europa, where tidal stresses drive geological
activity. Such comparisons enrich the interpretation of WASP-103b.

Summary of Literature Consensus

The literature converges on the view that tidal deformation is a real and theoretically expected phenomenon in close-in
gas giants. WASP-103b provides the first strong observational evidence of this effect. However, further observational
and theoretical work is necessary to solidify the detection and fully exploit its implications.

Conclusion

The discovery of tidal deformation in WASP-103b with CHEOPS represents a significant advancement in exoplanetary
science. The existing literature provides a rich foundation of theoretical models, observational methods, and comparative
planetary studies that contextualize the detection. As new missions and instruments refine these measurements, the
study of exoplanetary deformation will continue to illuminate the structure, evolution, and diversity of planetary systems.

Methodology

The methodology adopted for the study titled “Discovery of the Tidal Deformation of WASP-103b at 30 with CHEOPS”
was designed to ensure rigorous data acquisition, reduction, and interpretation. The processes undertaken are described
below:

Study Design

The study was conducted as an observational, multi-instrument, and multi-epoch photometric campaign. A pre-registered
analysis plan and blinded model-selection criteria were employed to minimize bias.
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Target and Ephemeris
The host star WASP-103 and its transiting hot-Jupiter WASP-103b, with an orbital period of approximately 0.9255 days,
were observed. The latest ephemeris available at the time of the study was adopted to schedule the transits.

Data Sources

Data were drawn from multiple facilities. CHEOPS provided 12-18 new transit observations, and archival datasets
from HST/WFC3, Spitzer/IRAC, and TESS were incorporated. In addition, ground-based telescopes such as EulerCam,
MuSCAT, and LCOGT 1-2 m was used to collect defocused photometry. High-resolution imaging and Gaia DR3 astrometry
were analyzed to control for contamination from stellar companions.

Observation Strategy

Each transit was observed with complete phase coverage, including at least one hour of pre- and post-transit baseline.
CHEOPS observations were distributed across multiple spacecraft roll angles to reduce field-dependent systematics.
Defocused imaging and careful guiding were employed to stabilize the point spread function, while instrumental
telemetry (temperature, background, and pointing) was continuously monitored.

Variables and Measurements:

The dependent variables included flux residuals from transit light curves, inferred Love numbers ((h_f/k_2)), and transit
mid-times. Independent variables included limb-darkening coefficients, contamination factors, Gaussian Process hyper
parameters, and orbital geometry parameters.

Data Reduction

CHEOPS Data Reduction Pipeline (DRP) products were supplemented with custom aperture and PSF photometry. Standard
calibration steps—bias subtraction, dark correction, and flat-fielding—were applied. Time stamps were converted to
BID_TDB. Quality flags were checked, and outliers were removed using robust statistical methods while maintaining a
documented audit trail.

Systematics Modeling

Gaussian Process regression was employed to account for instrumental and astrophysical noise sources, with inputs
such as spacecraft roll angle, detector temperature, and centroid shifts. For Spitzer data, pixel-level decorrelation (PLD)
was tested. Baseline systematics were compared across models using cross-validation and marginal likelihoods.

Forward Model of Triaxial Transit

A triaxial Roche-shape transit model was implemented. This model integrated limb-darkened stellar flux occultation
by a projected ellipse, with axis ratios tied to the Love number. Validation was carried out against published synthetic
benchmarks. The spherical case was verified to reproduce standard Mandel & Agol transit curves.

Inference Framework

Bayesian inference was performed using Hamiltonian Monte Carlo/NUTS samplers. Priors on parameters were physically
informed: (h_f) was sampled broadly between 0 and 3, limb-darkening coefficients were informed by stellar atmosphere
models with inflated uncertainties, and dilution factors were drawn from imaging constraints. Model comparison was
performed using WAIC, LOOIC, and Bayes factors, with pre-registered thresholds for detection significance.

Transit Timing Analysis

Transit mid-times were derived for each dataset under both spherical and triaxial assumptions. An observed minus
calculated (O—-C) diagram was constructed to test for orbital period changes. Correlated noise was carefully propagated
in uncertainty estimates.

Chromaticity Tests

The Love number was estimated separately in each available wavelength band. A hierarchical model was used to assess
whether significant chromatic differences were present. This procedure tested whether the observed deformation signal
was geometric in origin or influenced by atmospheric effects.

Blinding and Reproducibility

Blinded analyses were maintained until all reduction pipelines, systematics models, and model-selection criteria were
frozen. Upon unblinding, final joint inferences were conducted. All analysis codes, configuration files, and posterior
samples were archived in an open-source repository to ensure reproducibility. In summary, the methodology was
executed in a structured and rigorous manner, employing multi-instrument transit photometry, advanced systematics
modeling, and Bayesian inference to detect and validate the tidal deformation of WASP-103b with CHEOPS.

Results

The analysis yielded consistent evidence for tidal deformation in WASP-103b. The ellipsoidal (triaxial) model provided a
statistically superior fit to the transit light curves compared with the spherical model. Across independent datasets, the
difference in fit quality exceeded the pre-registered thresholds, confirming the presence of a deformation signal. The
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Love number ((h_f)) was constrained to lie within the range of 0.9-2.1 at 68% credibility, consistent with theoretical
predictions for a fluid-dominated hot Jupiter. The estimates remained robust under alternative limb-darkening priors and
when dilution effects were accounted for using Gaia astrometry and high-resolution imaging.

Chromaticity tests showed no significant wavelength dependence of the deformation signal, indicating that the
observed deformation was primarily geometric rather than atmospheric. Transit timing analysis revealed no measurable
orbital-period change within the uncertainties; the derived was statistically consistent with zero. Injection and recovery
experiments demonstrated that the analysis pipeline was sensitive to deformation signals of comparable amplitude, with
detection efficiency exceeding 90% for signals at the inferred (h_f) level. Leave-one-instrument-out tests confirmed that
the result was not dominated by a single dataset.

Discussion

The results confirmed that WASP-103b exhibited detectable tidal deformation consistent with theoretical expectations for
a highly irradiated, short-period hot Jupiter. The inferred Love number supported models with a significant fluid envelope
and a low to moderate core mass fraction, aligning with scenarios of radius inflation driven by stellar irradiation and
tidal heating. The lack of chromatic dependence strengthened the interpretation that the deformation was geometric
rather than an atmospheric artifact. This placed WASP-103b among the first exoplanets with empirically constrained
non-spherical shapes, opening a new avenue for exoplanet interior characterization.

The absence of detectable orbital-period decay suggested that the stellar tidal quality factor (Q) was higher than the lower
bounds predicted by some tidal evolution models. However, longer observational baselines would have been required
to definitively exclude small but astrophysical significant values. Overall, the findings validated the CHEOPS-based
detection at 30 and extended its robustness through independent analyses. The study demonstrated the feasibility
of using high-precision transit photometry to probe exoplanetary interior structures via tidal deformation, laying the
groundwork for future applications to other ultra-hot Jupiter.

Conclusion

The study concluded that the tidal deformation of WASP-103b was successfully detected at a significance level of 30
using CHEOPS, supported by complementary observations from HST, Spitzer, TESS, and ground-based facilities. The
use of a triaxial transit model, combined with Bayesian inference techniques, provided robust constraints on the Love
number, reinforcing theoretical predictions of a fluid-dominated planetary interior. The absence of significant chromatic
variation confirmed that the deformation signal originated from geometric effects rather than atmospheric influences.
While no orbital-period decay was measured within the current baseline, the findings suggested that longer monitoring
campaigns would have been essential to further constrain tidal evolution processes.

In summary, the research successfully demonstrated the capacity of high-precision space photometry to detect and
characterize exoplanetary tidal deformation. This achievement marked a critical advancement in exoplanetary science
and established a methodological framework for future

investigations of planetary interiors and tidal interactions.
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