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MotivationMotivation

✷ Avvakumova et al. (2013): Catalogue of Eclipsing Binaries.

✷ The study provided a comprehensive analysis of the distribution of observable stellar 
parameters for 7,179 eclipsing binaries (EBs) and developed an algorithm for their 
classification.

✷ In addition to the main catalogue (catalog.dat), the authors presented the following 
auxiliary lists of objects: marginal.dat and lack.dat.

✷ marginal.dat:The systems were found to belong to a 'marginal' (rare) type (93 objects). 
Some of these systems are in unusual stages of evolution. However, authors could not find an 
explanation for the peculiar values of the parameters for the majority of binaries listed there.

✷ lack.dat: The list contains systems with atypical (i.e. unreliable) parameter values and 
insufficient observations. There are 238 such systems in total.
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Target selectionTarget selection

✷ Focusing on systems: (i) No individual investigations have been conducted to date.
                                  (ii) Binaries that have not been studied in greater depth.

✷ For an eclipsing binary to be included, an additional criterion is that its orbital period must be 
shorter than 27 days, which corresponds to the length of the TESS satellite’s photometric runs.

✷ We have identified (or pre-selected) 253 candidates that could be suitable for further 
processing.

✷ We retrieved all available data for these objects from the TESS satellite, prioritising 
unprocessed full-frame image (FFI) data. 

✷ We performed detrending using custom Python-based tools built on the Lightkurve 
package (Lightkurve Collaboration, 2018). Background subtraction and flattening were then 
applied to the raw data to remove unwanted trends and artefacts. 

✷ Phase curves were constructed from the resulting light curves (LCs). A narrower subset of 
objects was then selected for further analysis based on these curves. 



Target selectionTarget selection

✷ The second step of the process involved the following selection criteria: 

(i) We excluded objects with periods exceeding 15 days. This limit was chosen primarily   
     because TESS observes a given sector for around 27 days, so obtaining as many cycles as 
     possible for each object was necessary. 

(ii) Also, objects with insufficient data coverage (e.g. only one or two sectors) and poor data 
      quality (e.g. caused by instrumental effects, contamination from external light sources, 
      thermal variations and, for fainter objects, shot noise) were excluded.

(iii) We did not consider a group of misclassified objects (e.g. pulsating variables) or systems 
       that were unsuitable for our study for various reasons (e.g. significant non-periodic 
       irregularities in the light curves or the presence of Wolf-Rayet stars).

✷ A final sample of 102 eclipsing variables was selected for photometric analysis. These 
included detached, semi-detached and over-contact systems, for which the presence of 
starspots and other secondary effects was anticipated.

✷ In addition, we identified a group of 14 objects that could not be analysed in this paper due to 
time constraints. The analysis of their light curves requires a more in-depth study of the 
effects involved.
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Light curve analysisLight curve analysis

✷ First, we used all TESS observations to obtain a precise linear ephemeris. 



Light curve analysisLight curve analysis

✷ For LC analysis, we used the ELISa code (Čokina et al., 2021) — a Python package 
designed for modelling EBs.

✷ The Levenberg–Marquardt least-squares method was employed to determine the initial 
approximate solutions. The final set of parameters and their uncertainties were obtained using 
a Monte Carlo Markov chain sampler.

✷ The model contains five free parameters: the orbital inclination (i), the photometric mass ratio 
(q), the surface potentials of both components (Ω  and Ω ), and the effective temperature of ₁ ₂
the secondary component (T2). 

✷ The temperature of the primary component, T1, was adopted from the Gaia DR3 database and 

was held constant during the fitting routine. 

✷ In the first step, we did not take any stellar spots into account. We assumed a circular orbit for 
all systems except OR Gem, for which an eccentric orbit was necessary due to the significant 
offset of the secondary minimum. For contact systems, we used a single common surface 
potential Ω = Ω  = Ω .₁ ₂
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Results: LCs fits and modelsResults: LCs fits and models
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Results: Orbital Period vs. (J-K)Results: Orbital Period vs. (J-K)

✷ The Period–Color distribution - a different behaviour for detached and contact binaries
✷ Contact binaries - main-sequence objects, are confined to a narrow sequence defined by the 

Blue Short-Period Envelope (BSPE).
✷ Systems bluer than the BSPE for a given period very probably host a hot third component 

affecting the observed color. Systems which are too red for a given color can also be affected 
by interstellar extinction.

✷ Detached binary stars can contain components at different evolutionary stages affecting their 
observed color.



Results: Temperature vs. (J-K)Results: Temperature vs. (J-K)

✷ Most systems follow the expected MS trend, with detached binaries exhibiting a broader 
distribution, including a shift toward redder (cooler) colors. 

✷ In contrast, contact systems are more tightly clustered along the main-sequence locus, 
consistent with their thermally coupled envelopes.

✷ The agreement with the theoretical dwarf sequence and partial overlap with the giant track for 
cooler systems suggests a mix of evolutionary stages within the sample, particularly among 
detached binaries



Results: EBs with atypical                          Results: EBs with atypical                          
positions in our sample  positions in our sample  

✷ IT Nor: IT Nor: P = 1.7541 day, is unusually long for, CBs 
which generally have P < 1 day (Rucinski 1998; 
Rucinski & Pribulla 2008). 

✷ With the relatively large q = 0.74, this suggests that 
a classical contact config. is unlikely. 

✷ Semi-detached or near-contact eclipsing binary, 
possibly of Algol type, in which one component fills 
or nearly fills its Roche lobe while the other remains 
detached.

✷ Such systems commonly exhibit orbital periods in 
the range of 1–3 days and often contain early-type 
primaries.

✷ Representation of a transitional system evolving 
toward contact through mass transfer and angular-
momentum redistribution (e.g., Paczyński 1971, 
Eggleton 2006).



Results: Results: EBs with atypical                          EBs with atypical                          
positions in our sample positions in our sample 

✷ GX Nor: GX Nor: P = 0.2688 day, unusually short for a 
detached system. 

✷ Detached eclipsing binaries are typically found
at periods longer than  1 day, while systems with  ∼
P < 0.3-0.4 day are overwhelmingly associated with 
contact (W UMa-type) configurations (Rucinski 
1998; Norton et al. 2011).

✷ If GX NorGX Nor is genuinely detached, both components 
must be compact, low-mass stars well within their 
Roche lobes. However, at such short separations, 
tidal interactions are strong and are expected to 
drive the system toward contact on relatively short 
evolutionary timescales

✷ GX NorGX Nor is most plausibly interpreted as either a rare 
short-period detached binary composed of low-mass 
stars or, more likely, a near-contact system on the 
verge of Roche lobe filling.
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✷ V884 Mon:V884 Mon: P = 0.3559 day, a near-infrared (J − K) 
= -0.026, q = 0.94, and i ≈ 59 degr. 

✷ The negative color index - relatively hot system 
early-type (A–B) comp. (Bessell & Brett 1988) - 
unusual for such short-period binaries that are 
typically composed of cooler, late-type stars.

✷ For early-type stars, which have relatively large 
radii, such a short period implies a very small orbital 
separation, making a detached configuration difficult 
to maintain.

✷ q = 0.94 suggests nearly equal-mass components, a 
property rather unusual for contact binaries. In 
addition,  i ≈ 59 degr. implies partial eclipses, which 
can introduce degeneracies in the photometric 
solution and increase uncertainties in the derived 
parameters.



Results: Results: EBs with atypical                          EBs with atypical                          
positions in our sample positions in our sample 

✷ V395 And:V395 And: P = 0.6847 day, Teff ≈ 12600 K, a near-

infrared color index (J − K) = -0.116, q = 0.762, and 
inclination i ≈ 56 degr. (late B–early A). 

✷ Atypical for short-period binaries that are usually 
composed of cooler, late-type stars.

✷ Rucinski (2005): spectroscopic mass-ratio 
(0.879±0.025) in contrast with photometric one 
(0.762±0.048).

✷ The combination of high temperature, short period, 
and relatively high mass ratio suggests that the 
system lies near the boundary between detached and 
contact configurations.

✷ It is possible that V395 And is a near-contact or 
shallow-contact system, rather than a classical 
detached binary. 



Results: Single-parameter distribution Results: Single-parameter distribution 

✷ Concentration of DBs and CBs at short periods, with a dominant peak between P  0.29 and ≃
0.5 days - typical for contact binaries. 

✷ For DBs the peak near 0.29–0.5 days generally indicates a population of very close, tidally 
evolved binaries that are likely approaching the contact stage or are dynamically linked to 
contact-binary evolution.

✷ DBs additionally show a secondary peak between 1 and 1.8 days, while the remaining binaries 
are distributed across 1.8 - 5 days. 

✷ Similar period distributions - large eclipsing-binary surveys (Prša et al. 2011)



Results: Single-parameter distribution Results: Single-parameter distribution 

✷ Detached systems strongly cluster near T2/T1  0.95 − 1.0 - binaries contain components with ≃
similar effective temperatures and evolutionary states.

✷ Expected for detached (MS) binaries with comparable M1,M2; and these systems are also 

more easily detected because they produce eclipses of similar depth. 
✷ Detached binaries, distributed over T2/T1  0.4 − 0.9, likely reflect a broader range of stellar ≃

masses and evolutionary stages, since detached components evolve largely independently 
prior to mass transfer.



Results: Single-parameter distribution Results: Single-parameter distribution 

✷ The contact systems show a strong peak near T2/T1  0.95, consistent with thermal coupling ≃
through a common convective envelope. 

✷ In contact binaries, energy transfer between the components tends to reduce temperature 
differences and drive the system toward thermal equilibrium (Lucy 1968)

✷ Contact systems with T2/T1 > 1 may correspond to W-subtype systems, in which the less 

massive component appears slightly hotter because of magnetic activity, starspots, or energy-
transfer effects within the common envelope (Binnendijk 1970).



Results: Single-parameter distribution Results: Single-parameter distribution 

✷ The observed q (M2/M1) distribution of our sample appears broadly consistent with the expected 

evolutionary separation between detached and contact configurations. 
✷ DBs are preferentially detected when the stellar components have comparable radii and 

luminosities, conditions that are commonly associated with nearly equal masses. 
✷ The presence of detached and contact systems with q > 1 (1.25  ≲ q  1.85) likely indicates binaries ≲

that have undergone significant mass exchange. 
✷ Roche-lobe overflow can reverse the original mass hierarchy, leaving the initially less massive star 

as the present-day accretor and the more massive component as the donor.



Results: Asymmetric Uncertainties in       Results: Asymmetric Uncertainties in       
                          Photometric SolutionsPhotometric Solutions

✷ The photometric solution presented here shows that the uncertainties of key photometric elements 
(q, i, T, Ω) are frequently asymmetric, and sometimes markedly so.

✷ Reflects the intrinsic structure of the inverse problem and the limitations of photometric modeling 
(Wilson & Devinney 1971; Prša & Zwitter 2005).

✷ The photometric elements are often strongly correlated, allowing different parameter combinations 
to produce similarly acceptable fits. 

✷ As a result, the χ2 surface becomes skewed, yielding unequal upper and lower confidence intervals.
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✷ The photometric solution presented here shows that the uncertainties of key photometric elements 
(q, i, T, Ω) are frequently asymmetric, and sometimes markedly so.

✷ Reflects the intrinsic structure of the inverse problem and the limitations of photometric modeling 
(Wilson & Devinney 1971; Prša & Zwitter 2005).

✷ The photometric elements are often strongly correlated, allowing different parameter combinations 
to produce similarly acceptable fits. 

✷ As a result, the χ2 surface becomes skewed, yielding unequal upper and lower confidence intervals.

✷ The asymmetric errors often reported in photometric solutions of eclipsing binaries (as in our 
study) arise from: 
- a combination of nonlinear model behaviour,                                                                                     
- strong parameter degeneracies,                                                                                                           
- incomplete observational constraints,                                                                                                 
- additional model complexity,                                                                                                             
- boundary effects, and the use of modern statistical methods. 



Future work Future work 

✷ The results of this study suggest avenues for further research into the presented sample of 
objects, with the potential to explore and investigate them in more detail.

✷ In the future, we intend to examine residuals from light-curve fits to identify additional 
changes that could shed further light on their physical nature.

✷ Furthermore, we intend to analyse the (LCs) of all 14 objects with peculiar shapes, which are 
listed in the supplementary material of this work. 

✷ The presented sample also provides interesting candidates for spectroscopic follow-up, with 
brightnesses up to V = 12–13 mag.
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