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Abstract

Background and Objectives: The study of binary star systems is a major focus for astronomers in order to understand
the evolution of galaxies. Binary star systems are considered key to unlocking the mysteries of stellar evolution
because they provide crucial physical data such as mass, radius, and luminosity (Kallrath and Milone, 2009).In
particular, the eclipsing binary system of the W Ursae Majoris (W UMa) type, which is a contact binary system where
the two stars orbit very close together and share an outer atmosphere (common envelope), the EX Canis Minoris
binary system is a fascinating example of this type because it has a short orbital period and exhibits complex
physical behavior. Past observations have shown that the binary system EX Canis Minoris exhibits significant orbital
period variation. Analysis using the Observed Minus Calculated (O-C) diagram suggests mass transfer between
the stars or the possibility of a third body in the system (Kreiner et al., 2001). Furthermore, a study by Samec and
Hube (1991) indicated that the binary system EX Kenis Minoris exhibits physical characteristics consistent with
models of low-mass ratio touch binary systems. A significant challenge in studying this binary system is the optical
asymmetry phenomenon, or the O'Connell effect, which is assumed to be caused by magnetic activity on the star's
surface resulting in star spots. High-level data analysis therefore requires accurate processing software such as
PHOEBE, which is an advanced version of the Wilson and Devinney algorithm, to create models that are as close
to reality as possible (Pr$a and Zwitter, 2005; Wilson and Devinney, 1971). In the context of research in Thailand,
Siramas Komolchinda (2008) studied the evolution and changes in the orbital period of the binary star system EX
Canis Minoris. The system was found to undergo changes consistent with the theory of angular momentum loss
through stellar winds (magnetic braking). However, this research aims to analyze the physical characteristics and
anticipate evolutionary trends of this binary star system.

Methodology: Researchers observed the binary star system EX Canis Minoris at the 7th Cycle Royal Birthday
Anniversary Observatory in Nakhon Ratchasima using a 0.7-meter diameter Planewave reflecting telescope, model
CDK700, in conjunction with a Proline PL16803 CCD photometry camera. The observations were filtered through
blue, yellow, and red wavelength filters according to the UBV standard. The obtained photographic data underwent
image reduction to eliminate noise and camera defects. The photographs were then measured using differential
photometry with Maxlm DL Pro6 software. The resulting values were then converted from Julian days (JD) to zero
Julian days (HJD) to correct for the effects of the Earth's orbit around the Sun. Next, an optical graph was
constructed from observations to identify the periods of lowest light. This data, combined with Bob Nelson's

historical data, was used to calculate a new equation for the efmeris linear equation. An O-C diagram was analyzed
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to study changes in the orbital period. The calculated data was then used to analyze the optimal parameters using
PHOEBE software to analyze the physical properties of the binary star system.

Main Results: The results revealed that the novel linear equation of ephemeris for the binary star system EX Canis
Minoris is HJD = 2453759.635 (+0.00178) + 0.28684 (+8.97951 x 10°°)E, with an orbital period of 0.28684 days and
an orbital period increase rate of 8.83345 x 10" seconds per year, or 7.99602 x 107" days per orbit. This is
consistent with the characteristics of an upward-facing parabolic graph in the O-C diagram. Furthermore, the O-C
residual diagram tends to exhibit a sine wave pattern, with a period change having an angular velocity in radians
per cycle and a semi-amplitude of 0.00152 days. This can be used to determine the light-time, indicating the
possible existence of a third object, whose distance can be calculated to be 0.26335 AU from the center of mass
of the binary system. This sine wave phenomenon is caused by low-mass companion objects, such as planets or
brown dwarfs, orbiting the parent star, resulting in a time shift of eclipses across the object's orbital period. Phoebe's
physical analysis shows effective temperatures of the primary and secondary stars at 6000 K and 6300 K,
respectively, an orbital inclination of 89.0 degrees, and a mass ratio of 1.83.

Conclusions: In conclusion, the EX Canis Minoris binary system is a over contact binary system with an increasing
orbital period, which is inconsistent with the general evolutionary theories of binary systems and may be due to
internal system factors such as hot spots or gravitational influence from a third body.

Keywords: EX Canis minoris; new orbital period; physical parameters; third body
*Corresponding author. E-mail: kruneng.kk@gmail.com
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sruuaiagatend tatia luuwe3a (EX Canis minoris) 138 TIC 453188568, ATO J111.0896 + 11.4618,

2MASS J07242152 + 1127426, Gaia DR3 3162758808052303872, Gaia DR2 3162758808052303872 1ilU# 1 513
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Tealnlnwss Tngldgrudeyaainiodles SIMBAD vinnnsiaanane WISEA J072418.70+112625.8 ilun1ansasey
(Check star) wazm1a WISEA J072417.08+112703.1 WuanaL3auiisy (Reference star) Aawganaly Table 1 wag

Figure 1

Table 1 Shows coordinates and brightness information of a binary star system EX Canis minoris, Check star and

Reference star

Object RA DEC Magnitude (V)
EX CMi 7" 24™ 21.51° +11° 27 42.60" 12.32
Check star A .
7" 24™ 18.71° +11" 26' 25.81" N/A

(WISEA J072418.70+112625.8)

Reference star )
7" 24™ 17.06° +11°27' 03.02" N/A
(WISEA J072417.08+112703.1)

Note: https://simbad.u-strasbg.fr/simbad/sim-fbasic
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Figure 1 The image of a binary star system EX Canis minoris, Check star and Reference star

AMNNFIANTUNINENe (image reduction) Iaaldldsunsa Maxim DL Pro6 ilamniiunnsizauiaayinnsin

wassaanatianinaswdaanlnmes ddeyanlsunainnsvuasiauanslu Figure 2
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Figure 2 The light curve example of EX Canis minoris binary star system in blue, yellow and red wavelength
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Figure 3 Example of a light curve used to calculate the time of minimum

Table 2 Time of minimum of EX Canis minoris binary star system from daily data collection

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

Time of minimum (2460000 +)

date/month/year Average time of minimum Type of eclipse
Filter B Filter V Filter R
9 November 2023 258.29734 258.29614 258.29581 258.29643 secondary
19 November 2023 268.3343 268.33535 268.33505 268.3348 secondary
313.2232 313.22269 313.22716 313.22435 secondary
3 January 2024
313.36957 313.36912 313.37029 313.36966 Primary
314.08488 314.09220 314.09586 314.09098 secondary
4 January 2024
314.22801 314.22875 314.22715 314.22557 Primary
315.09197 315.09096 315.09175 315.09156 Primary
5 January 2024
315.37717 315.37905 315.37708 315.37777 Primary

Note: On the night of 5 January 2024, during the secondary eclipse, the telescope stopped at the crossing meridian, which

corresponds exactly to the location of the secondary eclipse. Therefore cannot be photographed
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Tuamnlaauanld dAuiuenide i lddnsdauaslddasanes Bob Nelson inansaranfiae Auanlinemannis

WUR AN NETaLAN Aauandly Table 3

Table 3 Time of Minimum and Epoch of EX Canis minoris by Bob Nelson

Time of Minimum (2400000+) Epoch Type of eclipse
53759.638 0 na
55273.7218 5278.5 Primary
55979.636 7739.5 secondary
58507.9941 16554 secondary

59284.03800 192595 Primary
59919.81830 21476 secondary
59617.06030 20420.5 secondary
59617.06030 20420.5 secondary
59617.06080 20420.5 secondary
59617.20400 20421 Primary
59617.20460 20421 Primary
59617.20470 20421 Primary

o o ] ] N » A = e o o A o an N a o
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Tu Figure 4

‘ u  Time of minimum (HJD
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Figure 4 Old linear ephemeris of EX Canis minoris by Bob Nelson

T
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HJD = 2453759.63638 + 0.28684 (+5.49627 x 10°)E (4)
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nMgANUIIMNANYA HaAe lAe1vBaNnsdunsvaiinasalAnaes Bob Nelson TngldAnnanfiuasiaangn

299911348 HatlsngAsuansli Table 4

Table 4 Shows the epoch of the EX Canis minoris for this research

date/month/year Time of Minimum (2460000+) Epoch Type of eclipse
9 November 2023 258.29643 22656 secondary
19 November 2023 268.3348 22691 secondary
313.22435 22847.5 secondary
3 January 2024
313.36966 22848 Primary
314.09098 22850.5 secondary
4 January 2024
314.22557 22851 Primary
315.09156 22854 Primary
5 January 2024
315.37777 22855 Primary

o v ' 1 dl ¥ = a o d&/ o 1 1 dl 23 = dl °
UTBHAALYALATAILIATNLANUBLNAATBINUIEY LL'ﬂil“’JNf‘l‘i_lF’Y]EAV’]LL@ZV’]’WLQ@’]‘VILL(N\'i‘LM’Ji"'.l‘l’l‘a;ﬂ“ll’r’]\ﬁ Bob Nelson wann

o o 3

= o g aa a 1 a o aall = o o &
N9 @8UNIINANNANAUS LAz AU AN AN TEUR BTN eTa Traa99Res T Tnanismaun A NANA LS

o o

seudnaAuatieengaiuAga Aawanslu Figure 5
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Figure 5 The light curve shows the relationship between epoch value and time of minimum of this research
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AINANN1TIEURT T esa ludann Figure 5 l8Rsaunnsf (5)

HJD = 2453759.635 (+0.00178) + 0.28684 (+8.97951 x 10°)E (5)

4.11911A7 O-C

'
al

A wasipanganliainnisdunnnisal (0) aueanainAaINLasiaagn (C) ANaunIs (6)
C = HJD, + PE, (6)

antutihen 0-C fuanga wdaunsmlngldaumstnadludoadfuil 2 madiusnmnan O-C viamsAuaniuasng
rasrnafnasiasiigrainnisdunansalifusnanfnasiasiigrainnisiuins o dumikiifeedmenluusas
Au fouamaly Table 5 wdsamiidieyarn 0-C ldsmnius 0-C seAstdulueniinamAansawTineld
Aoty mnﬁuﬁﬂﬂﬁﬁuﬂmwmwﬁuﬁuﬁ’iwdwﬁmﬂ wazAn O-C Tnellof Arga agfluunu X uaz A1 O-C agflu

WY (Nagudnok & Rangsungnoen, 2024) Tntiaysngssuansli Figure 6

Table 5 O-C value of EX Canis minoris for this research

Time of Minimum (2460000+)

date/month/year 0-C
(0) (@)
9 November 2023 258.29643 258.29184 0.00459
19 November 2023 268.3348 268.33125 0.00355
313.22435 313.22175 0.0026
3 January 2024
313.36966 313.36517 0.00449
314.09098 314.08228 0.0087
4 January 2024
314.22557 314.22567 -0.0001
315.09156 315.08622 0.00534
5 January 2024
315.37777 315.37306 0.00471
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Figure 6 The graph of relationship between epoch value and O-C value shows the trend of

orbital period change of EX Canis minoris
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O-C=aE°+bE +c (7)

o

AINANNNTATNITOANUIDLLAANTAIANNN9N (7) azlsan

O-C = (3.99801x10"")E? + (-7.78327 x 107)E + (3.99921 x 107

Aati azlaan a =3.99801x10"
| e = P o a =
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Figure 7 The graph of O-C Residual of EX Canis minoris
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AMNANN1T (O-C), NU91A1 Residuals ﬁﬂ’mﬂﬁ'ﬂumuﬁmmqL%L%mmﬂumim \ILALUARTAL WATHAN Semi-
amplitude WA 0.00152 §u Feanansniinlwen light-time TaTnannsulasuiasdududuniudogoison AanuLE
L9 Az lE L N9 LARINIANLIAINT Y IENAE
AMNANNIT (O-C), WUINHA Semi-amplitude Winriu 0.00152 14 Fagnunsorhanmen light-time a1n&xN17
78NN = 0.00152 day x 86400 sec 3x10° m/s
=3.93984 x 10" m
visaszaznelumdiamnA1ans (AU) v lsann 1 AU fAnwindu 1.496x10"" m
azldrzaznelumbannadians (AU) = (3.93984 x 10™°) /(1.496x10''m) = 0.26335 AU
ﬁqﬁuizmmﬂuumﬂmmﬂmm§mmfj"mqﬁmumgﬁwmmgm@juﬂ’nmwmazuumq@%Lﬂﬂeﬂ(mﬁa Tuuesa
HAiiL 0.26335 AU

6.1192ATIXAINI AL NNLNINTBNTELILA1IABIENT Laila [uueTalne 1dl/sunss PHOEBE

ihdeyaniailasuaiuslpasuazdnsniniesnianinaedszuuagaend waila luuesa unvinnnsdiszyl
wazAIUINa9ALsznauntan1anIn nelfuanisA1uansannilsunsn PHOEBE tNeWAaansaInn13AIUI s
Mgn natlsngfuanalu Table 6 uazuandsaat NINLaIdLATIZIN IAAINNIIAUINL Asuanslu Figure 8

7.n12859u1141889189311A9A8LeNT 1ATiA luueta

inadayansilimesingaaesszuuanagdend wnila luuesa an Table 6 aieuuuanasddiu Tsunsy

PHOEBE azlilllia1ae31845:11A94 (Skelton & Smits, 2009) Aawanslu Figure 9

Figure 8 The graph of O-C Residual of EX Canis minoris
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Figure 9 Model of EX Canis minoris

8.N119ANANINATBNAINTUBISTTI

srUUANARLLLATAW AN sanFausudnssuylaunzfunnntanyinle Tneldesainesnisunziu vise
Fill-out Factor ( f) 1luiffannusin@u (Carroll & Ostlie, 2007) dwiuszuunnagaiand wnila luueda a1unsnAiuns

avAINNIAL U lARAAIANNNT
(Qin _Q)
=~ "7 4100% L Q<Q
(Qin _Qout)

Taei Q = PHSV = PCSV = 3.75997

Q,, =Q(L,) = 5.009251

O, =Q(L,)= 4417769

~ (5.009251-3.75997)

f= x100% =211.21 %
(5.009251-4.417769)

fatiszuunaARend tATa Tuueda He9A19an1suaziuwingl 221.21 % wan3an9asuLiilussILAA UL

naTa diawAZUNIN (over contact binary)
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Table 6 Best parameters of the binary star system EX Canis minoris

Parameters Symbol Results
Heliocentric Julian date (d ) HJD, 2453759.63638
Period (d) P 0.28684
Semi major axis (R, ) SMA 0.55900
Rate mass of primary and secondary star a=M,/M, 1.83000
inclination ( °) i 89.00
Effective temperature of primary star (K) T, 6000
Effective temperature of secondary star ( K) T, 6300
Surface potential of primary and secondary star 0] 3.75997
Inside surface potential Qin 5.009251
Outside surface potential Qout 4.417769
Albedo average of primary and secondary star A=A, 0.6
Gravitation Brightening 9,79, 0.32
Luminosity of primary star in blue filter Lg/(Lgtly) 3.693458
Luminosity of primary star in yellow filter L,/ (L, +L,,) 3.735486
Luminosity of primary star in red filter L/ (Ligtlg) 3.633575
Mass of primary star ( M, ) M, 0.010099
Mass of secondary star (M, ) M, 0.08480
Radius of primary star (R,) R, 0.305799
Radius of secondary star (R_) R, 0.364804
Bolometric magnitudial of primary star M, o1 6.780426
Bolometric magnitudial of primary star M, . 7.195585
Phase shift PSHIFT 0.02275

Discussion

= T

szuunagaend wila Tuuesa lagnimszinuduneuseanisidenudn andayanivnldaiansmuas
TugaeANeIAALAENEYN AnAes uazduns a1nsoAuannIndunssgiinesalud Inafinnuastaaslud windu
0.28684 Ju TFEAARBITLNANITATIZIANULLNN O-C dangdnfdnsnizdunsminianiuamens Insaisnsn

° o = = s a = ey = aa &
mmm@mﬂmﬂ,ﬂ@ﬂuuﬂmmm\ﬂmwmi:uumqqﬂL@ﬂeﬁ wia luuesa nudndsmnaniadasuaiuaelaasiiny
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Wiy 8.83345 x 107" Aundisiatl adelsfinmunisintiuaasislaasaadiilasadudungsunn linsaauulas
Aruaslaasladiduldmrungunisidmuiniseesszuuniag (Qian, etal, 2020) @4 Erdem et al. (2007)
IAnwnisasunlasaunslaastessruunaguuuindtin a1wsu 4 svuu Tiun SW Cyg, UU Leo, AV Hya waz AN
And WUFIHUNIN O-C 99952 ULANAMANHLARsANEuzaatduns idugini s tluaniiaausaidouiueg)
(Parabolic forms with superimposed sinusoidal variations) %mmx;ﬁ% ATLIUINNARINNITALLNNIA (Mass

] = = =< o a9 = , LA | =
Transfer) seM99AN0nNIF sz ULYTaNIgoyRENIAaINTzLL Tevinlipuadiaasnifsuuilasetinesieiiias dounedl

ﬁl,é’uﬂmwmmggﬂﬂﬁwmﬂﬂ A5UNUINAAMNKNANTENLANNIATAUNINUANLAY (Light-Travel Time Effect - LTTE)

4 o A

\asanddmghans (Third Body) Taasseuszuun1guan wiseanaiinainnaln Applegate atinglafisnunisssnam

Tnnfanuluszuuniaa (Third-Body Detection) 11 Barlow et al. (2011) AN AN EUNa Ul ULELATN O-C

Q al

1897TLUA9A CS 1246 ‘W‘udﬁLé’uﬂmWﬁﬁﬂwngﬂﬂaumﬂﬂ(Sinusoidal variation) NEALauluBEUAIN O-C

1
o =

AzERAagldndnwuzaduntiiinandngnanoates (Low-mass companion) L1 AN9LATIZWNTEANILATY

q

H o o v a 4 . ¥ N

ma Taassaumovan avdenalimnanisiaeurednanglsainiuaiuasiaasresingiu Tunsiinisdnenszuy
. . i a ne o . o

AagLlszimumzii (Contact Binaries) Hnainuaneanuidde Tne Zervas et al. (2024) laawmazinalnnisilasuuilas

AL29IAAI1893TILIANYE TZ Bootis TeanuzEidtlanalsunaneuzaaadunsnuazldnnsiinsziuuy Eclipsing

Time Variation (ETV) H1ULNRATN O-C iWeuanukezszndnsuualiussazena (Long-term trend)

BATAINNEHIUNLTLANL (Periodic fluctuations) $11Adelinans liiiud1n1s1d Parabolic fit waz Sinusoidal fit 39:

a o

daglfannsnseylddn szuuiinnsdrawmunaniuglliunisfdngnaiuniefianssuniausiiudn (Applegate

q

mechanism) mm”l,iﬁmmmﬁLmﬂzﬁmwmmma‘xuumq@:qﬂmm (Eclipsing Binaries Study) Rovithis-Livaniou
(2020) le@gtAEN1sAAsEiannIn O-C andszaunisninisddanananmse UssiiundAtyaeldtuguionisld
Quadratic fit (Parabola) iudunauusniaAnylunisimseiiua liunisasuutlasanuluscazanauaznsanaet
Residuals A28l Sinusoidal fit Lﬂummsg’m‘lumiﬁumﬂmngmmﬁLﬂui’gfﬁ’m oﬁ”\iﬁumiﬁmmé’nwm:mwﬂﬂugﬂ
d’ L aal a rdl VY o 1 1 = o
nsluaruazadused Juununiw 0-C Luian1ININFIUNINeNAI AR LT ueunT ANt uaTINAN g1

(3
a o

a [ o d‘ A o o 1 =< AI d‘ a v o = a
19U 7eAntIa9TU NIALNUNTIN O-C °1|@\N’TLA’]'QEuLL@ﬁQ@ﬂmeﬂQﬂ@’]'}@QLﬂu@ﬁﬂ@ﬁu’]ﬂiﬂﬁ]’]&lﬂ@ﬂﬂqi"]ﬂqﬁﬁ]i%l@ﬂ@r

o

agensalilasann Aniunanisideaineuddeifidanansanudonudienaiinainnisiqnsewinaunialuaiagned

2 o
al

mmiﬁ’i:wmq?jﬁmﬂﬂaﬂuuﬂmmu%ﬂm (Hurley et al., 2002)

Conclusions

373



B IENTIMENANARTYSN TN 31 (1TLT 1) WN9IAN — BB W.A. 2569

e — BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January —April 2026 Research Article
BURAPHA SGIENGE JOURNAL
ISSN 29850983 (c

1l ¢ a a a d‘ 1 Yo 1 1 v
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