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About this talk

O

» Binary stars as the main origin of
the fundamental stellar
parameters in astrophysics

» We use our own modeling tools
» Recent topics

Modeling of the massive CBS
o Double-periodic variables
o Evolution status of these systems

» Future research
o Innovative optimization techniques




Multiplicity iIs
everywhere

Growing sample,
better statistics

New phenomena

Star formation

Population synthesis

Space telescopes

Long-term surveys

Automated analysis

Accretion disk in the massive CBS

Double-periodic variables



Observations

* RV curves
e Light curves

Detailed

modeling

Orbital and
stellar
parameters

“Solving” individual objects

V455 Cyg (2002)
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Seasonal light curves of V455 Cyg in the year 2002.
From Djurasevic et al., 2012, MNRAS, 420, 308



“Solving” individual objects
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“Solving” individual objects

Observations

* RV curves
e Light curves

Detailed
modeling

Orbital and
stellar
parameters

V455 Cyg (2002)

PHASE=0.00

V455 Cyg (2002)
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Model of V455 Cyg. From Djurasevic
et al., 2012, MNRAS, 420, 308




We develop and maintain
our own m@eling tools

Binary system

modeling software Future
created by improvements
G. Durasevi¢

e Based on e Reimagined geometrical e Circumstellar structures

Roche geometry representation e Circumbinary
* In constant  Eccentric systems structures

development « Simultaneous fitting of « Synthetic spectra
e Accretion disks LC and RVC » Synthetic polarized light
» Extremely fast » Stellar oscillations curves

e And more...

e ... at the cost of speed.




High Mass Binaries: Some

unresolved problems concerning
the light curve modeling

_____________________________________________________________________________________ @

SHORT HISTORY OF THE
MODELING THESE VARIABLES

OVER-CONTACT OR THE

SYSTEMS WITH ACCRETION
DISK ?




A&A 374, 638645 (2001)
DOL: 10.1051/0004-6361:20010727
® ESO 2001

Astronomy

A photometric study of the massive binary RY Sct*

G, Dyurasevic', M. Zakirov?, M. Eshankulova®, and S, Erkapic
fm's:r[t}{.l] = 100 {ﬂ].ﬁ - HLJ.I'J(HL\» EII}

The results describe RY Sct’s system as an overcontact

configuration ( fover ~ 33% — Hyp. I and foper ~ 32%

Hyp. II) with a significant temperature difference be- =

tween the components (AT = Ty — Teoo ~ 3770 K

Hyp. land AT = Tyt —Teoor ~ 4010 K - Hyp. IT). These
solutions together with a mass ratio of g = m /My =
3.3 suggest a significant mass and energy transfer from
the less-massive (hotter) secondary onto the more-massive
(cooler) primary. The hot area on the cooler star, near the
neck region, can be taken as a consequence of this mass
and energy exchange between the components through
the connecting neck of the common envelope. Apparently,
another hot area (near the external Lagrange point L)
is the zone of an intensive mass outflow from the sys-
tem. Without this hot region we have a poorer fit again.
This mechanism, together with mass loss through stellar
wind, could be responsible for the existing nebula around
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No. 2, 2008

ACCRETION DISC IN RY Sct

The Astronomical Journal, 136:767— < e — U-filter
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A study of the interacting binary system V435 Cygni

chos UL LD E R oS00 D00 B0 LSOO

G. Djurasevié,!** L. Vince,! I. I. Antokhin,® N. 1. Shatsky.” A. Cséki,! M. Zakirov?

and M. Eshankulova’
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A siudy of the binary system V455 Cyg
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Mon. Not. R. Astron. Soc. 396, 1553-1558 (2009) doi:10.11

Accretion disc in the massive V448 Cygni system

G. Djuraevié,"** I Vince,! T. S. Khruzina® and E. Rovithis-Livaniou*

— R AT
T(’J=TE+ITt—Td:'[1 (;ﬂ_m)] |

The temperature distribution along disk radius




Table 1. Fesulis of the analysis of V448 Cygol Hght curves obtained by
mm.ﬂgmaiﬂ'rmpmblamrnrmmammmm an accielon Hac
around he mone massive (hotber) componet

Quantity DAlter  BAler  VAler  Mean

n 543 544 541

E(o-C) 13820 04833 0.5626

o e 0.0502 00298 00322

i %) 878 ER.0 E1.8 B7.9 £ 0.5
Fy 0.97 087 0.97 0,97 +0.07
T4iK) 26320 23700 24150 24 700 & 1600
dof@oek) 0.086 0LOBS 0.085 U085 + 0,009
de(@eep) 0.06 0.06 0.06 0.06 + 0,07
ar 184 LEl LE2 L8 £0.2

Fn 0384 0,385 0,385 0,385 + 0,008
T.K) 20350 0410 20260 20340 + 150
Anz = Tz /Ty 1.230 L2 L14 1.15 £ 0.08
Pasi®) 187 193 18.1 187 £09
agai®) 7.5 TR 3273 3275 +2.1
Pra(®) —24.8 -8 —193 —223 £ 57
Apg =Tpg/Ty 132 L3 L3z 131 £ 0.06
Ps(") 456 437 45.9 45.1+£30
Aps(®) 112.2 109.9 105.8 1093 + 4.5
0y .96 £.95 .95 6.95 + 0.03
Qe 2.08 2.08 2.08 2,98 £0.02
My (M) 247 247 247 UT+0.T
MaiM) 137 13.7 13.7 137 +£0.7
RaiB) 77 7.8 18 T8 +02
RelRe) 163 16.3 163 163 £03
0% £b 4.05 4.05 4.05 4,05 £ 0.03
0% go 315 .15 115 3.15 £ 0.03
Mb —6.88 —6.59 —6.88 —6.88 £ 0.08
Mt —6.74 —6.75 —6.72 —6.74 £ 0.08
Foeb(R) 495 405 49.5 495 206
Rl 206 0.6 0.7 20,6 £ 0.5
dulRiz) 4m im 423 42403
do(P) 310 3,13 111 3103

Fixed parsmetars: g = Mg/ My = 0.555 — mass tato of the components,
Ty = 30490 K — temperature of the more massive (hotter) star, F, = 1.0
— filing factor for the cotical Roche lobe of the codlar (1ess messive) atar;
Fo= fe =100 - noo-spnchionous fotaion coeffckents of te companents,
frnp =0.25 — gravity-darkening coefficients of the components and Ay, =
L0 — albedo coafflcients of the componants.
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DIFFERENTIAL MAGNITUDE
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Discovery of the Double-periodic
varables

Mennickent et al. 2003, A&A, 399, L47
OGLE Il u» MACHO

['pyna nyiaBux o6jekata y MaresnanoBuM O6JiariuMa ca JiBe
BpcTe GOTOMETPUjCKE NIPOMEH/bUBOCTH:

« KpaTka nepuoguyHa IpOMeH/bUBOCT
ammautyze Al = 0.05 mag v nepuoza 44 < P < 164

e Jlyra nepuoAWYHA IPOMEH/bUBOCT
ammautyze Al = 0.2 mag u nepuoga 150¢ < P < 10004

KpaTka neprvogryHa NpoOMeH/bUBOCT JIMYM HAa KPUBE Cjaja
TUIIMYHE 3a /IBOjHe 3Be3/e AJIF0JIOBOT TUNA

[lesio6pojHU 0iHOC U3Mehy KpaTKOT U Ayror nepuoja



Double-periodic variables

long-cycle phase
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Disentangled light curve of V495 Cen. Orbital
Period is P~33d and long cycle is LP~1283d.

_ From Mennickent & Rosales, 2014, IBVS 6116,1




Double-periodic variables

10 N
+ LMC DPVs 3
. + SMCDPVs T
% o (alactic DPVs s B o
m . --.u'::.
* Short cycle (orbital period): B, 2
* Long cycle (unknown): P, g
il

'PL'~”33XPO

Semidetached binaries in
midst of mass transfer

orb

cycle

Nature of long cycle ? T T
P .(days)

Orbital periods and long cycles for the entire
DPV sample. From Mennickent, 2017,
Ser AJd 194, 1




Double-periodic variables

7N\
HD 170582 V—band

Semidetached binaries in
midst of mass transfer

e Intermediate to high mass

e Low mass ratio q=0.21 PHASE=0.20
* Accretion disk HD170582 V-band
e Hot spot + winds/jets f=1.0

Nature of long cycle "
q=0.21 PHASE=0.80

Morphology of DPV HD 170582. From Mennickent,
Djurasevic et al., 2015, MNRAS 448, 1137




Double-periodic variables
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Comparison of galactic Algols and DPVs on HR and
ML diagram. From Mennickent, 2017, SerAJ 194, 1
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Double-periodic variables
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e Variable oblateness

e Variable accretion rate
o 7

Orbital period [days]

dynamo model. From Schleicher &
Mennickent, 2017, A&A, 602, A109

Ratio of long to short cycle vs. short cycle from
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The evolution stage and massive disc of the interacting binary V 393
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Fundamental parameters of the close interacting binary HID 170582

and its luminous accretion disc
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Figure 5. Upper panel: the donor RWs and the best fit, given by eguation
{4) and the parameters of Table 4. The RV error bars are also shown. but
they are usually smaller than the used symbols. Lower panel: disentangled
orbital light curve. In both panels phases are calculated according to times
of donor inferior conjunction, given by equation (7).
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The system mass function for a binary in a circular orbit can be
expressed as

M sin’ i
gl +gP

The f value derived from our RV study is 4.81 = 0.01 M. Using
g = 0.21 (donor rotating synchronously), we get M; = 1.48 Mg
and My = 7.05 Mpy. On the other hand, if g = 0.54 we derive
M; =6.16 M@ and M; = 1141 M@. These masses turns to be too
high for the temperatures derived from spectroscopy and this fact
supports the g = 0.21 solution.
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HD170582

Table 9. Results of the analysis of HD170582 V-band light -

curve obtained by solving the inverse problem for the Roche h g

model with an accretion disc around the more-massive (hotter) " L L

gainer in synchronous rotation regime. Symbols are as in 02 E 7 v-bana R )

Table 6 but the gainer temperature 1s 21 (KN K. . - q, L | Piass
_D__jc.lga.n 5 o8 0.3.24_;%{??1 o )u..a 5% TH II 12 T

Quantity Quantity ~o.0 % L e T ’,, s 5
o L i " i L ; : . | Puaga

n 455 M Mgpl 9.0+£02 e Hbivossz  V-band

(0 — C)? 0.1516 M,y[Mgl  1L9E0.1 M

& rms 0.0183 R, [R:] 5.5+02 i -

=] 67.4 04 LR ] 156 £ 0.2 ot ]

Fa 0.66 + 0.02 log g, 3.9+ 0.1 o2 GAINER

TalK] 3430 =+ 200 log g, 233+ 0.1 Y Mae 3 e MY MY M A Y MY S A0a WA 1

delaom] 0.156 £ 0.004 My, —4.5 +0.2 HD170582 M

delapm] 0.038 = 0,004 M, —2.6 £ 0.1

aT 8.5 04 aorh Ry ] 61.2+0.2

fi 1.00 Ra[Rs ] 212403 b

Fy 0187 = 0.004 do[R5] 24 +0.1 q=0.21 PHASE=0_20

K] 21000 de[Rn ] 9.6 £ 0.1 D 170682 Voband

T21K] BOO00 fe=1.0

Aps = The /T3 1.85 4+ 0.1

Phs[°] 19.8 = 2.0

Ans[®] 330.6 = 6.0 il

Beadl”1 10,0+ 5.0 g=0.21 b= PHASE=0.50

Ans = Ths/ T 1.56 + 0.1 HD170582 vf—ﬂz?gﬂd

e 56.8 £ 3.0

Ans[®] 103.7 £ 6.0

£2) 11.25 = 0.04

2 2.26 + 0.02

qg=0.21 PHASE=0.80
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Spectroscopic and photometric study of the eclipsing interacting binary
V495 Centauri
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and M. Curé*
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- Figure 6. The radial velocities of the donor obtained by cross-correlation -
of a region plenty of metallic lines and the best fit, given for equation (4).




Table 6. Results of the analysis of the V-band light curve of V495Cen  o:[% A=
obtained by solving the inverse problem for the Roche model with an ac- E_j:%
cretion disc around the more-massive (hotter) gainer in the synchronous osl 3
rotation regime. ﬂi:% v—band 1co

L A
Quantity Quantity ;f_*g'] e s e 0-C ("—band)|
n 617 M, [Mo] 576 £ 03 s R .
(0 — C) 0.5751 M_[Mg] 091 &+ 02 it T e st e T ke
& rms (.0306 R, Rl 4.5 + 0.2 ofE 2
i°] 848 £ 0.6 R.[Rol 19.3 £ 0.5 E/\ /\/
Fa 0.88 + 0.03 log g, 3.80 £ 002 [ VS
TalK] 4040 + 250 log g, 1.83 £ 002 Tl e
deldoen] 0.046 + 0.016 M, —3.16 £ 0.1 N A N e
de[ o] 0.007 + 0.009 M, — 1.80 =+ 0.1 195 Cem vobema)
ar 4.1 £ 0.3 dorh [R5 ] 828 £ 03
tn 1.00 RalR ] 40.2 £ 1.3
Fh 0.109 + 0.014 de[Ri ] 38 £+ 0.2
ThlK] 16960 £ 400 d:[R ] 0.6 £ 0.2
Ans = The /T4 .11 £+ 0.05 q=0.158 PHASE=0.05
B[] 18.2 + 2.0 Y4195 Cen Vbend
Ans[”] 3383 £ 9.0
B rad ] — 154 = 136
£y 18.36 £ (.02
£2; 2,125 £+ 0.05

q=0.158 PHASE=0.55

Note: Fixed Parameters: g = M/ My = 0.158 — mass ratio of the com- V406 Cen —
ponents, T, = 6000 K — temperature of the less-massive (cooler) donor,
F. = 1.0 - filling factor for the crtical Roche lobe of the donor, f, . = 1.00 -
non-synchronous rotation coefficients of the system components, Sy = 025,
B: = 0.08 — gravity-darkening coefficients of the components, Ay = 1.0,
A; = 0.5 — albedo coefficients of the components. ' |g=0.158 PHASE=0.80
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Fundamental stellar and accretion disc parameters
of the eclipsing binary DQ Velorum™

D. Barrfa'*, R. E. Mennickent' | L. Schmidtobreick® . G. Djurasevic™*_ Z. Kotaczkowski®, G. Michalska®,
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Fig. 3. BY curves and best sinus fit for D) Vel components. Each BV
was measurad from Table 5 and Table 4 taking the mean value in orbital
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On the accretion disc and evolutionary stage of 8 Lyrae
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Table 1. Parameters of the best-fitting model for the & Lyr V-band LC
obtained by solving the inverse problem considering an accretion disc around
a gainer in critical rotation regime.

Quantity Quantity

n 2852 MM G) 1316 £ 0.3
(0 - CF 4.9040 MM z) 29702
T rms 0.0415 Ry (Rz) 6.0+02
] 86.1 = 0.5 R, (Rgz) 152+ 0.2
Fa 0.94 + 0.03 logioz, 40=+0.1
Ta(K) 8200 £ 400 logiog, 2501
daldorh) 0192 £ 0L009 Mg'ql —6.3 1+ 0.2
deldor) 0.01 £ 0.01 Mg, —4.7 £ 0.1
ar 38+03 Aarn(R5y) 5854+03
I 202 £ 0.5 RalRz) 2834+03
Fn 1.00 de(Ri5) 11.2+0.2
Tu(K) 30000 £ 2000 dc(Rim) 06 0.1
Ahs = The/Ta 1.21 £ 0.1 logioTh 4.48

hs(™) 16.2 £ 2.0 logioTe 4.12

Aps(®) 3246 £7.0 logipln 442

Brad (%) —13.5+50 logioLe 381

Aps = T/ Ty 1.12 = 0.1

] 53850

Ansir(™) 107.3 £ 9.0

Ap ¢ d 0.10,0.35,0.59

O 12,12 £ 0,02

L5 2.296 £+ (.02

Fixed parameters: g = M/ AMn = 0.226 — mass ratio of the components,
T: = 13300 K — temperature of the less-massive (cooler) donor, F; = 1.0 —
filling factor for the critical Roche lobe of the donor, Fy, = Ry /R = 1.0 -
filling factor for the critical non-synchronous lobe of the hotter. more mas-
sive gainer (ratio of the stellar polar radius to the critical non-synchronous
lobe radius along z-axis for a star in critical rotation regime), fz = 1.00 —
non-synchronous rotation coefficients of the donor, By, = .25 — gravity-
darkening coefficients of the components.

MNote: n — number of observations. (0 — l'_'.')2 — final sum of squares of
residuals between observed (LCO) and synthetic (LCC) LCs, o yqs — root-
mean-square of the residuals, § — orbit inclination (in arc degrees), Fg =
Ry /Ry — disc dimension factor (the ratio of the disc radius to the critical
Roche lobe radius along y-axis), Ty — disc-edge temperature, dp, dp. —
disc thicknesses (at the edge and at the centre of the disc. respectively) in
the vnits of the distance between the components, ar — disc temperature
distribution coefficient, fh — non-synchronous rotation coefficient of the
more massive gainer (in the critical rotation regime), T, — temperature of the
gainer, Aps bs = Thshs/Tg — hot and bright spots” temperature coefficients,
Bhshs and Aps ps — spots’ angular dimensions (radius) and longitudes (in
arc degrees), g — angle between the line perpendicular to the local disc
edge surface and the direction of the hotspot maximum radiation, Ap ¢ g —
albedo coefficients of the system components and the accretion disc., £y ¢
— dimensionless surface potentials of the hotter gainer and cooler donor,
My (M E), Ry, (R) — stellar masses and mean radii of stars in solar
units, Iogmgh: — logarithm (base 10) of the system components effective
gravity, Mga'lz —absolute stellar bolometric magnitudes, aom (R@ ) Ra(Rg
de(RG,). d.:{R{E}} —orbital semimajor axis, disc radius and disc thicknesses
at its edge and centre, respectively. given in solar units, logioThc. logiolnc
— logarithm (base 10) of the system components effective temperature and
luminosity.




Disc and evolutionary stage of B Lyrae 807

5,0 | J T ¥ T ¥ T L T T T T T T T T T T T T
1 42
-l'_"lh.: | [
_If'u e o i
— '4r1 B :
hr | od{inmmwm@%cnmﬂm
o Ll /
° a
1 40} i
@
|1 39 - """"""" l. """""""""""""""""
38 -
- '::l L |
: 3T F s 7
. i : O ]
| L | i | L L L 1 L 1 1 1 1 i i | ' |
4.8 4.6 4.4 4,2 4,0 3,8 45 4.4 4,3 4,2 4.1
log T, (K) log T (K)

Figure 5. Evolutionary tracks for the binary star model from Van Rensbergen et al. (2008) that best fit the data. Donor (right black track) and gainer (left grey
track) evolutionary paths are shown, along with the parameters derived from the LC fit. The best fit is reached at the time corresponding to the model attached
to the axis by dashed lines, that is characterized in Table 2. The mismatch for the donor is discussed in the text. Stellar sizes are proportional to the circle
diameters. An expanded view 15 shown in the nght-hand panel where half of the poinis are shown for the donor track for best visualization.
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Structural changes in the hot Algol OGLE-LMC-DPV-097 and its disc
related to its long cycle
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Figure 1. Disentangled long-cycle (up) and orbital (down) light curves
phased with the respective periods. Black dots show the complete data set,
red dots show segments of the data of the long cycle. It 1s evident the change
in orbital light-curve shape at different long-cycle phases.
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