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Introduction

The Mass-Luminosity Relation

The mass-luminosity relation (MLR) is a fundamental law that is
used in various fields of astrophysics. It is especially important for
the construction of the initial mass function (IMF) from the
luminosity function of stars.

To build LMR astronomers need independent stellar mass and
luminosity determination
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Introduction

The Mass-Luminosity Relation: Sources of Data

@ Orbital binaries (visual binaries with known orbital parameters
and trigonometric parallax) provide masses of components in
the mass range m<1.5 Mg

@ A main source for the m>1 Mg mass range is detached
main-sequence eclipsing binaries, with the spectrum lines of

the two components (hereafter double-lined eclipsing binaries,
DLEB).
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Introduction

The Mass-Luminosity Relation: current situation

94 eclipsing systems, from Torres et al. (2010)
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Introduction

The Mass-Luminosity Relation: Worry

Are we sure that there is no difference between observational parameters of
components of DLEB from ones of isolated stars?

Radii of MS detached DLEB
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Introduction

Alternative? - Ducks! (long-period DLEB)

Components of long-period DLEB are presumably not synchronized
with the orbital periods. They are, consequently, rapid rotators and
evolve similarly with single stars.

We assume, that only those data could be used for the construction
of mass-luminosity and other relations of such isolated stars for the
m>1.5 Mg range as masses of components of orbital binaries
extremely rarely exceed that limit.
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Observations and Data Analysis

Kakune nBoiiHble 3B€3Abl HYXKHbI AJ1S1 3TOrO NpPoeKTa’

KpuTepun ans otbopa gBONHbIX 3BE3[, U3
KaTanora lNepemenHbix 3Be3g,

o [onoxeHme Ha Hebe —76° < § < +10°

@ my < 13 mag
e 365 < P(aHeii) < 45

@ Cnektpanbhbiii Tun: O, B, A, F

C ncnonb3oBaHWEM AaHHbBIX KpUTepreB oTobpaHo 11 fBOVHBIX
CNCTEM
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Observations and Data Analysis

Kakune maHHbIE HYXKHbI A1 3TOrO NpoekTa’

@ High resolution spectra to calculate Masses
(M1, M2) and L;/L> ratio =
SALT/HRS in MR mode (R 35000)

@ Very good photometry to calculate
Luminosity (L), Orbital period (P) and
inclination angle (i) =
ASAS/ASAS-SN/SuperWASP /Our own
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Observations and Data Analysis

Photometry

Photometry for some our targets © ASAS/ASAS-SN

photometrical data
wif were collected and

V1108 Sgr, P=46.58 days

were calculated by

WPMWWNKP' Orbital periods (P)
3 I s
s | ‘ ] Leonid Berdnikov

Magnitude (mag)

i | @ Parameters (mainly
, , P and i) were also

| collected from the
previous
‘ photometric studies
to compare
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Observations and Data Analysis

Plan-minimum for Spectral Observations

Plan for systems with circular orbit Plan for other systems
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Altogether 84 HRS observations were obtained starting from May
2017 and till October 2018. J
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Observations and Data Analysis

HRS Spectral data Reduction

@ Primary Data Reduction with SALT pipeline (Crawford et al.,
2010)

o Echelle Data Reduction with SALT MIDAS pipeline (Kniazev
et al., 2016), and specifically about MR mode (Kniazev et al.,
2019)
http://astronomers.salt.ac.za/software/hrs-pipeline/
Data are totally reduced at the middle of the next day and are
sended to Pls.

e Additional iteration for re-merging HRS data, including errors

and correction for sensitivity curve
http://astronomers.salt.ac.za/software/hrs-pipeline/

Anekceii Knnzes CAO PAH 7 OkTabps 2019



Observations and Data Analysis

HRS Spectral data after Reduction

SALT HRS spectra in MR mode SALT HRS spectra in MR mode

Relative inte

Relative intensity (counts
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Observations and Data Analysis

Spectral data Analysis

Python software for the analysis of HRS spectra of binary systems

Software was designed to calculate amount of stellar parameters and velocities for
components of binary systems:

Tefn, Teff2 (fiX, =and I= )

log g1, log g2 (fix, = and =)

[M/H]1, [M/H]2 (fix, = and !=)

V sin(i)1, V sin(i)2 (fix, = and =)

E(B-V) (fix and =)

Weight of each component into spectrum (K; + K2 = 1) (fix, = and =)

Vhel1, Vhelo — first spectrum (fix and =)
Vhel1, Vhel2 — second spectrum (fix and !=)

Vhel1, Vhel2 — n-th spectrum (fix and |=)

Software is based on the stellar libraries like Coelho (2014) or Tlusty
(http://nova.astro.umd.edu/), that were rebined to HRS LR/MR/HR resolutions
using equstions for R(A) from Kniazev et al. (2019).
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Observations and Data Analysis

Spectral data Analysis Example (1)

FP Car binary system
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Wavelength(A)

v

Anekceii Knnzes CAO PAH 7 OkTabpsa 2019



Observations and Data Analysis

Spectral data Analysis Example (2)

V883 Ara binary system
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Observations and Data Analysis

Calculation of External accuracy

Comparison for T Comparison for log g

The sample of early and late B-type stars based on FEROS echelle
spectra from Dr. Valery Kovtyuh (Odessa University, Ukraine)
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Observations and Data Analysis

Analysis of the total set of spectral data (1)

Calculation of parameters for

the binary system FP Car

Velocity, km s~

Residuals, km s~%

Calculation of parameters for the binary

system FP Car
Vels [P=176.031688d]
Vels [P=176.031688d]
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Observations and Data Analysis

Analysis of the total set of spectral data (2)

Calculation of parameters for
the binary system V883 Ara

V883 Ara [P=61.874968d]

Calculation of parameters for the binary
system V883 Ara

V883 Ara [P=61.874968d]
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Results

The final statistic

@ 11 binary systems were selected

4

@ Spectra of 2 binary systems show Balmer and He emissions
and show complex photometric curves. Finally were rejected
from our list

4

© Spectra of 2 binaries show only one system of lines (SB1) and
have either very strong Vsin(i) = 343 km/s or supergiant
component. Rejected from the list

4

@ Only 7 binary systems could be used from the primary selected
list
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Results

Comparison with the current mass-luminosity relation

Our result and MLR from Torres et al. (

The modern MLR:

. 1 Torres et al. (2010) presented
. % . i 94 detached binary systems

containing 188 stars, where

Log L (Lo)
T

: i the mass and radius of both
‘1\.&_' 1

. ] stars be known within errors

of ~ 3% or better.

M (Mg)
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Results

Comparison with the current mass-radius relation

Our result and M m Torres et al. (2

The modern MR:

ofF . . 4 Torres et al. (2010) presented
i ] 95 detached binary systems

containing 190 stars, where

R (Reo)
i

the mass and radius of both

stars be known within errors

of ~ 3% or better.
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Conclusions

Conclusions

@ Small sample of 11 binary systems was formed for the pilot
program with HRS/SALT

@ 84 spectra were taken with SALT/HRS and were reduced

© Software package for spectral data analysis was developed and
its external accuracy was checked

© Photometric data from ASAS/ASAS-SN were collected and
preliminary analysis was done and shows that We need much
better photometry!!!

@ First binary systems from our sample were analysed and
the general correctness of our method was prooved
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