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Candidates among LMC Cepheids.

Spectral analysis of the candidates for non-pulsating 
stars in the Cepheid instability strip

Parameters: Teff, [Fe/H], and log g derived 
from the Strömgren photometry.

These stars appear to be photometrically stable at the level of a few mmag!

MIKE spectrograph

6.5 m Clay telescope

Las Campanas Observatory

Slit 0.7”, R blue ~ 41000, R red ~ 32000.



  

Methods

Spectrum synthesis

GSSP code (Tkachenko 2015)
SynthV radiative transfer code (Tsymbal 1996)

MEASURED: Teff, [M/H], ξ, Vrot, abundances

LLMODELS (Shulyak et al., 2004)
MARCS (Gustafsson et al., 2008)

MODEL ATMOSPHERES:

PROBLEM:
the lack of models for log g < 2.5 dex
(adopted log g = 2.5 for all objects).

Equivalent width method

MOOG v2019 code (Sneden 1973)
ARES v2 code (Sousa et al., 2015)

log g, Teff, [M/H], ξ, Vrot, abundances
                                                  

Kurucz (ATLAS code; Kurucz 1993)

ADVANTAGES:
 can be faster (focused on a specific lines),
 ARES enables authomatic measuremet of EW,
 Fully authomatic continuum determination.

WEAKNESSES:
 Blending of lines makes a problem
(this may lead to inaccurate results),
 Caution in lower resolution data (R < 20000),
 Avoid fast rotators (V sini >~15 Km/s).



  

Analysis.
Example of solution for CAN-10 using single version of GSSP code

Synthetic fit (orange) compared to the observed spectra (blue).



  

Analysis.
Example of solution for CAN-11 using ARES + MOOG

Iterative proces:
After each step, outlier points were 
rejected using the ±3σ criterion.

The final parameters:

Teff = 6410 ± 375 K

log g = 1.55 ± 0.62 dex

 [Fe/H] = -0.14 ± 0.17 dex

 ξ = 3.33 ± 0.40 km/s



  

Abundances of chemical elements in CAN-11

Relative to solar the values of abundances obtained with GSSP (circles) and MOOG (diamonds).

Significantly enhanced heavy (Barium – peak) s-process elements: Ba, La, Ce, Pr, Nd, Sm;
   and frequently also light (Zirconium – peak ) s-process elements: Zr, Y.



  

Results from different methods:
Spectrum synthesis (GSSP), EW (MOOG), and Strömgren photometry

 Teff (EW) ~  Teff (Photometry)

 Small precission from the method of EW

 Significant correlations between
log g and Teff, ξ, and  [M/H]. 

 Teff  will probably not differ significantly from those obtained from Strömgren photometry – 
suspected physical reason for the observed behavior!

 The next step: the spectral synthesis repeated using Kurucz model atmospheres with free log g.



  

AIMS:

 Abundances, evolutionary status, mass transfer

 Radial velocity monitoring  spectroscopic orbits→
 Monitoring of SySt in active states

OBSERVATIONS:

 HRS/SALT (R~40000, 3900 – 8800 Å)

Programs: 2019-1-MLT-008 &  2018-2-SCI-021.

 V, RC, IC photometry (35 cm Meade RCX400)

Berto Monard, Kleinkaroo Observatory, Sout Africa

 V, IC photometry (80 cm ‘Zibi’ Telescope)

Cerro Murphy Observatory, Chile

HRS monitoring of symbiotic stars with yellow giants,
and active systems around outbursts           

Gałan C., Mikołajewska J., Monard B., Pietrzyński G., Wielgórski P., Kicia M.



  

V840 Cen

Porb ~ 8.096 days

Lithium (6707.8 Å) line

Radial velocity curves of both components,

and ellipsoidal variations



  

V618 Sgr

eclipsing symbiotic Nova

Radial velocities rom 23 HRS/SALT spectra (around three eclipses).

Preliminary solution for the circular orbit:

T0 = (2458405.5 ±3.9) + (708.9 ±0.23) • E,              K = 7.7 ±0.4 km/s 

Ephemeris is in good agreement with 3 minima observed in 1930’s (Swope 1940)

MWD ~0.5–0.6 M⊙



  

Chemical abundances of the stripped giant
in the X-ray binary GX 339-4            

Cezary Gałan, Joanna Mikołajewska, Andrzej Zdziarski 

Black Hole:       MBH ≈2.3–9.5 M , ⊙

                              Porb = 1.76 days,                    Heida et al. (2016).

Red Giant:         Mg ≈0.5–1.4 M ,                  ⊙ Zdziarski et al. (2019).

Nearly 9 dozen atomic lines (Al I, Si I, K I, Ti I, Mn I, Fe I) in the X-shooter archival spectra.



  

Spectral synthesis and results

The spectrum synthesis method: Turbospectrum.v19 code (Plez 2012).

Grid of 72 models: Teff = 4250–5000 K, logg = +2.5–+3.5 dex, [M/H] = -0.5 – +0.75 dex.

The best fit parameters: Teff = 4500 K, logg = 3.5 dex, [M/H] = -0.25 dex.

Exceptionally high abundance of potassium (K I):  [X] ~ +1.9 dex !



  

   
Thank you
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