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BRITE satellites constellation
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Ground station in CAMK
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CAMK: BRITE satellites control center
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CAMK: BRITE satellites control center
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CAMK: BRITE satellites control center
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CAMK: BRITE satellites control center
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Beta Cephei star

• main sequence stars

• pulsating variable (change size and shape)

• mass from 8 to 18 M⊙

• pulsation period 2 - 8 h

• β Cephei pulsations are triggered in the 
ionization zone of the iron-group elements.

• very complex pulsation patterns, multiperiodic 
radial and nonradial oscillators

Source: Handler G. „Asteroseismology” https://doi.org/10.1007/978-94-007-5615-1_4

https://doi.org/10.1007/978-94-007-5615-1_4


Beta Cephei star
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Asteroseismology
• determination of the interior structure of star by using its oscillations
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Asteroseismology
• determination of the interior structure of star by using it oscillations

• variable and pulsating stars

• stellar oscillations generate motions and temperature variations on the surface

• variations causes:

• light

• radial velocity

• line profile changes.

• pulsating stars can be studied both photometrically and spectroscopically, via 
time series measurements

2018-05-16 37



Pulsation driving mechanism

k-g mechanism

b Cephei star – pulsation are triggered in the 
ionization zone of the iron group elements
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Pulsation modes

radial modes

non radial modes

2018-05-16
These animations were produced by students Alexandra Chambers and Darran Baker as part of a course on 

Scientific Computing in the School of Physics at the University of Sydney.



Non radial oscillations

2018-05-16

Source : asteroseismology of pulsating sdB stars; Simon Jeffery (Armagh 

Observatory)Vik Dhillon (Sheffield University) Tom Marsh (Warwick University) 

Ramachandran (Armagh Observatory) Conny Aerts, Paul Groot 
(Nijmegen)MNRAS: July 2004



Line profile variations due to stellar pulsation

2018-05-16 41Source: Handler G. „Asteroseismology” https://doi.org/10.1007/978-94-007-5615-1_4

l = 4, m = 0 l = 5, |m| = 3 l = |m| = 7

Adapted from Telting & Schrijvers (1997)

https://doi.org/10.1007/978-94-007-5615-1_4


Angular Momentum 
transport
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w envelope

w core

w – angular velocity

2018-05-16



acoustic mode (p modes) caused by pressure changes inside star

gravity mode (g modes) caused by  gravity (bouyacy)
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Stellar oscilations

2018-05-16
Source: „A review on Asteroseismology” Maria Pia Di Mauro arXiv:1703.07604v2 [astro-ph.SR]

https://arxiv.org/search?searchtype=author&query=Di+Mauro,+M+P
https://arxiv.org/abs/1703.07604v2


Epsilon Persei HD24760

Beta Cephei star

Triple system

Main componen e Per A: spectral type B1.5 III

Second component: spectral type A6, orbital period 14.069 days [Libich et al., 2005] 

Third component: orbital period  25.8 years

Fast rotating star

Multiple pulsation modes

Magnetic field
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Epsilon Centaurii HD118716
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Beta Cephei star

Binary system

Multiple pulsation modes



Time
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Time
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Observational data analysis
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Photometry
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BRITE data analysis

e Pere Cen
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BRITE data analysis
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e Cen
HD118716

UB Lem

2014-06-24 56
1st Year Phd Study Summary 

EZ

E:/CAMK/Doktorat/1stYearSummary_EZ/LemCentaurus_2014-06-12_star10_HD118716.mp4
E:/CAMK/Doktorat/1stYearSummary_EZ/LemCentaurus_2014-06-12_star10_HD118716.mp4
E:/CAMK/Doktorat/1stYearSummary_EZ/UB-Centaurus_20140517_star15_HD118716.mp4
E:/CAMK/Doktorat/1stYearSummary_EZ/UB-Centaurus_20140517_star15_HD118716.mp4


e Cen
HD118716

Lem

after reduction
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e Cen BA



59Phd Semminar 2015, CAMK

e Cen BA

f Cen
HD121743

comparison star



60



BRITE FITS files

612018-05-16



BRITE FITS files
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e Cen  HD 118716 UniBRITE

FITS
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e Cen  HD 118716 UniBRITE

FITS

observations in 
„chopping” mode
e Cen and e Per
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Lightcurve analysis
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Lightcurve  analysis

frequency and amplitude 
determination with 

fdecomp software created 
by Radek Smolec
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e Cen frequencies
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f1=5.896

f2=6.183

f3=5.689
f10=0.663

f8=0.546

f4=4.485

f5=4.893

f3-f4=1.203

f6=7.377

f2-f1=0.288

f7=0.262

f9=6.316

e Cen frequencies
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e Cen
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f orbital

f=5.896

f=6.183

f=5.689
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Photometry

BRITE – from space:
BRITE-Austria

UNIBRITE

BRITE Lem

BRITE Toronto

BRITE Heweliusz

APT – from ground

2018-05-16 74



Spectroscopy
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Spectroscopy

• GATS - Krzysztof Kaminski, Wojciech Dimitrov, Monika Kamińska, Magdalena Polińska (Polinska et al., 2014)

• AAVSO:
• Austria, Germany - Berthold Stober, Manfred Schwarz, Siegfried Hold, Ulrich Waldschlager
• China - Dong Li
• France (La Tourbiere) - Olivier Garde
• USA (Baltimore)

• Lithuania (Moletai) - Erika Pakstiene, Sarunas Mikolaitis
• Slovakia (Stara Lesna Observatory) - Ernst Paunzen
• USA (McDonald Observatory) - Elżbieta Zocłońska
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Spectroscopy
Telescope diameter 2,1 m

Echelle type spectroscope

Wavelenght range 4341-4861Å

Mc Donald Observatory, Texas, USA
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McDonald spectroscopy – e Per

Stara Lesna78
Si III 4553A
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Stara Lesna spectroscopy – e Per

Stara Lesna79
Si III 4553A
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Stara Lesna spectroscopy – e Per

Stara Lesna80
Si III 4553A
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Stara Lesna spectroscopy – e Per

Stara Lesna81
Si III 4553A
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Stara Lesna spectroscopy – e Per

Stara Lesna82
Si III 4553A
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Stara Lesna spectroscopy – e Per

Stara Lesna83
Si III 4553A

2018-05-16



Stara Lesna spectroscopy – e Per

Stara Lesna84
Si III 4553A
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Stara Lesna spectroscopy – e Per

Stara Lesna85
Si III 4553A
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Stara Lesna spectroscopy – e Per

Stara Lesna86
Si III 4553A

2018-05-16



Stara Lesna spectroscopy – e Per

Stara Lesna87
Si III 4553A
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Stara Lesna spectroscopy – e Per

Stara Lesna88
Si III 4553A
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Spectroscopy
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Spectroscopy

Source: http://astro.unl.edu/naap/hr/hr_background1.html2018-05-16



Spectroscopy

Source: http://astro.unl.edu/naap/hr/hr_background1.html2018-05-16

Si III 4553A
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Orbital period

Epsilon Persei- triple system with close 
binary period: 

Libich [2005]: P orb= 14.069 dni
de Cat [2000]: P orb= 14.076 dni
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Orbital phase
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Frequencies [cycle/day]

f=.17413498

h=.16142715

o=.07229716

q=.39614309

s=5.65844705

j=6.23706979

b=2.35783275

c=3.91918773

d=6.05413865

u=2.95661520

• n=2.69353726

• v=7.42876627

• a=2.28748068

• t=3.54325171

• i=7.60181326

• k=5.86961022
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Mode identification

• frequencies from photometry

• radial velocity from spectroscopy

• mode identification in FAMIAS software using 

• moment method

• line profile variation
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FITS and lightcurves from BRITE
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http://brite.craq-astro.ca/doku.php



FITS and lightcurves from BRITE
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FITS and lightcurves from BRITE
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https://brite.camk.edu.pl/pub/index.html



FITS and lightcurves from BRITE
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FITS and lightcurves from BRITE
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List of BRITE 
& BRITE-related publications

• http://brite.craq-astro.ca/doku.php?id=brite_science

• Last updated: April 6, 2018 (141 publication)
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http://brite.craq-astro.ca/doku.php?id=brite_science


Type II

Epsilon Persei and Epsilon Centauri as supernowa type II progenitor
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Appendix
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Chopping = „nodding”

114

F:\temp\WykladPoniedzialkowy\animacja_epsper\epsper

2018-05-16

animacja_epsper/epsper


that stellar variability in high mass stars 

high-mass stars often rotate rapidly, inducing an oblateshape and a pole-to-equator luminosity gradient across the stel-lar surface (Barnes 2009; Barnes et al. 2011; Ahlers 
et al. 2015;Ahlers 2016). 

https://arxiv.org/pdf/1804.03653.pdf

dis-play more stellar variability than the Sun

Techniquesfor analyzing non-sinusoidal or non-periodic signals in the lightcurves such as the autocorrelation function (McQuillan et al.2014) and Gaussian processes (Aigrain 
et al. 2016) producestrong results when applied to such stars. 

high-massstars behave quite differently. At∼6250K and hotter, stars invertto become radiative rather than convective at their surface (Winnet al. 2010). These stars have weak 
or nonexistent sunspots, andcommonly rotate rapidly as a mostly-rigid body throughout theirlifetimes. High-mass stars in the classical instability strip pulsatewith radial and 
nonradial modes at high amplitudes. Therefore,analysis of stellar variability in the light curves of high-massstars comes with a unique set of challenges and must be 
handleddifferently than variability in low-mass stars.

LASR-Guided Stellar Photometric Variability Subtraction: TheLinear Algorithm For Significance Reduction

the technique of “prewhitening" servesas the traditional method of asteroseismic analysis 
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All stars are rotating (the rotation period of the sun is about 27 d)

The compactification of the star then impliesfaster rotation

The rotational energy ofa star can be estimated simply asErot=IΩ2/2 = 2Iπ2P−2whereIis themoment of inertia which, for a homogeneous sphere of massMand radiusRisI= 
2MR2/5.

Źródło: https://arxiv.org/pdf/1804.03451.pdf

magnetic fields may have built up throughdynamo processes (similar to that generating the Earth or the sun magneticfields) 
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