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DSS2 optical HEALPix survey, color (R=red[~0.6um]/G=average/B=blue[~0.4um]) - Digitized Sky Survey - STScl/NASA, Colored & Healpixed by CDS
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Zrédio: J.A. Toala [2017] XMM-Newton,WISE
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. DSS2 optical HEALPix survey, color (R=red[~0.6um]/G=average/B=blue[~0.4um]) - Digitized Sky Survey - STScl/NASA, Colored & Healpixed by CDS
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Earth Inertial Axes
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BRITE satellites constellation
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Earth Inertial Axes
7 May 2018 18:00:00.000 Time Step: 60.00 sec
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Ground station in CAMK



CAMK: BRITE satellites control center
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CAMK: BRITE satellites controlceter




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 Mo

pulsation period 2 -8 h

B 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

main sequence stars

pulsating variable (change size and shape)
mass from 8 to 18 Mo

pulsation period 2 -8 h

B 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

Asteroseismology

determination of the interior structure of star by using its oscillations

2018-05-16
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Asteroseismology

 determination of the interior structure of star by using it oscillations
 variable and pulsating stars

e stellar oscillations generate motions and temperature variations on the surface

2018-05-16 35



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.
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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-y mechanism

B Cephei star — pulsation are triggered in the
ionization zone of the iron group elements

2018-05-16 38



Pulsation modes

radial modes
non radial modes

These animations were produced by students Alexandra Chambers and Darran Baker as part of a course on
2018-05-16 Scientific Computing in the School of Physics at the University of Sydney.



Non radial oscillations

=20, m=10 /=4, m=1

4, m=0 =4, m=3

Source : asteroseismology of pulsating sdB stars; Simon Jeffery (Armagh
2018'05-16 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



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

Angular Momentum
transport



M — angular velocity

2018-05-16

M envelope

@ core
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Stellar oscilations

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

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

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 € Per A: spectral type B1.5 Il

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

2018-05-16 45



Epsilon Centaurii HD118716

Beta Cephei star
Binary system

Multiple pulsation modes

2018-05-16
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Observational data analysis
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Photometry
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obser uro. e 2 /)a/fucéy
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BRITE data analysis

& Per
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BRITE data analysis
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¢ Cen
HD118716

UB Lem

UB-Centaurus-2014-05-17; HD118716; time [JD]: 2456794.5593; temp. mean = 26.4833 LemCentaurus_2014-06-12; HD118716; time [JD]: 2456820.8097; temp. mean = 17.1703
star = 15; pict = 12; frame ok = 1 star = 10; pict = 6; frame ok = 1



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

¢ Cen
HD118716

after reduction

Lem




&l

X=4048,Y=2672

BA Centaurus 2014

alpha Cen

b\eta Cen

CCD pixel
X=1.Y=1

eps Cent
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RTH203 =Temp2 X=4048’Y=2672
BA Centaurus 2014

Temperature
| RTH202 =Tempi(in FITS) sensor
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=Temp3—

[\

N
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star: HD 40183, NAXIS1: 48, NAXIS2: 28 star: HD 24760, NAXIS1: 48, NAXIS2: 28 star: HD 31398, NAXIS1: 48, NAXIS2: 28 star: HD 40312, NAXIS1: 48, NAXIS2: 28 star: HD 32537, NAXIS1: 48, NAXIS2: 28
0 0 0 0 0
10 10 10 10
20 20 20 20
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
star: HD 25940, NAXIS1: 48, NAXIS2: 28 star: HD 24912, NAXIS1: 48, NAXIS2: 28 star: HD 33959, NAXIS1: 48, NAXIS2: 28 star: HD 32068, NAXIS1: 48, NAXIS2: 28 star: HD 32630, NAXIS1: 48, NAXIS2: 28
0 0 0 0 0
10 10 10 10 10
20 20 20 20 20
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0

star: HD 31964, NAXIS1: 48, NAXIS2: 28 star: HD 39003, NAXIS1: 48, NAXIS2: 28 star: HD 26630, NAXIS1: 48, NAXIS2: 28 star: HD 27396, NAXIS1: 48, NAXIS2: 28 star: HD 36371, NAXIS1: 48, NAXIS2: 28

0 0 0 0 0
10 10 10 10 10
20 20 20 20 20

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
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BRITE FITS files

Fv: Summary of UB_Centaurus2014_5203.46328655.fil
Edit T

61



BRITE FITS files

File Edit Tools Help
Summary of UB_Centaurus2014_5203.46328655.fi . ”
" " Search for: | | Find |Casze sensitive? MNo
File Edit Tools Help =

Extension Type Dimension SIMPLE T / file does conform to FITS standard

EITPIX § / nuwmber of bits per data pixel

Primany Image 0 MAKIS 0 / mumber of data axes

EXTEND T / FITS dataset may contain extensions

COMMENT FIT3 (Flexible Image Transport System) format is defined in 'Astronow
HD 136504 Image COMMENT and Astrophysics', wolume 376, page 359; bibcode: 20014s4...376..3559H
DATE '2014-06-11T14:13: 49" # file creation date (YYVY-MM-DDThh:mm:ss UT)
EXTNAME = 'HEADER '

HD 132058 Image VRSNFITS=

VRSNDATA= '1.0.2.2 !

IRID I e eh lEge FILE_STP= 'Setup 140331 154750 0d93.xml'

HD 128620 Image TELESCOP= 'UniBRITE_20130716-4'

CTLG_NUM= 39092

HD 122451 Image OBSERVER= 'Centauri-UB_Ze'

HD 125238 Image PLT SCL = 0.00736111111111111 / [DEGREES/PIXEL] Plate scale

R4 = 221.496887207031 / [DEGREES]

HO 127473 Image DEC = -51.3927764892578 / [DEGREES]

HD 125056 IFiEGE EPOCH 2014. 195055

RAT2000 221.249539096079 / [DEGREES]

HD 128345 Image DECJ2000 -51.3335557885461 / [DEGREES]

_REF 1993, 50771697121

v REF 1355. 85378260396

HD 121263 Image SAT ROLL -91.4377833760688 / [DEGREES] Roll angle

SETUP_ID= 1396280870

SETUP_EX= 3475

HD 118716 Image EXP_TIME= 1000 4 [M3] Duration of Single Exposure in 3tack

5 TLEl 0= 'l 390920 130096  13196.00821065 .'

IRID) 1 A0S I S TLEL 1= '00000005 00000-0 17617-4 0 1194

HD 121743 Image 3_TLEZ_0= 'Z 39092 095.6283 026.1222 0003724 2!

5 TLEZ 1= '22.5021 137.5464 14.34359994 19952'

HD 120307 Image § TLEL = 'l 390920 13009G  13196.00821068 .00000005 O0000-0 L7617-4 0 1lg'
HD 129116 Image CONTINUE '84 '

S TLE2 = '2 39092 098.6283 026.1222 0008724 222.5021 137.5464 14.34389994 199¢'
HD 1345058 Image CONTINUE

HD 1353749 Image Header| Image

HD 138630 Image

HD 132200 Image

HD 134431 Imane

HD 121740 Imane

HD 136298 Image Header| Image
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¢ Cen HD 118716 UniBRITE

2_Centaurus-2014_UBr_2014-08; HD118716

time [JD]: 2456857 606483 ; time-JD2000[JD]: 5312.606483
time_obs: 2014-07-19T02:33:20.142

temp. mean = 25.7072 ; nu_pix_in_contour: 119

pict = 8343; frame ok = 111111111

16000 -
14000 -
12000 - -

10000 -

8000~
6000~

63



¢ Cen HD 118716 UniBRITE

2_Centaurus-2014_UBr_2014-08; HD118716
time [JD): 2456857 613770 ; ti 2000[JD]: 5312.613770

_contour: 130

4000 -

observations in
,chopping” mode
€ Cen and g Per

2000 -

2018-05-16 64
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Lightcurve analysis
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flux [ADU/s]

Lightcurve - last setup in normal mode

HD24760_5_Perseus2014_UBT setup2 APa2ss R2 E.dat] b

HD24760_5 Perseus-2014_UBr_setup3_APa2s5 R2 E.dat
HD24760_5 Perseus-2014_UBr_setup6_APa2s5 R2 E.dat

time HJD [day]




450001

40000 |-

35000

flux [ADU/s]

30000

25000

20000

Lightcurve - last setup in chopping mode

HD24T60_5_F'erseus.-2014_UBr_setLip2_APa255_R2;E.dat _
HD24760_5_ Perseus-2014_UBr_setup3_APa2s5 R2_E.dat ' e e P
HD24760_5 Perseus-2014_UBr_setup7_APa3sZ2chop_R2_E .dat

time HJD [day]



Lightcurve analysis

amplitude

afal
S S S S R S S ——
= peak: wid

E = i — [ -

Lpo | Aeteeren |
TD
" frequency and amplitude
1 determination with
& fdecomp software created

by Radek Smolec

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . Ll L

2018-05-16 : ’ ! g © !
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¢ Cen frequencies

Frequency BRITE HD118716
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Frequency --HD118716_Centaurus-2014_BAb_APa2s5_hjd_rf_E.dat
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Frequency --HD118716_Centaurus-2014_BAb_APa2s5_hjd_rf_E.dat
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Frequency --HD118716_Centaurus-2014_BAb_APa2s5_hjd_rf_E.dat
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Photometry

BRITE — from space:
BRITE-Austria
UNIBRITE
BRITE Lem
BRITE Toronto
BRITE Heweliusz

APT — from ground

2018-05-16
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Spectroscopy



Spectroscopy

* GATS - Krzysztof Kaminski, Wojciech Dimitrov, Monika Kaminska, Magdalena Polinska (Polinska et al., 2014)
* AAVSO:
* Austria, Germany - Berthold Stober, Manfred Schwarz, Siegfried Hold, Ulrich Waldschlager
e 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) - Elzbieta Zoctoriska

2018-05-16 76
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Spectroscopy

Telescope diameter 2,1 m
Echelle type spectroscope

Wavelenght range 4341—861,&

/

77



McDonald spectroscopy — € Per

OBJECT: HD24760
McDonald Observatory, TELESCOPE: mcd82x, FILENAME: EZ0056B_S1DBWR.F
2016-11-14 bwrixt.ixt
UTC, EXP TIME: 150.00 [s]
2457706. [JD], 2457706.67618322 [HJD]

x
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©
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L
4570

Wavelenght [A]

2018-05-16 Si lll 4553A




Stara Lesna spectroscopy — € Per

b4 0.
=
L
o 0.
Q
N
© o
£
i
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Wavelenght [A]

2018-05-16 Si lll 4553A
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Spectroscopy

Hot blackbody

Prism
. b Absorption line spectrum
Prism
a Continuous spectrum ¢ Emission line spectrum

89



Spectroscopy

e exclted,
ies.
as dark absorption lines.

Dark absoprtion lines

2018-05-16 Source: http://astro.unl.edu/naap/hr/hr_background1.htm



Spectroscopy

Atoms in the cooler atmosphere are excited,
absorbing photons of cartain enargies.
These transitions appear as dark absorption lines,

N

& 'Y

Dark absoprtion lines

Si lll 4553A

Source: http://astro.unl.edu/naap/hr/hr_background1.htm!

2018-05-16
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Observer
sees:

Star's |
rotation /

x
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Wavelength [A]
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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

96



PPPPPPPPP

Orbital phase

ppppp



Frequencies [cycle/day]

f=.17413498
h=.16142715
0=.07229716
g=.39614309
s=5.65844705
j=6.23706979
b=2.35783275
c=3.91918773
d=6.05413865
2013189195661520

n=2.69353726
v=7.42876627
a=2.28748068
t=3.54325171
i=7.60181326
k=5.86961022

98



Mode identification

frequencies from photometry
radial velocity from spectroscopy
mode identification in FAMIAS software using

* moment method
* line profile variation

2018-05-16 99
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file: BTr_AurPer-20
UTC: 2017-03-07T00°00:35, |
SAT_STAT: OK, SAT_LONG: -35.2
ELA_ANG: 67 _RA; 184.2016, NAD._|
SOL_RA 3005, SOL_DEC: 2/895, SOL.ALTI

,.SOL._

LUN_RA: 331 LUN_DEC: -

acs_errors_X_1: 0.0253003481775
1

52223, acs_ermr
temp0.{9.931976][C]. templ
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HD24760_20-AurPer-1-2016_BTr_setup2_APa3s2chop_R5.dat
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FITS and lightcurves from BRITE

/ BRITE Photometry Wiki

aurper - perseus

1eral Information

Perseus |

Field ID: 05-

Observational Details

Satellites:

Targets

HD
16908
17573
17584

2018-05-16 s _ 17708

18296

Name
35 Ari
a1 Ari
16 Per
17 Per
21 (LT) Per

LEr,

Sp.Type
B3V
BS Vn
F2 Il
K5 1ll
B9pSi

Contact Pl
Pigulski
Pigulski
Zwintz
Kallinger

Luftinger

TNDPY
616
24914
75839
10164
10232

Data avail.2}

%/ public
% public
% public
% public

& public
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FITS and lightcurves from BRITE

edu.pl o %

BRITE public data archive

E BRITE-C A i BRITE®

Data archive
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FITS and lightcurves from BRITE

BRITE public data archive

DATA ARCHMNE BRITE-CONSTELLATION BRITE Wikl

BRITE

Publc lghtcune arcive Data archive https://brite.camk.edu.pl/pub/index.html

01 Orian |

02 Centaurus | BRITE (BRight Target Explorer) Constellation s a space astronomy mission to

04 Cygnus | colfect high-quality, time-dependent, dual-filter optical photometny of bright

05 Perseus | stars with & set of nanosatellites, operated simultaneously by an internationai
05-Per--2014_R2 team of scientists and engineers. The sclentific strength of BRITE
05-Per-l-2014_R2_chop Constallation fa the abilty to monitor st high photometric precision many of the

08 Orion |l apparently brightest stars in the night sk with sampling comparable to a

07 Vela/Puppis | BRITE nanosatelite orbital pariod (~100 minutes) for months or even years.

08 Wela/Pictoris |

09 Scorpius |

10 Cygnus |l

11 Cassiopeia/Cepheus | Researchers are reguested to include the following acknowledgerment in any

21 Cetus/Eridanus | publication that makes use of data retrieved from this database:

Public fits archive "Baszed on data collected by the ERITE Constellation satellite mission, designed,
BRITE-Constellation built, launched, operated and supported by the Austrian Research Promotion Agency
BRITE Wiki (FFG), the University of Wienna, the Technical University of Graz, the Canadian Space
Data release desciption Agency (CSA), the University of Taranto Institute for Aerospace Studies (UTIAS), the
ERITE_FullFramelmage Catalogue. xlsx Foundation for Polish Science & Technology (FMITP MMISYY), and Mational Science

Centre (MCM)"

Search for names..

2018-05-16 Star Field_DataRelease Lighteure

HDE901 M-CasCep--2015 R4 HD3901 11-CasCepn-l-2015 F4d.zip




FITS and lightcurves from BRITE

BRITE public data archive

2018-05-16

we archive

DATA ARCHIVE BRITE-CONSTELLATION BRITE Wikl

Data realease description

The release notes for 22-0ri-1V- 2016 R5
Check Tea

The release notes for 21-CetEri-l-2016
The Quality Check Tearn [ release notes: 21-CetEri-l2016_R

The release notes for 20-AurPer-I 2016 RS

The release notes for 19-Cas-l 2016_R3

The Quality Check Tea release notes: a e_lotes pdf
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FITS and lightcurves from BRITE

du.pl - @ %

BRITE public data archive

ERITE-CC ATION ERITE

BRITE
Fub
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List of BRITE
& BRITE-related publications

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

Type Il

Epsilon Persei and Epsilon Centauri as supernowa type Il progenitor
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Appendix



Chopping = ,nodding”

F:\temp\WyvkladPoniedzialkowy\animacja epsper\epsper
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animacja_epsper/epsper

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

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

that stellar variability in high mass stars

the technique of “prewhitening" servesas the traditional method of asteroseismic analysis

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).

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

dis-play more stellar variability than the Sun

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

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=1Q2/2 = 2In2P-2wherelis themoment of inertia which, for a homogeneous sphere of massMand radiusRisl=
2MR2/5.

2018.05.16 Zrédto: https://arxiv.org/pdf/1804.03451.pdf e



