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Nemeéni se zarivy vykon hvézd

Credit: Eyer et al. (2018)
Adapted from: Eyer & Mowlavi (2008)
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Zmény diky geometrii pozorovani Zmény diky fyzikalnim procesim
Nemeéni se zafivy vykon hvézd uvnitf/na povrchu/v okoli hvézd

Co tedy zpusobuje hvézdnou
proménnost?

Credit: Eyer et al. (2018)
Adapted from: Eyer & Mowlavi (2008)
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Credit: Eyer et al. (2018)
Adapted from: Eyer & Mowlavi (2008)
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Klasifikace promennych hvezd

e Spolec€né rysy (svételna kfivka, perioda, amplituda zmén, teplota (barva), svitivost, poloha v galaxii, ...)
e Ru0zné typy proménnych hvézd sdileji podobné charakteristiky
e > nutna viceparametricka klasifikace, pouziti vice zdroja dat, strojové uceni
e Nepresna ¢i nemozna definice limitd (fyzikalni modely nepfesné -> klasifikace zaloZzena na pozorovani)
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Klasifikace promennych hvezd

Spolecné rysy (svételna krivka, perioda, amplituda zmén, teplota (barva), svitivost, poloha v galaxii, ...)
RuUzné typy proménnych hvézd sdileji podobné charakteristiky

-> nutna viceparametricka klasifikace, pouziti vice zdroju dat, strojové uceni

Nepresna €i nemozna definice limitd (fyzikalni modely nepfesné -> klasifikace zalozena na pozorovani)
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Klasifikace promennych hvezd

Spolecné rysy (svételna krivka, perioda, amplituda zmén, teplota (barva), svitivost, poloha v galaxii, ...)
RuUzné typy proménnych hvézd sdileji podobné charakteristiky

-> nutna viceparametricka klasifikace, pouziti vice zdroju dat, strojové uceni

Nepresna €i nemozna definice limitd (fyzikalni modely nepfesné -> klasifikace zalozena na pozorovani)
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Klasifikace promennych hvezd

Spolecné rysy (svételna krivka, perioda, amplituda zmén, teplota (barva), svitivost, poloha v galaxii, ...)
RuUzné typy proménnych hvézd sdileji podobné charakteristiky

-> nutna viceparametricka klasifikace, pouziti vice zdroju dat, strojové uceni

Nepresna €i nemozna definice limitd (fyzikalni modely nepfesné -> klasifikace zalozena na pozorovani)
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Cunha et al. 2019, MNR

Klasifikace promennych hvezd

Spolecné rysy (svételna krivka, perioda, amplituda zmén, teplota (barva), svitivost, poloha v galaxii, ...)
RuUzné typy proménnych hvézd sdileji podobné charakteristiky
-> nutna viceparametricka klasifikace, pouziti vice zdroju dat, strojové uceni

Nepresna €i nemozna definice limitd (fyzikalni modely nepfesné -> klasifikace zalozena na pozorovani)
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Spolecné rysy (svételna krivka, perioda, amplituda zmén, teplota (barva), svitivost, poloha v galaxii, ...)
RuUzné typy proménnych hvézd sdileji podobné charakteristiky

-> nutna viceparametricka klasifikace, pouziti vice zdroju dat, strojové uceni

Nepresna €i nemozna definice limitd (fyzikalni modely nepfesné -> klasifikace zalozena na pozorovani)
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Klasifikace promennych hvezd

e Pozor na data! Rlzné rutiny pro redukci dat produkuji riizna data
e Pozor na kontaminaci blizkymi objekty - problém u pfehlidek a vesmirnych misi
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Klasifikace proménnych hvézd

Metody strojového uc€eni a
neuronovych siti

Nutnost dobrych
trénovacich vzorku

Summarized refinement criteria

Feature Description Importance Reference
(per cent)
LS_Per Best Lomb—Scargle period 1 -
LS_Pow Power corresponding to the best Lomb—Scargle period 24 —~
log(LS_FAP)  Base 10 logarithm of the FAP corresponding to the best Lomb—Scargle period 11 -
T(t) Lafler—Kinman string length statistic of the light curve sorted by time 4 Jayasinghe et al. (2019a)
T(¢|P) Lafler—Kinman string length statistic of the light curve sorted by phase 18 Jayasinghe et al. (2019a)
) Normalized difference between T(t) and T(¢|P) 5 Jayasinghe et al. (2019b)
Skew Skewness of the magnitude distribution 2 -
Kurt Kurtosis of the magnitude distribution 2 -
Median Median of the magnitude distribution 1 -
o Standard deviation of the light curve 2 -
IQR Difference between the 75th and 25th percentiles in magnitude 2 -
Anr Ratio of magnitudes brighter or fainter than the average 2 Kim & Bailer-Jones (2016)
MAD Median absolute deviation of the light curve 2 -
1/n Inverse of the 1 (Von Neumann index) value for the light curve 3 Von Neumann et al. (1941)
J— K 2MASS J — K colour
H-K, 2MASS H — K; colour Class

Jayasinghe 2020, MNRAS, 491, 13

Klasifikace proménnych hvézd z ASAS-SN

Vyuziti informaci z periodogramu, statistickych

ukazatelu dat a barvy hvézd

8 Scuti (HADS, DSCT)
RR Lyrae (RRAB, RRC, RRD)

Cepheids (DCEP, DCEPS, CWA,
CWB, RVA)

Rotational variables (ROT

Eclipsing binaries (EA, EB, EW)

Semiregular and irregular variables (SR, L)

Mira variables (M, M:)

YSO

Outbursting Be stars (GCAS, GCAS:)
Generic variables (VAR)

Skew < 0.15, LS_Pow>0.25, log(LS_FAP)<—7, A < 0.5 mag, T(¢|P) < 0.5, —1 < Wix < 3 mag

RRAB and log(LS_FAP)<—10, LS_Pow>0.2, A > 0.08 mag, T(¢|P) < 0.6, Skew < 0.15,5 < —0.25
RRC/RRD and log(LS_FAP)<—10, LS_Pow>0.2, A > 0.08 mag, T(¢|P) < 0.6, Skew < 0,5 < —0.25

Skew < 1, log(LS_FAP)<—10, LS_Pow>0.3, A < 2 mag, T(¢|P) < 0.6, 5 < —0.25

Period>0.6 d and log(LS_FAP)<—5, LS_Pow>0.2, A > 0.08 mag, T(¢|P) < 0.6,5 <0
Period<0.6 d and Wy > 2.5 mag, Prob > 0.9

EA (GLS) and « < 100, T(¢|P) < 0.6, A > 0.08 mag
EB (GLS) and log(LS_FAP)<—7, LS_Pow>0.2, A > 0.08 mag, T(¢|P) < 0.6
EW (GLS) and log(LS_FAP)<—7, LS_Pow>0.2, A > 0.08 mag, T(¢|P) < 0.6, Skew > 0

EA (BLS) and @ < 100, T(¢|P) < 0.45, Prob > 0.8

o <5, Vigean > 11 mag, A > 0.08 mag
Period>100 d and log(LS_FAP)<—3,J — K, > 1.1, A > 0.1 mag, T(t) < 0.7
10 <Period<100 d and log(LS_FAP)<—8, A > 0.08 mag

log(LS_-FAP)<—3, LS_Pow>0.5 , T(¢|P) < 0.5
Period<100 d and @ < 5, log(LS_FAP)<—10, LS_Pow=>0.25, T(¢|P) < 0.6
o <5, Vipean > 11 mag, J — K < 1.1,0.25 < A < 1 mag, T(t) < 0.5

o <5,0.1 <A <2mag, Wix > —4 mag, Vyean > 11 mag, T(¢|P) < 0.5 OR T(t) < 0.5




Klasifikace promennych hvezd

Spolecné rysy (svételna krivka, perioda, amplituda zmén, teplota (barva), svitivost, poloha v galaxii, ...)
RuUzné typy proménnych hvézd sdileji podobné charakteristiky

-> nutna viceparametricka klasifikace, pouziti vice zdroju dat, strojové uceni

Nepresna definice limitl (fyzikalni modely nepfesné, zalozeno na pozorovani)

THE ASTRONOMICAL JOURNAL, 162:209 (25pp), 2021 November Audenaert et al.

THE ASTRONOMICAL JOURNAL, 162:209 (25pp), 2021 November Audenaert et al.

[ Stellar Variability Classification J Table 1
- . Overview of Classification Features Employed by the Individual Algorithms
Unsupervised Methods Supervised Methods { Algorithm/Feature SLOSH RFGC SORTING-HAT GBGC Notes

Clustering multiSLOSH RFGC SORTING-HAT GBGC PDS X Power density spectrum
(Neural Network) (Random Forest) (Random Forest) (Gradient Boosting) i ifit 56 X %: Frequencies and their harmonics
Z=— T = = m—— = Ay X Amplitudes
‘ | :TZ:’ ’/:T‘: X Amplitude ratios
Meta Cla_ssifier . n Phases
s aclaig) Cdi— P11, i =23 X Phase differences
FliPer (F[,)h Mean power in a given frequency range
a mpmlE R et s B e NS S S g R B e B SR S O S e U, Sy Rt | Y ipatn o 5 F,07,7,20,50 X 0.7, 7, 20, 50pHz onwards
SOM_loc X Location on the trained self-organizing maps
p " p ) $_p2p_98 X Point-to-point difference, 98th percentile
Solar-like RR Lyrs/ 3 : y p2p_98 X ¢ refers to the phase-folded light curve
pulsators Transiting/ Cepheids " COntact ¢_p2p_mean X Mean of the point-to-point difference
Eclipsing blnaﬂ_eS/ p2p_mean X ¢ refers to the phase-folded light curve
rotation ¢_range x Range of phase-folded light curve
_________________________________________ Dy X Number of zero crossings in a light curve
y? X; Coherency parameter
72 X Variability index
Vinax/AV skewness® X X Light-curve skewness
RGvs. RC MAD* X X Median absolute deviation
Res' X Range of the cumulative sum of the fluxes
\ o’ X Variance
Swe . Shapiro-Wilk test for normality
Sf;:::" kurt" % Kurtosis
morphology I 4 iability varrat' X Variance ratio
SH X Number of significant harmonics of f;
FR >.¢ Flux ratio
h(x) X Differential entropy
MSE Multiscale entropy
Second-level MSE avg,std,max,pow % Mean, standard deviation, max, and power

Classification (II)




Klasifikace promennych hvezd

e Spolec€né rysy (svételna kfivka, perioda, amplituda zmén, teplota (barva), svitivost, poloha v galaxii, ...)
e Ru0zné typy proménnych hvézd sdileji podobné charakteristiky
e > nutna viceparametricka klasifikace, pouziti vice zdroja dat, strojové uceni
e Nepresna definice limitd (fyzikalni modely nepfesné, zalozeno na pozorovani)
THE ASTRONOMICAL JOURNAL, 162:209 (25pp), 2021 November Audenaert et al.
THE ASTRONOMICAL JOURNAL, 162:209 (25pp), 2021 November Audenaert et al.
( Stellar Variability Classification ] , - Table 1 » ,
: , Overview of Classification Features Employed by the Individual Algorithms
Unsupervised Methods Supervised Methods Algorithm /Feature SLOSH RFGC SORTING-HAT GBGC Notes
Clustering : multiSLOSH RFGC SORTING-HAT GBGC PD.Su x Power de‘nsity spectrum -
] (Neural Network) (Ra|:|dom Forest) (Random Forfst) (Gradient Bonrsnng) _Z,[jlﬁ X X z i::;l;le[x:‘;: and their harmonics
‘ | :TZ:’ ’/:T‘: X Amplitude ratios
Meta Classifier . n Phases
"'stacking", . Dlaaa docooao

Irregular New ux ratio
variables classes ' h(x) Differential entropy

MSE Multiscale entropy
Second-level ' MSE § § e

T R avg,std,max,pow % Mean, standard deviation, max, and power

: Classification (II)

Instrumental




Klasifikace promennych hvezd

RRab Ecl Table 1. The number of different classes of CRTS variable
stars.
185 146
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Amplitude (mmag)

Klasifikace promeénnych hv

M. Skarka et al.: Periodic variable A-F spectral type stars in the northern TESS continuous viewing zone
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Automaticka vs manualni klasifikace

2 \ | | D | \ |
tess00279911886-5014-2-3-c1800-dr30-v06-tasoc-cbv_lc fits.gz A B C E F

requency 1 |TIC ML class Human class  Comment

B 555 e FEp B Aok 279911886 CONTACT_ROT  DSCT_BCEP ler; TESS Unclear/Unclear
[CLASS: toss, CONTACT_RoT] 00 33 63209030 CONTACT_ROT  ? Unclear
T _9 |
1 500 4 121597883 DSCT_BCEP ? Unclear
500 5 137151703 ECLIPSE ? Unclear
% 3 e 3
H \ H ' w0 8 6 | 137890129 RRLYR_CEPHEID ? Unclear
E W‘ ‘WN«WWW’*‘«*MWWwd 005 ° 7 | 377913325CONTACT_ROT ? Kepler aperiodic/rot; TESS Unclear/Unclear
200 169558022 CONTACT_ROT CONTACT_ROT Based on Kepler; TESS Unclear/Unclear
100 o 9 | 299154262 GDOR_SPB CONTACT_ROT Based on Kepler; TESS Unclear/Unclear
P 0 10 | 271884852 GDOR_SPB 2 Kepler aperiodic/rot; TESS Unclear/Unclear
“:e [days) 11 184244074 ECLIPSE DSCT_BCEP Unclear
e ssacd 256 ad 1280 e 12 | 273130555 CONTACT ROT ? Unclear
550 e i pen i 2058 e Ao T L= | .
[CLass: Kepler_sOLARLE] - apERoDc 003 5} 26656764 CONTACT_ROT CONTACT_ROT Apparent in both Kepler and TESS
. 0 e 03e 14 | 121867412 CONTACT_ROT CONTACT_ROT Based on Kepler; TESS Unclear/Unclear
‘ l 0 WE:L::HEM ZDD; 15 27642606 SOLARLIKE ? Kepler aperiodic/rot; TESS Unclear/Unclear
£ 2o [l ‘\ 0y SOURIE o8 16 | 184418463 ECLIPSE ? Unclear
‘ J U \
_‘;1 \ , t :’; KEPLER Probability (BOTTOM) Ta= | 2
F L If ‘ ' h \ P N r} ! \ o TR 17| 27415%51G008 578 U
I Sscecey Goot 18 | 123409362 CONSTANT 2 Unclear
RRLYR CEPHEID 0003 19 | 169464625 ECLIPSE 2 Unclear
SOURLKE 099
mum.u 20 | 377916358 CONTACT_ROT ? Unclear
o e . 21 | 240178698 DSCT_BCEP ? Unclear
tessD0063109030-5014~;£c613320‘)t)?2fgo-vuﬁrtasoc-cva: fits.gz 22 164525536 GDOR_SPB ? Unclear
oc asrca e eea e 2r6c 23 | 164892194 DSCT_BCEP ECLIPSE Based on Kepler; TESS Unclear/Unclear
00z 550 iz 10 e 1500 e 2050 ke 2505 e —
50
F ne e s
i 300 -
“ g owmm A ESm o Hem o A
it i, =" =l )
Wil '}\M‘[ M Y W . ik N
‘[\‘ \ \ 100 P ‘l ‘ H | \ ( \‘ ‘ h ‘ N w3
| : LA My
1685 1690 1695 1700 1705 1710 e = | |
e (days]
00 a0 oo amsbes 28 21600
i S8 e A e 258 205s 205 e T .
ZoNTanT 0003 a ina sl ms 1720 2160
oM RoT 6361 s Bed EBS Ak
WhTh % 1 ; ° ° B
S
El VEPLER Probablity (SGTTOM)
2 oo
£ s Ve sy oo
cELICT Siis | e e
. AL g | =5
RRLYR_ CEPHEID 0,058, ‘ (LT[
S 0608 Wit 5

i 825 S E
time [days] time [days]



Automaticka vs manualni klasifikace
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Automaticka vs manualni klasifikace
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Automaticka vs manualni klasifikace
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Zastoupeni proménnostnich typu
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Pozor na zdroje statistik




Zakrytove dvojhveézdy

Systém dvou hvézd jejichz draha je vhodné orientovana tak, ze z pohledu pozorovatele dochazi k zdkrytim jednotlivych
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iRotation

Rotacni promennée
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Eruptive

Ivni promenne

Vida et al. 2017, ApJ, 841, 124
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Kataklyzmicke proménné Sz
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Zmény jasnosti diky zméné€ rozmérli (zména poloméru

a teploty) a tvaru hvéz
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Pulzujici promenné
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Zajimave clanky:

https://ui.adsabs.harvard.edu/abs/2023A%26A...674A..14R/abstract (GAIA variables)

https://ui.adsabs.harvard.edu/abs/2016AcA....66..405S/abstract (OGLE binaries)

https://ui.adsabs.harvard.edu/abs/2018MNRAS.477.3145J/abstract (ASAS-SN)
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TIC316413777 Pts:3521, TS:215.1d, Res:0.005 c/d
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Klasifikace?

TIC316413777 Pts:3521, TS:215.1d, Res:0.005 c/d
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Klasifikace?

TIC56861756 Pts:17338, T5:27.3 d, Res:0.037 c/d H)D:2458884.01817 Fmax:0.262 Amp:6.674 " TIC155257510 Pts:17991, TS:28.8 d, Res:0.035 c/d HJD:2459868.10738 Fmax:0.91 Amp:5.651 .
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TIC160268882 Pts:217560, TS:1279.2 d, Res:0.001 c/d HJD:2459526.79714 Fmax:1.574 Amp:24.588

Klasifikace?

TIC155257510 Pts:17991, TS:28.8 d, Res:0.035 c/d HJD:2459868.10738 Fmax:0.91 Amp:5.651
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Klasifikace?

TIC229741985 Pts:44201, TS:1112.7 d, Res:0.001 c/d
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