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Sir Arthur Eddington
(The internal constitutions of the stars, 1926)

“Our telescopes may probe f
arther and farther
into the depths of space;
but how can we ever obtain ¢
ertain knowledge of that whi
ch is hidden
behind substantial barriers?”

“At first sight it would seem
that the deep interior of the
Sun and stars is less
accessible to scientific
investigation than any other
region of the Universe. ”

“What appliance can pierce through the outer layers of
a star and test the conditions within?”

Hveézdne pulzace

Zmény rozmeéru a/nebo tvaru hvézdy v diisledku procesti uvnitt
hvézdy. To ma za nasledek zmény jasnosti hvezdy



Proc studovat hvezdné pulzace?

Studium zmeén jasnosti a spektra
zpusobenych pulzacemi je jedinou mozZnosti,
jak se podivat dovnitr hveézdy

Co muiZeme zjistit:
e Vnitrni rotace y
e Rozhrani vrstev a vnitini stavba
* Chemicke slozeni
* Priibéh teploty

Kazda hvézda pulzuje!
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relation:

Population I Cepheids
about 1 kpc to 30 Mpc

variables:
about 5 to 100 kpc
Spectroscopic
parallax to
Stellar parallax about 10 kpc
to about 500 pc

Distance (parsecs)

using Hipparcos

DI Jeffery
WU 2004




Proc studovat hvezdné pulzace?

Pulzujici hvézdy jsou vhodne k urcovani
vzdalenosti, galaktické archeologii a mapovani

Local Group and nearest galaxies
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Pulzujici hvézdy v kontextu dejin

* Prvni objevena periodicky proménna hvézda byla pulzujici (Mira, D. Fabricius,
1596) => konec aristotelovského nahledu na sveét

* H. S. Leawittova objevila vztah perioda-zarivy vykon u cefeid ve velkém
Magellanové oblaku (1912)

logarithm of period in days
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Pulzujici hveézdy v kontextu dejin

Prvni objevena periodicky proménna hvézda byla pulzujici (Mira, D. Fabricius,
1596) => konec aristotelovského nahledu na svét

H. S. Leawittova objevila vztah perioda-zarivy vykon u cefeid ve velkém
Magellanove oblaku (1912)

H. Shapley navrhl teorii svételnych zmén pomoci pulzaci (1914)

H. Shapley zjistil, Ze se Slunce nachazi na periferii Galaxie (méreni vzdalenosti
pomocl hveézd typu RR Lyrae v kulovych hvézdokupach, 1920)

A. Eddington navrhl k mechanismus (1926)

V. Slipher a E. Hubble rozlisili cefeidy v M31 a M33, potvrdili tak domneénku o
galaxiich jako hvezdnych ostrovech a odhadli jejich vzdalenosti (1926-1929)
A. Zhevakin, A. Cox — rozpracovani teorie radialnich hvézdnych pulzaci
(1956-1963)

A. Cox, M. Tassoul — rozpracovani teorie neradialnich pulzaci (1980)

Do 90. let klasifikace a pozorovani, od 90. let 20. stoleti interpretace

Nové tisicileti: objevovani novych jevii a chovani pulzujicich hvézd
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Jak hvezdy pulzu

* Vlastni mody pulzaci (pulzace na vlastnich frekvencich)
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Jak hvezdy pulzuji

* Vlastni mody pulzaci (pulzace na vlastnich frekvencich)

1D oscilace — struna, piSt'ala. Pulzace popsany jednim ¢islem popisujici pocet uzlt

0 1 4

AstroSTEP, http://www.asterostep.eu/Outreach.html#zero



Jak hvezdy pulzuji

* Vlastni mody pulzaci (pulzace na vlastnich frekvencich)

2D oscilace — blana na bubnu, dvé cisla nutna k popisu pulzaci

0,0 2

5,0 2,4

AstroSTEP, http://www.asterostep.eu/Outreach.html#zero



Jak hvezdy pulzuji

* Vlastni mody pulzaci (pulzace na vlastnich frekvencich)

2D oscilace — blana na bubnu, dvé c¢isla nutna k popisu pulzaci

http://www.acs.psu.edu/drussell/



Jak hvezdy pulzuji

* Vlastni mody pulzaci (pulzace na vlastnich frekvencich)

2D oscilace — blana na bubnu, dvé c¢isla nutna k popisu pulzaci

o TR LT

Mauro 2017, An overview on Asteroseismology, Proceedings of Science






Jak hvezdy pulzuji

3D oscilatory — HVEZDY — k popisu pulzaci nutna 3 ¢isla:

> n — pocet uzlovych sfér; definuje méd radialnich pulzaci

> | — pocet vSech uzlovych kruZznic na povrchu hvézdy (sféricky stupen)
> m — pocet uzlovych kruznic prochazejici poly (azimutalni stupen)

AstroSTEP,
http://www.asterostep.eu/Out
reach.html#zero
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Jak hvezdy pulzuji

VInéni dane frekvence muze
prochazet pouze urcitymi
oblastmi



Actual Position

Figure 6 of Fish



g-mode (/=5,m=3, n=6)
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https://astrobites.org/2014/08/27/whats-in-a-heartbeat/
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AR Lyrae model
(M = 0.631 My, ¥ = 0.244, Z = 0.002) . s LAGL, (Y,2) = (0.28, 0.02)

"""""" OPAL, {Y.Z) = (0.28, 0.02)
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ProC hvezdy pulzuji

Radialni pulzace — k-mechanismus v He II

vrstve (HII, Fe vrstvach)

@ Zareni ionizuje He II, opacita vzristd, coz
dale napomaha dalSi absorpci energie

@ Expanze

@S k}esa]1c1 teplotog se zacne reko,rflbl,n.ace, Haviiel isvir Partial |on|z?:\|(:|:
uvolni se teplo, opacita poklesne, zareni je
uvolnéno efektivnéji nez v okolnich vrstvach, cool
tlak poklesne

‘ Kontrakce ~

[ 5QST(t)
W= §IT0
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DENSITY

025

million deg
HELIUM IONIZATION ~__

ZONE -

ool \_/"’/ ENVELOPE OF
7260°K v HORIZONTAL
BRANCH
STAR
TEMPERATURE

Iben (1971), PASP, 83, 697
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Soszynski et al. 2013, ApJ, 779, 167




W1 Period-Luminosity Relation Fit W2 Period-Luminosity Relation Fit W3 Period-Luminosity Relation Fit
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Jak pulzujici hvezdy zkoumame

* Fotometrie — zmeéna jasnosti v Case — svetelna krivka
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Quiet phase

normalised flux

4330 4340 4350 4340 4350
LIQIJ \

_©




(4]
>
-
o
B

s

&
>
-
o

E
o
e
7]
o
o
c
E
c 0
w0
w0
o
)=
el
=
o
=
11]

0.45
04 -
035 -
03+
0.25
0.2 +
0.15 +
0.1

0.05 | L‘ h -
O ﬁ ) I“..LJ...LI \]\.UMM[&L..J“LI]}. .\Ml‘ln‘ .Jl J i J bl J‘L Lodiwdadsdo i L

o 1 2 3 4 5 6 7 8 9 10
Frequency [c/d]

:

Amplitude [mag]

Amplitude (ppm)

:




Handler 2012, Asteroseismology, Springer-Verlag
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Class

Other names

Period
Ranges

Amplitudes
(Light variation)

Solar-like
pulsator

main-sequence
red giants, sub-giants

3 to 10 min
few hrs to few days

<8 ppm
few 10 ppm

~ Dor

slowly pulsating F

0.3to3d

< 50 mmag

4 Sct

SX Phe(Pop.II)

18 min to 8 h

< 0.3 mag

roAp

5.7 to 23.6 min

< 10 mmag

SPB

5 Per

0.5tc5d

< 50 mmag

BCep

BCMa,(Oph
53 per

2 to 8 h(p)
few days(g)

< 0.1 mag
< 0.01 mag

pulsating Be

A Eri,SPBe

"3

o

0.1tobd

< 20 mmag

pre-MS pulsator

pulsating T Tauri,
Herbig Ae/Be,
T Tauri

1to8h
1to8h
Shtobd

< 5 mmag
< 5 mmag
< 5 mmag

p-mode sdBV

EC14026, V361Hya

90 to 600 sec

< 0.3 mag

g-mode sdBV

PG1716+426

0.5to3h

< 0.01 mag

p-mode sdOV

60 to 120 sec

< 0.2 mag

PNNV

ZZLep

5htobd

< 0.3 mag

DOV

, GW Vir

5 to 80 min

< 0.2 mag

DBV

V777Her

2 to 16 min

< 0.2 mag

DAV

Z2Z.Ceti

1 to 30 min

< 0.3 mag

RR Lyr

RRab
RRc
RRd

~0.5d
~03d
0.3to0.5d

< 1.5 mag
< 0.5 mag
< 0.2 mag

Type 1I Cepheid

W Vir
BL Her

0.8to35d
1 to 8d

< 1 mag
< 1 mag

RV Tauri

RVa,RVb

30 to 150 d

< 3 mag

Type I Cepheid

Classical Cepheids
s-Cepheid

1to135d
< 20d

< 2 mag
< 0.1 mag

Mira

SRa, SRb
SRe
SRd

>80d
> 80d
< 80d

< 8 mag
< 1 mag
< 1 mag
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Convective
zane
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Catelan&Smith 2015, Pulsating stars, Wiley-VCH




Shell-narrowing phas

" Ewvolution of an intermediate-mass star
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Cefeidy

* Radialné pulzujici mladé hvézdy (do 0.1 mld let) v pokrocilém stadiu vyvoje
* Periody 1-130 d, hmotnosti 5-20 hmotnosti Slunce

7 Standardm SVley Cepheid Variable Star V1 in M31 Hubble Space Telescope = WFC3 /UVIS

Cepheid Variable Star in Galaxy M100 HST-WFPC2

NASA, ESA, and the Hubble Heritage Team (STScl/AURA) STScl-PRC11-15a




RR Lyrae

* (Ne)radialné pulzujici staré hvézdy (>9 mld let) horizontalni vétve obrti
* Periody 0.2-1 den, hmotnosti <0.8 Ms

12 b M 3 (8161 stars)

14 —

16 —

18

20 —

22

~-0.5 0 0.5 1 1.5
(B-¥)



QOGLE-BLG-RRLYR-01092

QOGLE-BLG-RRLYR-01092

B MJD=6427.779
AA=0.286 mag
Am=0.013 mag

Blazhko Phase
OGLE-BLG-RRLYR-01104

1.0
Pulsation Phase

OGLE-BLG-RRLYR-01104

d P, =0192016 d
PgL=33.49 d

M MJD=5426 5275
A A=0.5139 mag
Am=0.03 mag

Blazhko Phase

OGLE-BLG-RRLYR-08938

0.5 1.0
Pulsation Phase

OGLE-BLG-RRLYR-08938

P pus=0480911 4
PEL=3664 d
MID=6167 5189

AA=D.028 mag
Am=0.002 mag

Blazhko Phase

05 1.0
Pulsation Phase

Known Blazhko stars in Galactic field

Stars with changing Blazhko period Stars with multiple Blazhko period

Description of the website and tables Last modification: Jan 20, 2016

Stars with one Blazhko period

Sorted by RA  Sorted by Constellation References to all resources

|The presented list contains 407 RR Lyrae type stars exhibitting the Blazhko effect.

Acknowledging us: If you have used this database in a paper then please add this citation: Skarka. M. 2013, A&A. 549, A101]




BCEP+SPB

Number of binaries

M
=]

Fraction of Stars with Companions (%)

Y
o

DCEP DSCTsdBY CV GDOR  sclar-ike WR  RR HAD3 Others
Type of pulsators

Spectral Type
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Binary Model —— Photographic  +
Abt (1973) . Photoelectric =
Hawley & Barnes (1985) —@— Visual 4
Layden (1993,1994) —&— : CCD o
This Study —+— Fourier model - -
: LTTE model —

RV [km/s]

PgL=22.75d, Ag =0.033d

Ppyis=0.653942 d

Ppus=0.6538907 d™~"
PpL=22.98 d, Ag =0.021 d

10000 20000 30000 40000 50000 60000 ' 7500 15000 22500 30000 37500 45000
Time [HJD-2400000] HJD-2410000
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