
MAGYAR MŰVELTSÉG KINCSESTÁRA SZABADEGYETEM  

NAGYKANIZSA, 2015. NOVEMBER 27. 

Csillagrengések kutatása: hogyan 
tekinthetünk be a csillagok belsejébe? 

Kiss L. László 

MTA Csillagászati és Földtudományi Kutatóközpont  

Csillagászati Intézet 

 

ELTE “Az atomoktól a csillagokig” előadássorozat 

2016. február 18. 



Vörös óriásoktól... 

1580 E. Bányai et al.

Figure 4. Data for the same stars as in Fig. 2 after the correcting procedure.

namely we used the ratio of the saturated and neighbouring column

integrated flux values to correct for the lost flux. In Q3, Q8 and

Q13 however, this method failed, because flux leaked out of the

downloaded pixel area during the whole quarter, therefore no ref-

erence values could be found. In these cases we simply scaled the

heavily saturated columns to follow the neighbouring non-saturated

columns or sum of these.

This process indeed helped to match the space- and ground-

based data in some quarters but not in others, hence we decided

not to include the corrected light curves in Fig. 8. A more detailed

pixel-based analysis of M giants is in progress and will be published

elsewhere.

The wavelet maps of AF Cygni (Fig. 9) are also very similar,

with only minor differences in the amplitude distribution. The plots

are organized in such a way that the wavelet map, in which the

amplitude is colour-coded and normalized to unity, is surrounded

by the light curve on the top and the corresponding Fourier spectrum

on the left. This way we can see the temporal behaviour of the peaks

in the spectrum and also in some cases the effects of gaps in the

data.

To characterize periodicities we performed a Fourier analysis for

all the corrected light curves. With iterative pre-whitening steps we

determined the first 50 frequencies with PERIOD04. In many cases,

there were only a couple of significant peaks (like for AF Cyg),

while for the lower-amplitude stars even 50 frequencies may not

include every significant peak.

The general conclusion, based on the various comparisons to

ground-based data, is that there is a good correspondence between

the two data sources in terms of the dominant periods and the shape

of the light curves for the high-amplitude long-period variables.

Kepler’s superior precision allows for the determination of more

periods for the lower-luminosity stars, but in cases when the fre-

quency content is simple (like for a Mira star or a high-amplitude

SR variable), 1100 d of Kepler data are still too short for revealing

meaningful new information. However, the uninterrupted Kepler

light curves should allow for the detection of microvariability with

time-scales much shorter than those of the pulsations. We note here

that we found no star with flare-like events that would resemble

those reported from the Hipparcosdata by de Laverny et al. (1998).

4.3 Multiple periodicity

The light curves of M giant variables can be very complex, seem-

ingly stochastic with one or few dominant periodicities. The com-

plexity is inversely proportional to the overall amplitude. The large-

amplitude Miras are known to be single periodic variables with

coherent and stable light curves. The lower amplitudes are typically

associated with complicated light curve shapes that can be inter-

preted as a superposition of multiple pulsation modes. The Kepler

WG12 sample (Section 2) shows many features in the distribution of

amplitudes and periods that were found previously in ground-based

surveys. Here, we attempt to characterize the systematic distinction

between different groups of stars.

Based on the complexity in the time and the frequency domains,

we sorted the stars into three groups. Stars in Group 1 have a wide

range of periods between a few days and 100 d (e.g. KIC 4908338

or KIC 11759262 in Fig. 4). Group 2 contains stars with very

low-amplitude light curves that are mostly characterized by short-

period oscillations (e.g. KIC 6838420, KIC 8840004 in Fig. 4),

occasionally supplemented by slow changes that may be related
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...a fehér törpékig 



Hertzsprung–Russell-diagram 





Mire jók a csillagok rezgései? 

• a pulzáció fizikájának megértése (pl. 

gerjesztési és csillapítási mechanizmusok) 

• meghatározhatók a csillagok tulajdonságai 

(sűrűség, kor, belső forgás, távolság, stb. ) 

• tesztelik az anyag fizikáját szélsőséges 

körülmények között (pl. opacitások, 

napneutrínó-probléma) 



Hogyan mérhetjük meg egy csillag 

rezgéseit? 

• fényességváltozás 

• sebességváltozás 



A Nap sebességgörbéje 

BiSON (Birmingham Solar 

Oscillations Network) 



Hogyan észlelhetjük más 

csillagok parányi rezgéseit? 



Exobolygók: 51 Pegasi (1995)



15 éve az exobolygászokkal! 

47 UMa (Fischer et al. 2002) 



A Nap spektruma 



Egy jódcella és más semmi... 
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A Nap rezgései a nappali ég spektrumából (HARPS) 



A világ legnagyobb naptávcsöve 



Milyen rezgések ezek? 

• hanghullámok (p-módusok) 

• gravitációs hullámok (g-módusok) 

(NEM a tér gravitációs hullámai) 





A Nap belsejében 



A konvekció gerjeszti a rezgéseket 



A konvektív zóna rezgéseket gerjeszt a felszín 

közelében.  

A módusok egy szférikus orgonasíp 

sajátrezgéseivel ekvivalensek. Radiális és 

nemradiális rezgések.  

A frekvenciák mérésével a csillag belsejéről 
szerzünk információkat, mivel a hullámok 

áthaladnak a belső tartományokon.

Nap típusú csillagrezgések



Gömbi harmonikusok 
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Csillag sűrűsége

Csillag kora

Nap típusú csillagrezgések
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CD-diagram (szeizmikus HRD)



Szoláris oszcillációk 

teljesítményspektruma 
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Szeizmikus inverzió 

A belső hangsebesség (SOHO/MDI) 



Belső rotáció 

(SOHO/MDI) 



Mi a helyzet más Nap típusú 

csillagokkal? 





Űrfotometria: mire jó az?

Nagyságrendi ugrások a fényességmérés relatív pontosságában 

•   Új fizika! 

•   100%:   Mirák, (szuper)nóvák 

•   1–10%: Geometriai és fizikai (pulzáló, eruptív és 
kataklizmikus) változócsillagok 

•   0,1%:    Fedési exobolygók – forró jupiterek 

•   0,0001–0,01%: Nap típusú csillagrezgések, exoholdak,  
exoföldek, ??? 



Űrfotometria: mire jó az?

Az űrbéli mérések célja 

•   A földi légkör zavaró hatásaitól mentes adatgyűjtés 

•   A nappalok és éjszakák váltakozásaitól mentes mérések 

•   Fotonzaj-limitált adatok (0,1% – 1 millió foton) 

•   Kis távcső – fényes csillag! 



Más csillagok napfogyatkozásai

Fedési exobolygók: a bolygó elhalad a csillag előtt, és 
kitakarja. Ebből megállapítható, kiszámítható, 
detektálható: 

• a valós méret (a csillagsugár arányában) 

• a sűrűség 

• a bolygó szerkezete! 

• a bolygólégkör színképe 

• a visszavert fény 

• a bolygólégkör szerkezete 

• a csillag légkörének szerkezete



A Kepler célja Föld típusú, lakható 

bolygók felfedezése a fedési módszerrel 

Szimultán észlelt több mint 150 ezer 

csillagot 

95 cm-es belépő nyílású Schmidt-

távcső, látómezeje mintegy 100 

négyzetfok, 42 CCD-ből álló mozaikkal 

Fotometriai pontosság: 

 A zaj  <  20  ppm 6,5 órányi 

mérés után egy 12 magn. Nap 

típusú csillagra  

 => 4-szigma detektálás egy 

exoföld tranzitja esetén. 

Heliocentrikus pálya, 2009-2013

Cr ed i t : Han s Deeg

Kepler-űrtávcső



KEPLER ASZTROSZEIZMOLÓGIA

Kb. 4000 csillag 

LC és SC adatok (30 percenként, 1 percenként egy pont) 

A teljes HRD-t lefedik a csillagtípusok: szoláris csillagok, 

fehér törpék, vörös óriások, klasszikus pulzáló változók 

KASC: >400 tudós együttműködése 

14 munkacsoport, ebből kettőnek magyar vezetője 

(Szabó Róbert, Kiss László)



Nap típusú 
csillagok





Kis luminozitású vörös óriások: 
szoláris oszcillációk mindenütt
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Gravity modes as a way to distinguish between
hydrogen- and helium- burning red giant stars
Timothy R. Bedding1, Benoit Mosser2, Daniel Huber1, Josefina Montalbán3, Paul Beck4, Jørgen Christensen- Dalsgaard5,

Yvonne P. Elsworth6, Rafael A. Garcı́a7, Andrea Miglio3,6, Dennis Stello1, Timothy R. White1, Joris De Ridder4, Sask ia Hekker6,8,

Conny Aerts4,9, Caroline Barban2, Kevin Belkacem10, Anne- Marie Broomhall6, Timothy M. Brown11, Derek L. Buzasi12,

Fabien Carr ier4, William J. Chaplin6, Maria Pia Di Mauro13, Marc- Antoine Dupret3, Søren Frandsen5, Ronald L. Gilliland14,

Marie- Jo Goupil2, Jon M. Jenkins15, Thomas Kallinger16, Steven Kawaler17, Hans Kjeldsen5, Savita Mathur18, Arlette Noels3,

Victor Silva Aguirre19 & Paolo Ventura20

Red giantsareevolved starsthat haveexhausted thesupply of hydro-
gen in their coresand insteadburn hydrogen in asurroundingshell1,2.
Once a red giant is sufficiently evolved, the helium in the core also
undergoes fusion3. Outstanding issues in our understanding of red
giantsincludeuncertaintiesin theamount of masslost at thesurface
beforehelium ignition and theamount of internal mixingfrom rota-
tion and other processes4. Progress is hampered by our inability to
distinguish between red giantsburning helium in thecoreand those
still only burninghydrogen in ashell. Asteroseismology offersaway
forward, being apowerful tool for probing theinternal structuresof
stars using their natural oscillation frequencies5. Here we report
observationsof gravity-modeperiod spacingsin red giants6 that per-
mit a distinction between evolutionary stages to be made. We use
high-precision photometry obtained by the Kepler spacecraft over
more than a year to measure oscillations in several hundred red
giants. Wefind many starswhosedipolemodesshow sequenceswith
approximately regular period spacings. Thesestarsfall into two clear
groups, allowing us to distinguish unambiguously between hydro-
gen-shell-burning stars (period spacing mostly 50seconds) and
those that are also burning helium (period spacing 100 to 300
seconds).

Oscillations in red giants, like those in the Sun, are thought to be
excited by near-surface convection. The observed oscillation spectra
areindeed remarkably Sun-like, with abroad rangeof radial and non-
radial modesin acharacteristiccombpattern7–11.However, theoretical
modelsof red giants12–16 reveal amorecomplicated story for thenon-
radial modes (those with angular degree l $ 1), and it has been sug-
gested that thisoffersameansto determinetheevolutionary statesof
these stars15. Owing to the large density gradient outside the helium
core, ared giant iseffectively divided into twocavities. In theenvelope,
theoscillationshavepropertiesof acoustic pressuremodes(p modes),
but in thecore, they behavelikegravity modes(g modes), with buoy-
ancyastherestoringforce.Themodelspredict averydensespectrumof
theseso-called mixed modesfor each valueof l (except l 5 0,asradial g
modesdonot exist).Most mixed modeshaveamuch larger amplitude
in thecorethan in theenvelope, and werefer to them asg-dominated
mixed modes. Like pure g modes, they are approximately equally
spaced in period17,18, and measuring their average period spacing
(DP) would give a valuable new asteroseismic probe of the cores of

redgiants.Unfortunately, theyhaveveryhigh inertias(thetotal interior
mass that is affected by the oscillation), which leads to a very low
amplitudeat thestellar surfaceand makesthem essentially impossible
to observe. However, because of resonant coupling between the two
cavities, someof themixed modeshavean enhanced amplitudein the
envelope, makingthem morelikep modes. Thesep-dominated mixed
modeshavealower inertiathan theg-dominated mixed modes,and so
their amplitudes can be high enough to render them observable. We
expect their frequenciesto beshifted from theregular asymptoticspa-
cing, a featureknown as ‘modebumping’19.

Figure1ashowstheoretical oscillation frequencies in ared giant of
mass1.5M[ (whereM[ isthesolar mass). Thedashed linesshow the
radial modes (l 5 0), whose frequencies decrease with time as the
envelopeof thestar expands.Thesearepurep modesand areapproxi-
mately equally spaced in frequency, with aseparation of Dn. Thesolid
lines show the much denser spectrum of dipole modes (l 5 1). The
g-dominated mixed modesappear asupward-sloping lineswhosefre-
quenciesincreasewith timeasthestellar corecontracts. Thesemodes
are approximately equally spaced in period. The downward-sloping
features that run parallel to the l 5 0 modes are produced by mode
bumping: thep-dominated mixed modes, with frequenciesdecreasing
with age, undergo avoided crossings19 with the g-dominated mixed
modes. A similar pattern of modebumping and avoided crossings is
seen in modelsof subgiant stars13,20.

In Fig. 1b we show the period spacings between adjacent l 5 1
modesin oneof themodels, indicated in Fig. 1awith thevertical line.
The dips in Fig. 1b correspond to bumped modes that are squeezed
together. Theperiod spacing of theg-dominated modes(DPg) can be
measured from the upper envelope but cannot be observed directly
becauseonly thebumped modeshaveenough p-modecharacter to be
detected, by virtueof their reduced mode inertias6,12–14. Observations
will detect only a few modes in each p-mode order, and the average
spacings of those observable sequences (DPobs) will be less than the
trueg-modespacingby up to afactor of two (theactual valuedepends
on thenumber of modesdetected,which isafunction of thesignal-to-
noiseratio in thedata,and on thestrength of thecouplingbetween the
g- and p-modecavities20).Figure1cshowsthemodefrequenciesof the
model in Fig. 1b displayed in échelle format, where thespectrum has
been divided into segmentsthat arestacked oneabovetheother. Note
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