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8. Pulzalé fehér térpecsillagok
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* fejléddés a fOsorozattol a fehér
torpe allapotig: ... AGB
(héliumhéj-villamok,
tomegvesztés, pulzacio — Isd.
korabban mira valtozok) —
kozel konstans L mellett
fejlédik, tovabbi tomegvesztes,
H-héjégés — H égetése
befejezddik, L csOkken
(viszonylag gyorsan), hulés,
osszehuzodas — a csillag
magja degeneraltta valik,
fehér torpe hilési utvonal
(lassu hilés)

-=——— Log (Effektiv hémérséklet)
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Fehér torr A i

* a tomeg mintegy 99%-a a
magban koncentralddik
(elfajult allapotban lévé
elektrongaz + nem elfajult
ionkomponens),
Chandrasekhar-hatar!

60-100 km vastag, nem
elfajult gazbaol allo burok

* tomegek: atlagosan 0.6-0.7
naptomeg (O-Ne mag: 1-1.3
Mnap)

* a vekony gazburok
szabalyozza a huléest
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Fehér torpék — szerkezet

{

* Csoportositas: spektralis nydrogen suisce
jellegzetessegek alapjan: pr—

- DA (>85%) H jelenléte
- DO (> 45 000 K), DB (30 000
— 12 000 K): He

- “hibrid tipusok” (pl. DBA)

- nehezebb elemek jelenléte: .
DQ, DZ tipusok (<12 000 K) fonized mf‘i’um surtace

altalanossagban: azt, hogy
milyen légkori osszetvoket
azonositunk, a konvekcio, a
diffuzidé és az akkrécios
folyamatok alakitjak ki

]
g

nearly pure
neutral helium surface

"~ carbon and

oxygen core

exposed core of
carbon and oxygen
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3 nagyobb csoport: GW Vir, DBV
(V777 Her), DAV (ZZ Ceti)

els6ként felfedezett: HL Tau 76 (Arlo

U. Landolt, 1964), gyors, kis
amplitudoju, multiperiodikus
fényességvaltozas

nemradialis, g-modusu pulzacio
eredmeényei (1972)

szisztematikus észlelbmunka — ZZ
Ceti csillagok (~12 000 K)

gerjesztési zona: ahol a H egy része

ionizalva van jelen + konvekcio

Pulzélé fehér torpék Sooes

JJ ;

DBV csillagok: elméletileg
megjoésolva (~20 000 K), majd
észleléssel megerdsitve (Winget et
al. 1982)

gerjesztés: He ionizacidjahoz
kapcsolodoan+konvekcio
id6kozben: PG 1159-035 (GW Vir)

fényességvaltozasai (McGraw et al.

1979)

gerjesztes: a C es O egy reszének
ciklikus ionizacidja felel6s

hémérsekleti tartomanyok:

GW Vir: 75 000 - 170 000 K,
DBV: 22 000 - 29 000 K,
DAV: 10 500 - 13 000 K

‘:';."' L
a0 *\ (/ ;,‘
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JJ ;

Pulzélé fehér torpék Sooes

Ujabb valtozétipusok:

* forré DQ fehér torpék 18 000 — 23 000 K kozott (SDSS; Dufour et al. 2007), szén-
dominalt légkor

g-modusu pulzacio gerjesztése lehetséges (2008), elméletileg megjoésolva,
észlelve (Montgomery et al. 2008; viszonylag er6s magneses tér, ~106 G) - DQV
csillagok

P~150-1100s
5 ismert tag (eddig)

 forréd DAV csillagok (“hot DAV”): elméletileg megjosolva (Shibahashi 2007), 30 000
K k('jr)ijl DA csillagokban g-moédusu pulzacié (a “DB gap™ben), észlelve (Kurtz et al.
2008

P~150-700s, A~1 mmag
3 ismert tag (eddig)

* ELM (“extremely low-mass”; 0.16 — 0.23 naptdmeg, He mag, 7 ismert tag) és EHM
(“extremely high-mass”; O-Ne mag) DAV csillagok

‘i'L.A" L
ol *\ 7
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Asztroszeizmoldaia

pulzacios periddusok értékei:
- GW Vir: 300 — 6000 s
- DBV, DAV: 100 — 1500 s

- trend a DAV csillagoknal:
alacsonyabb hémeérséklet —
hosszabb periodusok

“tiszta (pure)” instabilitasi
tartomanyok?

DAV és DBV csillagok: ugy tunik,
igen

GW Vir csillagok: nem

pulzacios modusokat elsddlegesen
befolyasold tényez6k: tomeg,
hémeérseéklet, mag kémiai
osszetétele, H és He héjak tomege
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Asztroszeizmoldégia . V.

* kis elmélet, nemradialis pulzacio:
- feltevések: linearis elmélet elfogadhatd, a tomegelemek mozgasa
adiabatikus modon tortéenik, a rotacio, a konvekcio és a magneses
téer hatasat elhanyagoljuk, szintén elhanyagoljuk a perturbaciokat a
gravitacios potencialban (Cowling-kozelités)
- az aszimptotikus hataron, g-mddusok esetében feltételezve, hogy

az oszcillaciok frekvenciaja joval kisebb a Lamb és a Brunt-Vaisala
frekvenciaknal:

Sl I o
P= s'mg} I [ : r;,.] ~

1 ] T I‘

V1 )

'}FE ."'l.r —1
AP = — [ ;rfr'] .
L+ 1) r

azonos /, de kulonboz6 k (n) értékekhez tartozo
modusok egyenkozi sorozatot alkotnak (homogén
csillag)
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Asztroszeizmold

- a csillag forgasanak hatasa: a pulzacios frekvenciak 2/+1
komponensre valo felbomlasa (rotacios frekvenmafelhasadas)
-I<=m<=]

1
N2+ 1)\ 2 )
Im R —=) +|1- L
I-"Lf:m < j;'-zl"ﬂ > [ E{E n 1}] T
0.8 04|

111111111

Iy e )

6. Abra. FELSO FOLYTONOS VONAL: LATSZO FOURIER-AMPLITUDO VALTOZASA AZ i SZOGGEL
KULONBOZO [ ES m ERTEKEKNEL (i = 0-NAL A POLUSRA LATUNK RA) (Brassard et al. 1995).
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- WET (Whole Earth Telescope), XCov1
campaign (eXtended Coverage): 1988 -

- single-site (pl. Konkoly)
- Kepler, K2 (31 DAV, 2 DBV, up to Cycle 8)

High duty cycles, precise photometry,
relatively large number of objects —
in-depth investigations of the
important topics:

— mode identification (/, m) and
investigations of stellar rotation

— studies of mode stability:

mode line widths in the Fourier
transforms (FTs);

amplitude and frequency
rmodulations caused by nonlinear
resonant mode couplings?

— outbursts in cool DAVSs.
- characterization of the DAV instability strip
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Figure 8. We compare asteroseismically determined rotation periods for all known pulsating white dwarfs, detailed in Table 4. All white dwarfs presented here appear
to be isolated stars, so these rotation periods should be representative of the endpoints of single-star evolution; we excluded the only known close binary (a WD+dM
in a 6.9 hr orbit), EPIC 201730811 (SDSS J1136+0409, Hermes et al. 2015a). The left histogram shares the color coding of the right panel, which compares white
dwarf rotation as a function of mass. Estimates of the ZAMS progenitor masses for each white dwarf are listed on the right axis. Notably, EPIC 211914185 (SDSS
JO837+1856) is more massive (0.88 + 0.03 M) and rotates faster (1.13 £ 0.02 hr) than any other pulsating white dwarf (Hermes et al. 2017¢); we see evidence for a
link between high mass and fast rotation, but require additional massive white dwarfs to confimm this trend.

r
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0.51-0.73 Msun white dwarfs, which evolved from 1.7-3.0 Msun ZAMS progenitors,
have a mean rotation period of 35 +/- 28 hr with notable exceptions for higher-mass
white dwarfs



- mode line widths

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 232:23 (28pp), 2017 October Hermes et al.
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Figure 5. Half-width at half-maximum (HWHM) of Lorentzian functions fit to all significant peaks in the power spectra of the 27 DAVs observed through K2
Campaign 8 by the Kepler space telescope; our procedure is described in Section 5. We use the same color classification as in Figure 3, where blue denotes objects
with WMP < 600 s, gold with WMP > 600 s, and red those with outbursts (see Section 6). We excluded any nonlinear combination frequencies in this analysis. We
see a sharp increase in HWHM at roughly 800 s, indicating that modes with relatively high radial order (k > 15 for £ = 1 modes) are not coherent in phase, similar in
behavior to stochastically excited pulsators. We save a discussion of the possible physical mechanisms behind this phenomenon for a future work (M. H. Montgomery
et al. 2017, in preparation).
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Outbhursts of cool DAV stax

[T T T T
KIC 4552982

- “outburst” Sk D LR ]
0
How? TSPR AT OO T e kgt S| P
. I A S N LR R TR AL LR LR
- the mean stellar flux increases o [FeAT ]

up to 15% in about 1 hour
- duration: hours — 1 day

- recurrence: in a couples of days
or in a week

- there are no regularities

Amplitude (%)

What causes these phenomenon?

nonlinear mode coupling; “in this
model, a resonant coupling can
transfer energy from a driven parent
mode into two daughter modes. If
these daughter modes are damped at
the base of the convection zone, they
will deposit their energy there, heating
the surface of the star.”

K

0 10 20 30 40 50 60 70 80
Time (days)
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(a) DAVs begin pulsating at the blue edge of the
Instability strip with low-k modes from roughly
100-300 s and relatively low amplitudes (~1 ppt).

(b) relatively short-period pulsations but their
observed amplitudes increase. Extremely long

mode lifetimes, and most modes with periods shorter
than 400 s appear coherent in phase.

(c) DAVs in the middle of the instability strip: very
high-amplitude modes and the greatest number
of nonlinear combination frequencies.

(d) Kepler observations: a new phase in the evolution
of DAVs as they approach the
cool edge of the instability strip: aperiodic outbursts.

(e) DAVs do not experience large-scale flux excursions,
suggesting that not all DAVs outburst at the cool edge
of the instability strip.

The coolest DAVs tend to have the longest-period
pulsations with relatively low amplitudes.

Amplitude (%)

Characterization of the DA
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