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Synergies and applications

Asteroseismology often requires knowledge about the basic
parameters (Tes, L, M,...) of the stars to be examined to avoid
ambiguities — (eclipsing) binary stars can provide that

Some of the quantities asteroseismic and binary star analyses
attempt to determine are the same and can be compared and fixed

Some of the astrophysical questions to be resolved are the same,
e.g. the “mass discrepancy” (Tkachenko et al. 2020, 2024, Sekaran
et al. 2020, Eze & Handler 2024)

Tidal effects on pulsations can significantly influence the evolution
of binary systems; the presence of a binary companion can affect
the pulsations (Talks by Beck, Fellay, Kotaczek-Szymanski)
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Here is a nifty light curve sent to me by one of the amateurs. There is a 1.58-day (likely) rotational modulation with a set of 4 closely spaced
pulsations near 3 hours superimposed.

If the 1.58 day modulations are rotational | have no idea what produces them in such a hot star.

| have even less of an idea of whether this is astrophysically interesting or not. DO 10,1081,0004.6381/201526434 Astronomy
© ESO 2015 Astrophysws
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A search for photometric variability in magnetic chemically
peculiar stars using ASAS-3 data

K. Bernhard'?, S. Himmerich', S. Otero™, and E. Paunzen®

Star 355151781 (TESS)

=
=
o

=]
=
=]

=
w
0
£n

Mormalized PDCSAP_FLUX

0.985

0.980

T 1ss0.0 1550.2 1550.4 15506 1550.8 1551.0 15512 1551.4 15516

Time (BTJD)

1551.8 1552.0 15522 15524 15528 15528 1553.0 1553.2

1544

1545

1548 1547 1548 1548 1550 1551 1852 1553 1554 1555 1556 1857 1558 1558 1560 1561 1582 1563 1564 1565 1566 1567 1568




Al (mmag)

|
=N [Ab]
0O ©C O ©

|
B v
o O o O

A pulsating ellipsoidal variable

Orbital Period

c. Tidal stortion {(gravitational pull)

BJD — 2457000

Time __
— L e e e
L ,PJ‘ -
;\ /A \/ , /'\ [‘\ /\ \/ fﬂ\’ AN
- YARWER
” \ N % ]
- i, _¥ V\_; 1
i P L s 1 IR [ S R ST N S T TN TN TN N T S ST SO N SN TN TN S N S ST ST N (NN SN N SO SO SN SO S
544 1545 1546 154'? 1548 1549 1550 1551 1552 1553 1554 1555
T — ]
ANRNAN //"\\ J\ A /\ “\\ j A /”\ /'k / _
Y 7 ol ; 4 R N ﬂ
- W V“' .,“,
1 PR T [ T TR TR T RN T T L L L L | L L 1 PR L L
557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 1568
T — T T
) ﬂ\ e /\ *’\ g g-\ ,.,”\ /” e /‘ﬂ E
L \ /J \/’ \\ r’ \ \ / x ]
- -F‘YEN vN j
L 1 L L L | P P 1 L I L L | P \ PR 1 L
15'?1 15‘?2 1573 15'?4 15‘?5 1576 15'?'? 15’?8 15’?9 1580 1581 1582



The pulsation is stronger during the
deeper ellipsoidal light minima
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Analogy with rapidly oscillating Ap (roAp) stars

Pulsation modes occur in frequency multiplets interpreted as caused by aspect
variations of the oscillation — The Oblique Pulsator Model (Kurtz 1982)

AL
T x Ay cos(wt+¢)+A, cos [(w—Q)t+¢]+4; cos [(w + Q)1+ ¢]

where
Ay =cosicosf
and

A, =% sini sin f.

Rotational and pulsational axis are not
aligned (oblique)

The oscillations of a tidally tilted
pulsator can be mathematically
described the same way as roAp
pulsations, with {3 close to 90°.




Schematic of the HD 74423 system

Fuller et al. 2020, MNRAS 498, 5730
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nature ARTICLES
aStr Onomy https://doi.org/10.1038/541550-020-1035-1
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Tidally trapped pulsations in a close binary star
system discovered by TESS

G. Handler©®'®, D, W. Kurtz?, S. A. Rappaport?, H. Saio?, J. Fuller®, D. Jones©%7, Z, Guo®?,
S. Chowdhury’, P. Sowicka®?, F. Kahraman Alicavus'®, M. Streamer'®, S. J. Murphy ©1,
R. Gagliano®™, T. L. Jacobs®® and A. Vanderburg

It has long been suspected that tidal forces in close binary stars could modify the orientation of the pulsation axis of the con-
stituent stars. Such stars have been searched for, but until now never detected. Here we report the discovery of tidally trapped
pulsations in the ellipsoidal variable HD 74423 in Transiting Exoplanet Survey Satellite (TESS) space photometry data. The sys-
tem contains a 6 Scuti pulsator in a 1.6 d orbit, whose pulsation mode amplitude is strongly modulated at the orbital frequency,
which can be explained if the pulsations have a much larger amplitude in one hemisphere of the star. We interpret this as an
obliquely pulsating distorted dipole oscillation with a pulsation axis aligned with the tidal axis. This is the first time that oblique
pulsation along a tidal axis has been recognized. It is unclear whether the pulsations are trapped in the hemisphere directed
towards the companion or in the side facing away from it, but future spectral measurements can provide the solution. In the
meantime, the single-sided pulsator HD 74423 stands out as the prototype of a new class of obliquely pulsating stars in which
the interactions of stellar pulsations and tidal distortion can be studied.



Mon. Not. R, Astron. Soc. 000, 1-27 (2019) Printed 6 April 2020 (MN IXTX style file v2.2)

The single-sided pulsator CO Camelopardalis

D. W. Kurtz!?*, G. Handler?, S. A. Rappaport?, H. Saio®, J. Fuller®, T. Jacobs’,
A. Schmitt®, D. Jones”!', A. Vanderburg“, D. LaCourse'?, L. Nelson'?,
F. Kahraman Alicavus®'* and M. Giarrusso®?
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Schematic of the CO Cam system
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Monthly Notices

MNRAS 503, 254-269 (2021) doi:10.1093/mnras/stab336
Advance Access publication 2021 February 9

A tidally tilted sectoral dipole pulsation mode in the eclipsing binary
TIC 63328020

S. A. Rappaport ©,'* D. W. Kurtz © 23* G. Handler,** D. Jones ®,36 L. A. Nelson,” H. Saio,? J. Fuller ©.°
D. L. Holdsworth,> A. Vanderburg,'* J. Zak ©,'"125 M. Skarka “,'"""* J. Aiken,” P. F. L. Maxted,'* D.
J. Stevens,' D. L. Feliz'6'” and F. Kahraman Alicavug © 819
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A tidally tilted sectoral dipole pulsation mode in the eclipsing binary
TIC 63328020

S. A. Rappaport ©,'* D. W. Kurtz © 23* G. Handler,** D. Jones 56 L. A. Nelson,” H. Saio,? J. Fuller ©.°
D. L. Holdsworth,> A. Vanderburg,'? J. Zak ©,'"125 M. Skarka “,'"""* J. Aiken,” P. F. L. Maxted,'* D.
J. Stevens,'’ D. L. Feliz'®!” and F. Kahraman Alicavug © 519

4.0 T - ' a4

amplitude mmag

phase radians

Am mag

0.0 0.5 1.0 1.5 2.0
orbital phase



Schematic of the TIC 63328020 system

Fuller et al. 2020, MNRAS 498, 5730
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The use of Echelle diagrams

TIC 63328020

CO Cam

HD 74423
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Tidally tilted pulsation axis
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ARTICLES nature
https://doi.org/10.1038/s41550-021-01413-0 aStr Onomy
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A hot subdwarf-white dwarf super-Chandrasekhar
candidate supernova la progenitor

Ingrid Pelisoli®"22<, P, Neunteufel @3, S. Geier', T. Kupfer©45, U. Heber®, A. Irrgang ©¢, D. Schneider®,
A. Bastian', J. van Roestel’, V. Schaffenroth' and B. N. Barlow ©8
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Echelle Diagram of the pulsations of HD 265435
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Tidally Tilted Pulsations in HD 265435, a Subdwarf B Star with a Close White Dwarf
Companion

Rahul ]ayaraman] , Gerald Handler”®, Saul A. Rappaport] , Jim Fullcr3 , Donald W. Kurtz"> ®, Stéphane Char[::inf:t6 , and
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Abstract

Tidally tilted pulsators (TTPs) are an intriguing new class of oscillating stars in binary systems; in such stars, the
pulsation axis coincides with the line of apsides, or tidal axis, of the binary. All three TTPs discovered so far have
been 6 Scuti stars. In this Letter, we report the first conclusive discovery of tidally tilted pulsations in a subdwarf B
(sdB) star. HD 265435 is an sdB—white dwarf binary with a 1.65 hr period that has been identified and
characterized as the nearest potential Type Ia supernova progenitor. Using TESS 20 s cadence data from Sectors 44
and 45, we show that the pulsation axis of the sdB star has been tidally tilted into the orbital plane and aligned with
the tidal axis of the binary. We identify 31 independent pulsation frequencies, 27 of which have between 1 and 7
sidebands separated by the orbital frequency (7/,) or multiples thereof. Using the observed amplitude and phase
variability due to tidal tilting, we assign £ and m values to most of the observed oscillation modes and use these
mode identifications to generate preliminary asteroseismic constraints. Our work significantly expands our
understanding of TTPs, as we now know that (1) they can be found in stars other than 6 Scuti pulsators, especially
highly evolved stars that have lost their H-rich envelopes, and (ii) tidally tilted pulsations can be used to probe the
interiors of stars in very tight binaries.
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Normalized Flux
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A related kind of beast
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A related kind of beast
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A related kind of beast
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A related kind of beast
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Normalized Flux
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A related kind of beast - triaxial pulsator
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Normalized Flux

A related kind of beast - triaxial pulsator
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A related kind of beast - triaxial pulsator

Relative Flux Perturbation
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Animations: courtesy Jim Fuller

Fuller et al., submitted to ApJ
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Coming up next...

TIC 435850195: A Tri-Axial, Tidally Tilted Pulsator

RAHUL JAYARAMAN U2 ' SAUL A. RAPPAPORT,! BRIAN POWELL,> GERALD HANDLER,” MARK OMOHUNDRO,*
ROBERT GAGLIANO.” VESELIN KosTov,”% Jim FULLER,” DoNALD W. KURTZ,>? VALENCIA ZHANG,'" AND GEORGE RICKER'

(ApJ, in press; arXiv: 2409.03815)

Tidally distorted stars are triaxial pulsators

JiM FULLER® ,' SAUL RAPPAPORT,?> RAHUL JAYARAMAN,? DoN KurTz,>* AND GERALD HANDLER®
(submitted to ApJ)
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