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Let the data guide the theory:
high-precision time-domain
astrophysics & back to basics..

Some questions
raised this week
(very biased selection!)
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My favourite HRD...

“HRD considers
m_..o_u.m_ surface and wind
~ properties
Stellar interior = ﬁwmvmm by
stellar.osgillations ~
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& Binarity is common
-and cannot be ignored
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Detected gravity-mode oscillations in B stars

Time (BJD-2454833)
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KU LEUVEN
The boost thanks to space photometry
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Let the data guide the theory:
high-precision time-domain
astrophysics

What is more important: unknowns in
macro-physics as of ZAMS versus
uncertainties in micro-physics such as
nuclear reaction rates in pre-SN?
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Period spacing (s)
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Gravity-mode period spacings in B stars
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diversity in core overshoot, near-core rotation & mixing

also 44 F-type stars in Van Reeth et al. (2016) & Ouazzani et al. (2017)
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Level & shape of core overshoot dominate
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Core overshoot & core mass tuning

Simple overshoot insufficient;
extra diffusive mixing needed PhD Thesis, May Gade Pedersen
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Core overshoot & core mass tuning

Simple overshoot insufficient;

extra diffusive mixing needed
Moravveji et al. (2015, 2016)

A

9 o
log Dy [em? sec ]

m /M

Typically used
in EB isochrone
fitting
(Claret & Torres 2016)
1.2 Mp<M<4.4 Mg

0 -
log Dyix [Clll" sec 1]

PhD Thesis, May Gade Pedersen

A

m /M

A

9 —
log Dyix [em? sec ']

m/M

10



Radboud Universiteit Nijmegen wm@w
A

Let the data guide the theory:
high-precision time-domain
astrophysics

Can we use a more realistic mixing profile?

log diffusion coefficient

Figure courtesy of Tami Rogers

- from 2D hydro simulations
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Let the data guide the theory:
high-precision time-domain
astrophysics

Can we use a more realistic mixing profile?

What is the
scale onthe
<lmx_m\.v s Figure courtesy of Tami Rogers
- from 2D hydro simulations
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AP (s)

WY

Dips in AP give level of chemical mixing

Schmid & Aerts (2016)
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Let the data guide the theory:
high-precision time-domain
astrophysics

What is the core to T T
envelope rotation for 5 ;
the more “usual” cases = -} | I
in the massive star % s e
context? &

—0.6f B ]
(not only ultra-slow a2 et | Triana et al. (2015) |
rotators...) 0.0 0.2 o 05 53 Lo

r/R,

14



Interior rotation from Kepler: summary
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Interior versus surface rotation F stars
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PhD Thesis of Timothy Van Reeth (2017):
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Let the data guide the theory:
how about time-domain
astrophysics for supergiants?

17
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Gravity waves in O9lab supergiant HD 188209
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Gravity waves in O9lab supergiant HD 188209
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Line-profile variability in upper HRD

Heroic efforts by
Simon Diaz et al. (2016):
years of spectroscopic

monitoring of 100s
of OB stars shows
large diversity

WARNING for misconception
of macroturbulence:
multiple gravity waves are
time-dependent & tangential

!

4.4 4.2 don’t fit with constant isotropic
log(Tew [K]) or RT Gaussian!

20
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Line profile broadening is not Gaussian...
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Aerts et al. (2014): warning about isotropic, radial, tangential,
RT spectral-line broadening in addition to rotational
broadening & limb darkening, all constant in time # reality



Line profiles due to waves are not Gaussian
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SMASH & HST/FGS

Spectroscopic
Bm:so B
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Let the data guide the theory:
high-precision time-domain
astrophysics of binaries

How about _u_sm:.Q and mmﬁmqomm_m_:o_omv\o

Frequency (d*

0.8 1.0 1.2 1.4 1.6 1.8
_ : : _ _ % 0 Model 2
5L T S * # O O Model 3
O O (=1, m=1 13}
g c0co0o00 0 0 0 e o o ° 0 0 =1,m=0
5 1F SEEEEEEEENEENR® u o Om ¢ 0@ 4O @ ‘) @ e O0 (=1, m=-1[
3 e e n%®n®n® -
a * Kk £=2 - 1.2
OF B Primar y o
Il Secondary =
T 11}
) T S S S S S S S
P
e ° e o o o 00 00 0000 1.0}
(@] -
8 ©° °° %' n m B B = h _ _ _
3.95 3.90 3.85 3.80
U 1 log(T, /)
| | | | ! ! Il | ‘

0.6 0.7 0.8 0.9 vm:oaﬂ% 1.1 1.2 1.3 1.4 mn:smﬁ_ Wn >m—.ﬁm ANO-—QV 24



Radboud Universiteit Nijmegen {Ry:
N2

Asteroseismology of free modes in EBs
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Tidal asteroseismology: only starting now

1.0030 ! ! I ! ! ! ! ! ! ! I I I

7 tidally excited modes;
apsidal advance after
4 years requires 3rd body

Parameter Number of pulsations
1.0025 - . 0 7
Fitted
1.0020 - . .
i Orbital inclination (degrees) 60.2(1) 62(1)
5 - “ Argument of periastron (rad) 2.14(2) 2.15(4)
= H Eccentricity 0.633(3) 0.659(6)
2 L m Primary gravity brightening 0.95(3) 0.95(3)
m : Secondary gravity brightening 0.29(2) 0.52(6)
< ; ' Primary polar radius (Rg) 1.9(1) 1.98(4)
m Secondary polar radius (Rg) 1.1(1) 1.20(4)
L i Mass ratio 0.73(1) 0.739(9)
" Phase shift 0.110(3)  -0.109(5)
L Gamma velocity (km s™1) -14(2) -15(1)
Semi-major axis (Rg) 43(1) 45.7(7)
é_o Calculated
NG (N3 SRra0h Primary mass ( M) 1.5(1) 1.78(6)
Secondary mass ( Mg) 1.1(1) 1.32(4)
. Primary fractional luminosity 0.85(4) 0.82(2)
Imgc—m.ﬁos m.ﬂ m—- ANOA Nv- Primary rotation rate 7.1(3) 7.1(2)
Secondary rotation rate 4.0(1) 4.0(1)

Numerous additional cases
from Kepler mission,
all intermediate-mass stars

26
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Let the data guide the theory:
high-precision time-domain
astrophysics

How about massive binary asteroseismology?
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Degroote et al. (2010) L/L 0.75 - 27
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CoRoT pulsating O8V primary HD 46149
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Degroote et al. (2010): detection of solar-like oscillations
need better spectroscopic orbital coverage 28
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BRITE: pulsating O star in iota Ori
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Pablo et al. (2017): 7 significant frequencies,
some tidally excited quadrupole modes
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K2:

pulsating O+B EB HD165246
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Johnston et al. (2017): 25 frequencies, 10 are multiples of orbital

frequency; follow-up in spectroscopy to unravel cause
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Let the data guide the theory:
high-precision time-domain
astrophysics

Great opportunities coming up:
how high can we go in mass for
high-precision binary & seismic modelling

of core overshoot, mixing, interior rotation?

31
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Near future: TESS-CVZ + Gaia + AS4

6rap™ ghoo™

341 OB stars
" (V=4-13)in
o TESS-CVZ, to be
monitored for
Bl 351 d, including
LMC stars
(=105@V<10)
Bs  + Gaia + AS4

spectroscopy
B7

B9
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Farther future potential: PLATO mission

Beyond 2025:
PLATO main mission & PLATO-CS with targets of choice
https://fys.kuleuven.be/ster/Projects/plato-cs/

.
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