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The aims of asteroseismology:

1. Use the oscillations of stars to measure their
properties: e.g., mass, radius, age, internal —
rotation (including inclination)

[ #-0.03" Christensen-Dalsgaard et al. (1995)'
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2. Improve our understanding of the physics of
stars: convection (including surface layers,
core overshoot, etc.), angular momentum =
transport, magnetic fields, etc.

Alfvén waves

JK\

magneto-

FuIIe et al. (2015)
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Christensen-Dalsgaard

Classical pulsators with
SONG

white dwarfs and sdB stars: too faint

O and B stars: line-profile variations? (see talk by
Sergio Simoén-Diaz)

Cepheids: combine with interferometry?

RR Lyraes: ?

roAp stars: ?

o Scuti & y Doradus: see next slides

Miras: shocks?

semiregulars: long secondary periods?
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v Dor stars
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Kurtz et al. (2014)

Saio et al. (2015, 2018)

Van Reeth et al. (2015ab, 2016)

Ouzzani et al. (2017, 2018)
i-:t.;!&'!.e.;.,g_ihgaang Li et al. (submitted & in prep.)

Bedding et al. (2015)
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gravity and Rossby modes in y Dor stars
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p modes, g modes & r modes

2.00 -
1.75 A

1.50 -

Kepler + Gaia DR2

0 Sct &
v Dor with

> d :
2.0 %
e maybe?
1.00 A T
—— 0§ Scuti instability strip
0.75 4 = y Dor instability strip
6 Scuti
e yDor

0.501 @ yDor with Rossby modes 144 :

10000 9500 9000 8500 8000 7500 7000 6500 6000

Teff, K

Gang Li et al. (in prep.)
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Solar-like oscillations




Oscillations in the Sun (Doppler shift)

Sun (BiSON network)
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BiSON (Birmingham Solar
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Fourier power spectrum of solar velocities (BISON)

p-mode overtones approximately
regularly spaced in frequency nincreases —

The Sun

Av =135 uHz

Power

Frequency (mHz)



Sun (20 days with SOHO)
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Contrast between oscillations
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much higher in velocity than
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(e.g., Kjeldsen & Bedding 2011)
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Some history (and lessons learned)



Radial velocity measurements of Procyon (F5V)
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JU0 ; :
.— Av =135 pHz — fAv measures mean
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_ making an échelle diagram
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The échelle
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Power (ppm®}

Equivalent-width measurements with NOT of n Boo (GO V)
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Frequency (microHz)

Mixed modes, mode bumping and avoided crossings

Age (Gyr)
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B Hyi (G2 IV)
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Detection of Solar-like oscillations in the G7 giant star £ Hya
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Discovery of solar-like oscillations in the red giant £ Ophiuchi*
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NASA Kepler Mission

“NASA's _
+4 first mission
" capable.of -

- finding

Earth-size

~and smaller :

- planets -

Graphite-cyanate
Metering Structure

.

Focal Plane
Radiator ~._
.

Launched 6 March 2009

Optical Axis

Sunshade

Schmidt Corrector
0.95 mdia.

" Local Detector Electronics

" Focal Plane Array
42 CCDs,
>100 sq.deg.FOV

Primary Mirror, 1.4 m dia.



after 4 years of Kepler (16,000 stars)
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How can SONG compete/contribute?




Predicting radial-velocity jitter induced by stellar oscillations based on

Kepler data

Jie Yu,'2* Daniel Huber,"*** Timothy R. Bedding'* and Dennis Stello

L Sydney Institute for Astronomy (SIfA), School of Physics, University of Sydney, NSW 2006, Australia

2 Stellar Astrophysics Centre, Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, DK 8000 Aarhus C,
3 Institute for Astronomy, University of Hawai'i, 2650 Wood-lawn Drive, Honolulu, HI 96822, USA

4SETI Institute, 189 Bernardo Avenue, Mountain View, CA 94043, USA

3School of Physics, University of New South Wales, NSW 2052, Australia

From the photometric oscillation amplitude A, , we were able to

obtain the RV amplitude v via the relation given by Kjeldsen &
Bedding (1995):

Vose = (A;/20.1ppm) (1/550 nm) (Tor/5777 K)? [ms '], (2)

where T.g is the effective temperature, and A = 600 nm was taken
as a representative wavelength for the broad bandpass of the Kepler
telescope.
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Sun (20 days with SOHOQO)
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First Results from the Hertzsprung SONG Telescope: Asteroseismology of the G5
Subgiant Star p Herculis

F. Grundahl', M. hedalund Andersen', J. Ch]ixtenxen Dala&hud V. Antoci', H. Kjeldsen', I{ Handberg', G. Houdek ',
T. R. Bt‘,ddln‘-"lz P. L. Palle ! 1. Jessen-Hansen', V. Sllm Aguirre', T. I{ White', S. hmdm&nl Alhrechtl. M. L. Andersen’,
T. Arentoft', K. Bmgacud WL (_hdplml'5 K. Hm])ame U. G Jﬂlﬂenaen L. l{dmmmd C. Karoff'”, P. Kjergaard Rasmussen”,

M. N. Lundl °, M. Sloth Lundkvist"'?, J. Skottfelt”'", A. Norup Sorensen”, R. lmnsga(ud , and E. Weiss'
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M Her is an ideal
target for single-site
observations!
Av/2 = 2.8 c/d
(see also Arentoft et
al. 2014)
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Asteroseismic modelling of the subgiant ¢ Herculis using

SONG data: lifting the degeneracy between age and model
input parameters

‘ 1713 . . 3 - 3 A 2
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) : 12
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Simultaneous observations with TESS
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SOLAR-LIKE OSCILLATIONS AND ACTIVITY IN PROCYON: A COMPARISON OF THE 2007 MOST*
AND GROUND-BASED RADIAL VELOCITY CAMPAIGNS

DanNieL Huser!, TimoTHY R. BEDDING!, TORBEN ARENTOFT?, MICHAEL CRL'BERBAUER?’ Davip B. GUENTHER",
GUNTER HoUuDEK?, THOMAS KALLINGERY?, HANS KIELDSENZ, JAYMIE M. MATTHEWS”, DENNIS STELLO!, AND WERNER W. WEIss?

! Sydney Institute for Ast

2 Danish AsteroSeismolog i I ' I ' ' i I ' I ' _ I: -]
? Institute for Computational 15— i : P : o I i i i : i i : P —]
EM i MO‘~T .
5 . E = ; o ; ; Do ; ; A ; —
Department of Physics T Lk N |." bl o Lo : P : : A —
Sl d b e

s E0 DUk L e
g = VIt I T ot ﬂl'.f" A ,l.lq,; | ”L Ny |hr'.’, ! JE.'\J ) NN F 1 fﬁ,. f' I' J —
o P RV ; Pl fl Y Co -;\ f TR |"I " ,:I‘. i E'm““'!,‘_ﬂ’li I'. 'millﬁ & | |#'-.'I “-' L",-I'" ll ,||_,, fv.m
A T T T O VY O A R L AV B A (VAR B LAV B o F R AN VP AL Sy T

AN A T T T N o S A S R SN S N SN S At T R (R
see talks by Dan Huber 0 PRI P - TS T O O S PSS S S S S S S S £

; RN
IIII@II'II%II e

& Gunter Houdek 0.05

0.04

II‘ il I|I|.|.| IIl II TTT1|

0.03 E

—
=
-
-

0.02

Power (m/s)®

I Y - : i !
i LIt il (T i L :
0.01 | I' l'n 16 4 |J |I |n‘. lu | Ih ,n||L'E|'I., l JI"'I L”” | 1|IJ l’ |rII 'l | : I1 H II| l |ln\. |I I ||r"||h|| / | W | N R | | ll

. w“J' |“'\. le ~1|m 1'J ._.-' Eu 5 by . . E\. .'V b H : W -EIUH- flﬂ'\'uf"!\'-f W f| I.|u \1 “I\. .w‘m M,
0.00 Ei ~ : o o ; Lo Vo L I

400 600 800 1000 1200 1400
Frequency (uHz)

Figure 4. Power spectra of Procyon from MOST photometry (upper panel) and the radial velocity campaign (lower panel), smoothed with a Lorentzian with a width
of 2.5 pHz (corresponding to a mode lifetime of 1.5 days). Dotted lines mark the odd and even ridge centroids identified in the velocity data. Dashed lines show the
harmonics of the MOST orbital frequency.




Checking the scaling
relations for red giants
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Scaling relations:

M 2 M
AV (ﬁ) Vmax X Vace OX N

Solve to get mass and radius:
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(and luminosity)




Population
studies
(Galactic
archaeology)
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Weighting data

some data are more equal than others!
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Single-site: 3 Vir (F9 V)

Carrier et al. (2005): CORALIE
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weighting (use 1/variance) reduces
the noise in the Fourier spectrum.

Q: What is the down side?

A: higher sidelobes in spectral window
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11 telescopes at
8 observatories
over 25 days
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Uncertainty (m/s)
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Power (m/s)?
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Weight (arb. units)

Weight (arb. units)
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On the importance of using weights:

* use weights for single-site data
* use weights for combining multi-site data

 adjust weights to reduce noise and sidelobes in Fourier
spectrum (trade-off)
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Summary

velocity very good for solar-like oscillations

robotic operation and flexible scheduling

full sky coverage (eventually)

good spectral window for selected targets (eventually)
simultaneous with TESS

continue to choose targets carefully, diversify science,
remember about weights and spectral window!

Inside the Sun




