THE EXOPLANET HOST STAR EPSILON TAU

TORBEN ARENTOFT

STELLAR ASTROPHYSICS CENTRE (SAC)
INSTITUT FOR FYSIK OG ASTRONOMI
AARHUS UNIVERSITET

SAC.AU.DK

):[ STELLAR ASTROPHYSICS CENTRE / -

AARHUS UNIVERSITY



Asteroseismology of the Hyades red giant and planet host e Tau*

T. Arentoft"**, F. Grundahl!, T. R. White!, D. Slumstrup', R. Handberg!, M. N. Lund', K. Brogaard', M. F.
Andersen', V. Silva Aguirre!, B. J. S. Pope”*, D. Huber*, H. Kjeldsen', J. Christensen—Dalsgaard', J. Jessen-Hansen',
V. Antoci', S. Frandsen', P. L. Pallé>°, R. A. Garcia”-®, L. Deng® 1°, C. Zhang”, X. Chen’, Z. Yan'?, T. R. Bedding'!-!

and U. G. Jorgensen'?

Stellar Astrophysics Centre (SAC), Dept. of Physics and Astronomy, Aarhus University, Ny Munkegade, DK-8000 Aarhus C.
Center for Cosmology and Particle Physics, Dept. of Physics, New York University, 726 Broadway, New York, NY 10003, USA
NASA Sagan Fellow

Institute for Astronomy, University of Hawai‘i, 2680 Woodlawn Drive, Honolulu, HI 96822, USA

Instituto de Astrofisica de Canarias, E-38205 La Laguna, Tenerife, Spain

Universidad de La Laguna, Dpto. Astrofisica, E-38206 La Laguna, Tenerife, Spain

IRFU, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France

Université Paris Diderot, AIM, Sorbonne Paris Cité, CEA, CNRS, F-91191 Gif-sur-Yvette, France

Key Laboratory of Optical Astronomy, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, 100101,
China

Department of Astronomy, China West Normal University, Nanchong 637002, China

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

Centre for Star and Planet Formation, Niels Bohr Institute, University of Copenhagen, @ster Voldgade 5, DK-1350 Copenhagen

-

MDoe =] 3™ h = W

SONG key publication

)::{ STELLAR ASTROPHYSICS CENTRE



With data from: !
« SONG Tenerife
« SONG Delingha
« NASA K2

« PAVO / CHARA
(White et al., in prep)

Combine high S/N
spectroscopic data
with uninterrupted
spacebased data
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The Hyades Open Cluster: : ] 2

4 IE . 18

- Distance ~ 47 pc = y
Age ~ 650 Myr R kti\; 2o
Fe/H ~ 0.14 = 5

10 _:—L.;_E 6

» Four red giant stars ; m— )

thought to be RC stars i :

B—¥

» Oscillations in four giants (Gaia, Raino et al. 2018)

(White et al., in prep., Beck et al. 2015) n E
and in two MS stars ) ;
(Lund et al. 2016) - ) Tau
318 8! Tau A .
oy & Ari ('n'mp)
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log(T,, [K])

):( (de Bruijne et al. 2001)
STELLAR ASTROPHYSICS CENTRE



Basic parameters for eps Tau:
. . 100 |
- and the first exoplanet in an open cluster .
TABLE 1 ;é -50
STELLAR PARAMETERS FOR € TAU ::22
:g 50?%””!% i ::-.-I,...},
Parameter Value RS R
° 3000 3200 3400 3600 3800 4000
Spectral type ........occevveens KO I 0 (72450000)
T (MAS) eviiiiiiiieieiieiieeeenn 21.04 = 0.82
TABLE 3
V e 3.53 ORBITAL PARAMETERS FOR € TAU
B =V e, 1.014
Tﬁ" (K) 4901 + 20 Parameter Value
logg (cm 5—2) """""""""""""" 264 + 0.07 P (days)_..] .......................... 5949 £ 53
o (km S_l) ----------------------- 1.49 + 0.09 Ki (M ST )iiiiiiiiiiiieens 0915%? i é.(&qu
[Fe/H] oo, 0.17 + 0.04 W (de@) oo 94.4 + 7.4
T, (JD—2,450,000).......... 2879 + 12
R(Ro) v, 13.7 £ 0.6 a1 $in i (109AU ) oo 5.192 + 0.097
L (L), 97 + 8 fim) (1075 M) 5.27 + 0.28
M (M&>) ----------------------------- 2'7 :t O.l Zlg(;l[l}; (1%_]) ..................... 179‘2 i 833
vsini (km s .o 2.5 Nobs evesermsemeremesreeeeeeees oo 20
IMS (M S ) v, 9.9
Reduced \2 .oovoviieene, 4.5

Sato et al. (2007)
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Basic parameters for eps Tau:

- asteroseismic measurements with SONG

Power (m/s)?
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Asteroseismology
Vmax, obs log g M
(uHz)"  (dex)  (Mg)
(11) (12) (13)
56.9(8.5) 2.67(8) 2.40(36)
QA &1 T D QAR 1 "F2r T

Stello et al. (2017)
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Looking for | = 0 by combining the SONG and K2 data...
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Determining the large frequency spacing:

Using the | = 0 modes:

Av=4.996+/—-0.005uHz
e=1.19+/-0.06

P [ep} (03]
(@] (@] (@]
T T T [ —

Frequency (uHz)
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Radial order (n)
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Using "Powersum”:

oy T T T T
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See Christensen-Dalsgaard et al. (2008) /
Arentoft et al. (2017, 2018) for details about
"Powersum”



Astero S el S m I C reS u ItS . Table 3. A list of the 27 mode frequencies (with uncertainties) in
. € Tau, their amplitude, S/N value in amplitude (not power), and mode-
identification (£, n) for the £=0.2 modes. The last column lists the ab-

scissa coordinate used in the échelle diagram in Fig. 8.

f(uHz) o(f) a(m/s) S§/N(a) ModelD Echelle abs.

702 005 112 6.12 323
20.68 0.06 0.93 5.08 0.99

Table 2. Global asteroseismic parameters for € Tau gég: ggg ?g; ;g (=0.n=6 }g;
38.86 0.06 0.78 426 4.18

Parameter SONG K2 40.17  0.05 1.20 6.59 £=2 n=6 0.50

Vinax 56.4+1.1uHz  56.1 uHz 4152 006 072 393 1.85

Av 5.00£0.01 uHz  5.00 uHz 42.65 006 0.89 - 4.89 496

) 4590 004 1.32 725  f=0.n=8 1.23

002 0.76+0.05 uHz 4723 005 117 6.40 2.56

€ 1.19£0.06 48.10  0.04 126  6.88 3.43

5090 0.03 1.68 920  £=0.n=9 1.23

51.98 006 0.78 427 2.31

5326 0.06 0.87 479 3.60

5573 005 118 6.48 1.07

5590 0.05 1.01 556  {=0.n=10 1.24

i 5739  0.05 107 5.84 2.73

Further analysis based on the 60.97 002 187 1026 (=0n=11 132
63.70 0.04 1.52 8.34 4.04

65.81 0.05 0.8 535  {=0.n=12 1.16

reSUItS from SONG 70.85 0.07 046 252 ¢=0.n=13 1.20
75.87 006 0.79 432  (=0n=14 1.22

7920 0.06 0.84 4.60 4.56

80.90 0.04 134 734  ¢=0.n=15 1.26

83.00 0.07 0.59 3.25 3.36

83.79 0.05 1.09 5.98 4.15

96.34 0.06 0.73 3.98 1.71
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The remaining modes:

] 100 -
« Mostare likelyl =1 — ’
80 ¢ °
« Some may be | =3 - :
| 5| . .
« Some may be daily & °° oo ° .
aliases (e.g.,of |=2) 3 | S Te o )
40l ® °
L ®
ol e )

(Frequency + 0.30 uHz) mod 5.00 pHz
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TABLE 1 Updated parameters from
STELLAR PARAMETERS FOR € TAU asteroseismology (Scaling),

Parameter Value spectral analysis and
Spectral type .......cccvevenneen. KO III Interferometry.
7 (IN8S) e 21.04 + 0.82
Y 3.53
R 1.014
(0 Y 4901 + 20 4950 +/- 22 K
log g (cm S$72) coveveveeenee. 2.64 + 0.07 2.67 (seismology), 2.72 +/- 0.07 (fit)
v (KM S 1.49 + 0.09
B 0.17 + 0.04  0.15 +/- 0.02
0.5 WO 13.7 + 0.6 12.06 +/- 0.16
075 YO 97 + 8
VA 0.755 W 2.7 + 0.1 2.458 +/- 0.073
vsini (km s, 2.5

Sato et al. (2007)

Planet mass mz sin i 7.6+/-02Ms 7.1+/-0.2 My
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Evolutionary stage of eps Tau:

« The asymptotic relation:

|
Ve = Av(n + E-f +e)—0L+ 1)Dy

« Kallinger et al. (2012) / Kepler:

Three central radial modes
e ForepsTau (l=0,n=9-11)

Av,=5.04 uHz, ¢, = 1.09
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Kallinger et al. (2012)



Evolutionary stage of eps Tau:

The asymptotic relation:

|
mﬂkwbﬁr+§€+6}—&€+lﬂh

« Kallinger et al. (2012) / Kepler:
Three central radial modes

e ForepsTau (l=0,n=9-11)
Av,=5.04 uHz, ¢, = 1.09

* This places eps Tau among the
H-shell burning RGB stars...
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Evolutionary stage of eps Tau:

The asymptotic relation:

|
mﬂkwbﬁr+§€+6}—&€+lﬂh

« Kallinger et al. (2012) / Kepler:
Three central radial modes

e ForepsTau (l=0,n=9-11)
Av,=5.04 uHz, ¢, = 1.09

* This places eps Tau among the
H-shell burning RGB stars...
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Amplitude ratio between photometry and spectroscopy:

Amplitude per radial mode F | | o  SONG ]
(Kjeldsen et al. 2008) ‘

Amplitude ratio as a function of
frequency; -
Procyon (Huber et al. 2011), Sun :

Note: SONG and K2 data
non-simultaneous...
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=0.F’hol/AI

A

C L 1 1 ! 1 1
30 40 50 60 70 80
Frequency (uHz)

):[ STELLAR ASTROPHYSICS CENTRE



Amplitude ratio between photometry and spectroscopy:

Amplitude per radial mode
(Kjeldsen et al. 2008)

Amplitude ratio as a function of
frequency;
Procyon (Huber et al. 2011), Sun

Note: SONG and K2 data
non-simultaneous...
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Amplitude ratio between photometry and spectroscopy:

Amplitude per radial mode g
(Kjeldsen et al. 2008) O
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Amplitude ratio between photometry and spectroscopy:

Amplitude per radial mode
(Kjeldsen et al. 2008)

Not in total disagreement with
Gunthers calculations...
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Amplitude ratio between photometry and spectroscopy:

Amplitude per radial mode SONG 7

(Kjeldsen et al. 2008) e /\

Not in total disagreement with :
Gunthers calculations...

Preliminarily not completely
inconsistent with Glunthers
calculations...
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Amplitude ratio between photometry and spectroscopy:

Amplitude per radial mode
(Kjeldsen et al. 2008)

SONG 1

Not in total disagreement with
Gunthers calculations...

Preliminarily not completely
inconsistent with Glunthers
calculations...

See Gunthers talk this afternoon..
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Fresh model results from Victor Silva Aguirre (Aarhus),
Fitting asteroseismic parameters + existing photometry
with BASTA models:

Distance: 44.287 pc (cluster distance ~ 47 pc)
Radius: 12.16 Rsun (interferometry: 12.06 +/- 0.16 Rsun)
Age: 600720° Myr (cluster age ~ 650 Myr)

Evolutionary stage: Most likely RGB
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Fresh model results from Victor Silva Aguirre (Aarhus),
Fitting asteroseismic parameters + existing photometry
with BASTA models:

Distance: 44.287 pc (cluster distance ~ 47 pc)
Radius: 12.16 Rsun (interferometry: 12.06 +/- 0.16 Rsun)
Age: 600720° Myr (cluster age ~ 650 Myr)

Evolutionary stage: Most likely RGB

Thank you for your attention and stay tuned for the paper!
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