Solaplike oscillations in

a Kepler O Scuti star
MNAANNAS NMNANANAAV LA

\/ Antocx G Hanc”er T Cam ante, AO Th gesen, A Mo a, T Ka”mger D Ste”o A
Grngahcene H Kel&sen T Bec!clm T Lu]ctmger J Chrnstenseerals aard G
Catanzzaro A Frasca De Cat K u tterhoeven H Bruntt G Hou&ek D Kurtz F Lenz,
A K aiser, J Van Cleve, (. Allen, BD (larke, 2011, Nature

*]nstitute of Astronomg u‘ﬂversfcg of \/mnna
* Uxmvermtg of Brltlsh Colum}ma Dcpar’cmen’c of thsncs and Astronomq



600 F

Whyis the =

classical

]

>
o
o

v sin i [km s
w
)
)

instabi lity StFIP

TN
200F",,,,!:

SO imPortant’?

100 i,
_ v b

i : H : O
05 BO Bs A0 A5 FO F5 GO G5 KO K5 MO M5
Spectral type

5 | | lb\_‘\\\é\l\(/;ﬁg J Royer 2009 I
] \ .I‘Q,LMLTTKZ Rotation boundar9

0 ] 1,7 .
] > 4.° A
1 (-\5_‘0_‘, N — ]
4 4 LKIV+V | ]
4 B9 ’(’ 4
vV — | R
] A !
% \
1 F5 . . 1
i - 5. Yaa

~oe | (sranulation boundaly

7

m m m & w w ke



Solar _like Pulsation redicted
to be excited at the red E

the instabilitg strip }39

Houdek et al. (1999)  and
Samadiet al. (2002)

order O{:

Granu]ation noise as suggested
bg Ka”inger & Matthews (2010),
suPPortc& Bﬂ convective motion
in the the atmospheres of A and
Am stars (spectroscopg,
Lanclstreet et al. (ZOO?)
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I hsemble Astcroseismologg of
Solar-tgl:)c Stars
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Luminos |ty Amplitude [mag]

I hsemble Astcroscismologg of

5 Scuti Stars”"
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No Av and no V.
No mode |[D From

battern recognition

Large errorin M,

R, TeH, ..
Long observing

camPaigns needed.



..this is where Kepler came into Plag



HD 187547 a.k.a. Superstar
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Amplitude [mmag]

Superstar
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(_an the K -mechanism continuous]g excite
the range 180-800 MHZ (i

8-70c/d)?
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K-K hybrid?

e Amstar (atmosl:)héric under-abundances in Sc¢
and (_a, over-abund. in Pa, S5 Y).

* No large scale magnetic fields in Am stars
(Aurier@ etal 201 O)

=> no roAAp/S Sect hgbri&. (ro/\l@ stars also

show ec]ui istant Pattcms in the Fourier
spcctrum due to alignment of Pulsation axes with
strong magnetic fields.)



Fulsation from companion?

e Peaks between 500 and 850 MHZ from a ,classical
stochasticaug osci”ating companion ?

unlikely because v oints toward an |~ star
9 max P

:>companion would be visible in spectrum, which is not.

¢ § Hcuti Pulsation from companion?

would to be an A or | star => visible in spectrum,
which is not.

. Contamination from other star <1.5%

e FromRV (7 spectra n 153 &ays) no indication of
binaritg either.




Supcrstar

* No combination grequencies =>>
%igh radial overtones as exPected for solar-like oscillations.

.. butis the ériving rea”g the convection in the outer lagers?

e Avx40.5 Uz 3.5¢/d) ~ v ~578-729 ul1z(50-6% ¢/d)
(using the sca]ing relation from Ste”o et al. 2009)
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I chelle diagram

Comparecj to model

to guide the cye:
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Amplitude & mode lifetimes

Observeci: ABO]: 67+/-3 PPm; mode !t.:5.7+/~ 0.8d
]ge!&sen & Bedéing 201 1: A=14+/-9 PPm;
Ckaplin et al. 2009: Mode lt. < 1 dag

not in agreement BUT

. Scaling relations for stars with signhcicantlg diff. T et

. Superstar Pkotospheric meta”icitg ./ =0017
(ZSUHZOJ 54 Asplund ZOO9>
. Fowcr of mode c!irectlg prop. to lhcetimc, Proviée& the energy

supplg rate over the mode inertia is constant.

=>> Ampli. higher and mode lt. longer than Predicted.
¢« Am Pecu!iaritg




T he ultimate test?

I:rom statistical Properties of stochastica”g excited oscillations (Chang &

(Gough 1998): g(4) = 0.52(4).
successxcung aPPliecl bg Chr:stensen~Da|sgaarc§ et al. (ZQO ] ) for u

scmiregular variables

o(A)/<A> determined
from 50000 Monte~Carlo

simulations 0.48+,/-0.07

e AH 0 Sct modes below 1o

S(A)/<p>

s(A)/<A>
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O 5ct mode
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TREENERERNE

SOLAR-LIKE OSCILLATIONS
do exist in (this) & Sct star(s)
Houdek et al. (1 999> and 5amadi et al. (2002)

Superstar
the Perpect astrophgsica] ]aboratorgi

* test convection in A type stars
 Am Phenomenon > ditfusion + Pulsation

e convection + K mechanism
e model 8§ Sct stars
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