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Red giants:

(1) Hydrogen-shell burning
(along red giant branch)

(2) Helium-core burning
(red clump, secondary
clump, horizontal
branch)

Red giant progenitors
0.7-2.5Msun




=1, :
Interior structure

Low-mass Star :
Convective Red G | ant
Radiative
Convective
M<1.2 Msun

Intermediate-mass Star

Radiative

Convective

M>1.2 Msun



=1, . . . . .
&% . Excitation of solar-like oscillations

Brightness

Standing sound waves (p modes)



Amplitude (ppm)

logL (L)

- M= 1.00M, .
2 | He-core_y4 —
- burn (red .
= | clump) RGB -
- Bump -
= 2 Bottom ™
Z RGB Z
o [ .
(=T -
2L L n
| 3.70 3.65
Paxton et al. (2013) log Tegr (K)

. @ Vmax 7
3 = E
3
"l <

Amplitude (ppm)

O N

1500 2000 3000 Sva)
Teque ﬁ V(micro Hertz
4 F

Ll L

4000 4500

—>
: 1
3F 0 I -
= 0 E
2F 2 0 ‘;
| 2 :
1 ; ‘i
0 Uu mhmu.mmmmu mmhhmmudbmmmjt Ll MJMMMM by mmmmmmm,.ﬂ
2800 2900 3000 3100 320C

Frequency (micro Hertz)

40

30

Frequency (uHz)

Amp (ppm

Amp (ppm)

120

180

AV rHO .
20 —1—
20

125 130 135 140
Frequency (uHz)




< _I I 1 | 1 I I | ] 1 I
E M= 100 Mg E
2 | He-core_y4 —
. - burn (red .
4 2 E clump) RGB =
I Bump -
80w [ _
= =F 2 Bottom N
Z RGB Z
S |— —_
(=T -
ot n L .
‘ 3.70 3.65
Paxton et al. (2013) log Tegr (K)

Amplitude (ppm)

Amplitude (ppm)
0

1y ‘ ‘
Vmax
B 7; —
g
a
ERC
a
&
1 W
O T R NP N , ,
1500 2000 3000 Sva] 4000 4500
Teque (micro Hertz
. 4 Av
3F 0 1 —
E 0 E
£ &
2 0 —~
: 2 .
: 2 E
= <t
1E ‘i
o). 1. mhmu.mu\mmummhhmmunmmmmmL.AMWM mJ]MNmmmmmMm mumummmmmw,.ﬂ

2800 2900 3000 3100 320¢C

Frequency (micro Hertz)

40

30

340 360 380
Frequency (uHz)

Amp (ppm)

p-mode cavity
(envelope)

g-mode cavity
(core)

20

125 130 135 140
Frequency (uHz)




Revolutionising data

Amplitude (ppm)
.
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“A family of [~40] red giants
with very weak [depressed]
dipole modes is identified”

Mosser et al. 2012
[based on < 2yrs of Kepler data]
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Power density (10° p.p.m.* uHz™)
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Power density (10° p.p.m.* uHz™)
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Dipole mode visibility

e The dipole suppressed stars are common,
occurring in ~20% (>700) of red giants
Stars evolve this way

Using ~ 4 yrs of Log(g) (cm s7°)
Kepler data. \

b
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S0 100 150 200
Vmax (#HZ) Stello et al.2016b

« The visibility of dipole modes depends on
the evolutionary state of the star



An Idea develops

What if all wave energy
leaking into the core
gets trapped?

......--._ - o
> E“anescent REQIQ;,“*-.'

Radial-mode Mode energy
lifetime transmission

—1

1+ AvtT?

Fuller et al. (2015)



Stars evolve this way

Log(g) (em s7?)

0.0

Dipole mode visibility
V2

i2.1

1) Stello et al.2016b

V2

sup

V2

norm

e Strong support that almost all energy is

14+ AveT? trapped in the core.

e But what physical mechanism is responsible?

Fuller et al

. (2015)

> Corsaro et al. (2015)



Magnetic fields

Magnetic green house effect

Waves excited by turbulent
convection near stellar
surface, travel inward, and
tunnel into radiative core

- Convective Envelope

Vead EU%E‘EECE“LREQ;D” o
£ ~,

-

Ingoing waves reflect off
regions of high field strength

Magnetic mirror converts
gravity waves into Alfven
waves (Lecoanet et al., in

prep)

Magneto R
Gravity W e
N, Waves 7

Alfven waves dissipate in s
regions with small magnetic

fields

Fuller et al. (2015)
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Stello et al. (2016a)
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-Minimum magnetic field for magnetic greenhouse
| effect to operate
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“...we have to conclude that V2 : !
only I=1 are affected” V2 l+AveT

Mosser et al. 2012

Can we test that now Strong dependence
with 4yrs of Kepler data? on mode degree

A ((¢+1)
T~ (;,)
)
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Future work

e Connection to surface rotation

_ . K2 observes open cluster M67
(Celllier et al. in prep). P

« Search for supressed mixed modes S o I T
(Mosser et al. submitted KASOC). P U N R
e e . = 40 50 B0 70 80 90 2 2 4 6 B 1012
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(Stello et al. in prep). P N ‘ | 5wl
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2 Magnetic fields for the Kepler sample

o Suppressed
o Normal

. No evidence of .
maximum attainable g [0
field strength oo
§1.6 | @
. . 2 5.5%
- No evidence of point = &
at which magnetic -
greenhouse effect 12
“‘turns on”[GET THIS 15
RIGHT] 1.0
4.0

Stello et al 2016a
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