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Variability and dusty
winds of AGB stars

Sofie Liljegren




AGB stars
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Cool giants (T ~ 2500 - 3500K)

Pulsates (100 - 1000 days)

Mira and Companion (Visible)

Luminous (L ~5000 - 10000 L)

Significant mass loss (dm/dt ~
108 - 104 M, yr)

Mira (Visible) Mira (Ultraviolet)

Slow wind (V ~10 - 30 km S_l) Mira « Omicron Ceti
Hubble Space Telescope « FOC
[ T N s

PRC97-26 + ST Scl OPO « M. Karovska (Center for Astrophysics) and NASA
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Connection between variability - stellar atmosphere - mass loss

Is it possible to observe ditferent pulsation properties?

(Liljegren et al., 2016, A&A, 589, 10)
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- 1D dynamical atmosphere and
wind models

- Hydrodynamics eq. + frequency
dependent radiative transter

- Time-dependent description of
dust grains

. Inner boundary: Lin, Rin=sin(t)
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Atmosphere structure
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Radial distance |R.]
()

1.0 15 2.0 2.

Bolometric phase [¢]

Dust

Lum minimum
-> low temp

-> dust = wind driving

Lum maximum

-> radiative pressure on
dust
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Bolometric phase [¢]

-> Larger mass loss rate + higher wind velocity

Bolometric phase [¢]
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Wind properties vs Ad
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b Possible to observe?

UNIVERSITET

Light curves

-> variation in luminosity.

Molecular line profiles

-> information about the
shockwaves

-> information about the radial
variation

Distance from centre

|

Line doubling
phases
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Line synthesis using COMA.

CO vibration-rotation line
(CO dv=3 5-2 P30 at 1.66
micron)

. T const.

F/ FCOH

Same features for different
phase shift (e.g line doubling),

at different bolometric phase

O,2|||||||i||||||| 11
-40-20 0 20 40 -40-20 O 20 40 -40-20 0O 20 40

RV [km/s] RV [km/s] RV [km/s]




Rrens
UPPSALA Onc USIons

UNIVERSITET

DARWIN models are sensitive to inner boundary condition
Timing of both luminosity max and min matters
Significant effects (+ ~ 40%)

Might be observable, by comparing high res spectra and light
curves

Use as a diagnostic tool for pulsation models(?)
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Do same tests for m-stars

Extract boundary conditions from the 3D models -> DARWIN

Radial distance [R.]

0 05 1.0 15 20 25 3.0
Bolometric phase [¢]




1D models
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M=143 M, L =69881L, Z = 0008 C/0 = 1.5
P(model)=459 days P(NGC1978 IR1)=458 days

AAMRARN
4638—_ _-
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3.6x10* 3.8x10*
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04}

0.2

0.0}

3d models
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Model: \%Y M

L, [Lo] 7000 7000
M, [M] 1.0 1.5
T, [K] 2800 2600
R, [Rs] 355 412
[Fe/H] 0 0
C/O [by number] 1.4 1.4
Period [days] 3900 490
Au, [kms™] 2 6

1 10 15
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4.5 | | | | | | | |
. F “./ Central Stars of Planetary Nebulae - .
T 7
35 [ 1
3 - -
¢ 25 [ RGB y
5? 8.3
2 I HB )
3 . m
15 [ main-sequence/f\// il
1T 9.1 1
05 [ 1
oI shown:6.8 -
(9.7 to T_ =4200K)
| L 1 |
-0.5
5 4.5 4 3.5

log Tegs

Herwig, 2005
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Light curves

AAVSO DATA FOR MIRA - WWW.AAVSO.ORG

2 1] T L]
3 y 4
: Vb
4 o 1
@ .
g ° : |
£ 6 > i
&
s 7 o2 . ° ]
8 r 1
9t ®® ® .
1¥a 11/05/10 03/19/12 08/01/13 12/14/14 04/17/16
_— 12:28 12:28 1228 12:28 12:28

AAVSO DATA FOR RU CYG - WWW.AAVSO.ORG

7 T 1] T
. 1 _ / 75
Semi-regular, type a
\ 4 - Q
E 8.5
=
=
95 Fe
[ )
Semi-regular, tvpe b i ]
| =4 7 A= 105 1 [} 1 |
11/0510 03/19/12 08/01/13 12/14/14 04/17/16
12:28 12:28 Ba%? 12:28 12:28
AAVSO DATA FOR R DOR - WWW.AAVSO.ORG
4.5 c T T 1
Irregular - 1
= 5 i 6&?1 ‘08 8 ] ° QO a-? e [~} S -] [~.] \:
§ sl Tt eb g oofyegd pi o oply 5%
SN I {0 S LONRE I SRR o IO Rt
= 0. T R Ty §F3 ¥ e am
65 _6980 *] ° % %] OO [*.] : Oo (- ] *] 557 On 9? [ ] |
B ]
7 1 L 1
11/05/10 03/19/12 08/01/13 12/14/14 04/17/16
12:28 12:28 B’a?g 12:28 12:28
Visual Validated . Visual Prevalidated e V Validated o V Prevalidated

Observations from the AAVSO International Database, http://www.aavso.orQ)



http://www.aavso.org

- AGSB stars as pulsators
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ko Structure - interior
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HE LAYER B 'u

BURNZNG
HE=SHELL @TW@ , - Pulsation driving
¥ [[CONVEGTIVE: takes place in
C70 Corz | 2 ‘_EN VE’LOIP E convective envelope
M ~ 0.5Mg M =1Mg
HE LAYER + Tconv ~ P

é)‘F’W@ &éﬁ?f@@

LTI ' - Driving of AGB stars

\"\ w\ 'N/?“ CON VE\CT'I¢VE*‘ 'f\/?i\ poorly understood
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@ Modes of pulsation
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Fundamental 1st overtone 2nd overtone



Period-Luminosity
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¢ (J-K), < 1.4 (M stars)
e (J-K), » 1.4 (C stars)

C -> Miras - -a -

A, B -> SRVs, IRVs |

E -> binaries with Ko o
common envelope 12 W
B
D->?? e :
14 e
P ”l b o a0 IR S T
1.5 2 2.5 3

log P

AGB stars from the LMC, plotted in the P-L plane (Wood, 2000)
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Galactic chemistry - chemical yield of e.g. s-elements and dust
yields depend on mass loss of AGB stars.

Initial-final mass relation - depends on the mass loss during the
AGB phase.
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Understand AGB star variability

Connection between variability - stellar atmosphere - mass loss



Modelling
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3D star-in-a-box simulations

Models convective envelope and
lower atmosphere

Compressible hydrodynamics eq. +
grey radiative transfer

-> Paper 11

v [Reol
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Dust-driven winds of AGB stars: The critical interplay
of atmospheric shocks and luminosity variations
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Assess the effects on atmospheric structure, wind velocity and
mass loss rate when using more realistic boundary conditions

Investigate the implications for observables.
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Global 3D radiation-hydrodynamics models of AGB stars

Effects of convection and radial pulsations on atmospheric structures

B. Freytag, S. Liljegren, and S. Hofner

Division of Astronomy and Space Physics, Department of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala,
Sweden (e-mail: Bernd.Freytag@physics.uu.se)

Started 2015-05-29; Received ...; accepted ...

Grid of 3D models

Investigate updated numerics, small scale structures and the
influence of ditferent stellar parameters
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11000 . . '
@® Old models
10000} ¢ Test models .
B Grid models
9000
o
=,
COSBOLD code used B 80007
S
£ 7000} o O O
3 groups of models % .‘ ’
6000}
5000 g O m a

4000 ' ' ' ' ' ' '
%850 2800 2750 2700 2650 20600 2550 2500 2450
Teoge [K]



UPPSALA
UNIVERSITET




O
O
G-
>\
=
O
9
O
>
.8
Ee.
O
oz

[ swy]] £3100T0p

[“g] eoue)sIp [eIpRY

Time [yrs]

Time [yrs]



Fourier analysis
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1000
Dominant frequency

800

600

400

Radial distance [R.]

Radius of star

200

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Frequency [yrs™!]



log of Ppuls [d]
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— This work e
3 21| = - Wood (1990) . | —3.4¢
----- Fox & Wood (1982) L7
| gl ~5.2
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Comparison to other work
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Self-excited radial pulsations
Pulsates in the fundamental mode
Produces realistic P-L relationship, consistent with observations

Larger radius than 1D models
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= Classification - spectra

M - stars -> C/O < 1, oxygen dominated chemistry (H.0, SiO,
TiO...), dust created are silicates and different oxides.

S - stars -> C/O ~ 1, ZrO bands visible.

C - stars -> C/O > 1, carbon - dominated chemistry (C,, CN, HCN,
C.H,). Amorphous carbon dust.
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