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Setting the stage

Tim De Zeeuw Welcome

Albert Zijlstra (invited) Grand Overview

Eric Lagadec ars Meeting

... determine roles of magnetic
fields, binarity, jets and collimated
mass loss, metallicity, initial mass,

Hans Olofsson (js

etc. upon stellar evolution and end
products — good luck Franz to
summarize this!




Setting the stage

Tim De Zeeuw Welcome
Albert Zijlstra (invited) Grand Overview

Eric Lagadec Summary of the Recent Physics of Evolved Stars Meeting

Hans Olofsson (invited) Radio/mm/Subm
RSGs and /A

nd With all these high res pics
from ALMA and Sphere

Roberta Humphreys (invited) a

Leonardo Testi (invited)

Jean-Philippe Berger (invited) | think we have to smear

them in order to
understand them again!

& Loss, Circumstellar Ejecta




Setti ng the Stage ACTION! (the 39 steps, 1935)

* Big samples, surveys, scans!

* Rethink, recalibrate formulas!
e — P, * Avoid high mass and other biases!
Albert Zijlstra (invited) Grand Overview * Interferometry is not a niche!
Eric Lagadec Summary of the Recent Physics of EWon_ ®* Photospheric imaging

Hans Olofsson (invited) Radio/mm/Submm Observations of AGB and RSG Sta

RSGs and AGBs in the Optical and Infrared - Evidence for Mass Loss, Circumstellar Ejecta

Roberta Humphreys (invited
oberta Humphreys (invited) and Episodic Events

Leonardo Testi (invited) mm and Submm Interferometry, Current & Future Capabilities

Jean-Philippe Berger (invited) Optical Interferometry: Current & Future Capabilities
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* 1.2 meter Mercator teiescope on La Palma
HERMES highsresolution spectrograph
(Raskm etal, 2011, A&@ 526, 69) .
* * Specific operational model tuned for *
: obtalmng long time-series  *
.. *Dedicated pipeline:

* Long-term prommme on steliar evo!utlon
of low-to’ intermediate mass stars in bmanes
* Unique datas ets.

i Example 1: PNe

- The first detection®of wide binarie

» among subdwarf B stars.

= Binary central stars of PNe tend
. to be-spiraHed-in systems with
’ penods of days

* . Detection of first wide sysmm oTr5
and BD+*33 2642 . 5
(Vae Winckel et al., 2014, A&A 563, 10). **
M

“ *(Vos btl., 2012, ABA 548, 6;

Concm

* small telescope with dedicated |nstruments ‘aré
complementary-to ESO infrastructuré and satellites;
provided the operational maodel is adapted -

124 citations by oW
of many years facilitate
Sun 5

Stay tuned more results of Qur blnary ogramme soen
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2013, A&A 559,.54; 2015 AZA 579, 49)

. seenin pro
_ f.s=Jet launching seen |n several
systems
- (Gorlova et.aal., 2012, A&A 542, 27;
2015, MNRAS 451, 2462) .
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Abstract

Long-term monitoring of AGB stars at the
Nancay Radio Telescope (NRT) led to the
discovery of a new class of OH masers
towards Miras. The 2 main characteristics
of these events are their high degree of
polarisation and indications that the OH
flaring regions are located in a more
internal part of the circumstellar envelope
than the standard OH shell. This latter fact
has been confirmed by recent mapping

towards o Ceti. These flaring events have
now been recorded towards stars believed to
be isolated s well as towards stars
belonging to & binary system. The overall
characteristics of such events and the
implications with respect to the standard
models are presented here.

Standard Miras
«Micas are AGB stats with an optical counterpart
+ The standard OH shel, created by the
photodasociason of KO by extemal ambient UV

raiation, t fo0nd in She outer part of the clrcumstelar
anvelope (CSE) at a typical distance of 100-1000 AU
« This OH shof can produco 3 out of 4 ground-state
maser ansisons at 1612, 1665 4 1667 MHZ Mias.
e cabed "type I" emiters i their main nes (1665
41667 Miz) are stronger than the 1612 MHZ
atelite ke or “type I In the opposite case.
11 OH spectra usually exnibil  so-caied
“standard” two-peaks profile generally more
cempicased thar the one of OWIR cbjects. The
expansion velacity essrated as half of the width
0 T peaks of the Spectnum Increases.
with the period of pulsation of the star and kes in
10 30 ks
Thes OH variations follaw t infrared and
opuical ity Wth & daey f s e
responding 10 10 10 20% of o period
Pumping Of thew OH mases lngs ks
by fa nfrred radlasion
e CSE

Tng trom the dust of

Flaring Mira characteristics
Wlnstratios case: O Cett

o Eroka & Le 997) for a ol descrigion

- The flaring emission also follows the optical

Lght curve with a typical phase delay of 10-20% cf

 beginnng
= the duration of wots varies

from only few
s (. 210 years)
+ strongly potarised

OH Naring emisason originaten from a roghon
choser 15 the star than the OH maser emission in

¥ig. 3 - Adegt hom Fig. 11 ¢ Eloka & Le Soueren (1997)
Sowieny e Fenaton R becneen [V, ¥, | 800 Ohe
it analysis ot © Cat taing

sandra eloka@goaglemallcom

Fig. 1

15 flaring regions ocour wifin & zone less than
~400 mas (~40 AU) from the central star (cf F9 1)

Y

[25-12) colour indexes less than 0.70 (¢t Fi9.2)
« There is s cormelaton betweren (V,__ = V,__) and the
[25-12) colour-index (c!. Fig 3).

= there is & hint that 0 Gt Raring zone i even

infiuence of the companion.

Conclusion

towards all the flaring Miras known %o far aro
similar in terms of [RAS colour-colour properties,
nhavunammmummn-vm
spectral

bﬁlmruwhy&thlh&-
(1997), which are quite distinct from what is
standard &Le

Squeren 2000). These common characteristics
suggest that the flaring locations in terms of
radius in the CSE is similar for all these events
and all indicate thut these regions of transient
OH maser activity are distinet from the standard
OH maser shell, Yet, in the case of o Ceti there

CELESTIAL OPTICAL TRANSIENTS

FROM 532 BCE TO 2015 AD.

l;n.m Warner

Drpariment of Avvsmrs. Unnensiy of €

VModern identification

Oriental transients

BK Lyn

Z Cam

Conelusion

W o8 il bkt

n 1 ot 1 s

v e g e des el

0 e tecomy ot i ceval aen
pa by i+ artavi et mecm g

g




Stellar Evolution & Atmospheres

All models are wrong.

Some of them are useful!
(Aringer, 2014)




Stellar Evolution & Atmospheres

Georges Meynet (invited)

Paola Marigo

Alain Jorissen

Pierre Kervella (invited)
Michael Gordon
Ramiro De La Reza

Benoit Mosser (invited)

Some Open Questions on the Physics of Stars

Linking Evolution of AGB Stars with Molecular Chemistry in their CSEs
Atmospheric Tomography of Supergiant Stars

The Atmosphere of Red Supergiants at High Angular Resolution

Yellow Supergiants: Unlocking the Mysteries of Post-RSG Evolution

Complex Organic and Inorganic Compounds in Shells of Lithium-Rich K Giant Stars

Mixed Modes in Red Giants: a Window on Stellar Evolution




Stellar Evolution & Atmospheres

Georges Meynet (invited)
Paola Marigo

Alain Jorissen

Pierre Kervella (invited)
Michael Gordon

Ramiro De La Reza

Benoit Mosser (invited)

Some Open Questions on the Physics of Stars
Linking Evolution of AGB Stars with Molecular Chemistry in their CSEs

Atmospheric Tomography of Supergiant Stars

The Atmosphere of Red Supergiants at Hig} Helium flash

Yellow Supergiants: Unlocking the Mysterie

1.2 1.6 2.0 24 28
M/ MSun

Complex Organic and Inorganic Compound:

Mixed Modes in Red Giants: a Window on !

Mosser et al. 2014, A&A 572, L5

July 2015 Stellar End Products



Stellar Evolution & Atmospheres

Georges Meynet (invited) Some Open Questions on the Physics of Stars

Paola Marigo Linking Evolution of AGB Stars with Molecular Chemistry in their CSEs

Alain Jorissen Atmospheric Tomography of Supergiant Stars

Pierre Kervella (invited) The Atmosphere of Red Supergiants at High A Chemical Routes to HCN Pro dUC tion

Michael Gordon Yellow Supergiants: Unlocking the Mysteries = HCN comes to equilibrium with CN
CN+H, SHCN+H = Non-equilibrium chemistry H,/H

Ramiro De La Reza Complex Organic and Inorganic Compounds i R faster production of H, = _ _
n(HCN) = n(CN) R_—’ H,/H approaches ~1 in higher density regions

where chemical reactions are efficient

Benoit Mosser (invited) Mixed Modes in Red Giants: a Window on St



Stellar Evolution & Atmospheres

Georges Meynet (invited) Some Open Questions on the Physics of Stars

Paola Marigo Linking Evolution of AGB Stars with Molecular Chemistry in their CSEs

Alain Jorissen Atmospheric Tomography of Supergiant Stars

Pierre Kervella (invited) The Atmosphere of Red Supergiants at High Angular Resolution

Michael Gordon Yellow Supergiants: Unld

Betelgeuse
CCF depth :l A I Intensity, V band Degree of linear polarization, V band
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CCF depth

Inner masks sample weak lines
Outer masks sample strong lines

L -

Outer
-

Comparison with 3D CO°BOLD k! . o .
e (4 snapshots): . T &
o for outer masks especially:
I ' 3D CO®BOLD lines are deeper N
(factor~1.5 to 2)
o :
50 mas
I ] I 20 |
1.78e+05  7.11e+05  1.60e+06 0.03 0.06 0.09 po—

Kervella et al., in prep.



Super asymplotic giani

are In the mass range ~ 6510 Mo

characterised by off-centre car

thermally pulsing AGB phase which

from 10s to &ven 1000s of thermal pulses (TPs) ‘ (
arily

i : Method / Model Desgriptic

oot o VLTI/AMBER studies of the extended
v st ¢ atmospheres of AGB and RSG stars

priorto a
consist |

anch (st

n igni

Their fates are quite uncertain and depend p £ AR ¢ : i = - s .
cn e SaReai] Eateisn (W eXE G Wd B ilar Gi ¢ £ (20°8 ty otai 20108 . Wittkowski, B. Arroyo-Torres, A. Chiavassa, B. Freytag, M. Ireland,
mass-loss rates Carolyn Doherty’, Pilar Gil-Pons? & Alarge gnd of mode ted wit ;

¥ e siekar nvalops. & ISR BRKE Y0 Y Core John Lattanzio', Lionel Siess? g <& IR " : J. Marcaide, M.. Scholz, F., P. Wood

reaching the mass for electron captures in the core A ! 0

~1.375 Mo (Nomoto 1984), an ONe white dwarf v o » » . y ! els were run from the

remain, otherwise the star will undergo an electron- 4 ) ea ¢

caplure supernova leaving behind a neutron star . ot A e examin nportant t 48 bl

We briefly describe the factors which influence . a P (the r \ ma clus

————

these different fates, determine their relative
fractions and provide mass boundaries

@

After core H, He and
C burning, the core
mass of the star is
reduced due to
second dredge-up
(2DU) - see Fig 1
This post 20U,

core mass is

the core mass

at the start of

the AGB phase

Mock § ST o —— | love these fringes!

Y (% ( : e o e e A.A. Michelson, undated

< A € ! an ¢ tly explain ti ] G stars

vanation using

mall inner ¢

subsequent competition [ Vassiliadis & Wood (1993)

between the growth of a
the core and mass loss
from the stellar envelopel

8 )

|
,' = Initial to final mass relation (IFMR)
Pt é & « b R " . A :
Rubidium observations in luminous O-rich AGB stars fearean "
(e.9. Garcia-Hemandez et al. 2006) are strong evidence
for the occurrence of third dredge up (3DU) in the
massive AGB and super-AGB stars.
In Fig 3. we show the 30U efficiency A" as a function of
core mass from our calculations. Two main points of
3 Interest are; the clear lack of a metallicity dependence
(at large core masses) and a decrease of A with
increasing core mass. This efficient 3DU reduces the
kelhood that super-AGB stars grow enough to explode
as EC-SN.

Mg Ve

of AMBER
ahown for 1:0 pulsaton models w
oters of RSG stars
1ot enter the atmosphere in

R

We find the
mass range for

EC-SN s very < : We ha
Supernovae from | (*e¢Fio 5) evoluon of a lage ¢
: B super-AGB star

Super-AGB stars? 250.02-0.0001
We compare our Our models with moderale

efficient 3DU increase their cor

% 3 0 03 Mo during the TP- (S)
IFMRs. this. the maj
will be EC-SN Large spread in result® 4 ,

At high Z our models with maximum WD We also note a fine ~0.1
compare favorably mass ~7.6 - 10+ Mo of hybrid CO(Ne) white dwag
with parametric
studies by
Poslarends et al I gy ke .
2008 & Siess 2007 04 Ventura o " wei i Bk a ar
but at lower Z g . . 2013. This is primarily ¢ “ e oa. P, R, 2000, MNRAS
because we do not
loss

T

Large vaniation in model F " 2 UpReses '8 10y . o g & Maschiae, P J
predictions cf. Siess x r ASA

A 4

91, 1004 & 2011, MNRA £ - A

dus to differences

" onseln 1. A Pae. D T ABA 4 1 N
e i Wittkowasd M., Boboite, D A wiend, M., ot ot 2011, ARA 232 L
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Mass Loss Mechanisms & Dust

Is there a

problem? Yes!
(Hofner, 2014)

“There is good agreement

within a factor of 10.”
(Groenewegen, 2014)




Mass Loss Mechanisms & Dust

Susanne Hoefner (invited)
Sara Bladh

Theo Khouri

Ward Homan

Graham Harper (invited)
Claudia Paladini (invited)
Xavier Haubois

Peter Scicluna

Anita Richards (invited)
Eamon O'Gorman
Dinesh Shenoy

Lynn Matthews

Dynamical Atmospheres and Winds of AGB Stars: A Theorist's View

How M-type AGB Stars Bite the Dust

Investigating the Wind-Driving Mechanism in R Doradus

Analytical Morphological Models and an Application to the CW Leo ALMA Data
Testing Theoretical and Semi-Empirical Models of RSG Extended Atmospheres
Surface Features with VLTI

Probing the Inner Dust Shell of Betelgeuse with Polarimetric Interferometry

Large Dust Grains in RSG Winds: High-Contrast Polarimetric Observations of VY CMa

Radio/Sub-mm Clues to the Origins of Asymmetries and Clumps

Spatially Resolved Radio/mm Continuum Studies of Red Supergiants

Probing Hypergiant Mass Loss with AO Imaging and Polarimetry in the Infrared

Searching for Evidence of Mass Loss on the Cepheid Instability Strip




Combining advanced

Mass Loss Mechanisms & DuSt  orse srains around acs sars

Susanne Hoefner (invited)
Sara Bladh

Theo Khouri

Ward Homan

Graham Harper (invited)
Claudia Paladini (invited)
Xavier Haubois

Peter Scicluna

Anita Richards (invited)
Eamon O'Gorman
Dinesh Shenoy

Lynn Matthews

observational techniques:

Polarimetry
— identification of starlight
scattered by dust

Interferometry
— spatial scale of dust shell

Dynamical Atmospheres and Winds of AGB Stars: A Theoris

Multi-wavelength study
» constraints on grain size

How M-type AGB Stars Bite the Dust

Results for 3 AGB stars:
0.3 um grains at 2 stellar radii

Investigating the Wind-Driving Mechanism in R Doradus

» fits nicely with models
of Héfner (2008)

Analytical Morphological Models and an Application to the Tp—

Testing Theoretical and Semi-Empirical Models of RSG Extended Atmospnheres

. Measuring grain sizes
Surface Features with VLTI

. o q q Dust scattering — polarisation
Probing the Inner Dust Shell of Betelgeuse with Polarimetric e e

pendence!

Large Dust Grains in RSG Winds: High-Contrast Polarimetric e - R

~500 nm — ~50x% ISM

Radio/Sub-mm Clues to the Origins of Asymmetries and Clu

WV

Spatially Resolved Radio/mm Continuum Studies of Red Suj

09 " L
Probing Hypergiant Mass Loss with AO Imaging and Polarim \.&

Searching for Evidence of Mass Loss on the Cepheid Instabil

Peter Scicluna arge dust grains in STEPS 4 /7




Mass Loss Mechanisms & Dust

Susanne Hoefner (invited) = Dynamical Atmospheres and Winds of AGB Stars: A Theorist's View

Sara Bladh How M-type AGB Stars Bite the Dust

Theo Khouri Investigating the Wind-Driving Mechanism in R Doradus

Ward Homan Analytical Morphological Models and an Applica il

Graham Harper (invited) Testing Theoretical and Semi-Empirical Models ¢ Pulsation, convection and shocks
Claudia Paladini (invited) Surface Features with VLTI

Xavier Haubois Probing the Inner Dust Shell of Betelgeuse with
Peter Scicluna Large Dust Grains in RSG Winds: High-Contrast P
Anita Richards (invited) Radio/Sub-mm Clues to the Origins of Asymmet

Eamon O'Gorman Spatially Resolved Radio/mm Continuum Studie

Dinesh Shenoy Probing Hypergiant Mass Loss with AO Imaging

Lynn Matthews Searching for Evidence of Mass Loss on the Cep
Time sequences: gas density (top) and surface brightness (bottom) -



Mass Loss Mechanisms & Dust

Susanne Hoefner (invited)

Sara Bladh

v T/

The photometric variations
are characterised by:

- large variationsin (V-K)

- small variationsin (J-K)

Model A2
Model A3
Model B1
Model B2
Model B3
Model C1

European Research Council
(ra0aned by 44 Curnpass Commngr

RR Sco
RCar
RHya
ROct
R Vir
T Col
THor

Dynamical Atmospheres and Winds of AGB Stars: A Theorist's View

How M-type AGB Stars Bite the Dust

d-Driving Mechanism in R Doradus

bgical Models and an Application to the CW Leo ALMA Data

RU Vir (C-type)

8 10
(V_K)o

The variationsin (V-K) are
due to molecular changes
during the pulsationcycle,
not changes in the dust

(Bladh et al. 2013)

ind Semi-Empirical Models of RSG Extended Atmospheres

h VLTI

ist Shell of Betelgeuse with Polarimetric Interferometry

RSG Winds: High-Contrast Polarimetric Observations of VY CMa
s to the Origins of Asymmetries and Clumps

adio/mm Continuum Studies of Red Supergiants

Mass Loss with AO Imaging and Polarimetry in the Infrared

ce of Mass Loss on the Cepheid Instability Strip



Cool stars too

hot to stand!

Mass Loss Mechanisms & Dust

Susanne Hoefner (invited) = Dynamical Atmospheres and Winds of AGB S
Sara Bladh How M-type AGB Stars Bite the Dust

Theo Khouri Investigating the Wind-Driving Mechanism i
Ward Homan Analytical Morphological Models and an App
Graham Harper (invited) Testing Theoretical and Semi-Empirical Mode
Claudia Paladini (invited) Surface Features with VLTI

Xavier Haubois Probing the Inner Dust Shell of Betelgeuse w

Peter Scicluna Large Dust Grains in RSG Winds: High-Contra

Anita Richards (invited) Radio/Sub-mm Clues to the Origins of Asym

Eamon O'Gorman Spatially Resolved Radio/mm Continuum Stu
Dinesh Shenoy Probing Hypergiant Mass Loss with AO Imagi

Lynn Matthews Searching for Evidence of Mass Loss on the C
e ¥




Mass Loss Mechanisms & Dust

Susanne Hoefner (invited) = Dynamical Atmospheres and Winds of AGB Stars: A Theorist's View

Sara Bladh How M-type AGB Stars Bite the Dust

Theo Khouri Investigating the Wind-Driving Mechanism in R Doradus

Ward Homan Analytical Morphological Models and an Application to the CW Leo ALMA Data
Graham Harper (invited) Testing Theoretical and Semi-Empirical Models of RSG Extended Atmospheres
Claudia Paladini (invited Surface Features with VLTI

Xavier Haubois

Talk summary
Peter Scicluna ] |

\-EXES spectra The

Anita Richards (inviteq Beginnings

Eamon O'Gorman K - T —

Dinesh Shenoy

Tests of
theoreteal

Lynn Matthews




Mass Loss Mechanisms & Dust

Susanne Hoefner (invited)
Sara Bladh

Theo Khouri

Ward Homan

Graham Harper (invited)
Claudia Paladini (invited)
Xavier Haubois

Peter Scicluna

Anita Richards (invited)
Eamon O'Gorman
Dinesh Shenoy

Lynn Matthews

Dynamical Atmospheres and Winds of AGB Stars: A Theorist's View

How M-type AGB Stars Bite the Du *
Investigating the Wind-Driving Me
Analytical Morphological Models :
Testing Theoretical and Semi-Empi
Surface Features with VLTI

Probing the Inner Dust Shell of Bei
Large Dust Grains in RSG Winds: H
Radio/Sub-mm Clues to the Origin
Spatially Resolved Radio/mm Con
Probing Hypergiant Mass Loss witl

Searching for Evidence of Mass Lo:

The future is not now.

The future is next, and it is created by the
decisions you make and the actions you take
now.

What’s next for you?
Spectral resolution
Time series (constrain the dynamic)
Different spatial scales
Polarization?




Summary I: Spotty stars, clumpy winds

Mass Loss Mechanis

Susanne Hoefner (invited)
Sara Bladh

Theo Khouri

Ward Homan

Graham Harper (invited)
Claudia Paladini (invited)
Xavier Haubois

Peter Scicluna

Anita Richards (invited)
Eamon O'Gorman
Dinesh Shenoy

Lynn Matthews

 Stellar hot/cool spots related to wind clumps?-

~ Cool spots enhance molecule/dust formation?..
- Hot spots related to magnetic buoyancy?

Dynamical Atmosphere » Few clumps per stellar period contain 30-90% mass lost
- Convection (Jorissen) - chemically distinct? Poster Gobrecht

- Wind clumps overdense, overheated, must be over-
Investigating the Wind- pressurised

How M-type AGB Stars

Analytical Morphologic « Yet survive >> sonic turbulence timescale

Testing Theoretical and - Magnetic confinement?

_ e Mild asymmetry (except extreme RSG), no rotation
Surface Features with V

 Whatever the cause, clumps/asymmetry protect dust
in ISM?

Probing the Inner Dust
Large Dust Grains in RS(
Radio/Sub-mm Clues to the Origins of Asymmetries and Clumps

Spatially Resolved Radio/mm Continuum Studies of Red Supergiants

Probing Hypergiant Mass Loss with AO Imaging and Polarimetry in the Infrared

Searching for Evidence of Mass Loss on the Cepheid Instability Strip




Binaries, Shells & Shaping

...enough riddles to keep

us happy for a while...
(Van Winckel, 2014)

Two ways to identify a binary:
You see it

You have no other idea
(Noam Soker, 2015)




Binaries, Shells & Shaping

Orsola De Marco (invited)
Shazrene Mohamed
Michel Hillen

Sofia Ramstedt (invited)
Miguel Montarges
Foteini Lykou

Henri Boffin (invited)

Sebastian Ohlmann

Binary Stars Across the Mass Spectrum; From Observations to Theory and Back

Shaping the Outflows of Evolved Stars

The First mas Image of a Post-AGB Binary: the Inner 10 AU of IRAS08544-4431

Winds and Circumstellar Morphology of Binary AGB Stars with ALMA

The Dusty Disk and Companion of L2 Pup, the nearest AGB Star, Observed with SPHERE
Shaping Nebulae via Disks in AGB Stars

Binary Stars - an Interferometric View

Hydrodynamic Simulations of Common Envelope Phases




Binaries, Shells & Shaping

Orsola De Marco (invited) Binary Stars Across the Mass Spectrum; From Observations to Theory and Back

COnnecting binary classes olved Stars

st-AGB Binary: the Inner 10 AU of IRAS08544-4431
e.g., L2 Pup or From Han et al. (1995)

WRLOF binaries Example of binary

Mohamed+Podsi-
aleWSkllZ) too young not too young

for 1 ROP __for 1st RIOF ,_ rion of L2 Pup, the nearest AGB Star, Observed with SPHERE
VN

no CE

: n AGB Stars
°w — merger
/\ ietric View

(Kervella+15; not oo wide channels for 1-8Mo stars  @FPhology of Binary AGB Stars with ALMA

1 too young *1 weak *1 mild *1 strong *2 post MS CSPN
for PNe focusing focusing focusing =
pAGB 8-

Ko iszalski+09 of Common Envelope Phases
van Winkel+09 -

Symbiotics not too wide too wide not too wide
- for 2nd RLOF for 2nd RLOF for 2nd RLOF
€.g. Mikola- ‘_‘__iﬂ/——”"-}om Mom
j ; t L not too young
jewska’s papers not too young i \as 7
0.04 "/’———"{ 0.040
CE CE

too young weak mild strong merger ejection too young weak strong merger ejection
for PNe focusing focusing focusing (WD+WD) for PNe focusing (WD+WD)
| § 000007

SN la SN la




Binaries, Shells & Shaping

Orsola De Marco (invited) Binary Stars Across the Mass Spectrum; From Observations to Theory and Back
Shazrene Mohamed Shaping the Outflows of Evolved Stars

Michel Hillen The First mas Im.

% [em® g1
% [em® g?)

Sofia Ramstedt (invited) Winds and Circui
Miguel Montarges The Dusty Disk a
Foteini Lykou Shaping Nebulae
Henri Boffin (invited) Binary Stars - an

Sebastian Ohlmann Hydrodynamic Si

15 AU separation 60 AU separation

Mohamed & Podsiadlowski 2007, 2012




Binaries, Shells & Shaping

Orsola De Marco (invited) Binary Stars Across the Mass Spectrum; From Observations to Theory and Back

Shazrene Mohamed Shaping the Outflows of Evolved Stars

Michel Hillen The First mas Image of a Post-AGB Binary: the Inner 10 AU of IRAS08544-4431

Sofia Ramstedt (invited) Winds and Circumstellar Morphology of Binary AGB Stars with ALMA

0y

ympanion of L2 Pup, the nearest AGB Star, Observed with SPHERE

Pt Mira o
& )isks in AGB Stars

ferometric View

tions of Common Envelope Phases

Offset [arcsec]
Offset [arcsec

-10 - . " b — .
0 -5 3 5 0 -5 -10
East Offset [arcsec] East Offset [arcsec)

Ramstedt et al. 2014




Binaries, Shells & Shaping

Orsola De Marco (invited) Binary Stars Across the
Shazrene Mohamed Shaping the Outflows o
Michel Hillen The First mas Image of :
Sofia Ramstedt (invited) Winds and Circumstella
Miguel Montarges The Dusty Disk and Con
Foteini Lykou Shaping Nebulae via Di:
Henri Boffin (invited) Binary Stars - an Interfe

Sebastian Ohlmann Hydrodynamic Simulati

| R R

Foteini Lykou

Lykou et al. in prep

Don’t tell!

(The 39 Steps, 1935)

03SJUV 0L/L

R 104 at 2.27 Microns
April 98



Binaries, Shells & Shaping

Orsola De Marco (invited) Binary Stars Across the Mass Spectrum; From Observations to Theory and Back

Shazrene Mohamed Shaping the Outflows of Evolved Stars

Michel Hillen The First mas Image of a Post-AGB Binar

+ES+
Sofia Ramstedt (invited) Winds and Circumstellar Morphology of |

Miguel Montarges The Dusty Disk and Companion of L2 Pup

- ‘ Separation:
Foteini Lykou Shaping Nebulae via Disks in AGB Stars i - | 2.02+0.09 mas in
o 2014

Henri Boffin (invited) Binary Stars - an Interferometric View 135558 masih

. . . 2015

Sebastian Ohlmann Hydrodynamic Simulations of Common E
Angle: 64
degrees to 32
degrees in 330
days.

9
P~10 yrs
A~10-20 AU

SHkZHFIITIICTOTINON @ b



Magnetic Fields

...it is reasonable to hope that in the
not too distant future we shall be competent

to understand so simple a thing as a star.
(Eddington, 1936)




Magnetic Fields

Agnes Lebre (invited) Surface Magnetism of Cool and Evolved Stars: Harvest from the Spectropolarimetriy

Wouter Vlemmings (invited) Magnetic Fields in Evolved Stars: Theory & Radio/Submm Line Observations
Laurence Sabin (invited) Detection of Magnetic Fields in Evolved Stars: From the Envelope to the Photosphere

Alizee Duthu Magnetic Fields in C-Rich Evolved Objects




Magnetic Fields

Agnes Lebre (invited) Surface Magnetism of Cool and Evolved Stars: Harvest from the Spectropolarimetriy

rs: Theory & Radio/Submm Line Observations

€ "sNt SRISVHEN OF & SIINEUTRAJNONG el on & SIS Shr 1 Evolved Stars: From the Envelope to the Photosphere
arval observationsof x Cyg around its 2012 maximum light

red Objects

Definite Detection
x2=1.81,
fap=5.2 1010

!

a (magnetic)
Zeeman effect
origin

*
=2
-~
b
<
>
8
v
8
w

Null (* 1000)

-50 0 50 100 Surface field
Stellar rest frame velocity (km/s) estimation: 2-3 G

Stokes V signal :associated to the blue component of the I profile
Stokes | profile : typical line doubling of metallic lines due to a shock wave in the atmosphere.

(Lebreetal. 2014, A&A 561, 85)




Magnetic Fields

Agnes Lebre (invited) Surface Magnetism of Cool and Evolved Stars: Harvest from the Spectropolarimetriy

Wouter Vlemmings (invited) Magnetic Fields in Evolved Stars: Theory & Radio/Submm Line Observations

Laurence Sabin (invited) Detection of Magnetic Fields in [ B ﬂeld Strength AGB envelopes

Alizee Duthu Magnetic Fields in C-Rich Evolve

* Oxygen rich:
* SiO at 2 R+
* B~3.5(upto10s) G
[assuming Zeeman]
* H>O at ~5-80 AU
« B~0.1-2G
* OH at ~100-10.000 AU
* B~1-10 mG
» Carbon rich:
+ CN at ~2500 AU
* B~7-10 mG

A IRCB0370

AGB Surface

Vlemmings et

Chi Cyg surface log( F&_"E‘_'}_
Lébre et al. 2013 Non-Zeeman SiO interpretation L
Houde 2014 2




Evolved Stars and the Cycle of Matter

WE CARE!

(2006, 2010, 2014, 201x ...)




Evolved Stars and the Cycle of Matter




Evolved Stars and the Cycle of Matter

lain McDonald (invited) How to Make and Break Dust Around Metal-Poor Stars

Jonathan Mackey Cold Gas in Hot Star Clusters: the Fate of Winds from Red Supergiants




Evolved Stars and the Cycle of Matter

lain McDonald (invited) How to Make and Break Dust Around Metal-Poor Stars

Jonathan Mackey Cold Gas in Hot Star Clusters: .
Vo dust made |
. . [

" WD bigger

More near-IR flux
N =l

SNe rate

| Lishlol \ ' Greater C/O ‘ Higher
i 1 - i ‘ i dustgas ratio e
[o/Fe] K U, .. /Fe] Less star Ay |
‘ formation Carbon-rich
Radiogenic | |SM? : Affects galaxy SED
heating in \ ‘
lanets o | Diamond i
P lanets? - |
FEES | B | |
[O/Fe] [Si/Fe] ‘ |
More ISM cools Jeans mass
Metallicity Placr:)erteary planets? efﬂcn‘ently Ioviver
measures
masses
Affects
Bottom- :
L — | ntestelr | (Fewerglant, | reay IMF SIS
Cosmological extinction planets .
foregrounds CURVE




Evolved Stars and the Cycle of Matter

lain McDonald (invited) How to Make and Break Dust Around Metal-Poor Stars

Jonathan Mackey Cold Gas in Hot Star Clusters: the Fate of Winds from Red Supergiants

Interpretation

Correct line ratio  —> gas is photoionized.
N is enriched —> Wind material.
Blueshifted nebula —> asymmetric
pressure is pushing the wind of W26
towards us.

Comparing to Betelgeuse, the observed
nebula of W26 seems like a bow shock.
There could be a photoionized shell closer
to W26, with >0.1 Mo

W9 Is 0.24pc from W26 (projected) and has
a prodigious wind:

— Mdot = 3.3x10~* Mo yr~' and

— Ve = 200 km s~ (Dougherty+2010).

1

| Most ofﬁthe cluster could be embedded in the wind of WO.




The Dust Input from
Asymptotic Giant & Red
Supergiant Stars
to The Small Magellanic

Sundar Srinivasan (# i #&)!,
M. L. Boyer?:3, F. Kemper?, M. Meixne
Riebel® & B. A. Sargent®
'Academia Sinica Institute of Astronomy & Astrophy
(sundar@ {HH] ca.cdutw).
Sel, SUSNA,
Technology

| Gordon &
SMC team

Life Cycle of Dust

fraction of their mass into the interstellar m
hment. In this

s (DPR:

this ot in the Large Magellanic Cloud (LMC; R
evolved “extreme" AGB stars produce more than 75% of the dust It is therefore very important to have a complete inventory of the

) of high
esults will be mitted this montl

dustiest sources! our current study. The paper de

i Fitting P

Jsltiple

« Global dust-production rate (DPR) from all AGBs and RSGs:
(1.7 = 3.4) x 10% My yr'

« This number is consistent with previous deter;
(Boyer+ 2012, Matsuura+ 2013), and this input al
explain the observed ISM dust mass.

+ Ratio of C—rich AGBs put out three times as much dust as
O-rich AGBs, In the LMC, this ratio is about two and a half
This is consistent with the lower metallicity of the S

e LMC, the SMC lacks extremely dusty

Gruendl+ 2008)

minations
e cannot

« Compared to th
sources (e.g.. sources with SiC in absorption:

* The large r in global DPR is due to the uncertain nature
of the sources with the highest DPRs the so-called far-
infrared (FIR) objects (Boyer+ 2012). Some of them are likely
AGB stars (see ), but their colours are consiste
young stellar obj
study is necessary

igu

cts. Mid-IR spectroscopy or long-w

> confirm their identity.

+ The other major source of uncertainty in DPR estimates s the
repancies of

Photometry (circles) cra (black: Ruffle+ 2015) fic choice of optical constants, which can cause dis
with GRAMS models (solid bluo: O-rich. solid red: C-rich). Top pto Sxil
od fits, one for each chemical type. Bottom
j and bad (right) fits to FIR objects

010.AL 140, 1868
J00LAL 116 855

- ’ i
mass-loss rate of a red-supergiant in the Large Magellanic Cloud ~ [@{DI33

& Science & TeChnology Mikako Matsuura (Cardiff University) UNIVERSITY

W Facilities Council “‘-’"J:;nm Sargent, Bruce Swinyard, Jeremy Yates, P. Royer,
J. Barlow, Martha Boyer, L. Decin, Theo Khouri, PRIFYSGOL

Margaret Meixner, Jacco Th. van Loon, Paul Woods

How does metallicity effect on. mass-loss rate?

Herschel SPIRE FTS spectrum H hel
erschel PACS spectra

VY CMa (Galactic)

| IRAS 05280-6910
IRAS 0528
AS 05280-6910 J‘w ‘.M (LMC red-supergiant; RSG)

WW'“W‘WM“H m\m"“‘

8 CO and 15 H,0 lines detected
CO J=6-5to J=

Estimating dust mass-loss rate Estimating gas (CO) mass-loss rate
Fitting the SED with dust radiative transfer Jx‘i’ll;?sr;s?(vi»w =2
code (Dusty; Ivezic & Elitzur 1997) y 4
WOH G64 (LMC

2.3x10* s

(IR-SED; Ohnaka et al. 2008)
1 VY CMa (Galactic RSG)

2x10* Mg yr?

No evidence of reduced CO
mass-loss at LMC metallicity
(haf sofar) within our
limited sample.

W Hya (Galactic AGB) Luminosity class is the key
| 1507 Mg yr? for mass-loss rate

CO line intensity

CO transitions

« Higher the luminosity, higher
Key parameters d Gt P the mass-loss rate can reach.
* Mass-loss rate : 3x10* Mg i E M + IRAS 05280, LMC red-
(converted to gas-mass loss rate) P ,\up:‘lgunl, can be V;)una at
. 1O~ . the highest cange of mass-loss
Assumed gas-to-dust ratio : 500 rate, following the LMC mass-
» Limited by available mass of refractory loss rate for van Loon et al,
elements at LMC metallicity : 2 % i (2005)
« Higher than Galactic value =
« Assumed CO/H, ratio : 2.7x10* =
* Limi i -abundance at °4 o amgies from
Limited by ;f\@llahle C-abu - Lomemseperpamirsp e
LMC metallicity 3 1COMN) e Back ot 4, (0200
° A + LMK uppen ek o)
e sl aroenewngeons

Luminosity (Ls




End Products

That's right.
(The 39 Steps, 1935)




End Products

Joel Kastner (invited) Planetary Nebulae: a Contemporary (Multiwavelength) Perspective

Valentin Bujarrabal (invited) Molecular Line Observation: ChanPlaNS: overview of results

Daniel Tafoya Sub-millimeter Maser Emisss ~ X-rays: diagnostic of PN evolutionary state

Mark Hollands Ancient Planetary Systems A Hot Bubbles
Composite (HB+CSPN)

Non-Detections

Rubina Kotak (invited) Supernovae
Mikako Matsuura (invited)  Supernova 1987A
Noam Soker Nebulae Powered by a Centr

Santiago Gonzalez The Rise-Time of Type Il Sup

5.0 4.8
log T, (KK)

star




End Products

Joel Kastner (invited) Planetary Nebulae: a Contemporary (Multiwavelength) Perspective

Valentin Bujarrabal (invited) Molecular Line Observations of Planetary and Protoplanetary Nebulae: Keplerian Disks

Daniel Tafoya Sub-millimeter Mas

Mark Hollands Ancient Planetary S

Rubina Kotak (invited) Supernovae

Mikako Matsuura (invited)  Supernova 1987A -m”l““!“n-“---
Noam Soker Nebulae Powered b * s

Model: Red Rectangle oo 1=3-2

North offaet {

Santiago Gonzalez The Rise-Time of Ty outflow structure, density & velocity
T, 2 200 K; rotation not displayed
Moderate mass, velocity, and linear momentum
We interpret: material extracted from the disk —> limit to the disk lifetime




End Products

Joel Kastner (invited) Planetary Nebulae: a Contemporary (Multiwavelength) Perspective
Valentin Bujarrabal (invited) Molecular Line Observations of Planetary and Protoplanetary Nebulae: Keplerian Disks
Daniel Tafoya Sub-millimeter Maser Emission from Water Fountain Nebulae

Mark Hollands Ancient Planetary Systems Around White Dwarfs

Rubina Kotak (invited) Supernovae
Mikako Matsuura (invited)  Supernova 1987A

Noam Soker Nebulae Powered by a Central Explosion

Santiago Gonzalez The Rise-Time of Type Il Supernovae




End PrOd ucts ALMA confine cold dust is from the ejecta

~0.5 Mg of dust is from ejecta

Joel Kastner (invited) Planetary Nebulae: a Contemg

Valentin Bujarrabal (invited) Molecular Line Observations ¢

4
—

Ring
(progenitor; RSG)

Daniel Tafoya Sub-millimeter Maser Emissiol

Mark Hollands Ancient Planetary Systems Arc

Indebetouw, Matsuuraet al. (2014, 782, L2)

Rubina Kotak (invited) Supernovae
Mikako Matsuura (invited)  Supernova 1987A

Noam Soker Nebulae Powered by a Central Explosion

Santiago Gonzalez The Rise-Time of Type Il Supernovae




End Products

A short summary

Must Include JETs

Valentin Bujarrabal (invited) Molecular Line Observations of Planetary a ( M IJ ET)

Joel Kastner (invited) Planetary Nebulae: a Contemporary (Multi

Daniel Tafoya Sub-millimeter Maser Emission from Water

Mark Hollands Ancient Planetary Systems Around White D This research was not supported
by any grant

Rubina Kotak (invited) Supernovae
Mikako Matsuura (invited)  Supernova 1987A

Noam Soker Nebulae Powered by a Central Explosion

Santiago Gonzalez The Rise-Time of Type Il Supernovae



ype la Supernovae Inside
Planetary Nebulae (SNIP)

Danny Tsebrenko and Noam Soker

ion, Istael; ddtt@x

AR Tsebrenko & Soker 2015, MNRAS, 447, 2

[Abstract

We estimate that the fraction of type la supernovae (SNe la) exploding inside planetary nebulae (PNe), termed SNIPs, is at leas
-20%. We based this on (i) sodium absorption lines in some SN la, (n? hydrogen emission line from circumstellar matter, and (iii
X-ray morphology of some SN la remnants that resembles PNe.

We conclude that the two scenarios most contributing to SNe la are the core degenerate and the double degenerate scenarios.

Some elliptical planetary AOeES have B
= remnants have the same
nepes that W ¢ $ s be formed by jets prior or
created by j A during the supernova, o
| by opposing ‘iron bulle

Some type la supernova

Motivation - Plgqetary N}ebulae§hapes SN la Remnants: G1.9+0.3 and Kepler

Our Proposed Scenarios
1. "Regular” SN la inside a
‘ previously ejected PN shaped by

2. Jets blown a short time before the

3. "Regular” SN fa inside a PN shaped 4. A dense iron ‘bullet’ created during the
SN shape the otherwise spherical P}

8 Jots andt Baing Ellmpo: n and traveling alongside the
a csu

CSM champ

Explains Kepler SNR ang G299.2-2.9 (MNRAS 435, 320)

Estimate of the fraction of SNIPs

le checked what percentage of SN la m.
Using three independent direction
ab

(MNRAS 447, 2568)

large (> 1 M_Sun), hence the expl
upper limit, according to which 10-

which of these type la supernova remnants have

3C 397

0509-67.5 0534-69.9 0548-70.4  SN1006 N1038 61.9+03

ur Conclusions

(1) At least 20% of type la supernovae might be formed inside planetary nebulae. We term these ‘SNIPs'.

(2) Our simulations explain the ‘ears’ features observed in Kepler's SNR, SNR G299.2-2.9 and SNR G1.9+0.3.

(3) Dense iron ‘'bullets' ejected during the supernova might explain single protrusion features in other upernova
remnants (Tycho SNR, SNR 1885). More speculatively, if the WD is rapidly rotating, as some scenarios for SN la
propose, then bullets might be ejected along the rotation axis, leading to two opposite ears as well.

Linkingathe type Il supernovae analysis to

progenitor properties
Claudia P. Gutiérrez'**’, Joseph Anderson®, Mario Hamuy?!

@ \Cerro Caldn  "Millenni i f Astrophysics. “Departamento de Astronomia,
. alén nium Institute of phy: ok caller s o

TYPE Il SUPERNOVAE (SNe Il)

UL,
Are produced by the final explosion of massive (> 8 M © ) stars é J/‘\w s

Universidad de Chile. ’ESO.

s Aatririo Ko

Light Curves
Spectrum

pr——

They retain a significant part of their hydrogen envelope at the time of the
explosion, and hence their spectra show strong Balmer lines.

== Spectral = Photometric measurements:
Sample: = = Measurements: i +Time and slopes
The data were obtained by , —
the CATS (Camegie Type Il *Velocities
Supemovae Survey) and “Ratio of absorption to
CSP (Carnegie Supernova emission of Ha (ale)

Project) between 1986 and A “Intensities, equivalent
2009 E widths

P9 xampte MM parametors

*Velocity gradients
SNe Il and
roximately 1000

tra Diversity in Ha P-

RESULTS AND CONCLUSIONS

*SNe with smaller have higher Ha velocities, more rapidly declining light curves from
maximum, during steau and radioactive tail phase, are brighter at maximum light and have
| shorter optically thick & durations. In the same way, brighter SNe have higher velocities, smaller
| SEWs, shorter ale valu
'SNe Il show a contint their observed spectral and light-curve properties, which suggest that
they come from
* The differ : e to the masses of their pre-explosion hydrogen envelop
This could sugge: r maller EWs are produced by
massive stars.
Figure on right:
Jocity s




All this was very loose
guessing, and | don't pretend it

was ingenious or scientific.
(The 39 Steps, 1935)







