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The evolution of magnetic fields in hot stars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
M. E. Oksala, C. Neiner, C. Georgy, N. Przybilla, Z. Keszthelyi, G. Wade,
S. Mathis, A. Blazère & B. Buysschaert

Magneto-asteroseismology of massive magnetic pulsators. . . . . . . . . . . . . . . . . . . . 146
B. Buysschaert, C. Neiner & C. Aerts

X-ray diagnostics of massive star winds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
L. M. Oskinova, R. Ignace & D. P. Huenemoerder

Taking the Measure of Massive Stars and their Environments with the CHARA
Array Long-baseline Interferometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
D. R. Gies

The Red Supergiant Content of the Local Group . . . . . . . . . . . . . . . . . . . . . . . . . . 161
P. Massey, E. Levesque, K. Neugent, K. Evans, M. Drout & M. Beck

A high-contrast imaging survey of nearby red supergiants . . . . . . . . . . . . . . . . . . . 166
P. Scicluna, R. Siebenmorgen, J. Blommaert, F. Kemper, R. Wesson
& S. Wolf

https://doi.org/10.1017/S1743921317003623 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921317003623


Contents vii

The metallicity dependence of WR winds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
R. Hainich, T. Shenar, A. Sander, W.-R. Hamann & H. Todt

The Evolutionary Status of WN3/O3 Wolf-Rayet Stars . . . . . . . . . . . . . . . . . . . . . 176
K. F. Neugent, P. Massey, D. J. Hillier & N. I. Morrell

The Most Massive Heartbeat: Finding the Pulse of ι Orionis . . . . . . . . . . . . . . . . 181
H. Pablo, N. Richardson, J. Fuller, A. F. J. Moffat, BEST
& Ritter Observing team

The wind-wind collision hole in eta Car. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
A. Damineli, M. Teodoro, N. D. Richardson, T. R. Gull, M. F. Corcoran,
K. Hamaguchi, J. H. Groh, G. Weigelt, D. J. Hillier, C. Russell, A. Moffat,
K. R. Pollard & T. I. Madura

Session 4: Theory of stellar evolution & atmospheres: beyond
standard physics, rotation, duplicity, mass loss and magnetic
fields and instabilities

Evolution models of red supergiants. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
C. Georgy

Common envelope: progress and transients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
N. Ivanova

Clumping in stellar winds and interiors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
G. Gräfener
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The supergiant O + O binary system HD 166734: a new study . . . . . . . . . . . . . . . 402
E. Gosset, L. Mahy, Y. Damerdji, C. Nitschelm, H. Sana, P. Eenens
& Y. Nazé
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Preface

Research on Massive Stars is undergoing a period of rapid progress. While these stars
are relatively few in number they are the main driver of chemical and dynamical evolution
in galaxies via their stellar winds and explosive deaths in core-collapse supernovae. Our
understanding of massive stars is going through a remarkable time of change with long
held convictions being shown to be incomplete. This evidence arises from new research
concerning the formation and evolution of massive stars and linking this to their deaths
in core-collapse supernovae. Now is a fortuitous time to make significant advances in
massive star research. This meeting was proposed with the central rationale to bring
together the two communities that study massive stars and their supernovae.

The impact of massive stars is widely recognized. They are used as tools to interpret
the conditions and processes arising in different environments (studies of Galactic struc-
ture, chemical and dynamical feedback, population synthesis, Starbursts, high-z galaxies
and cosmic reionization). In parallel, the development of new instrumentation, analysis
techniques and dedicated surveys across all possible wavelengths have delivered large
amounts of exquisite new data. This data is now providing a harsh test for the current
state-of-the-art theoretical calculations of massive star birth, evolution and death.

We are beginning to gain some measure of success understanding how complex phe-
nomena such as magnetic fields, pulsations, rotation, mergers and multiplicity act within
massive stars. This enables us to revolutionize our understanding of short-lived and enig-
matic phases such as seen in Wolf-Rayet stars, Red Supergiants, the Luminous Blue
Variables and B-Supergiants. But at the same time, mysteries persist surrounding these
phases and the supernovae produced by these stars. For example there is growing evidence
that all these stars, except the Wolf-Rayet stars, give rise to supernovae.

Finally, while we know individual stars are important, the impact of massive star
populations via their evolution and death, including the influence of X-ray and gamma-
ray binaries, is of high interest to those studying the high-z Universe. Locating the source
of photons needed to reionize the early Universe remains unsolved. Uncertainties in our
understanding of massive star populations impacts our interpretation of galaxies at the
edge of the observable Universe and how the Universe became transparent.

In view of recent developments and the significant impact massive stars have in the
broader community, a new IAU Symposium in late 2016 was proposed. The meeting
summarized recent progress and established stronger links between the massive star com-
munity and closely-linked fields, particularly those studying end stages of massive star
evolution and massive star cosmic implications.

The massive star community has traditionally held IAU Symposia with a frequency of
4-5 years (Argentina, 1971; Canada, 1978; Mexico, 1981; Greece, 1985; Indonesia, 1990;
Italy, 1994; Mexico, 1998; Spain, 2002; USA, 2007). More recently, a last meeting was held
in Greece in June 2013, without IAU sponsorship, but with great success (225 participants
from 27 countries). Seeking for a long-term geographical balance, the IAU MSWG selected
New Zealand as location for this meeting among a total of seven proposals. We hoped
that the selection of this venue will allow greater participation by countries in the Asia
and Pacific area.

The meeting covered 4 broad areas related to massive stars and included one splinter
session. The topics were:

(a) Massive stars deaths in core-collapse supernova and other events.
(b) Observations of massive stars.
(c) Theoretical modelling of massive stars.
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(d) Massive stars as building blocks of galaxies through the history of the Universe.
(e) Splinter session: X-ray observations of massive stars
During the week the linkage between these sessions was strong with several talks being

able to be placed in any session. This reflects the growing collaborative nature of the study
of massive stars. Formal discussion during the week was kept to a minimum. However
long breaks were worked into the schedule to encourage informal discussion during the
week. This was also further encouraged by setting the room up in a cabaret style with
round tables rather than the normal lecture room format. Thus allowing people to form
round table discussion groups. There was an extended discussion on Thursday run by
Nathan Smith and Jose Groh concerning the best observations to test our theoretical
models. In some ways bringing together all the topics of the week so far.

In addition to IAU sponsorship for travel grants it was also sponsored by the Depart-
ment of Physics from the University of Auckland as well as CAASTRO (ARC Centre
of Excellence for all-sky astrophysics). We also acknowledge the work of the LOC in
organizing all the numerous details required to make such a symposium a success. In
particular we thank Aimee Crawshaw for her tireless effort and dedication to making
sure the meeting was a success.

There were two conference excursions, one to the Auckland Domain museum in Auck-
land the other a trip to Rangitoto island. A volcano in the bay of Auckland that erupted
some 600 to 800 years ago. Surprisingly (to the tour organizer) 150 of the attendees
went on the latter trip. Many enjoyed the race to the summit, exploring the lava caves
afterwards and investigating a Kiwi bach (holiday home). The tour operator who orga-
nized the trips also made themselves available during the week to answer questions from
attendees to plan their future travel in New Zealand after the conference. On the day af-
ter the meeting several conference attendees contributed to a public symposium. Where
the highlights of the meeting were discussed along with varied subjects from ancient
astronomy, the structure of the Galaxy and science-fiction comic books.

At the end of the meeting and afterwards we received great positive feedback on our
organization of the meeting with the worst points being around trouble with the AV
systems. Students and early-career researcher seems to be those who enjoyed the meeting
the most and we hope that many productive collaborations will arise due to the meeting.

J.J. Eldridge, Margaret Hanson and Artemio Herrero, co-chairs SOC.
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Equity Report

We are also particularly proud that our meeting from the onset worked hard to achieve
an equitable meeting. Key to this was setting up an balanced SOC with 7 men, 7 women
and 1 person of diverse gender. Also in selecting invited and contributed abstracts mem-
bers were reminded to think about achieving an equitable balance at the meeting our
efforts appeared to pay off. We also had the impression that the population of junior
scientists, students and post-docs, was higher than usual at an international conference.
21% of the talks were given by PhD students with two-thirds of these being women. This
was another indication of our positive approach.

For all talks 68% were by men and 32% by women. This was representative of the
number of abstracts submitted and similar to the balance of attendees (Men 68.5%,
Women 30.9%, Diverse 0.6%). The first day we were able to achieve equity with the ratio
at 48% to 52%. We list the relevant equity statistics below in two tables.

The meeting also had a code of conduct to make the meeting spaces safe, inclusive and
free of harassment. In the shortest form it said,

NZstars2016 is dedicated to providing an equitable and
harassment-free conference experience for everyone regardless of
gender, gender identity and expression, sexual orientation, dis-
ability, physical appearance, body size, race, age or religion. We
do not tolerate harassment of conference participants in any form.
Conference participants violating these rules may be sanctioned at
the discretion of the conference organizers

A reporting proceeding was explained on the first day as well as identifying those on
the “equity committee” who were responsible for enforcing the code. The experiment
worked well but in future we recommend that the process to deal with breaches of the
code be outlined before the meeting.

We also recorded further equity information such as the gender of those who asked
questions. We are still analyzing this data but of the 160 questions asked 74% were asked
by men, 17% were asked by women and 9% by asked by people of diverse gender. We
should note that in all the above statistics we are using the presumed gender. We only
know of one gender diverse person who attended and asked those questions.

Our treatment of equity at the meeting also went beyond the talks and discussion.
During the conference dinner for example we worked hard to provide entertainment that
did not appropriate local culture and continue the safe inclusive environment. The result
of this was to use a conference quiz (based on the “pub quiz” format common in the UK,
Australia and New Zealand).

Finally we note that the aim of future meetings should build upon the work of the
IAUS329 organizing committees to make future meetings more inclusive and equitable.
We summarize our list of recommendations for future meetings as follows:

(a) Have an equity committee which at least is balanced in gender with representatives
from all career stages.

(b) Publicize consequences of breaking the code of conduct in advance and have a clear
process for dealing with issues.

(c) From the outset select and task the SOC from the onset with creating a speaker
list that is diverse in terms of gender, race, nationality, and career stage.
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(d) Ask participants for their gender and other demographic information at registra-
tion so that these can be analyzed as much as possible without assumptions.

(e) Take steps to encourage more people to ask questions. For example, highlight that
asking questions is a skill to practice. Or have prizes for first student question.

Number by assumed Fraction in % by assumed
Group gender (F/M/D) gender (F/M/D)

SOC 7:7:1 47%:47%:6%

LOC 3:2:1 50%:33%:17%

EC 2:2:1 40%:40%:20%

Invited speakers 7:21:0 25%:75%:0%

Contributed speakers 16:27:0 37%:63$:0%

Splinter session speakers 2:6:0 25%:75%:0%

Student prizes 4:0:0 100%:0%:0%

Chairs 6:2:1 67%:22%:11%

Question askers 27:119:14 17%:74%:9%

Participants 55:122:1 30.9%:68.5%:0.6%

Submitted abstracts 81:168:1 32%:67%:0.4%

Country Number of Attendees

Argentina 1
Australia 4
Austria 3
Belgium 5
Brazil 3
Bulgaria 1
Canada 8
Chile 13
China 2
Czech Republic 4
Finland 1
France 5
Georgia 2
Germany 15
Ireland 1
Israel 1
Japan 11
Malaysia 1
Mexico 4
New Zealand 10
Russia 1
South Korea 2
Spain 13
Sweden 1
Switzerland 2
Taiwan (R.O.C.) 1
The Netherlands 3
UK 17
U.S.A. 43
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