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Rationale

Commission replaces existing Commission: Division A Commission 8 Astrometry

Text:

Astrometry is a well-defined, integral part of Fundamental
Astronomy and thus belongs to Division A. The Commission
"Astrometry" coordinates research related to the celestial
coordinate system (definition and maintenance), positions,
proper motions and parallaxes (distances) of celestial objects.
An organizational structure within the IAU is needed for this
task, justifying this Commission.

The Commission "Astrometry" and its affiliated Working Groups,
coordinate ground and space-based observing programs and missions,
and promote education in astrometry. It spans a vast range of
objects from the Earth-Moon system to quasars at cosmological
distances, as well as a large range of techniques with the
common goal of enhancing our understanding of motions of celestial
objects and their measurement in coordinate systems.

Over the coming decade the Commission Astrometry will focus on the
coordination of the following particularly important activities:

- realization of ICRF3, the next version of the radio VLBI-based
reference frame, which defines the celestial coordinate system

- ESA Gaia space mission, launched in Dec 2013 to provide the next
generation optical celestial reference frame and coordination of
research to provide a solid link to the ICRF3

- support space and ground-based programs at various wavelengths,
like LSST and others to densify the celestial coordinate system
toward fainter magnitudes (fluxes) and observe motions of targets
fainter than included in the primary systems (ICRF3, Gaia) or
observe any celestial object at other epochs

The Commission "Astrometry" will coordinate synergy with other
areas of astronomy, like ephemerides and dynamical astronomy,
fundamental physics etc. Astrometry is a source of astrophysical
information and coordinating the synergy between primary astrometric
data and applications relevant for astronomy and physics in general
is a major goal of the Commission "Astrometry".

The current Commission "Astrometry" web page can be found at
www.ast.cam.ac.uk/ioa/iau_comm8/ . Recent achievements include
the establishment of the 2nd International Celestial Reference
Frame (ICRF2), and the densification of the optical reference frame.

IAU Commissions 8 and 24 were among the original 32 IAU commissions
established at the founding meeting in Brussels in 1919. Over the years
Commission 8 has changed its name from "Meridian Astronomy" to
"Positional Astronomy" and to the present "Astrometry". The original
Commission 24 "Stellar Parallaxes" was first renamed to "Stellar
Parallaxes and Proper Motions" then to "Photographic Astrometry", but
in 2000 it merged with the original Commission 8 to form the present
Commission 8.



This proposal essentially aims at a continuation of the current
Commission "Astrometry" which served the IAU and astronomical
community since the founding of the IAU, being as relevant today
and tomorrow as it was in 1919.
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Rationale

Commission replaces existing Commission: Division A Commission 7 Celestial Mechanics & Dynamical Astronomy

Text:

1. Proposed Commission Details:

Full Name: Celestial Mechanics and Dynamical Astronomy
Commission Category: Inter-Division Commission: Hosted by Division A & affiliated to Division F 
Estimated Number of Members: 341 (size of current Commission 7)

2. Aims and Scope:

The proposed Commission will have the responsibility for promoting the scientific progress and major achievements in the broad field of
Celestial Mechanics and its applications, as well as in peripheral fields. 
These include: treatments of the mathematical, physical and computational aspects of planetary theory, lunar theory, general and special
perturbation theory, resonance models, general dynamical systems, the 3-body problem, the N-body problem, chaos and diffusion, stability
criteria, orbital and space mechanics, ring systems, planetary systems dynamics, tidal models, galactic dynamics, relativity, non-gravitational
forces, computer methods, computer languages for analytical developments, and database management.
The aims and scope of this commission are not topical or object-oriented, but focus on the theory of general dynamics of N-body systems.
These include the construction of analytical and semi-analytical models, as well as numerical tools for orbital evolution and analysis. 
Application to astronomical bodies are a natural extension, and fundamental to test the validity and precision of the dynamical theories.
However, following the characteristics of the current Commission 7, the proposed Commission will create a working space for the more
mathematically-oriented members of the astronomical community whose lines of research concentrate more on methods than on
astronomical bodies. It will also encourage interactions between theoretical and applied researchers in the field.

3. Relation with Other Commissions:

The proposed Commission will serve the astronomical community increasing our knowledge of the general dynamics, whose results can be
applied to many objects. Among these: planets (both solar system and extra-solar), small bodies (comets and asteroids), natural and artificial
satellites, planetary rings, stars, stellar clusters and galaxies. 
In collaboration with other commissions, we will be able to provide additional services to the community, which include (but are not
restricted to):

a). Coordinating the collection and dissemination of certified and documented software of interest for general applications, such as orbital
integration, filtering, proper elements 
calculations, frequency analysis, statistical clustering.

b).. Providing a scientific service to the researchers in the field by encouraging and formally supporting the organization and maintenance of
the databases of relevant 
dynamical parameters for different kinds of celestial bodies;

4. Tasks of the Proposed Commission:

In order to facilitate the interaction with other commissions and sciences, the proposed Commission will establish the following tasks:

a). Proposing, facilitating and supporting scientific meetings, in particular the IAU symposia, on Celestial Mechanics and/or Dynamical
Astronomy and on their application to 
various dynamical problems;

b). Promoting a Summer School on Celestial Mechanics, to be held every 3 years, following the example of the NATO Advanced Study
Institute, held in Cortina d'Ampezzo (Italy) in the 1980s and 1990s. This school will include both theoretical topics as well as their
application to astronomical problems. As was the case with the Cortina meetings, they will prove an excellent opportunity for the education
and training of young researchers in both theory of general dynamics (especially analytical methods) as well as in current astronomical
problems.

c). Maintaining fruitful cooperation with other sciences: applied mathematics, mathematical physics, geophysics, space sciences, etc., whose
research is often applicable to astronomical problems. This feedback has been a constant in the history of Commission 7, and many of the
analytical and numerical tools currently used in astronomy can be traced back to such interactions: analytical perturbation methods, chaos
and diffusion estimators, numerical integration techniques, frequency analysis, tidal models, etc.

d). Establishing an efficient information system to facilitate collaboration among the researchers in the field by maintaining an up-to-date
Commission website with news important for the membership, reports on the activities of the commission's officers and its Organizing
Committee, information on recent publications of interest, on the past and future meetings in the field, etc.;
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Rationale

Text:

Computational Astrophysics is a rapidly expanding interdisciplinary
field in which the computer plays a pivotal role for astronomical
research. Hardware, algorithms, data and software do not simply
replace the telescope, but are utilized for their predictive
capability that complements the traditional theory, observations and
instrumentation. At the same time computers are used for storing,
analyzing, mining, reducing and archiving large quantities of
observational and instrumental data.

Computing should not be considered a mere tool, used by astronomers in
the same way as CCD cameras or pieces of glass. Computational
thinking opens new windows in the way we perceive and study the
heavens. This rapidly growing (relatively) new discipline in astronomy
combines modern computational methods, novel hardware design, advanced
algorithms, original software implementations and associated
technologies to discover new phenomena, and to make predictions in
astronomy. Computational astrophysics touches on many topics in
astronomy but is not recognized within the IAU as a separate
discipline. This is understandable considering the lack of a central
entity.

Many conferences are already organized that aim at bringing
computationally oriented astronomers together to talk about technical
issues or discuss new scientific results. Computational
astrophysics, however, is rarely recognized for prizes or honorable
chairs, and discoveries by means of computing are rarely viewed with
the same importance as discoveries using a telescope or through pure
analysis. But the 2013 Nobel Prize in Chemistry to
Karplus, Levitt and Warshel for their research on the development of
multiscale models for complex chemical systems demonstrates that
computing is not just an emerging technology: it is here and should be
fully included in modern research.

We propose to inaugurate a commission for Computational Astrophysics
in the IAU. This commission is motivated by the general importance
of computing for the astronomical community, and by the need within
the computational community to become organized. The purpose of
the commission is to inform fellow members of meetings, scientific
advances and new techniques, and job openings, and to inform other
astronomers and the IAU in general about noteworthy developments in
our field.

A combination the three disciplines in Astronomy, Physics and Computing
leads to a wide range of topics which covers all scales and a rich
palette of statistics, geology, physics, chemistry, etc. In our
opinion, computing should be interpreted in the broadest sense and may
include hardware, algorithms, software, networking, data management,
modeling, simulation, visualization, high-performance computing and
data intensive computing.
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Rationale

Text:

The purpose of the proposed Fundamental Standards (FS) Commission would be to
facilitate advances in astronomy, and other fields in science and engineering,
by developing, implementing, and communicating fundamental IAU-endorsed 
standards for fundamental astronomy. Such standards include, but are not 
limited to:
- celestial and terrestrial reference systems, and the transformations among them;
- celestial and terrestrial reference frames, and the transformations among them;
- time scales;
- precession-nutation models;
- Earth rotation and polar motion, including physical models (e.g., Earth
gravity field, lunar gravity field, Earth interior model, solid Earth-tide
modeling);
- star catalogues;
- ephemerides of solar system bodies;
- special and general relativistic models for time and space.

There are continuing requirements within both the astronomical community and
other scientific and engineering communities for standard data and models
involving the concepts of fundamental astronomy. These standards are
incorporated into products and services (e.g., publications, data services,
software, websites; hereafter, "services"), many of which are provided under
the auspices of governments, national/international agencies, and institutes.
The services want to be able to ensure their broad user community that the
standards they use are produced with the authority of the relevant 
"professional body," the IAU. Fostering communication between those developing
the standards of fundamental astronomy and those applying them has clear and
obvious benefits. Such communication ensures that the user community is aware
of the most appropriate standards, while the developers are made aware of 
emerging requirements for new or updated standards.

The proposed FS Commission will serve as the primary point of contact between
Div. A and the user community regarding standards for fundamental astronomy.
An important role of the proposed FS Commission is expected to be internal 
cooperation with various groups within the IAU to provide not only state-of-
the-art services, but also to develop standards and services designed to meet
their emerging needs. Such groups include Div. A Standards of Fundamental 
Astronomy (SOFA), Div. A Working Group (WG) on Numerical Standards of 
Fundamental Astronomy (WGNSFA), Div. F/A WG on Cartographic Coordinates & 
Rotational Elements (WGCCRE), and other IAU groups such as producers of solar
system ephemerides. SOFA, the WGNSFA and the WGCCRE (all long-term WGs) already
play an important role in developing and promulgating IAU standards, via 
software and numerical data. An equally important role for the proposed 
Commission will be formal coordination with groups that provide services under
the joint auspices of the IAU and other scientific organizations such as the
joint IAU/IUGG International Earth Rotation and Reference Systems Service 
(IERS), the International Association of Geodesy's (IAG) Global Geodetic 
Observing System (GGOS) Bureau for Standards & Conventions (who have provided 
a formal supporting letter dated 01.10.2014), and the International VLBI 
Service (IVS) for Geodesy and Astrometry. Another vital role for the Commission
is the formal and informal connections with external scientific organizations
such as the Committee on Space Research (COSPAR) and the Consultative 
Committee on Time and Frequency (CCTF) of the International Congress of Weights
and Measures.



Under the new organization a Commission is the most appropriate organization
for this activity. Fundamental standards are used by astronomers in many
astronomical sub-fields that cross Division lines. In addition, the proposed
FS Commission will provide IAU-endorsed services and expertise to a broad
community of scientists--inside and outside astronomy--and engineers. It will
encourage membership of interested scientists, especially IAU members and
associates, and also seek input from space-science investigators, aerospace
engineers, geodesists, and geophysicists. It is expected that working groups
designed to develop specialized standards and services would be established
similar to some of the existing working groups of Division A (i.e. SOFA and the
WGNSFA).

During the next 6-9 years, the proposed FS Commission would:
- maintain and enhance existing links between the IAU, the IERS, the IAG's
GGOS, CCTF, and others;
- coordinate and promote the continued good work of SOFA, the WGNSFA, and
the WGCCRE;
- develop, implement, and disseminate new standards currently under
consideration and development within Div. A; e.g., ICRS3, precession-nutation 
models, and relativistic VLBI standards;
- develop a Web presence for communication and coordination that will both 
inform users about status of new and emerging standards, and provide a means
for the user community to provide feedback on standards;
- ensure that user feedback on fundamental standards is shared with scientists
who are developing new standards within the IAU framework;
- actively develop new and improved standards and services to meet emerging 
needs;
- promote and encourage interest among young astronomers in developing the 
field of astronomical standards and services for the scientific community.

In summary, the proposed FS Commission will develop, implement, and communicate 
IAU-sanctioned fundamental standards by:
- producing robust standards, ensuring that new standards are readily
understood by both the astronomical and broader scientific communities;
i.e., are relevant and "fit for purpose;" 
- ensuring that the associated nomenclature is well defined and understood;
- encouraging future research, particularly groups with the appropriate
expertise, to improve their models and help them to develop relevant 
standards;
- implementing good practices in setting and using IAU standards, including
identifying requirements for new standards;
- providing a link between the users of fundamental standards and developers
to (1) inform users of current standards and the status of those under
development, and (2) to accept input from the broader user community in
order to ensure that standards are relevant for practical needs; and
- encouraging interest among young astronomers in developing the field
of astronomical standards and services for the scientific community.
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Rationale

Text:

Gravitational wave detection will open a new window in astronomy for the observation of the Universe, named gravitational wave
astronomy. It is an entirely different spectrum (non electromagnetic). So, it deserves a new commission for this new branch of astronomy.
A Gravitational Wave Astronomy commission would explicitly cover any gravitational wave source and any gravitational wave
detection/observation technique, representing adequately the new astronomical window opened.
I believe many people working in this field will endorse this proposal.
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Rationale

Commission replaces existing Commission: Division A Commission 19 Rotation of the Earth

Text:

The proposed Commission on Rotation of the Earth renews the activities of existing Commission 19 (http://www.iau-comm19.org) and is
created to support and coordinate scientific investigations on Earth rotation and related reference frames.

The Earth rotates about its axis once a day, but does not do so uniformly. Instead, the rate of rotation fluctuates by as much as a millisecond
a day, the Earth wobbles as it rotates because the Earth's mass is not balanced about its rotation axis, and the Earth's rotation axis precesses
and nutates in space. These variations in the Earth's rotation are caused by processes acting within the interior of the Earth such as core-
mantle interaction torques and glacial isostatic adjustment, by processes acting at the surface of the Earth such as fluctuations in the transport
of mass within the atmosphere and oceans, and by processes acting external to the Earth such as torques due to the gravitational attraction of
the Sun, Moon, and planets. Studying the Earth's time varying rotation can therefore be used to gain greater understanding of these and
other global-scale processes of the Earth.

Knowledge of the Earth's time varying rotation is also needed to connect the terrestrial and celestial reference frames to each other. The
terrestrial reference frame is attached to the solid Earth and its orientation with respect to the celestial frame changes as the Earth rotates.
Knowing the relative orientation of the terrestrial and celestial reference frames and how it varies in time allows the positions of objects such
as interplanetary spacecraft tracking stations to be known in both frames.

Commission 19 has a long and proud history of active involvement in the IAU. During 1919-1922 it was known as "Standing Committee"
19 on Latitude Variation with Hisashi Kimura as its President. During 1922-1967 it became IAU Commission 19 on "Latitude Variation"
and since 1967 it has been IAU Commission 19 on "Rotation of the Earth".

The objectives of the Commission are to:

(1) Encourage and develop cooperation and collaboration in observation and theoretical studies of Earth orientation variations (the motions
of the pole in the terrestrial and celestial reference systems and the rotation about the pole).

(2) Serve the astronomical community by linking it to the official organizations providing the International Terrestrial and Celestial
Reference Systems/Frames (ITRS/ITRF and ICRS/ICRF) and Earth orientation parameters (EOP): International Association of Geodesy
(IAG), International Earth Rotation and Reference Systems Service (IERS), International VLBI Service for Geodesy and Astrometry
(IVS), International GNSS Service (IGS), International Laser Ranging Service (ILRS), International DORIS Service (IDS).

(3) Develop methods for improving the accuracy and understanding of Earth orientation variations and related reference systems/frames.

(4) Ensure agreement and continuity of the reference frames used for studying Earth orientation variations with other astronomical reference
frames and their densification.

(5) Provide means of comparing observational and analysis methods and results to ensure accuracy of data and models and encourage the
development of new observation techniques.

The Commission meets its objectives by fostering research and discussion on Earth rotation and reference frames by organizing topical
symposia and workshops and by forming relevant Working Groups. During the upcoming triennium, it is expected that the Commission
will organize at least one Symposium on Earth rotation.

The Commission proposes to continue the IAU/IAG Joint Working Group on Theory of Earth Rotation. The purpose of the JWG is to
promote the development of theories of Earth rotation that are fully consistent and that agree with observations and provide predictions of
the Earth orientation parameters with the accuracy required to meet the needs of the near future as recommended by, e.g., GGOS, the
Global Geodetic Observing System of the IAG. The JWG was created at the 2012 IAU General Assembly and should continue for another
term.

The Commission will work closely with the Services, Commissions, and Global Geodetic Observing System of the IAG as it has in the
past. In this manner, the astronomy community is kept abreast of progress being made by the geodetic community in observing and
understanding the Earth's rotation, and vice versa.

The Commission will be led by a President, Vice President, and Secretary supported by an Organizing Committee (OC). The main
Proposer of the Commission will become the President of the Commission. The Vice President of the Commission will be elected by the



members of the Commission. The Secretary will be appointed by the OC. The four founding members of the OC are the four proposers of
the Commission. An additional four members will be subsequently elected to the OC following the new IAU procedure. It is expected that
of the four elected members, one will represent the IAG, one will represent the IERS, and one will represent the IVS, leaving one member-
at-large. The representatives of the IAG, IERS, and IVS are expected to also represent the other IAG Services and Commissions that are
not otherwise represented in the OC. Any member of the IAU who is interested in participating in the Commission may become a member
of the Commission. The existing Commission 19 has 183 members. It is expected that the proposed Commission will have a similar number
of members. 
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Commission replaces existing Commission: Division F Commission 20 Positions & Motions of Minor Planets, Comets & Satellites

Text:

1. Goal

The objectives of the SSE commission would be to support the
development of high precision ephemerides, and the products and
services that disseminate them, for all solar system bodies:
planets, asteroids, comets, natural satellites (of planets and
asteroids). The scope includes coordinating data archiving centers and
supporting the need for global clearinghouses for observations of
each type. An important aspect is proper statistical treatment of all
the available observations, including possible standards for data
communication, making this treatment possible. Ephemerides to be
disseminated to non-astronomers need to be guaranteed, even when they
are not a scientific goal for the astronomical community.

Ephemerides (aka positions and motions) of Solar System bodies are all
connected, with interacting computations. This was not the case in the
past, e.g., ephemerides of the major planets and of the small bodies
were computed separately, with different algorithms and by different
data centers. Now the perturbations from the more massive asteroids
are significant terms in the error budget for planetary ephemerides.
Conversely, the most demanding utilization of planetary ephemerides is
in the computation of orbits of asteroids crossing the orbits of the
planets, as needed to predict possible impacts. The center of mass of
the planet-satellites systems depends on dynamics of all satellites.

Also the separation between the orbital and the rotational dynamics is
not always possible, due to orbital effects (such as Yarkovsky)
depending upon the obliquity between the spin axis and the orbital
angular momentum. Tidal effects can result in the main accuracy problem
for long term satellite ephemerides. In practice, the ephemerides
problem is best solved by an iterative process including computations
for each class of bodies: it might even include solutions for orbits
of interplanetary spacecraft, which may be used to constrain the
orbits of the natural bodies around which they orbit.

2. Definition of the scope of the proposed commission

The new commission we are proposing would therefore have a scope
including the ones of the previous Commissions 20 and 4. As a
consequence, we believe it should be "Cross division" with a double
affiliation to Division F and Division A. However, it is our intention
to discuss in detail, in the final proposal, specific competences of
the SSE commission as well as specific boundaries with the scope of
other commissions. These should not necessarily be based upon the
traditional scopes of Commissions 4 and 20. Here we are giving a first
order outline of these boundaries.

The scope of the SSE commission should include: the orbits of all the
major planets (including Earth), of their natural satellites
(including the Moon), of the asteroids, of the satellites of the
asteroids (including cases better characterized as binary asteroids),
of comets, of interplanetary S/C (only as necessary to derive orbits
of the natural bodies they visit). Description (and evaluation for
impact risk) of close approaches between any of the above mentioned
bodies. Rotational elements for all the natural bodies of the Solar
System (excluding Earth). Non-gravitational perturbations acting on
asteroids and comets orbits and rotations. Harmonic expansions of the
gravity field for all bodies (excluding Earth), and tidal effects and
dissipation of energy acting between satellites and planets, when
necessary for accurate ephemerides.

The interdisciplinary nature of ephemeris development implies that
the scope of the SSE commission does extend to some activities
historically led by other commissions, but we do not expect the SSE
commission to have primary cognizance over these activities. Examples



include: pure celestial mechanics, such as theories of motion for
solar system bodies; space-time reference systems and relativistic
effects; gravity fields of solar system bodies; tides. These subjects
are within the scope of the SSE Commision responsability only when
specifically used to compute ephemerides. This point should be
discussed in greater detail when the other proposed commissions are
known.

3. Interfaces with other IAU scientific bodies

Commissions 20 and 4 used to have an especially large set of Working
Groups (WG) and Centers connected with their activities. We propose that
this rich structure is mostly maintained, possibly with better
definitions of the interfaces.

According to the IAU web site, the following are the groups affiliated
to Comm. 20 and/or 4, or to Div. A and F with a connection to
Comm. 20 and/or 4:

Minor Planet Centre is a Centre, affiliated with Div. F

Near Earth Asteroids is a WG affiliated with Div. F

Cartographic Coordinates and Rotational Elements is a WG affiliated
with Div. A and F

Natural Planetary Satellites is a WG affiliated with Comm. 4-7-8-16-20

Small Bodies Nomenclature is a WG affiliated with Div. F

Standardizing Access to Ephemerides is a WG affiliated with Comm. 4

It is not possible to propose at this stage the exact definitions and
the new affiliations. Whatever the affiliation, all these groups need
to have an interface, a direct communication channel with the new SSE
Commission.

We are convinced that the first five of the above IAU scientific
bodies have functions which are permanent. Indeed, they are in charge
of updating information which evolves continuously with new discoveries
and with better knowledge about already discovered objects.

The "Standardizing Access to Ephemerides" WG had a very specific goal
of standardization between the national ephemerides services, which
appears to have mostly been achieved for planetary ephemerides.

We believe it is necessary to have a permanent forum for the people in
charge of the national ephemerides offices and for the main users,
taking care in general of the problems of documentation, availability
and dissemination of ephemerides to a wider public. Thus we plan to
discuss, at the right step in the procedure, a possible proposal of a
new WG on "Disemination of Ephemerides".

4. Activities of the proposed SSE Commission

Without trying to cover all the possible activities, we list some
important initiatives we see as characteristic of the goals
of the SSE commission.

4.1: standards, with the goal of data openness and prompt
dissemination of available scientific data. The "old" Commission 20
has already started working on a Data Exchange Standard specifically
for asteroid, comet and TNO astrometric observations (including
radar) and ephemerides data. We expect that the first step of this
proposed standard will be presented by Commission 20, the SSE
Commission should continue and complete the work.

Similar work could be proposed for natural satellite astrometry, and
for planetary orbital data. The situations are more complex, because
there are more different types of observations, and also because of
the lack of a global data repository. However, this only emphasizes



the need to start some effort.

Other standards, such as the Virtual Observatory ones, should be
discussed.

4.2: There are new and rapidly evolving fields of astronomical
research on Solar System bodies, such as: Asteroid satellites and
asteroid couples (possible split satellites), asteroid rotation and
shapes, non-gravitational perturbations on asteroids and comets. To
date there are neither standards nor official repositories (for both
raw observational and processed data); nevertheless, large data set
are beginning to appear, and they are available through informal
repositories, e.g.:

Informal repository for asteroid satellites:
http://www.johnstonsarchive.net/astro/asteroidmoons.html

Informal repository for asteroid spin states, shapes, etc. 
http://astro.troja.mff.cuni.cz/projects/asteroids3D/

Non-gravitational perturbations: so far only tables in papers such
as Farnocchia et al 2013, Nugent et al. 2013.

While not all informal repositories should become "official", some
standardization and support to an open data policy is advisable.

4.3: It is essential not to confuse the cultural scope of the
proposed Commission with the scientific competences of the
commission members. Interdisciplinary competences, by far exceeding
the scope of a single Commission, are a requirement to produce good
results, such as reliable ephemerides. Thus one essential activity
is the organization of opportunities for cultural exchange, among
which the joint meetings under IAU sponsorship.

As an example of a proposal which could put together most of the
community interested in this commision: if there was an initiative
for an IAU symposium, to be held if possible as early as 2017, on
top accuracy ephemerides for all the Solar System bodies, we think
the SSE Commission should support it. Then we could seek support
from the future commissions of Division A which will be in charge
for Celestial Mechanics, Relativity, Astrometry, Time and Reference
Systems.

Additional interactions have to be negotiated, in particular taking
into account of the following well understood interfaces with other
(presumed) commissions: in Div. A, Celestial Mechanics (theoretical
and educational), Relativity (theoretical, standards), Space-Time
Reference Systems (standards), Astrometry (star catalogs,
debiasing); in Div. F Physical properties of minor bodies
(standards, photometry incidental with astrometry), Planets (gravity
fields, tides).

5. Procedure

This LoI has been written by 3 representatives of the
sub-communities working on ephemerides of asteroids, satellites, and
planets; they have consulted with the outgoing presidents (of
Comm. 4, Comm. 20, Div. F, Div. A).
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Rationale

Commission replaces existing Commission: Division A Commission 31 Time

Text:

The relationship between astronomy and time is very deep. Time is a component of four-dimensional space-time, and hence is fundamental
to all astronomical observations. Until the mid-20th century, time was defined by the motion of astronomical bodies. Since then, time has
been defined in terms of atomic transition frequencies but astronomical observations have helped constrain their temporal variations.
Astronomical observations of pulsars are now providing an alternative timescale with a long-term stability comparable to the best atomic
timescales. The accuracy and precision of atomic frequency standards have improved greatly over the past few years, with optical standards
now achieving precisions of the order of 1:10^18. Integration of these new standards into a uniform and long-lasting timescale is a major
challenge for the community. We expect that astronomical techniques will assist with achieving the required time transfer accuracies and
precisions.

With measurements in many areas of astronomy now requiring a relativistic framework for their interpretation and many alternative
timescales in existence, the topic of “Time” is complex. An IAU Commission on “Time” under Division A “Fundamental Astronomy”
provides an ideal framework for bringing together astronomers with a interest in time and a reference point for those who need access to
time-related issues. Up to now, Commission 31 “Time” has successfully fulfilled this role, for example, providing a forum for extensive
discussions on the proposed redefinition of Coordinated Universal Time (UTC); these discussions will likely continue beyond the 2015
IAU General Assembly.

Commission 31 was at the origin of the Division A Working Groups “Pulsar-Based Timescales” and “Redefinition of UTC”. The new
Time commission will continue to interact with these groups.

A “Time” Commission will work closely with other Commissions in Division A that focus on relativity, reference frames and ephemerides,
and rotation of the Earth. It will promote interaction with the time metrology community, creating awareness on timescale development and
applications in astronomy. It will disseminate information on time-related issues to the IAU and wider community and enhance the
relationship between the IAU and the Consultative Committee for Time and Frequency (CCTF), of which the IAU is a member.
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Rationale

Commission replaces existing Commission: Division B Commission 25 Astronomical Photometry and Polarimetry

Text:

The proposed Astronomical Photometry and Polarimetry Commission will continue the distinguished history of Commission 25 (C25) that
since 1922 has made profound and substantial contributions to the advance of astronomical research1. The mission of the successor
commission will be to promote and encourage precise, accurate and standardized photometry and polarimetry with a focus on wavelengths
from the UV to the infrared, from both ground and space observations. The mandate of C25 will thus be explicitly extended to include the
UV, given in particular the extensive HST/WFC3 observations. A wide range of science require calibrated photometry at or better than the
1% level: investigations of cosmology and the nature of dark energy from photometry of distant galaxies and supernovae; the formation and
evolution of galaxies through the measurement of resolved stellar populations; characterizations of exoplanets around nearby stars;
measuring stellar variability to map mottled stellar photospheres and to measure stellar pulsations especially for asteroseismolgy. The
analysis of polarization in the radiation produced by astronomical sources yields unique information on their geometric structure.

Although many of the new data sets available come from major surveys that are devoting considerable effort to photometric calibrations
surveys (e.g. SDSS, Pan-STARRS, DES, VISTA, Gaia, and soon, LSST), there is need for guidance and discussion on topics such as
atmospheric extinction, the standardization of photometric passbands, the transformation between photometric systems, and absolute
calibration in physical units. The importance of being able to combine measurements made with these major facilities, without losing the
exquisite internal precision or introducing systematic errors, will be a major task for the new commission, as it has been for C252. The
observations from JWST will be a particular challenge in this respect. The many other automated photometric programs now in progress or
planned also can benefit from interacting with this commission in their attempts to improve the usefulness of their data. The proposed
commission will provide a forum for the discussion and dissemination of these and similar topics, and will continue the tradition of C25 by
organizing and/or participating in relevant meetings. It will also continue the website of C25.

1 Astronomical Photometry: Past, Present, and Future, edited by Milone and Sterken (2011) a part of Springer’s Astrophysics and Space
Science Library
2 e.g. IAU Resolution B1, 2012, “On guidelines for the designations and specifications of optical and infrared astronomical photometric
passbands”
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Rationale

Text:

The scientific domain of this commission encompasses those astronomers who use astronomical telescopes and instruments with new
capabilities to make scientific discoveries. Astronomical discoveries and scientific breakthroughs often accompany new, innovative
telescopes and instruments, particularly in the areas of large filled apertures, interferometers, high angular resolution astronomy and
exoplanet science with low scattered light telescopes, for example. The scientific understanding of how a telescope modifies the physical
properties of electromagnetic radiation is essential to using telescopes and instruments at their fullest potential and to specify, design and
build new telescopes and instruments for new astrophysical science.

A commission is needed because improvements in astronomical telescopes and instruments cuts across many areas of observational
astronomy and astrophysics. The technology to create these new observational capabilities is often common across many of the sub-
discliplines of astronomy.

Community size is quite large as evidenced by the number of astronomers who participate in the bi-annual international meetings of the
SPIE on telescopes and instruments and the number of astronomers who are members of the European Optical Society and the Optical
Society of America.

Associates from the membership and offices of the SPIE will be used.

2015 - Organize a small IAU Astronomical Telescopes and Instruments commission leadership meeting to be held in Hawaii during the
2015 general assembly of the IAU.
- Identify working groups with interest in telescopes and instrumentation
- Discuss with members of those groups processes that best fit their needs in telescopes and instrumentation technology and instruments
- Outline a program that covers IAU membership needs in instrumentation
- Initiate technology development roadmap planning

2016 – Organize an IAU Astronomical Telescopes and Instruments commission leadership meeting to be held in Edinburgh Scotland
during the 2016 SPIE conference on astronomical telescopes and instruments.
- Detail a recommended program that covers IAU membership needs in instrumentation science and technology
- Solicit interest in integrated technology development planning within the astronomy community
- Discuss requirements for next generation telescopes and instruments

2017 – Solicit interest in developing topical meetings on specific issues in Astronomical telescopes and instruments such as mirrors,
detectors, innovative optical configurations, coronagraphs, interferometers to satisfy emerging needs of the astronomy community.

2018 – Commission on astronomical telescopes and instruments to host at least one workshop on science needs for the next generation
space telescope
- Report at the General assembly on the progress on the integrated technology development roadmap and system requirements
development. 
- 
2019 - Continue technology development planning as it reflects the needs for next generation large aperture and small cost effective
telescopes.

2020 - Host meeting on next generation space telescopes, extreme coronagraphy and long baseline interferometry technologies and systems
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Text:

The fields of astrostatistics and astroinformatics bring advanced statistical analysis and computational methods to bear on astronomers’
endeavor to characterize and understand cosmic phenomena. They have recently witnessed rapid growth in the astronomical research
literature, cross-disciplinary meetings, and attention by scholarly societies. This trend is responding to the growing challenges that
astronomers today face in statistical inference, such as linking data to complicated astrophysical models or analyzing time-series from
irregularly spaced observations. The proliferation of survey telescopes has furthermore brought many astronomical projects into the realm of
Big Data, necessitating automated analysis methodologies, highly efficient computational algorithms, on multi-node processors. These
problems arise in all fields of astronomy -- solar, planetary, stellar, Galactic, extragalactic and cosmological studies -- as well as telescope
design and operation.



While research on these issues is rapidly growing, few astronomers have professional-level training in the foundations and recent advances
in statistics, computer science, and information technology. Cross-disciplinary interaction with experts in allied fields is still nascent but has
great promise.

The Working Group on Astrostatistics and Astroinformatics (WGAA) began in 2012 to provide IAU leadership in this burgeoning
interdisciplinary area. The WGAA currently has 126 Division B members from 29 countries on 6 continents. We seek to become a
Commission on Astrostatistics and Astroinformatics (CAA) under Division B in order to:

• promulgate statistical methods for astronomers facing a wide range of challenging problems such as analysis of observations at all
wavebands, linking observations to astrophysical models, and advancing computationally intensive theoretical astrophysics.
• cultivate a long-term forum for deliberations on astrostatistics and Big Data methodologies which are key to empirical astrophysics of the
future 
• assist astronomers with advanced training in statistics, computer science, and information technology 
• foster capacity building in developing countries that leverages low-cost digital technologies in combination with open-source archival data
and sophisticated methods to assist their entry into the mainstream of astrophysics research and teaching
• forge links with other relevant commissions and working groups of the IAU to facilitate the above

The WGAA organized one Symposium (IAUS #306, Statistical Challenges in Modern Cosmology, Lisbon PT, June 2014), a Focus
Meeting (FM 8 at IAU/GA XXIX, Statistics and Exoplanets, Honolulu HI, August 2015), and is now proposing an astroinformatics
symposium for 2016. IAUS #306 was highly successful with 180 mostly young cosmologists attending, although only a handful of
statisticians were present. The Symposium also spun off an informal group who are writing public Python- and R-based code for
cosmology. FM 8 has active organizing committees, a full complement of confirmed speakers, and a catchy Web site (http://exostats.org).

Simultaneous with the IAU’s activity, other organizations have similarly recognized the value of these cross-disciplinary activities. The
International Astrostatistics Association was formed in 2013 affiliated with the International Statistical Institute (the `sister’ society to the
IAU); the American Astronomical Society formed a Working Group in Astroinformatics and Astrostatistics in 2013; the American
Statistical Society formed an Interest Group in Astrostatistics in 2014; and activist computer scientists are now approaching leadership of the
huge Association for Computing Machinery (ACM) and Institute of Electrical and Electronics Engineers (IEEE) organizations for similar
interest groups.

All of these organizations, including the IAU WGAA, share a joint Web site, the Astrostatistics and Astroinformatics Portal (ASAIP,
http://asaip.psu.edu). Nearly 800 scholars from 48 nations on 6 continents are members of ASAIP which has >1500 pages of resources and
~100 daily visitors.

In mid-2014, the ~130 WGAA members were polled. The great majority of respondents, and the full Organizing Committee, favor
independent Commission status, although a few members recommend continuing a Working Group in Commission 5. Members feel that
these new fields are `here to stay', becoming increasingly important during the 21st century. The CAA proposers, Eric Feigelson (US) and
Prajval Shastri (IN), are the Chair and Vice-Chair of the WGAA.

The transformation of the WGAA into a Commission will be beneficial in several ways. The fields it represents are permanent, diverse and
growing enterprises in astronomical research spanning all branches of astrophysics. The prominence provided by an IAU Commission is
appropriate for this endeavor. The scope of the proposed CAA goes beyond Big Data to include computational theoretical astrophysics and
other science analysis challenges. The change in status directly matches the IAU's goal of Commission Reform where "the scientific
structure of the IAU will be renewed, expecting in particular that many new Commissions will address the most recent advances in
astronomy and astronomical methods, and "experienced Working Groups may want to evolve on their own and opt to propose becoming
new Commissions (and possibly propose to create new Working Groups)" (Kaifu & Montmerle, ann14008). As a new IAU CAA, we will
have authority to interface with related Commissions and promote related conferences throughout the IAU and with external allied
professional societies. Finally, access to Big Data and advanced methodology also can serve as a gateway to capacity-building in cutting-
edge research in countries with nascent astrophysics communities.

This proposal to form a CAA, and other aspects of IAU Commission Reform relating to statistics and informatics, can be publicly discussed
at https://asaip.psu.edu/forums/international-astronomical-union-forum. 
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Rationale

Text:

Astronomy is an observational science in the sense that almost all major advances in astronomy were and still are observationally motivated.
When people think of astronomy, they usually imagine a big telescope and pretty, colorful pictures of various space objects. However, even
the prettiest picture is only a first step toward a true understanding of physical processes that shape an observational appearance of stellar
and interstellar, dense and diffuse, luminous and dark matter. Except for a few bodies of the Solar system, direct experimental studies of
astronomical objects (including the Universe as a whole) are impossible, and we need to rely heavily on physical models, expressed as
mathematical equations, to grasp underlying reasons for a specific observational result. In an overwhelming majority of cases these
equations are too complicated to be solved analytically, and in all these cases we resort to numerical modeling. What had started long ago as
Kepler's hand-written tables now has developed into the vast field of computational astrophysics. This field has reached a great success of
its own as a powerful theoretical basis to study astrophysical processes (including the art of producing pretty pictures). It is now also a
mandatory tool both to prepare and to analyze ambitious observational programs. Numerical models are therefore at the heart of most
astrophysical domains and at all scales, from planetary atmospheres to cosmology. In fact, we can count computational astrophysics as a
third discipline, complementing observations and theory.

Despite being one of the pillars of modern astronomy, computational astrophysics still lacks a representative body in the International
Astronomical Union. It must be noted that one of the commission of the IUPAP (International Union of Pure and Applied Physics) is called
"Computational Physics". We believe that a commission devoted to computational astrophysics would be a timely new IAU structure
element. Various numerical techniques are in use in all branches of astronomy, so computational astrophysics to some degree concerns all
the IAU Divisions, but Division B (Facilities, Technologies, & Data Science) seems to be the most appropriate. This dedicated scientific
body will bring together scientists solving similar problems and using similar tools for different phenomena and will hopefully boost all the
involved fields of astrophysics.

The goals for the new commission would be to combine efforts of scientists solving computationally demanding problems (gas dynamics,
MHD, radiation transfer, N-body, data processing, etc.) in order to share approaches, ideas and methods; to assess the current level,
requirements, bottle-necks and future prospects of numerical simulations; to ensure the needed level of synergy between various models; to
probe the potential of the so-called citizen science and distributed computations; to organize conferences, workshops, computational
astrophysics schools etc. There were similar past efforts, like the European AstroSim program. Now it would be good to organize this
activity under the auspices of the IAU. With the very fast increase in the complexity of supercomputers, numerical modeling requires very
specific skills, which makes this organization even more necessary.

The scientific domain for the new commission would include specific questions related to various aspects of computational astrophysics like
fundamental problems of numerical modeling (in particular, related to discretization as well as to various simplifications and
approximations), parallel programming, utilization of non-standard hardware (graphic cards, special purpose computers for N-body
simulations), and visualization of simulation results in terms of synthetic observations. The commission would organize efforts related to
data processing, often also computationally expensive. An interesting field of activity could be connected to the future use of
supercomputers in a service mode, similar to observations taken in service mode at modern observatories. This commission could foster
interaction about the need of community numerical tools (codes, visualization, computing centers, etc.). The commission would also help to
develop the enormous potential for CAP (Communicating Astronomy with the Public) of computational astrophysics by fostering
presentation of complicated results in a visually attractive and sometimes astonishing way.

According to our crude estimates, there are now about 200 people who are directly involved in developing and testing of numerical models.
The number of IAU members who use numerical modeling as a tool is estimated to be as much as few thousands. The community that
relies on results of numerical models on a regular basis is definitely much bigger. We emphasize that numerical simulations are needed to
interpret observations properly, and the need will increase more in the near future. Thus, the new commission will be of interest both to
theoreticians and to observers.

Working groups within the new commission may include groups devoted to magnetohydrodynamical simulations, radiation transfer, N-
body-simulations, cosmological simulations, numerical relativity, data mining and citizen science, etc. The need for "Associates" may arise
as many methods utilized in computational astrophysics are similar to or even derived from methods used in other sciences, e.g., in
meteorology.

The work plan for the next 6-9 years would include several conferences and schools for young scientists. The latter is especially important,
given the rapid development of computational techniques. The specific topics for conferences would include:

1) Fundamental issues in computational astrophysics

2) Software and hardware implementation of astrophysical models



3) Development of multi-purpose and general purpose astrophysical solutions.
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Rationale

Text:



Computational astrophysics is a rapidly expanding discipline which combines and utilizes computer science along with mathematics,
physics, and astronomy in astrophysical researches. With the arrival of high performance computers, it plays an ever increasing role in
interpreting, understanding, and predicting astronomical phenomena. It is applied to the areas of cosmology, formation and evolution of
galaxies and stars, origin and nature of planets, and etc. Important techniques employed include N-body, SPH, grid-based HD/MHD, PIC,
Monte-Carlo, numerical relativity, and etc. This development makes computational astrophysics not just a part of theoretical astrophysics
any more, but a separate discipline.

Taking the advantage of strong tradition of high performance computers in the region, astrophysicists in East Asia including China, Japan,
Korea, and Taiwan have established an active computational astrophysics community. Through a series of meetings named as East-Asian
Numerical Astrophysics Meeting (EANAM, see http://eanam6.khu.ac.kr/ for the latest meeting), the community has promoted collaboration
and defined the direction of computational astrophysics in the region.

On behalf of EANAM, we propose to inaugurate a commission for computational astrophysics in the IAU. It is motivated by the necessity
to reflect the growing role of computational astrophysics in astronomy and share new developments and techniques of computational
astrophysics with the astronomy community.

SOC members of the 6th EANAM: Peng-Fei Chen (Nanjing University), Jungyeon Cho (Chungnam National University), Liang Gao
(NAOC), Shigenobu Hirose (JAMSTEC), Shu-ichiro Inutsuka (Nagoya University), Ing-Guey Jiang (National Tsing Hua University),
Yipeng Jing (Shanghai Jiaotong University), Hyesung Kang (Pusan National University), Sungsoo S. Kim (Kyung Hee University),
Woong-Tae Kim (Seoul National University), Eiichiro Kokubo (NAOJ), Masao Mori (University of Tsukuba), Juntai Shen (Shanghai
Astronomical Observatory), Chien-Chang Yen (Fu Jen Catholic University), Hwei-Jang Yo (National Cheng Kung University)
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Text:

1. Motivation
As an empirical science, astronomy depends critically upon observations (“data”) and their interpretation. Since all objects in the cosmos are
changing on some time-scale (from hours and minutes to centuries), there is enormous scientific potential in appropriate management and
operation of archives of astronomical data collections. Not infrequently, those archives long outlive the life span of the original project that
produced them, and often of the collecting instruments themselves. Astronomical data may also be applied, powerfully and uniquely, to
solving problems in other scientific fields. A Commission with a specific focus on the manifold aspects of managing, archiving, and sharing
astronomical data has been part of the IAU portfolio for many decades, and we are fully convinced that the central role which data
unquestionably play in the science of astronomy must be continued in the creation of a new Commission.

Over the past two decades, the rise of large-scale astronomical archives has clearly demonstrated that persistent, well-documented data
collections can dramatically increase the total scientific output of a given observatory (e.g. SDSS, HST, Chandra, Spitzer, etc.); statistics



demonstrated that the availability of the IUE “Final Archive” enabled researchers to access and re-use every IUE observation an average of
5 times, thus extending the effective lifetime of the mission from 15 to 75 years. In addition, the creation of electronic archives of digitized
heritage data is now extending the baseline for selected research fields to a century or more. Establishing and preserving these archives in
order to achieve this increased scientific return would not be possible without an entire ecosystem of data standards, metadata definitions,
interoperability protocols, associated software, and documentation of various forms. Defining, maintaining, and supporting this astronomical
data ecosystem has until now been the province of the preceding IAU Commission 5. The IAU Commission proposed here would continue
and expand this role for the community in the coming years.

The need for an IAU Commission focused on these issues has never been greater. With the advent of new facilities such as ALMA, the
JVLA, LOFAR, CTA, Pan-STARRS, JWST, and the E-ELT, the challenges facing large-scale astronomical data management are both
real and immediate. Future facilities such as the LSST and SKA have the potential to increase the scale of these challenges by orders of
magnitudes, while the extension of the commencement of that time-scale to the early 20th century through heritage data is raising new
challenges of access and data sharing. These new facilities present challenges not merely in the quantity of data they will produce, but also
in the complexity of data and, perhaps more fundamentally, the way in which scientists will need to interact with data. The term “data-
intensive astronomy” has become a common way to describe these challenges and reflects the fact that the pursuit of a particular scientific
question can involve increasingly larger amounts of data and from a wider variety of sources. The infrastructure necessary to support
astronomical research at these scales will require a variety of technologies to describe, store, process, analyze, synthesize, and preserve these
new data collections. The Commission proposed here would serve as the community forum for defining and supporting these myriad
activities. In the following, we briefly outline some of the initial topical Working Groups we envision to address those challenges.

2. Proposed Working Groups
Brief descriptions for the initial set of Commission WGs are given here. In some cases, these WGs represent updated WGs from the
preceding Commission 5 with expanded focus. Others are new and reflect the challenges facing modern astronomical data management.
Additional WGs may be added later as necessary.

2.1 Nomenclature and Designations
The WG Designations will carry forward the essential functions of the former Commission 5 working group, including maintaining the
acronym registry and reviewing requests for new acronyms on nearly a weekly basis. Consistency and accuracy of nomenclature is
fundamental to clarity and communication in astronomy and astrophysics. The Comm. 5 WG in this area has functioned extremely well,
and needs to be continued.

2.2 Information Services
A new WG Information Services will contain and extend the role of the prior WG Libraries. The astronomical research library now carries
out function far beyond its prior remit of being a custodian of (mostly paper-based) information. Libraries manage our access to the peer-
reviewed literature through complex licensing agreements, and are increasingly involved in being custodians of digital data themselves. We
are in the midst of a sea change in the scholarly publishing paradigm, as open-access journals have the potential to profoundly affect the
long-standing business model of not-for-profit, peer-reviewed publications. The IAU needs to needs to represent the interests of
astronomical researchers in this potentially disruptive transition period.

2.3 Data Representations
The Commission 5 FITS WG has long been the custodian and advocate for the Flexible Image Transport System since this format was
formally endorsed by the IAU in 1982. Since the foundation of the IAU WG FITS in 1988; however, the data landscape has broadened
substantially with many new facilities pursuing alternatives to the FITS standard in order to deal with their data scale and complexity issues.
To reflect this changing landscape, it is time to broaden the remit of the WG FITS, and thus we will rename this group to be the WG Data
Representations. It is incumbent on the IAU to manage a careful and minimally disruptive transition from FITS to more modern and capable
data representations. The proposed Data Representations WG would work to help assure and maintain the fluid interoperability of data from
astronomical telescopes that has made multi-wavelength astronomical research commonplace, and has made the management of
astronomical data the envy of every other discipline.

2.4 Software Practices and Verification
There is currently no home in the IAU for discussions and sharing of best practices in the area of software development, documentation,
and preservation. It is arguably the case that software is as essential to astronomical research as our physical infrastructure of telescopes.
Indeed, A. Tyson of the LSST project characterizes the LSST telescope as “a peripheral” to the data processing system. The very
successful Astronomical Data Analysis and Software Systems (ADASS) conference series, now in its 24th year, provides an annual forum
for discussion about software, but makes no recommendations regarding common platforms, testing methodologies, or algorithms. A new
WG Astronomical Software will provide a venue within the IAU for such discussions and dissemination.

2.5 Virtual Astronomy and Data Centers
The International Virtual Observatory Alliance (IVOA) has, over the past dozen years, been extremely successful in establishing a system
of standards and protocols that enable global data discovery, access, and interoperability. In the era of integrated but globally distributed
research infrastructures, the need for such interoperability and connective layers is even more crucial. The work of the IVOA will be an
essential component in unifying the large-scale data centers and high performance computing facilities needed to support the ever-increasing
scale of astronomical research challenges. These challenges run the gamut from multi-wavelength analyses using world-spanning facilities
such as the coming SKA and LSST to the ability to bring together observational results and large-scale simulations. While the IVOA is
currently active and has strong international participation (21 participating countries), it is important that the IAU also have an advocacy and
support role for global data discovery and interoperability. The WG on Virtual Astronomy and Data Centers provides that role.

2.6 Data Preservation
Much of the historical record of astronomical data exists solely on photographic plates. While some notable efforts have been made to
convert the analog record to digital formats, e.g., the DASCH project at Harvard, spectrum digitization at the Dominion Astrophysical



Observatory in Canada, and the Pisgah Observatory in North Carolina), much of the world’s astronomical heritage data remain at risk. The
WG Data Preservation will encourage efforts toward further digitization of photographic and other archival records before they are lost to
deterioration, and will advise on digitization practices that are best at preserving astrometric and photometric accuracy.

2.7 Astrostatistics and Astroinformatics
The WG Astrostatistics and Astroinformatics (dating from 2012) is a relatively recent addition to Commission 5. It organizes discussions
around the issues of analysis of “big data” as well as the proper application of statistical methods to data sets of all scales. It also recently
organized Symposium on astrostatistics and astroinformatics in the context of cosmology in Lisbon. As noted earlier, we will see an
increasing prevalence of large data in astronomy, and broadening the community’s knowledge of proper statistical and analytical techniques
in this domain is essential. We note that this WG is also proposing to be established as a separate Commission, but it could be argued that it
would serve the astronomical community better if the management of issues involving astrostatistics and astroinformatics retains a closer
working relationship with Commission 5 by remaining as one of that Commission's WGs.
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Text:

The quality of astronomical measurements, from both ground-based and space-based facilities, continues to improve. This advance is driven
by a combination of new and larger telescopes equipped with more sensitive detectors, and of capabilities to acquire high-resolution spectra
at wavelengths spanning the x-ray, ultraviolet, infrared, sub-millimeter and very long radio wavelength regimes.

Interpreting these superb astronomical observations requires an understanding of atoms and particles, molecules, ions and solids to an
unprecedented precision. This is only now becoming possible through improved laboratory techniques and large-scale theoretical
calculations. The current generation of computers also allows more detailed modeling of astrophysical phenomena including chemical
reactions, atomic collisions, atomic and molecular data coupled with physical and hydrodynamic models of astronomical environments,
plasma physics and nuclear and particle astrophysics processes.

The goal of the proposed Laboratory Astrophysics Commission is to advance our understanding of the Universe through the promotion of
fundamental theoretical and experimental research into the underlying processes that drive the Cosmos. To achieve this goal, the
Commission will facilitate interactions between the international astronomical community (user community) and the experimentalists and
theorists who provide the necessary atomic, molecular, and solid-state data as well as nuclear and particle astrophysics data. The
Commission will adopt a strategy to promote, in liaison with relevant international parties, the field of laboratory astrophysics, particularly
with reference to ground-based and space-born astronomy missions.

The purpose of the proposed Laboratory Astrophysics Commission is to act both as a facilitator and as an initiator of such communication
platforms and initiatives. There are a number of channels by which interactions might occur between the astronomy and laboratory
astrophysics communities, most vitally to communicate important new developments of relevance to both fields. The proposed commission
will provide communication channels that include IAU sponsored meetings where a large number of astronomers can attend while at the
same time attracting chemists, physicists and modelers; updates through articles in the astronomy and astrophysics literature; meeting
announcements; and a Website with tools and content for virtual communication.

It is well established that further progress in astronomy requires better communication between astronomers and laboratory scientists and a
better understanding of the abilities, needs, and limitations of each community. The Commission will build on successful models that have
been established for Laboratory Astrophysics worldwide and on the expertise of the members of the international community. The
Commission will actively seek to achieve strong geographical and gender diversity by inviting members from under-represented groups and
countries to stand for election to the Organizing Committee (OC) and by working with the IAU Office of Astronomy for Development
(OAD) and Office for Astronomy Outreach (OAO to promote astronomy to a diversity of communities worldwide.

The key strength of the proposed Commission will be its breadth. The Laboratory Astrophysics Commission will encompass the four
fundamental research areas that generate astrophysical data needs; atomic and molecular astrophysics, physics and chemistry of dust and
ices and their interaction with atoms and molecules, plasma astrophysics, and nuclear and particle astrophysics. The Commission will
embrace interdisciplinary studies crossing physical, chemical, biological, geological sciences of relevance to astronomy, including
experiment, theory, and modeling, from the nuclear and atomic/molecular level to application on astronomical scales.

Structure and Operating Procedure:

The proposed new Commission is designed to address the future multidisciplinary needs and requirements of modern astronomy. It builds
on solid foundations and is a natural evolution of Commission 14 (Atomic and Molecular Data) of Division B. As a result, the proposed
new Commission is envisioned as a Regular Commission affiliated with Division B with interests common to other commissions and
divisions of the IAU. However, to improve and optimize cross-disciplinary discussions and collaborations within the divisions and
commissions of the IAU, and particularly to facilitate dialogue with astronomers (end users), the Laboratory Astrophysics commission plans
to solicit observer seats on the OC of those bodies where strong crossover exists. We propose that such observer seats might be necessary
for only one or two years at a time, and may be closely linked with the Working Groups (WG) within the Commission.

The proposed new Commission plans to create working groups (WGs), for limited times (2-3 years) that will be tasked with addressing a
specific topic resulting in the dissemination of a report by the end of their tenure. The resulting emergence of new scientific directions may
then lead to the creation of new WGs. This model will allow for all commission members to participate in at least one WG over the
Commission lifetime. The WGs might be created along themes that are Mission-driven (supporting Chandra, Rosetta, JWST, ALMA,



etc...), Data-driven (databases and archives; data needs, data calibration, standards for data dissemination, data evaluation) and
Development driven (next generation training and careers) WGs.

In summary, the proposed Laboratory Astrophysics Commission is a strongly cross-disciplinary Commission that will serve IAU members.
The proposed Commission addresses all of the criteria listed in the Call for Proposals (items 1.2.1 to 1.2.6 in section 1.2), but particularly
can represent itself as a high-visibility "think tank", which will play an important role in (i) fostering discussions and information forums on
specific topics of current, and potentially long-lasting, interest within the research remits of more than one Division, (ii) connecting
astronomers across the world and (iii) by promoting progress in their field and providing services and expertise to the community e.g., by
way of scientific reports, both inside and outside of the IAU. The proposed new Commission is also well positioned to stimulate and
support proposals for IAU Symposia and Focus Meetings as illustrated by the Laboratory Astrophysics Focus Meeting that will be held at
the IAU GA 2015, which won significant support from a large number of current IAU Divisions and Commissions. 
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IAU Commission Optical and Infrared Interferometry

based on IAU-C54 Commission http://iau-c54.wikispaces.com/IAU+C54.
Number of members: 202 (September 2014)
Organization of the commission for 2012-2015
PRESIDENT - Gerard van Belle
Lowell Observatory, Flagstaff USA
VICE PRESIDENT - Denis Mourard
Observatoire de la Cote d'Azur, Nice France
SECRETARY - Fabien Malbet
IPAG - Institut de Planétologie et d'Astrophysique de Grenoble
Grenoble, France

ORGANIZING COMMITTEE
Armstrong, J. Thomas
Ireland, Michael
Lopez, Bruno
Perraut, Karine
ten Brummelaar, Theo
Thiébaut, Éric
Wittkowski, Markus
Young, John

Mission Statement
The Commission was created in 2006, in response to an initiative by members of the international interferometry community, and as a
natural expansion of the work of the earlier Working Group on Optical/Infrared Interferometry. At that time, optical interferometry had been
in regular use in modern astronomy for approximately 20 years, primarily with first and second generation prototype and experimental
facilities. Also at this time, the first observatory-scale user facilities were coming into operation at ESO, Keck, and CHARA. The
Commission serves to coordinate international collaborations on scientific and technical matters relating to long-baseline optical and infrared
interferometry. As a commission within Division IX its focus is to establish scientific and technical standards that facilitate the future growth
of the field. It promotes the science of interferometry through collaborations with individual science commissions within the IAU, most
particularly with the Commissions on Astrometry, Double and Multiple Stars, Variable Stars, and Theory of Stellar Atmospheres. The
focus of the Commission is to establish scientific and technical standards that facilitate the future growth of the field. It has also found a
natural function in supporting communication within the community, and recognizing and publicizing accomplishments. It continues the
work begun through the Working Group on Optical/IR Interferometry, which established the Optical Interferometry Data Exchange format
and its supporting software, and continues the series of optical/IR interferometry imaging contests (started in June 2004 and held every two
years). The website and its associated Email Forum exist to further the interests of the optical interferometry community and goals of C54.

Working Groups
Working Group on Interferometry Data Standards
The near-term goal of the working group is to develop enhancements to the OIFITS data exchange standard, in particular: 1) Standardize
and incorporate existing practice into the standard; 2) Prioritize enhancements that would benefit a broad cross-section of the optical
interferometry community; 3) Represent the interests of the major facility optical interferometers.

Working Group on Imaging Algorithms
The Working Group on Imaging Algorithms was formed at a time when the relative performance of different algorithmic approaches to
imaging in optical interferometry was not at all clear. The IAU Imaging Beauty Contest is a competition aimed at showcasing the
performance of image reconstruction software in optical interferometry. Science cases are selected by the organizers, and then synthetic data
sets in the OIFITS format are generated from model images (which remain secret during the competition). Images are reconstructed from
the data sets, and the reconstruction closest to the model is declared the winner.
Working Group on Calibrator Stars
Among the tasks of the working group are the coordination of the work on interferometric calibrator data bases carried out within individual
interferometer projects, and the overview of resources and tools for observers looking for suitable calibrators. Interferometers measure
amplitude and phase of the complex visibility, which, by definition, are unity and zero, respectively, for an ideal instrument in the absence
of the atmosphere observing an unresolved star through a monochromatic filter. In reality, the measured amplitude is always smaller due to
atmospheric turbulence and instrumental degradation, thus the amplitude measured on a science target has to be normalized by the
amplitude measured on a calibrator. 
Calibrators are rarely unresolved, and if bright ones are needed, they tend to be big enough to require good estimates of their angular
diameter. These are extracted from their photometry, assuming they are described by a single photosphere of a non-rotating star. Thus, we
have two issues in this business: first, to define suitable selection rules based on astrophysical insight and second, to share data on
calibrators especially if they turn out to be unsuitable for any reason.

Working Group on Intensity Interferometry
Intensity interferometry was successfully introduced by Robert Hanbury Brown and colleagues in the 60s-70s. It was used to measure the
diameter of bright stars and the orbit of binaries and was the first to measure the limb-darkening of a star. The intensity correlation technique
has some advantages with respect to its amplitude equivalent but has the drawback to require a large number of photons hence a stronger



limitation in sensitivity. However, recent developments of detectors and electronics have increased the band pass of detectors and
consequently the potential sensitivity of intensity interferometry. Also, various gamma ray detection observatories, based on collection of
Cerenkov radiation produced in the atmosphere, are potentially making available large collecting area mirrors.
We believe that it is therefore important to the interferometry community to understand the interest and potential of the technique in the light
of these new developments.

Commission 54 Interferometry Prizes
In 2010 the Commission, the Observatoire de la Cote d'Azur (OCA), and the Mt. Wilson Institute (MWI) created two prizes in
Interferometry, the Fizeau Prize and the Michelson Prize. The two prizes are similar but complementary, with the Michelson Prize
emphasizing application of interferometry to astrophysical research, and the Fizeau Prize emphasizing innovative technical and theoretical
work.
The Fizeau Lifetime Achievement Prize for 2014 is awarded to Doctor William Tango for his long-term efforts in forwarding the theory,
technology and practice of optical interferometry. The Fizeau Investigator Prize for 2014 is awarded to Professor Christoph Leinert for his
considerable scientific achievements throughout his career, and specifically for his role as Principal Investigator for the MIDI instrument on
the VLTI. The Michelson Investigator Prize for 2014 is awarded to Professor John Monnier for his extensive and varied contributions.

Work plan for the coming decade
The commission considers as fundamental to continue and enhance the work of the working groups. Every two years, a dedicated meeting
of the commission members is organized during the SPIE meetings. This permits an interactive and fruitful exchange with the community,
both for analyzing the status of the work done and for considering new orientations for the working groups or creation of new working
groups. The working group activity will continue to be the living heart of the Commission. But we want also to do more and amplify an
initiative started in 2013 in Flagstaff and reproduced in 2014 in Montreal, when the IAU Commission C54 initiated an Interferometry
Forum.
It’s in fact a special opportunity to get together and talk about a technique that is both important to our various areas of expertise, and
scientifically productive. The interferometry community has this opportunity only infrequently and incompletely, so having a more focused
event with adequate time for discussion was, we felt, important. 
We live in a time of Great Disturbances: Big things are happening in astronomy that unsettle the status quo and make it challenging to
develop and use the technique of optical interferometry. We also live in a time of Great Opportunities: There will be a time after JWST. The
CHARA Array is soldiering along, the NPOI upgrades are poised to revitalize the instrument, VLTI has upgrades under development,
there are new efforts in LBTI and MROI, and China is developing Dome A. The scientific productivity of the existing facilities is robust
and unique. But the question we aimed to address in the near future is: How do we best construct a plan for the future?
Interferometry has gone from an exotic technique with promise, to a demonstrated technique with a steadily growing technical capability, a
large and active community, and significant impact on stellar physics. In the next 10+ years, the interferometry community must make the
most of existing facilities and their obvious extensions. Possible facility options for the future on the decade+ time-scale include moderate
development from existing facilities to much enhanced imaging capability and moderate development to fainter target capability. Possible
options on the decade++ time-scale include a major development of a super-facility but which is not in sight at present. It’s clearly now time
to build a consensus for the next major development. One important aspect of this goal is also the enhancement of the opening access to a
wider community. Opening to a wider community is also due to the availability of data preparation, data calibration, data reduction and data
interpretation packages, in a word, documented, reliable and well behaved user-friendly software.
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Text:

This letter is to express the intent to propose for the continuation of IAU Commission 50, Protection of Existing and Potential Sites. The
Commission steering group and members feel strongly that there is an ongoing and steadily increasing need to protect observing sites from
encroaching optical light pollution and radio interference. A critical role of the Commission is to serve as a clearinghouse. The goal is to
become a useful repository of factual information about the impacts of artificial light, principles of good lighting design, and lighting codes
both as models and enacted ordinances that can serve astronomers and site directors. Radio astronomers participating in URSI and other
national and international organizations for spectrum and site protection likewise contribute valuable experience and materials for broader
use.



Another valuable role of the Commission is to provide the interface to key international activities with potential impact on sites, as well as
general outdoor lighting design practices and public perception. The most apparent example during the period of proposal evaluation is IAU
interface to the International Year of Light, for which Commission 50 has undertaken the role of point of contact for the organizers from the
physics/photonics community. The Commission established an IYL Working Group supported by the Executive Committee which solicited
and evaluated proposals for IAU seed money for programs of international scope, as well as encouraging and endorsing strong national and
regional outreach efforts and participating in the planning for the opening ceremonies and highly visible activities such as 100 hours of light
and Global Open Lab Days. The Commission also provides astronomy interface to the CIE, the international lighting engineering
organization that devises standards for outdoor lighting design. Commission-affiliated astronomers participate directly in CIE working
groups and commission-affiliated experts are given the opportunity to review and comment on reports and recommendations from the
perspective of dark skies protection before they are released by the CIE. Since that global organization has a strong regional structure,
IAU’s global reach allows participation by Commission 50 members in CIE activities in key regional areas, particularly Africa and Asia.

Commission 50 has also engaged with UNESCO and various national efforts to promote astronomical sites as World Heritage Sites.
Commission 50 has agreed to provide expertise to the national proposers to aid their proposal preparation in presenting the value of the site
to research astronomy in global context. We have also offered to UNESCO to provide (separate) expertise to evaluate such proposals by
providing professional evaluation of the technical sections that highlight the site characteristics that make it very well suited for its telescopes
and their science.

Commission 50, with Executive concurrence, provides official IAU endorsement for the value of specific sites at the request of their
management. Most typically, such requests are to support proposals to the International Dark-Sky Association for achieving dark sky
reserve status for a region around an observatory site. They can also be for endorsement relative to an approach to local government entities
for special site protection. 
Commission 50 is charged for the implementation of the goals of IAU Resolution 2009-B5, which asserts that the world’s population has
the right to access the dark night sky. This ambitious charge leads to planning through GA focus meetings and other occasions for including
dark sky protection into astronomy education and outreach programs for groups of all ages and through multiple approaches. The 2012 GA
focus meeting highlighted IYA legacy programs such as Globe at Night, Eastern European television outreach, many examples of specially
protected dark sky areas, and a strong desire for sharing experiences and materials through Commission 50 auspices.

The short-term goal is to have a strong astronomy presence in the International Year of Light. The medium-terms goals are to create a
strong regional structure for focusing response to specific issues and providing interfaces to regional activities such as CIE meetings; to
create a go-to website for site protection information and sharing of experiences; to continue to promote education and outreach on dark sky
and RFI issues (particularly since they can resonate with energy savings and sustainability); and to become known as a valuable resource
for meaningful endorsement, assistance in site protection efforts from local to international scale, and source of expertise for UNESCO,
CIE, URSI, and other bodies whose policies have international impact on our ability to protect critical sites.

(Please note that the full proposal will come from the full steering committee of Commission 50, which has strong regional and gender
balance.)
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Background
The proposed new IAU Commission: Radio Astronomy, will provide a natural extension and growth of the present IAU Commission 40
(hereafter C40) for Radio Astronomy. C40 was first established in 1948 and has been extremely successful at supporting the Radio
Astronomy community. C40 currently has approximately 1,100 members from 50 countries and so represents about 10 per cent of the total
IAU membership. From 1997 to 2012 C40 was the sole Commission in Division X. In 2012 Division X ceased and C40 became a part of
Division B. 
The C40 website is available at www.atnf.csiro.au/iau-comm40/index.html where the present Letter of Intent (LoI) and a discussion site are
available.

Scientific Domain
Radio Astronomy observations provide the most sensitive, highest angular resolution, and broadest fractional wavelength coverage
observations in modern astronomy.
The new Commission “Radio Astronomy” will bring together scientists and engineers who carry out observational and theoretical research
in radio astronomy and who develop and operate the ground and space-based radio astronomy facilities and instrumentation that are used to
explore the Universe at radio wavelengths.
Radio Astronomy is an important window to study the Universe as it provides insights into fundamental physics that are otherwise
unobtainable. Radio observations provide unique information about the two fundamental long-range forces, electromagnetism and gravity,
allowing us to improve our knowledge on fundamental properties of matter and on the origin and evolution of the Universe. Many of the
now familiar astronomical phenomena such as quasars, pulsars, the Cosmic Microwave Background, masers, the solar wind, gravitational
lens, giant molecular clouds, non thermal radiation, and cosmic evolution were first discovered at radio wavelengths. It was radio
observations that opened up the high redshift universe through the discovery of radio galaxies, then quasars, and more recently CO
emission.
Cosmic radio emission is the result of thermal radiation from stars, planets, and HII regions and non--thermal emission due to synchrotron
radiation. Radio observations allow studies of the 21 cm Hydrogen-line and many molecular lines which provide essential information on
the Epoch of the Reionization, on the Cosmological Microwave Background, and on stellar objects such as pulsars and magnetars. In the
radio band we can also study the intensity, properties and origin of the poorly understood large scale magnetic fields in the Universe.
Radio Astronomy defines the fundamental celestial reference frames used by all astronomy and global timekeeping (ICRF-2, ICRF-3). 
Across the radio spectrum, many powerful instruments are available today (such as the Very Large Array, the Very Long Baseline Array,
the Australia Telescope Compact Array, the European VLBI Network, the Submillimeter Array, etc.) and they continue to develop their
capabilities. Very Long Baseline Interferometry (VLBI) techniques provide radio images at the highest angular resolution possible in
astronomy (microarcsec scale with Space VLBI and mm-VLBI).
In recent years, radio observations have expanded the observing frequency range. At very high frequencies new facilities such as ALMA
are opening a new window on the millimetre universe, allowing studies of the high redshift Universe and the chemistry of gas and star
formation. At low frequencies existing and new instruments such as the Low Frequency Array (LOFAR) and the SKA precursor
Murchison Widefield Array (MWA), will provide wide-field, sensitive observations of the Universe at arcsecond resolution. These arrays
will be used to study key questions including the Epoch of Reionization, Ultra High Energy Cosmic Rays, and Cosmic Magnetism. 
Looking ahead, the Square Kilometre Array (SKA) and its pathfinders and precursors are expected to have a very large impact on all of
astronomy. The SKA will operate over a wide range of frequencies and will be up to 50 times more sensitive than any present radio
instrument. It will be able to survey the radio sky more than ten thousand times faster than any previous instrument. This revolutionary
observational improvement implies a dramatic change in imaging technology and a huge increase in data rates. Learning how to analyse
and to manage the statistics from such large amounts of data will be essential for the next generation of radio astronomers.

Need for a Commission 
The primary purpose of this Commission will be to coordinate the unique role of Radio Astronomy as part of our global multi-wavelength
capability in astronomy, taking in consideration the long-term development in this field at the international level. 
Radio Astronomy from its beginning has had a multi-wavelength approach. The necessary identification of the objects emitting radio
wavelengths implied a strong connection between radio and optical images. The importance of results obtained in the radio-band (e.g.
magnetic fields) and this multi-wavelength approach implies that Radio Astronomy need to be adequately represented in global multi-
wavelength astronomy. 
The scientific goals of Radio Astronomy are ambitious and cover a large range of topics. These include studies of the most distant parts of
the Universe at its earliest epochs, General Relativity, the evolution of stars and galaxies from just after the Big Bang to present, the nature
of dark energy, and the search of life in the Universe. 



Moreover, managing the data from the new generation of radio telescopes, producing science-ready data products, and providing facilities
that allow astronomers to access the data archives and combine radio astronomy results with those from other areas (infrared, x-ray etc), will
be great challenges.
In this context the proposed Commission will provide a focus to discuss new scientific and technical advances which will be shared with
the broader IAU community. A connection with a new Commission equivalent to the current Commission 5 (Documentation &
Astronomical data) may be useful.
In addition, this new Commission will continue the important role of the current C40 in providing support to external bodies that protect
radio environment, including URSI, COSPAR, the International Telecommunications Union (ITU), and the Scientific Committee on
Frequency Allocations for Radio Astronomy and Space Science (IUCAF).
In particular, we propose that the current arrangements for allocation members from to IUCAF should continue under the new Commission
for Radio Astronomy.

Perimeter of the Commission Community
As demonstrated by the current C40, the potentially interested community is very large. It includes scientists and engineers who carry out
observational and theoretical research in radio astronomy and who develop and operate the ground and space-based radio astronomy
facilities and instrumentation that are used to explore the universe at radio wavelengths.
We are now living a golden age for radio astronomy with a phenomenal investment in the development of international radio astronomy
facilities at a scale that significantly impacts all the international community. This includes both major enhancements such as the transition
from the VLA to the JVLA, the GMRT, and the development of new facilities such as LOFAR, ALMA, FAST, and SKA precursor
telescopes in Australia (ASKAP, MWA) and South Africa (MeerKat, KAT7). ALMA is the first ‘global’ mm observatory moreover we
see the proliferation of other facilities in space (Herschel, Planck) and on the ground (e.g. JCMT, APEX, CARMA, IRAM) and more are
in progress (LMT, CCAT).
These developments are driven by advances in radio-frequency, digital and information technologies that tremendously enhance the
capabilities in radio astronomy, and our evolving understanding of the science. These new developments foreshadow major scientific
advances driven by radio observations in the near future.

Commission Working Groups
Commission 40 currently has three working groups (for details see links from C40 Home Page). These are:
a) Astrophysically Important Spectral Lines (Chair: Masatoshi Ohishi). This group compiles and reviews list of “Astrophysically Important
Spectral Lines”. 
b) Historic Radio Astronomy (Chair: Ken Kellermann). This group assembles a master list of surviving historically-significant radio
telescopes and associated instrumentation found worldwide, and documents the technical specifications and scientific achievements of these
instruments.
c) The radio astronomy definition of continuum flux density in Broad-Band SED observations (Chair: Ron Ekers). This group has been set
up to clarify the radio astronomy definition of continuum flux density in the case of wide-band radio telescope systems and to develop a
future IAU resolution.

The new Commission will support all these Working Groups. Of these, (a) and (b) are both well-established with long term goals. These
are expected to continue into the 2015 – 2018 triennium and beyond. Working Group (c) is focussed on a specific issue and is likely to
complete this activity during 2015. 
Following the establishment of a new Commission, the Organizing Committee will consult with the full membership to consider new
Working Groups that meet the membership needs. These may include, for example, working groups working on radio astronomy data
archives, and emerging facilities for radio astronomy.

Key goals
For the first six to nine years, key goals for the new Commission will be to:
1) Stimulate and support IAU symposia and other international meetings especially on cross-disciplinary themes where Radio Astronomy
can play an important role and that cover more than one facility, e.g. major surveys, science data processing, imaging and calibration
standards. Promote connection and interchanges among present and future large scale facilities.
2) Connect Radio Astronomy to informatics and statistics, provide information on available radio astronomy archives and promote a multi-
wavelength approach to the sharing of astronomy data and the scientific importance of combining results from across the electro-magnetic
spectrum.
3) Foster discussions and share information on topics of current interest to radio-astronomers around the world and provide up to date
information on radio science, data, facilities and techniques. Special attention will be devoted to the new Radio Astronomy windows at
ultra-high frequency (mm band) with ALMA and mm-VLBI, and low frequencies with e.g. LOFAR, ASKAP, MeerKat, MWA and the
SKA.
4) Act as an interface between the large number of individuals and groups working in this field and other Commissions, Divisions and the
IAU in general.
5) Encourage membership, broaden participation, and support the development of younger astronomers working or interested in radio
astronomy. This will be done through a forum and/or through support for dedicated meetings similar to the Young European Radio
Astronomy Conference (YERAC). The importance of gender and countries diversity will be properly considered. 
6) Provide support to IUCAF and the ITU, primarily through the appointment of members to IUCAF and by providing web information on
these activities on the Commission website.
7) Develop connections and partnerships with the commissions of the IAU working in the areas of outreach and education. Astronomy in
general, and Radio Astronomy in particular, are exciting topics for students and the general public.

End of Form
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Rationale

Text:

At the time of submission there were 91 co-signers of this Letter of Intent from 18 countries and diverse astrophysical disciplines. The list of
names and further details as they develop are available at http://timedomaincommission.org

We propose the formation of a Commission on Time Domain Astronomy (TDA) under IAU Division B (Facilities, Technologies and Data
Science). While the science of TDA spans all divisions of the IAU‡, common standards and technologies and community-wide
infrastructure are critical to addressing the numerous time domain science use cases. No current IAU Commission has the breadth to cover
the required topics and facilities across all parts of the electromagnetic spectrum as well as non-EM measurements such as "multi-
messenger" neutrino, high energy cosmic ray, and gravitational wave science – or has the necessary urgency to react to time varying
phenomena from the solar system to cosmological distances.

The IAU is uniquely positioned to play a leading role in building collaborations, coordinating time domain observing campaigns, facilitating
transient event and other short latency data exchange, promoting common protocols, and encouraging the deployment of robust time
domain infrastructure. The IAU's role in fostering world-wide astronomical development is especially important in the time domain since
even small aperture facilities can make scientifically significant contributions, and to provide access to rapid-response telescopes in all time
zones and both hemispheres. On the other hand, the efficient utilization of our most precious astronomical assets requires coordination and
communication among diverse stakeholders in the framework of common TDA systems engineering.

The focus of the new Commission will be on providing a forum for the diverse stakeholders in the many active time domain science
projects to address issues of common interest.

The goal will be to ensure the appropriate commitment of community assets to make these projects a success. Areas of interest will include
aspects of archive science unique to the time domain, adaptive scheduling of telescopes in service of target-of-opportunity observing,
promulgation of TDA standards, support for triggered rapid-response facilities such as robotic telescopes, the creation of a network of such
telescopes and data centers engaged in global persistent monitoring of the sky, and in general any topic pertinent to a more autonomous
future for astronomy.

‡ See the proceedings of IAU Symposium 285, “New Horizons in Time-Domain Astronomy”, ed. Griffin, Hanisch & Seaman,
http://journals.cambridge.org/action/displayIssue?decade=2010&jid=IAU&volumeId=7&issueId=S285

Terms of reference would include:

1) Enable collaboration through meetings and online fora between diverse astronomical projects and institutions engaged in time domain
activities of all kinds. Working groups of the new Commission may be formed as needed jointly with other commissions and divisions of
the IAU to address specific needs of different time domain science communities.

2) Encourage consensus on standards and protocols that provide the basis for TDA science and engineering.

3) Foster the development of software and online services in support of the diverse requirements unique to time domain use cases. This
could extend from the joint scheduling of observations all the way to time-series analysis tools, especially for irregularly and/or sparsely
sampled data.

4) Promote community infrastructure required in the time domain, for instance brokers to link transient alerts published by TDA surveys to
global spectroscopic and photometric follow-up by robotic and human-mediated telescopes, or assembling and centralizing relevant results
furnished by the digitizing of older photographic observations, VLBI images of AGN and stellar images for proper motion, which would
span much longer temporal baselines.

5) Facilitate efficient coordinated follow-up observations, for example through cooperative scheduling via an online clearinghouse of target
events, or for short latency alerts through dynamic coalition strategies.

6) Ensure that small astronomical communities (e.g. in developing countries) are aware of, and as far as possible are empowered to follow
up on, time domain science opportunities offered by large synoptic surveys and other TDA projects. Where appropriate this could be done
through contacts maintained by the IAU Office of Astronomy for Development.

7) Maintain an up-to-date documentation repository pertinent to all of the above.
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Rationale

Text:

Our case for an IAU Commission on ultraviolet (UV) astronomy is based on the fact that UV observations are crucial to fully understand
astrophysical processes in a wide range of celestial objects. While it is true that these objects can be detected in other domains and that UV
astronomy is expensive, because it requires access to space and the technologies for the optics and detectors are specialised. Astronomers
can only develop a complete understanding of the physics of a wide range of important processes through access to UV data. By pooling
the knowledge and resources of astronomers spanning a wide range of specialties we can make progress on necessary technologies and
learn skills that would otherwise develop in isolation.

Examples where the UV information is crucial span the whole range of astronomical endeavours. For planetary atmospheres (in the solar
system and beyond) UV emission is an important contributor to evaporation by photo-dissociation and is responsible for damage to the
biochemical structures necessary for a biological activity. The electronic transitions of the most abundant molecules are pumped by this UV
radiation, providing unique diagnostics of the planet-forming environment. Young stellar populations, especially the O and B stars dominate
the ecology of late type galaxies, like our own, through their luminosities, primarily in the UV, and mechanical output (e.g. winds,
supernova explosions, novae). The UV output of these stellar populations is a prime tracer of cosmological evolution. Likewise, to study
the evolution of matter over cosmic time, requires spectroscopy using the strongest (resonance) transitions of the most abundant species in
the Universe, most of which are in the UV.

The new Commission will promote all aspects of astronomy in the ultraviolet domain. It will deal with both technical aspects, such as the
development of new UV detectors, mirror coatings and filters for the UV, as well as with scientific aspects such as star formation, physics
of the interstellar and intergalactic gas, etc. These aspects were previously part of Commission 44 that equated Division XI, but the
restructuring of the divisional structure, with Division D dealing only with High Energies and Fundamental Physics, has left the ultraviolet
domain unsupported.

The topics mentioned above justify the formation of a Commission, and not of a Working Group. A WG is created to deal with a single and
specific issue whereas this proposed body will deal with a multitude of topics. We envisage that, after the approval of the formation as a
Commission, we will need to form Working Groups to deal with specific issues, as detailed below. We do not think that asking to belong to
more than one parent Division is justified, but we leave this to the judgment of the Proposal Recommendation Committee.

The interested community is made up of astronomers whose research topics touch the ultraviolet, of instrument builders and technologists
who deal with detectors, coatings, etc., and of theorists that work in related domains such as the early Universe, formation and evolution of
galaxies, etc. As an example, we point out the NUVA (Network for Ultraviolet Astronomy) created by European astronomers within the
ASTRONET program, that has more than 100 members. Although NUVA is a European organization with strong links to the European
community and ESA, with a focus on space missions, to date it has organized three international meetings with strong participation from
non-European countries (the US, Brazil, Russia, India, China, etc.). We envision an IAU Commission as a means to foster international
collaboration between organizations such as NUVA in each country and to tie together the international science with specific missions,
which may or not involve multiple space agencies. There are disparate groups, which together, within the framework of an IAU
Commission, would be able to catalyze new missions and models to advance UV science, a field that has contributed greatly to many areas
of science.

We envision that Working Groups will be formed with specific tasks under the aegis of the Commission to deal with specific technical
aspects such as high quantum efficiency array detectors, high reflectivity mirror coatings for the UV, high throughput filters for the UV, etc.
There is important work in each of these areas that is continuing but the links between the groups suffer from a lack of a formal framework
for collaborative discussion. In the science domain, we envisage WGs on star formation in the UV, Herbig-Haro objects, and UV
extensions of galaxies (e.g., UV disks). One specific WG will deal with education and outreach on UV astronomy.

Workplan for the next 6-9 years: Continuing from those meetings previously organized by NUVA (2007 in Spain, 2010 in St. Petersburg
and by NUVA+ESO+IAG [Brazil] in Garching in 2013) we plan to hold an international topical meeting every three years that would be
proposed to be an IAU Symposium but could be convened also in absence of IAU financial support. We will promote new UV missions
both via the triennial meetings and through specific publications (white papers) that would argue for the initiation of new UV space
missions and the development of ground-based or suborbital facilities that would enable extending the observed spectral range further into
the blue-UV. We will support efforts to capitalize on the trend for micro and nano-satellites (cubesats) to encourage work in UV space
astronomy while also arguing for the creation of large space facilities geared for the UV.
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Commission replaces existing Commission: Division B Commission 6 Astronomical Telegrams

Text:

Commission 6 has been in place since the beginning of the IAU as a
steering committee to assure and advise on the proper functioning and 
accountability of the Central Bureau for Astronomical Telegrams (CBAT) 
and to act as the official link between the CBAT and the IAU. The 
members of Commission 6 propose that the work of this commission and of 
the continue with constant development to best suit the evolving needs 
of the astronomical community. The CBAT has long been interdisciplinary 
and has some benefits from being so, with members of Commission 6 coming 
from throughout the IAU to help with their advice.

The CBAT, which has been an important part of the IAU since the IAU
was founded in 1920, continues to fulfill an essential dissemination 
function in the field of astronomy and astrophysics. The Central
Bureau has always been important in getting discovery information out
quickly and to a broad spectrum of the international astronomical
community -- not just to small, specialized segments of the community.
The CBAT crosses many interdisciplinary areas in astronomy and 
astrophysics, making available refereed reports and alerts that enable
observers to do follow-up or confirming observations that are of an urgent
nature over many observational wavelengths. It is imperative to
have a broad, non-specialized agency for giving out alerts of brighter,
readily visible objects that have urgency for observation with smaller
telescopes located in countries around the world -- not just for a
small set of observers and objects. Especially in this age of expanding
astronomical surveys with automated telescopes, there is an expressed
need for the more important and brighter objects to be singled out for
attention.

The Bureau serves the international astronomical community by providing 
official designations and names, helping to standardize such designations, 
reduce some of the chaos that is present outside of such standard 
procedures and provide stability. The work of Commission 6 and the CBAT 
contributes to asserting IAU's unique mission in the designating and naming
of celestial objects (and the respected source for discovery claims) -- 
perhaps the IAU's most visible role.

It has been suggested that the name "Telegrams" is outdated, even if it does
give an instant identity to the work of the CBAT (telegrams ceased being
used by the CBAT two decades ago, when it employed an online computer
service a decade before the World Wide Web, and the CBAT had one of the
first astronomical websites). We suggest that the IAU name be changed to 
"Discoveries and Alerts" or just "Alerts"; thus, Central Bureau for 
Astronomical Discoveries and Alerts (CBADA), and the Commission being named 
"Astronomical Discoveries and Alerts".

Long before the IAU existed, astronomers established the Central Bureau in 
1883 for promptly disseminating alerts about newly discovered objects or 
transient astronomical events, and it was only natural that the IAU adopted 
the CBAT officially in 1920 when the IAU was formed, as an important 
IAU-supported function for the community. The CBAT has always been one of 
the highest-profile parts of the IAU due to its publication of astronomical 
discoveries and follow-up information, as well as alerts on other transient 
or time-sensitive astronomical events. The CBAT is well known to the 



news media and educational institutions (noted in popular astronomy books 
and college textbooks), as well as online now, as a respected source for 
reporting new discoveries and follow-up observations of novae, supernovae, 
other interesting eruptive variable objects, comets, significant meteor 
showers and bursts, and providing occasional urgent announcements of 
occultations, near-earth approaches by objects, impacts on other objects
in the solar system, new names of solar-system satellites, etc. -- and this, 
in turn, gives good publicity to the IAU.

The refereed publications of the CBAT -- its IAU Circulars (IAUCs) and 
Central Bureau Electronic Telegrams (CBETs) -- are very much appreciated by 
the astronomical community and are heavily referenced, and their historical 
continuity can be viewed as a plus. Filtering out of false alarms has long
been noted as a hallmark of the CBAT, meaning that the community can trust
what is published by the Bureau. The passage from CBAT Director to 
Director from 1883 until now has been a continuous relay with successive
Directors passing on their experience, the advantage being the presence 
of a standard reporting of astronomical discoveries that maintains the 
respect of the community and transcends politics.

The CBAT has strived for 132 years since its inception in Kiel to be at the 
forefront of technology. Its Transient Objects Confirmation Page (TOCP) has 
been a great success over the past two IAU triennia since its deployment,
providing a way for registered users to post directly on the CBAT website 
discovery and follow-up information. Transient objects automatically receive 
preliminary IAU designations based on position and are communicated to 
VOEvent prior to later formal publication and designation. It is recognized 
that technology is rapidly advancing how communicationis made in all fields, 
including especially astronomy. The Bureau has had RSS feeds for several 
years that anyone can freely subscribe to, to obtain all CBETs as soon as 
they are published. The CBAT has worked across fields of astronomy to adapt
procedures and material for publication in standardized ways to aid observers 
in their work.

The CBAT regularly receives complements from astronomers around the world 
for hard work at refereeing reports competently and avoiding most of the 
politics that is unfortunately omni-present. The CBAT and Commission 6
often hear appreciation for the work of the CBAT because of politics that
goes on within specialized communities. There are some professional 
astronomers connected with large surveys who point out the large numbers 
of discoveries and say that discovery status is becoming irrelevant, but 
that view is not shared by many, and the many for whom discovery status 
is relevant should be respected. With increasing numbers of survey 
objects discovered now and in the years to come, it will be ever more 
important to separate the brighter (more easily observable) from the 
fainter objects observed by more specialized observers, and the CBAT 
serves that function for the community.

The IAU has received much good publicity over the years as a result of
the work of the CBAT and Commission 6. The interaction of the CBAT staff 
with astronomers internationally across many disciplines has helped to 
link the community, as well, and give good exposure to the general 
public. This is an area that the IAU could perhaps better benefit from, 
through more active support of the CBAT.

The CBAT fields thousands of emails each year with reports that need vetting. 
These are dealt with by experienced, knowledgeable staff members who 
understand a wide variety of astronomical discoveries and objects; they 
know how to bridge the gap between all of the groups involved, from 
professional astronomers to lay people. The CBAT has further been developing 
its Headlines webpage to have more links and explanations to individual 
reports, for the news media, teachers and students, and lay people to be 
able to understand the significance and context of astronomical discoveries.

Commission 6 and the CBAT staff is always open to advice and recommendations 
from members of the community to help individual areas that benefit from the
work of the CBAT. From correspondence that the CBAT receives directly from 
astronomers, it is understood that the work of the Bureau is very much 
appreciated and that the Bureau responds well to suggestions and requests 



for the types of information published.

The main area that needs attention is that of the paid subscriptions, which 
everybody would like to see disappear in favor of freely accessible 
publications. This was addressed already a decade ago, when IAUCs and CBETs 
were made available online with a delay of a year; this could be dropped 
immediately down to a month, or even less, if that would help matters. Paid 
subscriptions must be honored at this point until 2016 Jan. 1 (the point 
where current paid subscriptions will end, as refunds are not possible). 
It may be possible to find some way of paying for the Director's salary 
beyond that point with free subscriptions, though some additional IAU 
support would be appreciated if subscriptions are removed altogether.
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Rationale

Commission replaces existing Working Group: Division C Commission 41 WG Astronomy and World Heritage

Text:

1 Context

1.1 The recognition and protection of astronomical heritage has become an issue of a long-term concern within the IAU, and is one of
union-wide significance. Its level of importance has been recognised explicitly in the naming of Division C.

1.2 The Memorandum of Understanding (MoU) between UNESCO and the IAU, under which the IAU undertakes to help implement
UNESCO’s Astronomy and World Heritage Initiative (http://whc.unesco.org/en/astronomy), has been in place since 2008. It was renewed
on 30 April 2013 for a further 3-year period (see
http://www2.astronomicalheritage.net/images/astronomicalheritage.net/documents/UNESCO-IAU_MoU_2013.pdf). In his accompanying
speech, the Director of the World Heritage Centre, Dr Kishore Rao, opined explicitly that in future the MoU should be renewed for an
indefinite period.

1.3 ICOMOS, the body that advises UNESCO by evaluating cultural nominations to the World Heritage List, has invited the IAU to help
form a joint International Scientific Committee on Astronomical Heritage (ISCAH) that will oversee policy towards the recognition of
astronomical heritage. This should be in place by the time of the 2015 GA.

1.4 The other main strands of activity within Division C—education, outreach, and history—all have their own Commissions and it is
appropriate that heritage should be represented on the same level within the Division. The work of this new Commission needs to link to
and integrate with all three areas just mentioned but does not overlap with them: for example, the recognition and protection of heritage is
quite distinct from the academic study of the history of astronomy.

1.5 The Astronomy and World Heritage Working Group (AWHWG) was formed in 2008 to fulfil the IAU’s commitments under the MoU,
but thanks to what has been achieved to date, the IAU now has a much broader range of commitments relating to astronomical heritage,
including its work directly with ICOMOS, and (since a Directive of the World Heritage Committee issued in July 2012) the capacity to
work more directly with State Parties who are preparing nomination dossiers, as part of UNESCO’s “upstream processes”.

1.6 A revised “Statement of Working Methods and Formal Processes for the Implementation of Activities within the Framework of the
Memorandum of Understanding”, agreed between the IAU and UNESCO in September 2013, refers explicitly to structural reform within
the IAU, including the existence of a new Division on Education, Outreach and Heritage and the envisaged creation of new Commission
on Astronomical Heritage.

2 Proposed terms of reference

The proposed terms of reference of the Commission are

2.1 To help ensure that cultural properties and artefacts significant in the development of astronomy are duly studied, protected and
maintained, both for the greater benefit of humankind and to the potential benefit of future historical and scientific research. The range of
properties and objects in question includes ancient sites and monuments with demonstrable links to the sky (such as Stonehenge),
instruments of all ages, archives, historical observatories, technological sites relating to space exploration, and dark sky sites.

2.2 To fulfil the IAU’s commitments under the UNESCO–IAU Memorandum of Understanding — signed in 2008, renewed in 2010 and
2013, and now likely to be renewed indefinitely — to work together to implement UNESCO’s Astronomy and World Heritage Initiative
(http://whc.unesco.org/en/astronomy).

2.3 To work on behalf of the IAU with ICOMOS International, both through the Joint ICOMOS–IAU International Scientific Committee
on Astronomical Heritage (ISCAH), once this is formally established, and otherwise as appropriate, to help establish
(i) a common global vision on astronomical heritage, and
(ii) robust general principles for assessing the value of different types and categories of, scientific and technological heritage relating to
astronomy, whether or not they represent potential world heritage under the terms of the World Heritage Convention.

2.4 To work on behalf of the IAU, as appropriate, with States Parties and relevant organisations who are preparing, or considering
preparing, nomination dossiers relating to heritage properties with astronomical connections.

2.5 To work, as appropriate, with organisations seeking to encourage their national authorities to consider nominating particular



astronomical heritage sites to the World Heritage List.

2.6 To work, in conjunction with other Commissions within Division C, and with other Commissions and Working Groups within the IAU
as appropriate, to enhance public interest, understanding, and support in the field of astronomical heritage.

2.7 To liaise with other international and national bodies concerned with astronomical history and heritage, in so far as their interests and
activities impinge on the aforementioned aims, to help achieve these aims.

3 Working methods

3.1 The Commission will provide representatives as required for the Steering Group responsible for managing UNESCO’s Astronomy and
World Heritage Initiative on a strategic level. This group is composed of Focal Points officially designated by the State Parties (national
governments) and representatives of the organizations involved in the implementation of the initiative, as specified in the MoU. This
Steering Group is currently chaired by Clive Ruggles, as stipulated in a formal call from the World Heritage Centre to its State Parties and
advisory bodies (ref. CL/WHC-12/14/AWH/AS) dated July 2012.

3.2 The Commission will provide representatives as required for the Joint ICOMOS–IAU International Scientific Committee on
Astronomical Heritage (ISCAH).

3.3 The Commission will seek to provide “expert” advice and active encouragement to State Parties preparing World Heritage List
nominations relating to astronomy. It will aim to be represented at relevant “expert” meetings and working meetings organised by
UNESCO, its advisory bodies, and State Parties, as well as at conferences and World Heritage Committee sessions.

3.4 The Commission will provide advisory support for the Astronomical Heritage Web Portal (http://www.astronomicalheritage.org) that is
being used to disseminate information in accordance with MoU Article 2.1.3.

3.5 It is envisaged that Commission Working Groups would be created from time to time to advance particular projects, and in particular
projects whose goal would be the completion of specific World Heritage List nominations. For example, three such projects of current
interest are:
(i) The ‘Route of astronomical observatories’ project, which focuses on the possible serial (multi-site) nomination of a number of classical
observatories in European countries and their former colonies.
(ii) The ‘Odyssey of human creative genius’ project, which focuses on the technological heritage connected with space exploration.
(iii) The ‘Windows to the Universe’ project, which focuses on some of the world’s leading optical observatories and the preservation of
their dark skies. (Under the current structure, such a WG would likely be established jointly with C50.)
At present, we plan to create three WGs as soon as possible after the creation of the Commission, one relating to each of these projects.

3.6 In view of §3.5.(ii), we would seek to include on the Commission OC a representative of COSPAR, in consultation with Dr Jean-Louis
Fellous, its Executive Director, as was recommended by a Working Meeting attended by Thierry Montmerle and Clive Ruggles in Paris in
April 2013, following the MoU signing.
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Rationale:

- C46 has gone through a serious revision as a result of the establishment of the OAD, and corresponding transfer of activities of several
PGs to the OAD. Moreover, the fact that the new IAU structure has no PGs but Working Groups, provoked an internal revision,
introducing new topics. So C46 has gone through a serious process of ‘renovation’ and ‘innovation’.

- The OC adopted a new mission statement that clearly reflects the above, but also supports both the uniqueness of C46 and its place in the
IAU structure: ‘The commission seeks to further the development and improvement of scientific research into education and specifically
astronomical education at all levels throughout the world, through stimulating, gathering and exchanging scientific research in the field. This
research should address epistemological questions, as well as innovative teaching and learning processes appropriate to the needs of



astronomy education. The commission will further encourage and develop efforts to disseminate this information at all levels. It also strive
sfor inclusion in working to provide people with special educational needs or people with visual, hearing and / or motor disabilities, a
learning and participative space. “.

- C46 works on educational problems that support activities in the different Task Forces of the OAD.

- C46 realizes its mission through a thoroughly renewed structure with WGs such as Theory and Methods in Astronomy Education,
Network for Astronomy School Education, and Astronomy and Inclusion.

- C46 has aims that makes it distinct from other existing Commissions, in trying to make teachers better, trying to introduce astronomy
across disciplines, and in using demonstrations and research to show how astronomy can improve the scientific learning of the young.

Website: http://iaucomm46.frm.utn.edu.ar

Renewed structure of the Commission:

a. WG1 National Liaison on Astronomy Education and Newsletter
This WG monitors the half-yearly publication of the Commission’s online Newsletter (http://iaucomm46.frm.utn.edu.ar/newsletters/) and
keeps track of the national liaison officers (http://iaucomm46.frm.utn.edu.ar/national-contacts/)
b. WG2 Network for Astronomy School Education (NASE)
The main objective of NASE is to educate new generations of teachers and re-educate the current ones. NASE works with university
professors in order to train future teachers and cooperates with the departments of education in order to train experienced primary and
secondary school teachers. NASE created a basic course for training teachers aiming at:
1) teaching astronomy to teachers
2) teaching teachers how to teach astronomy.
At the same time, NASE works with university professors to introduce them to new methods of teaching astronomy.
c. WG3 Public Understanding at the Times of Solar Eclipses and Transits
This WG is directed by Jay M. Pasachoff, Chair of the IAU Working Group on Solar Eclipses, and provides the outreach information and
actions for solar eclipses.
d. WG Astronomy and Inclusion
This WG creates strategies, tools, resources to provide people with special educational needs or people with visual, hearing and / or motor
disabilities, a learning and participative space, accessible, interesting and educational, without neglecting the basics of scientific
dissemination, ensuring interaction in a playful context. The WG realizes its mission through an interdisciplinbary approach (astronomers,
educators and disability specialists) in developing new teaching and learning strategies. It generates resources and tools of high-impact
hierarchy in these minority populations which are usually away from astronomy, and creates a resource base of didactical approaches,
models and tools for all the audiences..
e. WG Theory and Methods in Astronomy Education

Was established to fulfill two needs:
1. The growing amount of emerging astronomy projects, stimulated by the existence of the OAD and its annual calls for projects (but also
many new initiatives outside this channel) require adequate research into educational tools, models, quality and impact evaluation.
2. The need to innovate and adapt teacher training, curricula, pedagogical methods to the fast changing knowledge base, the societal
changes and the corresponding changes in attitude of the young. Modern astronomy education can play an important role in it, if it is based
on underlying research in how to bring contemporary astronomy in an innovative competence building framework.
Hence, the discussion within the WG is about a theoretical transdisciplinary approximation to "how to teach contemporary astronomy" at
different levels.
Its goals are:
1. To develop a promotional strategy for enhancing astronomical educational research.
2. To identify the research needed for the design of strategies to teach modern astronomy.
3. To identify and indicate the most interesting and needed areas for such research.
4. To identify structures that can serve for research of education in contemporary astronomy (such as NASE and UNAWE).
5. To prepare the framework for a symposium or special session at the GA, or a symposium just after it .
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Text:

IAU Division C Commission 55, Communicating Astronomy with the Public, intends to propose that it survive the IAU’s Commission
Reform process and continue to play an active role in Union affairs within Division C, Education, Outreach, and Heritage. As noted on our
website, http://www.communicatingastronomy.org, C55 was founded on the principle that “it is the responsibility of every practising
astronomer to play some role in explaining the interest and value of science to our real employers, the taxpayers of the world.” While this
was true a decade ago, it is even more true today, when funding for the astronomical sciences (and science more generally) is under threat
on nearly every continent. Communicating astronomy with the public, often simply referred to as public outreach, is widely recognized as
critical to the success of our field, as the public and the government officials who allocate public funds for research will not support
astronomy if they don’t appreciate the importance of what astronomers do. Here we refer not only to the knowledge and understanding of
our Universe that results directly from astronomical research, but also to astronomers’ role in contributing to a scientifically literate society
and to spurring economic growth through scientific and technical innovation such as that involved in building large telescopes, sensitive
instruments, and space-based observatories.

We don’t really need to explain any of this to the IAU, which recently established its own Office for Astronomy Outreach (OAO) as well
as Task Force 3, Astronomy for the Public, within the IAU Office of Astronomy for Development (OAD). Not surprisingly, nearly all the
IAU members and others involved in both these efforts are active members of C55, which works in close partnership with the OAD and
OAO.

C55 is a think/do-tank that convenes the astronomy communication community and seeds initiatives to explore new ways to communicate
astronomy with the public. We focus on community initiatives and new trends and less on implementing projects, as that naturally falls
more to OAD TF3 and the OAO. C55 furthers the development and improvement of astronomy communication at all levels throughout the
world, through stimulating, gathering, and exchanging practices in the field.

Our mission, never more relevant than now, is:
- To encourage and enable a much larger fraction of the astronomical community to take an active role in explaining what we do (and why)
to our fellow citizens.
- To act as an international, impartial coordinating entity that furthers the recognition of outreach and public communication on all levels in
astronomy.
- To encourage international collaborations on outreach and public communication.
- To endorse standards, best practices, and requirements for public communication.

Much of the work of C55 is accomplished via our eight Working Groups. For example, the popular Communicating Astronomy with the
Public (CAP) Journal is managed by the CAP Journal WG. Our approximately biennial CAP Conferences (the last one in 2013, the next
one in 2016) are organized by our CAP Conference WG. See below for a complete list of C55 WGs. Some current WGs are nearing the
end of their usefulness, but most still have much important work to accomplish, and we anticipate that we will need to create some new
WGs to meet new challenges for the coming triennial periods (we are already discussing this within the C55 Organizing Committee). In any
case, because we have so many, and such diverse, WGs, it is clear that C55 should remain a Commission rather than become a single WG.
We could never accommodate the interests and energies of so many professional astronomers, amateur astronomers, science journalists,
public-information officers, planetarium producers, and others in a single WG, whereas with multiple WGs within a larger Commission, we
easily are able to match enthusiastic and willing volunteers to projects that further our mission.

Because a significant number of people involved in communicating astronomy with the public, including some of the most active and
visible communicators, are not professional research astronomers, it is critically important that C55 have Associates. By no means would
C55 be “overrun” by non-astronomers; on the contrary, most of the people who have joined C55 as Associates already are professional
astronomers who are qualified to become full IAU members but, for some reason, have simply never applied. Presumably many of them
will seek to upgrade their membership status in time for the next IAU General Assembly.

C55 played a major role in conceiving and implementing the activities conducted during the phenomenally successful International Year of
Astronomy 2009, and C55 is collaborating with the OAO and OAD TF3 to do the same for the International Year of Light 2015, for which
the IAU is coordinating the “Cosmic Light” cornerstone project (which is itself built, in part, on the backs of several IYA 2009
cornerstones).

Here is the current list of C55 Working Groups, including their chairs, missions, and deliverables.

*Communicating Astronomy with the Public Journal*
Chair: Georgia Bladon
Mission: To publish a free (to readers) peer-reviewed journal for astronomy communicators. The CAPjournal is a free peer-reviewed
journal for astronomy communicators, online and in print. While the principal task of an astronomer is to further our knowledge of the
Universe, disseminating this new information to a wider audience than the scientific community is becoming increasingly important. This is
the main task of public astronomy communication — to bring astronomy to society.
Deliverables: 3 issues of CAPjournal per year

*Communicating Astronomy with the Public conferences*
Chair: Sze-leung Cheung and Oana Sandu
Mission: To regularly convene producers of astronomical information, public information officers, and mediators worldwide for the
interchange of ideas and practices.
Deliverables: An international conference at least every 2 years (including sessions during IAU General Assemblies, where applicable).

*Washington Charter*



Chair: Dennis Crabtree
Mission: To promote the importance of astronomy outreach and communication by disseminating information about the Washington
Charter and to seek endorsements from funding agencies, observatory directors, department heads and deans, and other employers of
astronomers.
Deliverables: At least 10 new institutional and/or individual endorsements of the Washington Charter, and some follow-up with previous
endorsers to identify/address any problems that may have arisen.

*Outreach Professionalisation & Accreditation*
Chair: Rick Fienberg
Mission: To bring a sense of professionalism and professional respect to the field of astronomy communication, to advocate for our needs as
professional communicators, and to serve as a means for information sharing and networking.
Deliverables: A procedure to handle requests for IAU associate membership (presumably including several levels of accreditation) and
methods/standards/requirements for achieving accreditation.

*Public Outreach Information Management*
Chair: Pedro Russo
Mission: To act as a facilitator enabling the small outreach information management community to gather around a common technical
framework optimizing the synergy in the community.
Deliverables: Describe one possible standard for EPO content management systems.
Decide on standards for astronomy EPO products metadata.
Write a CAPj article. (Submissions will follow the standard procedure for accepting articles. Proposed articles should be discussed and
agreed with the Editor in Chief)
Bringing the major players in EPO information management together in an informal network.
Arrange the first workshop for this network.
Possibly incorporate Mohammad Heydari-Malayeri’s online dictionary into a C55 resource.

*New Media *
Chair: Pamela Gay
Mission: To create a professional astronomy culture that utilizes social media to disseminate science effectively.
Deliverables:
Review one social media channel and its effective use per CAPjournal.
Create and publish a map of which social media can be accessed where in the world (depending on the target audiences)
Publish success stories of efficient social media usage
Publish discussion on ways to use social media to create professional development experiences for people at underserved universities
(seminars in second life, Google hangouts)
Publish information about best practices in research dissemination on wikipages
Creating an IAU record of social media accounts of professional astronomers (as part of the already existing members' profile)
Astro Comm Journal Club?

*New Ways of Communicating Astronomy with the Public*
Chair: Mike Dalley
Mission: To facilitate sharing of diverse and effective new ways to communicate astronomy with the public, with a focus on creative
alternatives to press releases, public lectures, print and broadcast media, and other traditional ways of bringing astronomy to a wide
audience. The WG will serve as a clearinghouse and network for the worldwide community of astronomy communicators to engage the
public in distinctly new ways by thinking outside the box.
Deliverables: 
Creation of a New Ways of Communicating Astronomy with the Public Facebook page (or similar social networking engine) where
science communicators can join freely to exchange ideas and ask questions about new ways of communicating astronomy with diverse
audiences.
Engage in proactive efforts to inform astronomy communicators around the world of the existence and activities of the New Ways of
Communicating Astronomy with the Public WG, with the goal of creating a large and vibrant network of members. Ways to promote this
WG and its activities will include creating a new blog, promoting the activities of the WG at national and international conferences, and
organizing New Ways sessions as part of the future CAP meetings and/or as separate conferences outside of the CAP meetings.
Articles will be written regularly for the CAP Journal, Astronomy Education Review, and other similar journals, highlighting noteworthy
new methods and assessing their successes and failures. (Submissions will follow the standard procedure for accepting articles. Proposed
articles should be discussed and agreed with the Editor in Chief).

*Communicating Heliophysics*
Chair: Carine Briand
Mission: Promote the outreach activities of the heliophysics community and encourage our people to participate in the activities of C55.
Deliverables: One article/year on heliophysics outreach in CAPj (submissions will follow the standard procedure for accepting articles, and
proposed articles should be discussed and agreed with the Editor in Chief); attendance by at least one WG member at every CAP meeting;
possible/desirable: maintenance of a robust WG website with resources for heliophysics outreach.
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Rationale
Established in 1948, Commission 41 on History of Astronomy has been an active and influential unit of the Union . In view of its
impressive track record and future plans, benchmarked against the IAU Commission Reform Guidelines, it seeks renewal in the new
scheme of things. (In the following C41 is used as an abbreviation for the existing as well as proposed Commission.) Dedicated to
promoting rigorous and contextual studies in all aspects of the history of astronomy worldwide
,
C41 has been active at various levels: in its own sphere, in joint programs with other Commissions within IAU, and in collaboration with
non-IAU agencies,such as UNESCO or ICOMOS (International Council on Monuments and Sites).In the future also, C41 will serve as a
forum for discussions, debates, interaction and collaboration among members of the IAU, among astronomers in general, and all scholars
interested in systematic studies of various aspects of human interaction with their cosmic environment..

Justification 
As the IAU is an internationally respected body of professional astronomers, its support for the history of astronomy enhances the
credibility of this discipline in the eyes of science establishments of individual countries. Indeed, the IAU and the International Union of
History and Philosophy of Science (IUHPS http://iuhps.net/) have contributed significantly towards establishing history of astronomy (and
science) as science rather than history.

C41 presents IAU’s historical face to the outside world. In 2001, C41 officially became a joint Commission of the IAU and the IUHPS
under the name ICHA (Inter-Union Commission on History of Astronomy). All members of C41 are ipso facto members of ICHA, while
provision has been made for the admission of non-IAU members. ICHA receives grant-in-aid from IUHPS. Notably, the Organising
Committee of C41 serves ICHA as well.

Current membership
Geographically, C41 membership is well distributed. Its 366 members are drawn from 49 countries; 60% of C41 membership comes from
eight countries (USA, Australia, Germany, France, India, Korea, UK, and China), the remaining 40% of members represent as many as 41
countries, from Argentina and Armenia to
Uzbekistan, the Vatican and Vietnam.

Need for more than one parent Division
For closer interaction with practitioners of modern astronomy and astrophysics, it will be appropriate if C41,
while being primarily affiliated to Div. C, can be additionally affiliated to Div. E (Sun), Div. G (Stars), and Div. J (Cosmology). We have
so far not taken up the question with any Division.

Highlights of past and current activities
C41 brought out six newsletters during 1997-2000 and another twelve during 2001-2011. It maintains an active and detailed website (
http://www.historyofastronomy.org/). C41 has been engaged not only in scholarly studies by its members, but has also made its services
and expertise available to the IAU in general and the scientific and cultural world at large.

As Owen Gingerich, the then C41 President, explained, the 500th birth anniversary of Copernicus in 1973 provided an unprecedented
opportunity for the recognition of the history of astronomy as a serious discipline
’.
When archaeoastronomy was a newly emerging discipline, C41 organised a session on Megalithic Astronomy: Fact or Speculation ’ at the
1976 General Assembly ‘
which drew the largest number of members of other Commissions in more recent times, in 2005, through the efforts of C41, the `
Struve arc has been officially recognised as an outstanding part of World Cultural Heritage’
.At the 2003 Sydney General Assembly, the IAU approved a C41 resolution celebrating 2009 as the International Year of Astronomy in
commemoration of the 400th
anniversary of the first astronomical use of the telescope by Galileo.At the General Assemblies, C41 as a whole and its Working Groups



have been organising scientific meetings on their own and in collaboration with other Commissions. At the 2009 Rio de Janeiro General
Assembly, C41 organised a Special Session on ‘ Astronomy Education between Past and Future ’ (in collaboration with C46) and on
‘Accelerating the Rate of Astronomical Discovery’ (jointly with C5).
An initiative by C41 (through its Working Group on Historical Instruments) which was endorsed by C46 and C55 and Division XII, led to
a five-day International Conference on ‘Astronomy and its Instruments before and after Galileo ’, in Venice (September-October 2009)
jointly organised by INAF/Astronomical
Observatory (Padova) and the IAU.Similarly, C41 members organised, and participated in, the IAU Symposium 260 on ‘ The Role of
Astronomy in Society and Culture
’ at UNESCO Headquarters, Paris, in January 2009, just following the inauguration of the IYA2009. Likewise, the IAU Symposium 278
on ‘Archaeoastronomy and Ethnoastronomy: Building Bridges between Cultures ’, Lima, Peru, January 2011 was also driven and
organised by C41 members.The wide scope of C41 activities was obvious at the 2009 Beijing General Assembly, where the Commission
activities included sessions on Expeditions and Field Observations’; ‘Discovery and Classification in Astronomy ’; ‘Extended Case Studies
of Key Astronomical Heritage Sites; 'Conservation and Protection of Heritage ; ‘Historical Astronomical Instruments: Observatories and
Sites’;and Radio Source Counts and Cosmic Evolution’.

Members of C41 publish original research. An international peer-reviewed journal,Journal of Astronomical History and Heritage,was
founded in 1998 and is edited by a chair of ne of the C41 Working Groups. Many senior members of C41 in their individual capacity serve
on its editorial board. This is in addition to the well-
established Journal for the History of Astronomy, with nearly half a century-long history, where C41 members have acted, and still act, as
editor and advisory editors.

Working Groups
There are currently five working groups under C41: ‘Archives’, ‘Historical Instruments’, ‘Johannes Kepler'; Transits of Venus ’ and ‘
Astronomy and World Heritage
’.
A related working group is on ‘ Historic Radio Astronomy ’ which is placed under C40. We are supportive of its continuation. From
among the five C41
Working Groups (WGs), the one on ‘ Transits of Venus ’ was event-bound and can therefore be terminated. The other WGs have been
working well and need to be continued at least till 2019, the IAU centennial year.Although details will be provided in the Full Proposal,
some important points are summarised here.
Preserving, safeguarding and expanding the archives are essential tasks for carrying out and promoting research in history of astronomy.
Established in 1991, the WG on Archives is entrusted with this duty.An important ongoing project deals with the archival materials related
to the establishment of IAU in founder countries. The WG on
Historical Instruments was set up in 2000. Its recent work includes the design of a permanent exhibition at the Anhui Provincial Museum on
a group of astronomical instruments unearthed from the tomb of Marques Ruyin of the Han Dynasty in China (165 BCE), as well as a co-
operative effort with InFocusAsia in filming a documentary on the history of time measurement and keeping in ancient China.
The WG on Kepler is busy editing a volume titled ` Reading the Mind of God: Johannes Kepler and the Reform of Astronomy ’,
containing chapters by the world’s leading Kepler specialists.

The WG on Astronomy and World Heritage arose as a consequence of the creation of the Astronomy and World Heritage Initiative in 2004
by UNESCO’s World Heritage Centre. In October 2008, UNESCO signed a Memorandum of Understanding with the IAU, ‘ as a result of
which the IAU has become integrally involved in the process of advancing the initiative ’. The IAU in turn entrusted the responsibility of
fulfilling its obligations under the MoU to C41, which responded by setting up a Working Group on Astronomy and World Heritage.
Working with ICOMOS, this group produced the “ Thematic Study on the Heritage Sites of Astronomy ” in 2010, and helped create the
portal, which was launched publicly during the Beijing General Assembly. These four WGs should be supplemented with the creation of a
new one, which is mentioned in the next section.
Plan for the next 6-9 years
 C41 will prepare a time-bound plan to bring out research and review material commemorating the 
IAU’s 100 years in 2019; 
 Studies in history of astronomy outside of documentation will be encouraged. This would include 
materials of ancient astronomy from rock art to architecture, dance and songs, myths, etc. As 
mentioned above, C41 would like to constitute a Working Group focused on the closely related area 
of Cultural Astronomy, including the disciplines of Archaeoastronomy and Ethnoastronomy. At the 
same time, existing Working Groups will be given more momentum; 
 Special efforts will be made to persuade non-IAU historians of astronomy to post their results/news, 
events etc. on the C41 website; 
 In recent years, history of radio astronomy (which is a modern research area) was chosen as a focus 
area. Similarly, other modern areas will be identified for historical studies in collaboration with 
relevant Commissions; 
 Non-western countries will be encouraged to document their engagement with modern astronomy; 
 C41 will play a more active role in bringing out publications, both with a pure academic and an 
outreach approach; 
 More efforts will be made on building a database of historical astronomical observations and 
measurements in all cultures. This would include astronomical tables, star catalogues, star maps, 
images, records of celestial phenomena, etc;
 Astronomy is a symbol of the collectivity and continuity of humankind’s cultural heritage. For 
promoting astronomy worldwide, ‘scientific’ astronomy and ‘cultural’ astronomy need to be placed in 
a composite context. Post-Copernican astronomy itself needs to be repositioned in a more extended 
evolutionary sequence;



 C41 has always been a progressive, forward-looking entity. From its early-day focus on astronomers, 
observatories and instruments, it has effortlessly moved to address wider questions of human 
engagement with the cosmic environment. It is ready and well-equipped to meet challenges that will certainly arise in the years to come.
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Text:

We propose a new Commission on Gravitational Wave Astrophysics. There is a great need for a Commission in this highly active area of
astrophysics. The next ten years will see major steps forward in the search and detection of gravitational waves, as the field transitions from
one dominated by instrumentation development to one whose core is focused on astrophysics. LIGO and Virgo will begin operating their
advanced detectors with sensitivity by 2017 to detect NS binary mergers to 150 Mpc and by 2020 to 200 Mpc. The detection rate is
estimated to be tens of events per year. At the same time, the International Pulsar Timing Array will be observing a sufficient number of
millisecond pulsars with accurate enough timing observations to begin detecting binary supermassive black holes in very low frequency
gravitational waves. The LISA Pathfinder mission will launch in 2015 and demonstrate the drag-free control and laser interferometry
technologies needed for ESA’s planned eLISA mission, which will see gravitational waves from a host of galactic and extragalactic objects.

It is anticipated that a Commission on Gravitational Wave Astrophysics will be of wide interest in the IAU. There is great benefit in
observing gravitational-wave sources in all bands of the electromagnetic spectrum with ground and space telescopes, and already a number
of astronomers are preparing for joint observations with the various gravitational wave detectors. This Commission will provide a forum to
bring these diverse communities together to share their expertise and to plan for future observations and interactions.

Specific activities are as follows. We propose to organize an IAU Symposium during the first 3 years on the interrelation between
gravitational wave astrophysics and general astronomy. The Symposium will be organized by the Commission Organizing Committee.
Another activity will be to implement a commission web page where information will be shared among our communities on topics such as
meetings, news updates, job opportunities, science schools, instrument observing plans and proposal deadlines.

A goal of the Commission will be to expand the knowledge of gravitational wave astrophysics to the broader IAU community. This could
be achieved in part through the Symposium and in part through the commission webpage. Another goal will be to grow the membership of
the commission to 300 by the end of the first 3 years.

The sources of strong gravitational waves fall clearly in the realm of Division D: High Energy Phenomena and Fundamental Physics and
make it the natural parent division for this proposed Commission. Fruitful interactions are envisaged with Division A: Fundamental
Astronomy and Division J: Galaxies and cosmology on cosmological backgrounds and the formation of large structure.
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Text:

The physical processes that couple the growth of supermassive black holes (SMBH) to their host galaxies -- the so-called feedback
processes, are now necessary ingredients in galaxy evolution models, not only regulating the growth of the galaxies but also influencing
their environment. Observations of radio jets extending to hundred thousand kpc's, of their interaction with ambient gas producing X-ray,
optical and infrared emission, relic X-ray cavities observed in galaxy clusters, outflows observed in neutral, ionized and molecular gas, are
all observed manifestations of these feedback phenomena. Instruments including Gamma and X-ray satellites, the Hubble Space Telescope,
integral field spectrographs on 8-10m class telescopes and radio observations, including the Atacama Large Millimeter Array, have been
dedicating increasing fractions of their time to observe and characterize these phenomena and constrain the relevant physical mechanisms.
A coordinated multi-wavelength observational and combined theoretical effort is key to advance in this field. We thus propose to bring
together observers from across the electromagnetic spectrum with theorists to understand the interplay between the growth of supermassive
black holes and galaxy evolution, from the earliest epochs to the present day Universe. The very successful IAU symposium 313
"Extragalactic Jets from Every Angle" demonstrated the importance of the multi-wavelength coverage and coordinated theoretical and
observational efforts to address the broad range of questions related to jets, black holes, star formation, the galaxy intra-cluster medium and
their effects in galaxy evolution. The commission we propose would both continue the progress made to the present day (and sampled at the
IAU Symposium 313) and extend the discussion to directly address AGN and galaxy interactions at high redshifts. Detailed studies at high
redshift will be possible with future, more powerful observatories, both on the ground (notably E-ELT, GMT, and TMT in the optical and
infrared and JVLA, SKA, GMRT, LOFAR in the radio) as well as space missions (e.g., James Webb, WFIRST, Athena, ATLAST,
SMART-X).

As the relevant observations include observations and phenomena at high energy and cover topics of galaxy evolution and cosmology this
new commission would be relevant both to Division D (High Energy Phenomena and Fundamental Physics) and Division J (Galaxies and
Cosmology) bringing together observers from across the electromagnetic spectrum as well as theorists on these topics.

Why Cross-Division

The proposed commission would bring together experts from both IAU Divisions D and J to promote discussions by observers from all
wavelengths with theorists to better understand the impacts of supermassive black holes on the evolution of galaxies. Because the
commission will have strong interfaces with several sub-fields, for example, the high redshift Universe, central to Division J, and
mechanisms of AGN, central to Division D, it would be highly beneficial for coordination purposes for the Commission to be fully
integrated into both Divisions. The scientific program e.g., modeling supermassive black holes and modeling galaxy evolution combined
with understanding the effects of AGN on star formation and on the energy balance of the interstellar medium (e.g., hot, a few million
degrees in early type galaxies and cool in late type galaxies), requires equal participation and access to the expertise in and coordination by
both Divisions. The astronomers with the expertise to organize the intended discussion forums and symposia do not reside solely in one
IAU Division, but are members of either IAU Division D or J. Thus it is appropriate that the proposed commission be equally represented
ex-officio on the Steering Committees of each Parent Division, and that there be no "Primary Division".

Goals and planned activities for the next six years:

The goals of the proposed IAU Commission would be to promote the development of the field and foster interaction between observational
and theoretical astronomers working on all covered topics, providing a well-defined forum for discussion and dissemination of results. To
reach this goal, we propose the development and support of the following activities, most of which would begin in the first year of the
commission and continue through its duration:

-- Work as a forum for discussions about the best observational campaigns. Activity begins the first year and continues through duration of
commission;
-- Forum for discussion of particular objects or classes of objects to be observed along with needed multi-wavelength surveys. Activity
begins first year and continues through duration of commission;
-- Proposal and organization of meetings, especially IAU Symposia. We will encourage and support the submission of IAU Symposia
beginning the first year of the commission and continuing for its duration;
-- Forum of discussion about theory and simulations, supporting the dissemination of computing codes. We intend that our organizing
committee include theorists who are expert in simulations. In addition to a forum for discussion, in the first year of the commission, we will
form a small subcommittee to support the dissemination of available computing codes.
-- Planning and coordination of sessions at IAU General Assemblies would begin in the first year and continue throughout the duration of
the commission. 



-- Preparation of a quarterly newsletter to announce meeting deadlines, key science advances, opportunities for collaboration, observing
proposal deadlines. This activity would begin in the first year and continue throughout the duration of the commission.
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Text:

In recent years the study of supernovae (SNe) is undergoing an exponential expansion. The number of events discovered per year has
grown from tens to hundreds and now thousands, and with wide-field surveys already operating or under development, such as DES, ZTF
and LSST, these numbers will go up by orders of magnitude.

SN observations have also expanded, with traditional studies in visible light now regularly augmented by data across the electromagnetic
spectrum, from radio and mm-wave, through mid- and near-IR, optical and UV and up to X-rays and gamma-rays. Excitingly, SNe, which
already played a pioneering role as cosmic sources of neutrinos (SN 1987A) are also among the possible first sources for the new
generation of non-electromagnetic astronomy detectors, e.g., gravitational-wave telescopes or high-energy neutrino detectors.

This increase in SN discovery rate and methods of study has led to broadening and deepening of our knowledge of SNe. While Type Ia
SNe are still used as cosmological lighthouses, we are now facing an increased diversity in the known classes of SNe, including extreme
and exotic events such as super-luminous SNe and faint “gap transients” residing in the range of luminosity and timescale between standard
SNe and classical novae.

Faced by these developments, the SN research community, previously organized as a working group, identified three subjects that a new
proposed SN commission could undertake to help our community make additional progress. 
1. With the large number of new SNe detected each year, the way SNe are cataloged and designated needs to be revised, so that large
numbers of events could be assigned standard, community-wide SN names and rapidly reported to interested members. We set a goal for
the commission to propose a new, automated machinery to deal with astronomical transients (and SNe in particular) which will replace the
current manual name assignment system while maintaining the same high standards of fidelity. A specific focus will be on supplying timely
alerts to groups with well-defined interests (e.g., on very nearby events to high-energy or neutrino observers).
2. With many new SN classes identified in recent years, we intend to initiate a discussion about SN classification, and investigate whether a
new classification scheme (based on the current one, or differing from it) should be adopted. A minimal goal is to standardize the way
certain SN sub-classes are referred to in the literature.
3. With the explosion of digital data, we will work to further encourage and develop SN databases that will help preserve, share and
improve SN data, starting with existing databases and working to generalize and improve these.

We will continue to encourage connection between professional and amateur astronomers and the general public, e.g., in collaboration with
the proposed commission that will replace the current commission 6; we are coordinating this with Hitoshi Yamaoka, President of
Commission 6.

In several community gatherings in recent years these goals have been discussed and received general endorsement. We now intend to set
up the SN commission under division D to undertake these activities.
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Text:

Letter of intent for the continuation of IAU Commission 10 on Solar Activity

Please find below our Letter of Intent to propose the Continuation of IAU Commission 10 on Solar Activity.

Scientific Domain:
Commission 10 of the IAU, on Solar Activity, represents members studying a wide range of dynamic phenomena produced by our nearest
star, the Sun. Solar activity is intrinsically related to solar magnetic fields and encompasses events from the smallest energy releases (nano-
flares) to the largest eruptions in the Solar System, coronal mass ejections (CMEs), which propagate into the heliosphere reaching the Earth
and beyond. Solar activity is part and parcel of the magnetic cycle of the Sun, and thus is intrinsically linked to aspects of the solar dynamo.
Activity is manifested in the appearance of sunspot groups or active regions, which are the principal sources of activity phenomena, from
the emergence of their magnetic flux through to their dispersal and decay.

Perimeter of potentially interested community:
Commission 10 currently represents over 670 scientists, constituting a vigorously evolving field of research. Continued progress requires a
holistic and co-ordinated view of all aspects of solar magnetic activity, from the generation and amplification of the solar magnetic field by
the sub-photospheric dynamo to the eventual shedding of the free energy thus generated in heating, acceleration of the wind, flares and
coronal mass ejections. Thus our domain shares a boundary with interplanetary and heliospheric physics (including space weather/climate)
and with studies of the Sun as a (magnetically active) star. Our field is of interest to stellar physicists; we find a natural synergy in
considerations of solar and stellar activity and, increasingly, in questions of habitability in stellar systems. Commission 10 has been active in
meeting organization, proposing 6 adopted IAU Symposia in the last decade, and a number of Joint Discussions and Special Sessions.

Main Issues:
In the last two decades, the theory and observations relevant to solar magnetic activity have advanced in leaps and bounds, facilitated in
great part by the ability of our community to harness and combine multi-wavelength observations of a single object, on both global and
local scales, and to use these to motivate advanced modeling efforts. However, in common with night-time astronomy, even though we are
looking only at a single object the new instruments, missions and even computational facilities or projects are of such a scale that the
involvement from the international community is necessary, and necessitates buy-in from a wide-range of sub-disciplines united around a
common goal. Therefore, in addition to the scientific coherence of Commission 10, its overall organizational structure provides a means to
co-ordinate and synthesize international community interests and efforts, to help bring to fruition major facilities and theoretical efforts.

Main Questions:
The outstanding top-level science questions for our continuing Commission are:
a) How and where does the solar dynamo operate and how is its operation manifested in (particularly short-timescale) solar activity?
b) How is energy transported from the (sub-)photosphere into the high corona?
c) Where and how is magnetic free energy stored in the corona, and what triggers the release of this energy in the form of flares and CMEs?
d) What are the basic processes of the rapid conversion and dissipation of the energy stored in the magnetic field to other forms, under solar
conditions?

Answering these questions requires further development and implementation of various observational and theoretical techniques:
helioseismology (particularly local helioseismology) to determine the Sun’s interior structure on large and small scales; spectropolarimetry to
measure the dynamic magnetic field at all atmospheric levels; multi-wavelength imaging and spectroscopy at the highest available spatial
and temporal resolutions to capture the Sun's dynamic behavior; and large-scale fully 3D magnetohydrodynamic and kinetic simulations of
solar interior and atmospheric plasmas, and their linkages.

Links with existing working groups:
IAU C10 is already involved in the following Working Groups: 
-Inter-Division E-F WG Impact of Magnetic Activity on Solar and Stellar Environments
-Inter-Division E-G WG Solar-Type Stars

Proposals for new working groups:
The following Working Group topics, of interest to the Solar Activity community, cut across existing Commissions in Division E, and also
across Divisions:
-Solar-stellar flaring: analogies and differences 



-Developing data assimilation techniques for solar MHD experiments 
-Spectroscopy and spectro-polarimetry of non-equilibrium plasmas
-Effective co-ordination of targeted solar observations in the era of large telescopes
-Meta-data standards and access protocols for data archives

Goals for the next 6-9 years:

a) International coordination in observing, in developing new instrumentation, and in easing data sharing and data access.
b) Development of full-Sun magnetic views from photosphere into inner heliosphere based on, and in support of, SDO, STEREO, DKIST,
Solar Orbiter, and Solar Probe.
c) Interface between international agencies to communicate need for, and value of, new instrumentation and large-scale simulation activities.
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Text:

LETTER OF INTENT 
We intend to submit a proposal for IAU Commission:
"Solar Impact throughout the Heliosphere: Space Weather, Space Climate and Physical Processes"
Coordinated by IAU Division: E “Sun and Heliosphere”

The impacts of solar variability range from the Sun - Earth relevant processes on time scales of hours and days, to the solar cycle, to the
lifetime of the Sun. Solar variability also influences the extent of the heliosphere, the physical process at its boundaries and its interactions
with the surrounding interstellar medium. And solar variability shapes the boundaries of planets and solar system objects to the
interplanetary medium, e.g. to the solar wind and its other constituents. The proposed new commission will address these topics in view of
recent observational results and ongoing observations, present top-level science questions and matters that will benefit from coordination in
the community. A number of new working groups are presently under discussion and interested researchers are invited to join the
discussion on how to arrange the working groups and the work of the new commission in the coming years.

The joint analysis and co-ordination of in-situ and remote sensing measurements will be one of the major topics for the heliospheric
community in the coming years. Recent observation in the heliosphere were made with heliospheric missions like IBEX and STEREO. The
space missions Solar Orbiter and Solar Probe Plus will soon explore the vicinity of the Sun. The influence of solar variability on planets and
solar system objects is observed in magnetospheres and atmospheres of planets and comae of comets. They are at present target of space
missions like Cassini and Rosetta.

Heliospheric studies would hugely benefit from the development of high-performance computing to span the multi-scale processes, and
from open access to modeling data and tools. This is particularly important for our community now, since recent in-situ measurements
provide a basis for studies of multi-scale processes including microscopic processes that have consequences at large scales, e.g. shocks and
magnetic reconnections.

The impact of solar variability is especially important for space weather and space climate, topics that, in recent years, moved into the focus
of fundamental research, application oriented research and public service. Space weather addresses the immediate impact of its time-varying
environment on Earth. Space climate addresses the longer-term variation of the heliosphere on time scales of solar cycles or more. Both
fields are highly relevant for civilization on Earth, but also for astrophysical research, like on the evolution of habitable planets. The goal of
the commission is to support fundamental research on space weather and space climate and to point out its importance. Finally the Space
Weather topic bears the opportunity to demonstrate the importance of astronomical research for society.

The idea for this commission, with a scope spanning the impacts of solar variability throughout the heliosphere, develops out of the present
Commission 49. The addressed topics are complementary to those of the proposed extended Commission 10 on Solar Activity, which will
cover the origins of solar variability. While this new commission is planned within division E, the topics addressed here have a connection
to Division F, because of its relevance for the evolution of planets and small solar system objects and to Division H because of the similarity
of some phenomena in interstellar and interplanetary medium and because it addresses the interactions of the heliosphere with the
surrounding interstellar medium.

The outstanding top-level science questions for this Commission are:

a) How does the variable interplanetary medium containing solar wind, solar transients (i.e. CMEs) and their impacts, energetic particles
and cosmic dust influence the Earth and the extension of the heliosphere?
b) How do small-scale processes shape the heliosphere on large scale?
c) How do solar wind and other interplanetary medium components interact with planets and with other solar system objects?

The new working groups to be considered for this Commission are:
Solar Wind Interactions with Solar System Bodies (cross Division)
Aurora in Planetary Magnetospheres
HPC and Open Data / Virtual Observatories for Heliospheric Science (cross Division)
Communicating Heliophysics to Public & Raising Awareness of the Importance of Space Weather
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Text:

The IAU Commission “Solar Radiation and Structure” will cover observational and theoretical aspects of the “quiet” Sun radiation,
structure and variability. The primary goals are to investigate and understand the solar composition, the interior structure and dynamics, the
mechanism of the solar magnetic cycles, the structure and dynamics of the solar atmosphere, the physics of magnetic structures, the sources
of solar irradiance and long-term variability. The Commission topics also include synoptic observing programs, observational, data analysis
and modeling techniques, and coordination of international observing campaigns, space and ground-based observations.

Key topics:

1. The solar composition.
2. The internal structure and dynamics of the Sun.
3. Physics of solar oscillations, waves and helioseismology.
4. Solar radiation and its variability.
5. Solar magnetoconvection, dynamo and activity cycles. 
6. The structure and magnetohydrodynamics of the solar atmosphere.
7. The nature and structure of solar surface magnetic features (sunspots, faculae, the magnetic network and internetwork).
8. Long-term synoptic observations of the solar variability.
9. New observational and modeling techniques (high-precision photometry, spectroscopy, spectro-polarimetry, UV, X-ray, and radio
observations, numerical simulations, laboratory experiments)
10. Coordinated international programs, space and ground-based observations.

The range of scientific topics proposed for the Commission “Solar Radiation and Structure” is defined as “quiet-Sun” studies to distinguish
these from the impulsive solar activity, although there are close interconnections between these two major parts of heliophysics. The IAU
Commission with this title has successfully worked for many decades, organizing numerous Symposia, Special Sessions, Joint Discussions,
and Focused Meetings. E.g., since 2000 Commission 12 proposed and organised IAUS 203 (2000; with C10 and C49), IAUS 219 (2003),
JD 08 & JD 17 (2006), IAUS 264 & JD 11 (2009), IAUS 286 (2011), IAUS 294 & SpS 06 (2012), IAUS 305 (2014), and is organising
IAUS 320 and FM 13 in 2015. The commission has also coordinated international effort to maintain long-term synoptic observations. With
the rapid growth of modern observational facilities and development of new data analysis and modeling techniques the role of the
reorganized Commission will increase.

The recent years are marked by tremendous advances in solar observations from the ground and space. These advances include the
NASA’s Solar Dynamics Observatory for understanding basic mechanisms of the solar interior dynamics, magnetism, irradiance and
variability, the IRIS (Interface Region Imaging Spectrograph) mission for studying the energetics and dynamics of the solar atmosphere, the
PICARD (France) and SOLAR/ISS (ESO) missions for the simultaneous measurement of the absolute total and spectral solar irradiance, as
well as the previously launched space solar observatories: SOHO, STEREO, RHESSI, Hinode and SORCE which continue to operate.
Together with ground-based telescopes they provide unprecedented amount of multi-wavelength data for complex investigations of the
structure, dynamics and magnetism of the Sun from the deep interior to the atmosphere and corona. In addition, high-resolution spectro-
polarimetric observations of the Sun are obtained with the new-generation large telescopes equipped with adaptive optics: 1.6-m New Solar
Telescope (NST) and 1.5-m GREGOR telescope, and with state-of-the-art imaging spectro-polarimeters such as IBIS, CRISP, FIRS,
ROSA, ZIMPOL. The 1-m optical telescope on the balloon observatory SUNRISE has made two successful flights. The 4-m solar
telescope Daniel K. Inouye Solar Telescope (DKIST) is currenlty being built on Haleakala, with first light foreseen for 2019, and a similar
project for a 4-m European Solar Telescope (EST) is being developed.

At the same time, substantial progress has been made in developing data analysis, numerical simulations and modeling. This has led to the
development of 3D global-Sun MHD models that can reproduce the basic features of the solar convection, differential rotation, meridional
circulation, as well as the magnetic field generation by the turbulent dynamo. However, there are still significant discrepancies between
these models and helioseismic inferences, and still there is no robust model of the 22-year magnetic cycle, which could allow us to make
predictions of the future solar cycles. These global-Sun studies are supported by the long-term helioseismology, magnetic field and
irradiance observations, and are important for understanding the climate change. Also, substantial progress is achieved in the 3D radiative
MHD modeling of the solar magnetoconvection, emerging magnetic flux, sunspots and the atmospheric dynamics. These simulations have
provided first realistic models of the quiet surface magnetism, sunspots, spicules, ubiquitous plasma eruptions and waves in the solar
atmosphere. Such modeling coupled with high-resolution spectro-polarimetry has opened new perspectives for our understanding of the
small-scale processes and structures - the “building blocks” of the solar magnetism.

Among the most remarkable recent advances is the growing realisation that the global dynamics and variability of the Sun are coupled to
small-scale processes. Investigations of the multi-scale dynamical coupling of the “quiet”-Sun physics will determine the future progress in



our understanding of the basic mechanisms of the solar magnetism and variability. These investigations require international cooperation
and coordination among solar observers, modellers and theorists, as well as coordination of long-term synoptic observations and high-
resolution campaigns. The development of such cooperation and coordination is the primary goal of the proposed commission.

As mentioned above, obvious overlaps and prospects for collaboration exist with the Commission on "Solar Activity", which is being
proposed concurrently. As it has been in the past, the two Commissions will keep a close collaboration within the framework of Division E,
both to ensure exchange of relevant information and to avoid redundancy.

Finally, to facilitate the data exchange and development of new methodologies the following Working Groups will be proposed within the
Commission "Solar Radiation and Structure:
1. Coordination of Synoptic Observations (organizers A. Pevtsov, M. Bianda) 
2. Helioseismology (organizers Dean-Yi Chou, S. Jefferies, A. Kosovichev)
3. High resolution imaging and spectro-polarimetry (organizers G. Cauzzi, N. Schukina)
4. Solar irradiance (organizers G. Kopp, N. Krivova, A. Shapiro)
5. Numerical Simulations and Modeling (organizers A. Brandenburg, M. Miesch)
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Rationale

Commission replaces existing Commission: Division F Commission 51 Bio-Astronomy

Text:

History

Astrobiology, also called bioastronomy, is the study of the origin, evolution, and distribution of life in the universe. The International
Astronomical Union's Commission 51 was established in 1982 with the title of "Bioastronomy: Search for Extraterrestrial Life". As the
IAU’s main entity on research on the origin and distribution of life, this commission was renamed "Bioastronomy" in 2006. Commission 51
belongs to IAU Division F: Planetary Systems and Bioastronomy. As part of the reform of commission structures of the IAU, we propose
to continue this commission and rename it Astrobiology to be consistent with common current practice.

Research in Astrobiology encompasses: 
• the search for extant life, evidence of past life, and evidence of prebiotic chemistry on solar system bodies, including Mars, Europa, Titan
and Enceladus; 
• spectroscopic evidence of life, habitability, and/or biological activity on extra-solar planets; 
• the origin of the biogenic chemical elements and the search, observations, and analysis of biologically relevant molecules in the
circumstellar and interstellar media and in external galaxies;
• Study of biomolecules and organic solids in primitive solar system bodies such as comets, asteroids, interplanetary dust particles,
meteorites and planetary satellites; 
• the search for intelligent signals of extraterrestrial origin; 
• the study of the origin, early evolution, and environmental constraints for life on Earth; 
• the coordination of efforts in all these areas at the international level; and the establishment of collaborative programs with other
international scientific societies with related interests, such as the Nordic Network of Astrobiology, the Centro de Astrobiologia, the
Instituto de Astrobiologia Columbia, the Japan Astrobiology Network, as well as the European Astrobiology Network Association
(EANA), the NASA Astrobiology Institute, and the International Society for the Study of the Origin of Life.

The Commission has held regular conferences on the subject of astrobiology every 3 years since 1984. The past meetings are:

June 18-21, 1984 Boston, USA
June 22-27, 1987 Balaton, Hungary
June 18-23, 1990 Val Cenis, France
August 16-20, 1993 Santa Cruz, U.S.A.
July 1-5, 1996 Capri, Italy
August 2-6, 1999 Hawaii, U.S.A.
July 8-12, 2002 Hamilton Island, Australia
July 12-16, 2004 Reykjavik, Iceland
July 16-20, 2007, San Juan, Puerto Rico
In 2011 and 2014, we have held joint meetings with the International Society for the Study of the Origin of Life. These meetings were
called ORIGINS 2011 and ORIGINS 2014 and were held at 
July 3-8, 2011 Montpellier, France
July 6-11, 2014 Nara, Japan

Members of the Commission have contributed and edited the Encyclopedia of Astrobiology, whose second edition will be published by
Springer in 2015. This volume of 3000 entries will serve as a valuable resource and reference for researchers, teachers, and students.

Future plans

Astrobiology is an interdisciplinary subject. Our members come from a variety of backgrounds, including astronomy, biology, chemistry,
geology, planetary science, and history of science. We integrate results obtained from space missions to planets, planetary satellites, comets,
and asteroids with laboratory studies of meteorites, and remote astronomical spectroscopic observations of circumstellar and interstellar
molecules and solids, protoplanetary disks, and exoplanets. The purpose is to portray a coherent picture of the synthesis of basic ingredients
of life in stars, in the interstellar medium, and in the solar system (as well as other planetary systems), and to study the interrelationships
between these findings and the results from studying the early Earth to obtain an understanding of the origin of life and the possibility of life
elsewhere in the Universe.

To achieve the above goals, we plan to work closely with other commissions in Division F, including C15 (comets), C16 (planets and



satellites), C22 (meteorites and interplanetary dust), as well as C53 (extrasolar planets). We anticipate a complementary relationship with the
Working Group of Astrochemistry of Division H. Our commission will also serve as an interface between astronomy and other scientific
disciplines such as biology and earth sciences.

We expect this commission to continue to thrive as the results of many current and future missions to the Solar System bodies arrive and as
new ground-based facilities and instruments are developed. Given the pace of these developments, we plan to continue our tradition of
organizing one conference every 3 years. 

Our commission is also strongly involved in education and outreach programs. We remain one of the areas with the highest degree of public
interest. We expect to continue to have a strong presence in the public domain as an authority in answering public questions on the
implications of new findings from space missions and the existence of extraterrestrial life, as well as the debunking of pseudo-scientific
theories that often find their ways into the popular press. We will also place emphasis in the education by projecting a forward-looking and
exciting prospect of science to the next generation of scientists. In these aspects, we expect to have close collaborations with Division C
Education, Outreach, and Heritage.

The Commission maintains an active web site http://iau-c51.org/. This web site is our interface to our members as well as a window for the
general public. 
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Rationale

Commission replaces existing Commission: Division F Commission 22 Meteors, Meteorites & Interplanetary Dust

Text:

We propose to continue a commission "Meteors, Meteorites, and Interplanetary Dust", which is currently named Commission 22, one of the
most active commissions in Division F. The commission regulates nomenclature issues, meetings, and professional–amateur collaborations
in the fields that study meteors, meteorites and interplanetary dust particles. Debris from asteroids and comets and their interaction with
atmospheres and solid surfaces is studied by different techniques than astronomical observations of comets and asteroids and researchers
engaged in those studies through meteor observations, the laboratory analysis of meteorites and cosmic dust, and impacts on the moon and
satellite surfaces are a separate community from astronomers observing comets and asteroids. The field is an important part of the planetary
sciences, the study of small near Earth Objects and their impact hazard, and relevant to satellite operators and human spaceflight, as well as
various fields in atmospheric sciences.

In recent years, several events occurred that increased the awareness of meteor and meteorite studies. They include the large Chelyabinsk
meteor airburst in 2013, which caused widespread damage, the predicted impact of asteroid 2008 TC3 in Sudan, which produced
anomalous heterogeneous Almahata Sitta meteorites, the formation of Carancas impact crater in Peru in 2007, etc. Commission 22 members
played a role in coordinating the community in the analysis of these events. The president of Commission 22 visited the Chelyabinsk region
shortly after the event and assisted the Russian Academy of Sciences field expedition.

The newly proposed commission would continue the following activities:

1. Organization of the Meteoroids conference every 3 year. The conferences are held under the auspices of Commission 22. The
commission selects the organizer and nominates the Scientific Organizing Committee. Eight Meteoroid conferences have been already held
since 1992.

2. Maintaining the IAU Meteor Data Center. The center, currently located at http://www.astro.amu.edu.pl/~jopek/MDC2007/ maintains the
data on meteor orbits and trajectories and the list of meteor showers.

3. Creating scientific nomenclature related to meteor astronomy. This includes the nomenclature of meteor showers. We plan to maintain the
Working Group on Meteor Shower Nomenclature within the Commission.

4. Assisting local researchers in the study of small asteroid impact events such as Chelyabinsk and Carancas.

5. Co-organizing meteor related sessions in larger and more general conferences like URSI, AGU, or EGU.

6. Continue to encourage the collaboration between professional and amateur astronomers in the field of meteors and meteorite research.

We believe that the Commission has an important role to play within the astronomical community, as well as toward related fields in
atmospheric sciences, geology and geochemistry. Because of their public appeal, meteor showers and fireballs offer a big potential for
popularizing astronomy. The field is also expected to expand to new domains, e.g. due to space borne observations of meteors, individual
meteoroids, and observations of meteors on other planets. 
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Rationale

Commission replaces existing Commission: Division F Commission 15 Physical Study of Comets & Minor Planets

Text:

We propose a commission to be titled, Physical Studies of Small Solar System Bodies, under Division F that is in line with the long-
standing activities of IAU Commission 15. The proposed commission will have the responsibility for promoting scientific progress and
research achievements in the fields of comets, asteroids, trans-Neptunian objects, and dwarf planets in our Solar System and their
relationships to other fields of astronomy. These activities are interdisciplinary, including applications of different theoretical approaches,
making use of a variety of observing techniques and laboratory analyses, devoted to improving our understanding of the origin, evolution
and current physical properties of small bodies orbiting at very different heliocentric distances. The scientific community has invested
significant effort in past, on-going, and future spacecraft missions and ground-based observations in support of these goals. Recently it has
become increasingly evident that the differences between the small Solar System objects are much less sharp than previously believed.
Indeed, modern ground-based observations and space missions have shown that the snow line is not a simple demarcation between purely
icy bodies and dry asteroids. Comets contain silicates and bodies in the main belt have shown cometary activity. Ceres shows evidence of
water vapor jets and several binary asteroids have low bulk densities. Concomitantly, theoretical studies on dynamical evolution including
planets migration show various mixing scenarios during the formation of the Solar System that can bring water and other volatiles into the
inner regions. For all these reasons, comparative studies of these small bodies are increasingly important and timely. The commission goals
will be long-term/permanent.

Small bodies are believed to be the remnants - either fragments or “survivors”- of the swarm of planetesimals from which the planets
formed. As such they are primitive building blocks of the Solar System left over from formation processes that offer clues to the chemical
mixture from which the planets formed some 4.6 billion years ago. By investigating in detail the physical and chemical properties of
asteroids, comets, trans-Neptunian objects and dwarf planets, one can characterize the conditions and processes of the Solar System's
earliest epoch. This extends naturally also to some planetary satellites, which share, with small bodies and dwarf planets, similar properties
and/or formation history and to studies of extrasolar systems.

The current triennium (2012-2015) represents the golden years of space exploration of these Solar System objects thus our proposal is
timely. The efforts of many countries have resulted in the investment of billions of Euros in spacecraft missions to investigate small bodies.
Major observatories routinely allocate significant amounts of observing time and major support is committed to laboratory facilities to study
small bodies. Examples include the following:
• The ESA Rosetta Mission has reached comet 67P/Churyumov-Gerasimenko, will deposit the lander Philae in November 2014, and
remain in the close vicinity of the comet until the end of 2015. Not less than 20 instruments will study in depth one of the most primitive
objects of the Solar System.
• After its successful journey around asteroid Vesta in 2011, the NASA Dawn Mission will rendezvous with dwarf planet (1) Ceres in
Spring 2015.
• The Cassini Mission will continue exploration of the Saturnian system, performing three additional close flybys of Enceladus in 2015, and
offering opportunities to better understand its surprising activity.
• In July 2015, the New Horizons NASA Mission will flyby and study dwarf planet Pluto and its moons.
• The ESA Gaia Mission will undertake a comprehensive spectroscopic investigation of hundreds of thousands of asteroids and comets in
2014-2018, building on the goal of discovering and characterizing quantities of near-Earth objects ushered in by NASA NEOWISE
Program.
• Significant progress in the characterization of small Solar System bodies, dwarf planets, icy and irregular planetary satellites is expected
from Earth-based large surveys (e.g. Pan-STARRS), observations with large observing facilities (e.g., ALMA, Herschel, HST, and 10-m
class optical telescopes), the NEOWISE-R Mission, as well as from geochemical analysis of meteorites, micrometeorites, and interplanetary
dust particles.

During the next triennium (2015-2018) a key commission goal will be to foster discussions and provide forums concerning the results
obtained from the Rosetta, Dawn, New Horizons, Cassini-Huygens, and Gaia missions, as well as recent achievements obtained from other
space facilities, including context of past space missions, ground-based telescopes, and geochemical analyses. The discovery of active
Main-Belt bodies and the analysis of comet samples collected by the Stardust mission has made it increasingly evident that the differences
between Main-Belt primitive asteroids and comets are much less sharp than previously thought. Major progress in our understanding of the
asteroid-comet continuum is expected in the coming years, both from physical, chemical and dynamical analyses, as well as models of the
chaotic early Solar System. Rosetta will provide unprecedented information on the chemical and isotopic properties of the primitive material
trapped in cometary nuclei. In parallel, ALMA will unravel the chemistry of protoplanetary disks and star-forming regions, finally allowing
a quantitative comparison with the Solar System composition. The commission activities in the next triennium are timely to synthesize
analogies and differences between star-forming regions and solar nebula material, and better understanding of our astrochemical history.
New Horizons and Dawn will explore for the first time the poorly known Pluto-Charon system and Ceres respectively, thus completing the
spectra of characterized icy bodies from the Main Asteroid Belt to the Kuiper Belt. The Cassini-Huygens mission around Saturn has already



revealed a wide variety of icy objects, with different surface and interior characteristics, though originating from a very specific region in the
Solar System. Comparative studies between the dwarf planets and the icy moons of the giant planets will permit us to better understand why
bodies that formed from rather similar building blocks follow so different evolutionary paths and how their local environment affected their
long-term evolution. The commission will have the opportunity to facilitate the latest results gathered by these space missions and the
understanding the complex and rich evolution of the diverse icy bodies of the Solar System.

The small bodies scientific community has historically represented a very broad geographical distribution of researchers. Since the space
age, almost all space-faring nations have sent probes to small bodies (e.g., EU, USA, Russia, Japan). In addition, cursory searches of
publication databases (i.e. ADS) show the internationally diverse community engaged in small bodies research as well as the volume of
publications (e.g., 385 in refereed publications in the 15 months since GA 2012).

Creating and managing Working Groups will be integral to the function of the commission along with their deliverables. Justification details
for any proposed Working Groups will be given in the full proposal.

Although we are proposing a regular commission, our new commission will have strong synergies with several other commissions. Physical
studies of small bodies has important implications to their dynamics (Comm. 20 and 4 that will be regrouped into a new commission),
astrobiology (Comm. 51), meteors (Comm. 22), relationships with planetary moons (Comm. 16), extrasolar planetary systems (Comm. 53),
conditions of the solar nebula and connections to the ISM (Comm. 34), and commissions in Div. E (Sun and Heliosphere). This
demonstrates that our new commission will provide great service to the society and to the astronomical community at large.
The public is keenly aware of these small body investigations through educational and public outreach programs and has sustained interest.
The question of the formation of the Solar System has always sparked enthusiasm to the general public. The spectacular images taken by
the space missions will be a wonderful means to pique the interest of the public, especially children, our next generation of astronomers!

In the next triennium, the new commission will play the important role of fostering discussions by providing forums on small body topics
that connect the international community of astronomers and that are of long-lasting interest to Division F. Commission 15 has been
successful in hosting recent IAU Symposia (e.g., IAUS 263 Icy Bodies of the Solar System at GA 2009) and Focus Meetings (FM 9 –
Highlights in the Exploration of Small Worlds at GA 2015) and we expect this effort to continue. The commission will promote progress on
the physical and chemical properties of small Solar System bodies, their interrelations and evolutionary paths, combining observational,
experimental, and theoretical approaches, and providing a better understanding of the formation and evolution of our Solar System. Our
services will include scientific reports to the community and to highlight progress to the larger public audience concerning the spectacular
results of space missions to small bodies, icy satellites, and dwarf planets of the Solar System. 
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Rationale

Commission replaces existing Commission: Division F Commission 16 Physical Study of Planets & Satellites

Text:

The current Commission 16 deals with the physical studies of the planets in the Solar System and their natural satellites. This work includes
observational studies with telescopes on Earth and in space, and with spacecraft that fly by or orbit the planets. It also includes theoretical
studies of planets and satellites, and laboratory work that directly supports observational and theoretical investigations.

Scientists engaged in the study of the planets and their satellites come from many different disciplines. While this work was originally the
purview of traditional astronomers, the age of space exploration has attracted geologists, chemists, biologists, atmospheric physicists, and
other scientists to this field of study. As a result of several decades of multidisciplinary investigations, planets (and some of their satellites)
are now viewed as systems in which surfaces, interiors, atmospheres, oceans, and even biospheres are closely integrated. Many scientists
study the planets to gain insight into the nature of the Earth, its past and its future.

Commission 16 strives to bring together astronomers who study the physical properties of the planets and satellites to facilitate the exchange
of ideas in international conferences, the coordination international observing campaigns, and the consideration of various issues arising
from the rapid pace of the exploration of the Solar System by the nations of the world.

IAU Commission 16 currently has 315 members from the above communities. The commission would coordinate participation of the
planetary community in future IAU meetings. An organizing committee with 7 members is foreseen. [Note that due to low participation, it
may be advantageous to merge this with other planet-related commissions.]
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Rationale

Commission replaces existing Commission: Division F Commission 16 Physical Study of Planets & Satellites

Text:

We propose to merge Commission 16 (Physical Study of Planets and Satellites) and Commission 53 (Extrasolar Planets) to form a new
Commission dedicated to the physical study of planets and satellites, whether they are located in the solar system or other planetary systems.

The new Commission could potentially attain a size of about 650 members, although the intersection between 
the two existing Commissions is far from negligible.

Areas of expertise would include:
- the search and characterization of exoplanets and their satellites,
- the investigation of solar system planets and satellites,
- the modeling of planetary atmospheres and/or surfaces,
- laboratory work directly in support of such observational and theoretical investigations.

Work plan and milestones for the next 6 years would include:
- organization of Joint Discussions or Special Sessions at the next two General Assemblies,
- definition of scientific objectives, international programs, etc.
- setting up of potential Working Groups
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Rationale

Commission replaces existing Working Group: Division G WG Active B Stars

Text:

Need for Commission

The IAU Working Group on Active B Stars (WGABS), formerly WG on Be Stars, was established under Commission 29 at the 17th
General Assembly in Montreal, Canada, 1979, and has since been in continuous operation. The initial focus on classical Be stars was
changed to active (effectively meaning all non-degenerate) B stars at the 22nd General Assembly in The Hague, Netherlands in 1994 to
reflect the broader research interests of the membership. Since then, the WGABS has increasingly engaged in an activity level that is more
indicative for a Commission than for a WG, including a Newsletter publication beyond a simple abstract service, hosting meetings, and
supporting reviews.

The reform guidelines expect "Commissions ... to be more focussed", and in particular "work usefully and effectively together to achieve
specific goals, perform significant roles, or for some other particular purpose of interest to the community or to society." The WGABS feels
that this very well expresses the spirit of its current activities and future plans as presented below. We note that our administrative and
election procedures, as well as the WGABS IAU membership of about 130, distributed world-wide (with a potential doubling to tripling in
case of a Commission, see supporting material), are close to or already suit the requirements for a Commission. In turn, WGs in the new
structure are supposed to have "specific deliverables", i.e. are meant to be more task oriented and of narrower scope than the current
WGABS. Given the above and the increasing relevance of Active B Stars for the investigation of physical processes well beyond these
objects, as crossroads of many physical processes, the WGABS, currently a WG of IAU Division G, seeks elevation to Commission status.
Scientific Purpose

The study of active B stars provides important clues to the understanding of many stellar processes such as stellar rotation, pulsations,
winds, magnetic fields, and binarity. The circumstellar environments surrounding many of these stars offer a valuable probe that can not
only help understand the physics for these particular types of stars but can help provide greater understanding about disks and winds in
many other astrophysical phenomena.

Be stars, the original topic of the WGABS, are rapidly rotating stars, intermittently surrounded by a mass-loss (decretion) disk. Due to
apparent brightness and proximity such stars offer excellent test-beds for the study of disks, ubiquitous in astronomical objects. For instance,
the evolution (but not formation) of the disks is governed by viscosity. With current capabilities (see supporting material) the viscosity as a
function of gas temperature and irradiation from the central star can be studied, which will provide important input physics for the wider
astronomical community. Descriptive toy models, not only for the stellar environment but also for the stars themselves, have been
superseded by models into which we can incorporate more and more physics.

Rapidly rotating stars, of which Be stars are only one class among the active B stars, provide a unique opportunity to study the effects of
rotation on stellar evolution. The interplay between these processes, as a star's interior is spun up, is not completely understood, and these
stars offer a valuable probe. Also the evolutionary status of many active B stars that populate the upper main sequence is not well
understood, and evolutionary connections between these groups, for instance between Be, B[e] and other rapidly rotating B supergiants, are
ambiguous.

The magnetic B stars hold a unique position, being the only magnetic stars possessing rotationally supported (co-rotating) magnetosphere.
While in earlier stars the vigorous wind disrupts the closed field lines, magnetospheres in later type stars do not form due to the lack of
ionization of the circumstellar material. Observed densities are about two orders of magnitudes smaller than predicted by straightforward
MHD, pointing to a significant lack of understanding of this fundamental physics. It is among the B stars stars where the most rapidly
rotating (non-degenerate) magnetic stars are found, and again in the last decade has seen the advent of increasingly sophisticated physical
models.

Due to space driven advances in asteroseismology, interest in pulsating B stars has surged. The classes of beta Cephei and slowly pulsating
B stars (SPB) are well known, whether Be stars and newly detected early A-type pulsators form extensions of the SPBs is under
investigation. While pulsational excitation, non-radial mode selection, and amplitude growth is reasonably understood for slowly rotating B
stars, these questions are open for the fast rotators. Advances are expected from both the evolution of the computational technology as well
as from future and ongoing space missions. The possibility of investigating the stellar interior of rapid rotators by means of asteroseismology
will boost the understanding of stellar evolution for these stars.

Also B-type supergiants, visible over large distances and potential distance calibrators, re-gained scientific focus due to space based
photometry missions. The pulsations, not being long-term and coherent but nevertheless omnipresent, are expected to affect their stellar



wind. A firm confirmation would be, next to magnetic fields discussed above, the second observed mechanism of photosphere-wind
connection in early type stars.

About 60% of high mass X-ray binaries are Be/X-ray binaries, i.e. they contain an active B-type star with a compact companion, usually a
neutron star. Measurements of the disk inclination in Be/X-ray and gamma-ray binaries, made possible by insights gained from more nearby
Be stars, will improve constraints on the supernova kick velocity distribution. Ongoing collaborations are investigating the stellar/compact
companion interactions, identifying the mechanism for particle acceleration, and determining the nature of the compact companions. The
recent discovery of the first Be+black hole binary has opened a new dimension for research. These projects promote collaboration between
the active B star and high energy astrophysics communities.

The common theme of all these topics, apart from being defined through spectral type and activity, is that their stellar evolution is set apart
from both hotter and more massive main sequence objects (which will end as supernovae) and cooler and less massive objects (which
possess convective envelopes instead of convective cores) by rather sharp transitions. Equally important, the physical processes governing
the circumstellar environment are, of course, as well acting in other stars, but their relative importance in Active B Stars make these stars
uniquely suited to study these processes in detail.
Relation to other Commissions

The field of active B stars has numerous connections with fundamental physics and other stellar objects, and it is likely that both
Commission- and Inter-Commission WGs will be formed (see supporting material). With several of the suggested and existing WGs and
Commissions there would be a certain overlap, yet the field of active B stars, as defined above, is sufficiently distinct in terms both
observational efforts, in terms of physical phenomena, and theoretical and modeling approaches, to warrant the formation of an independent
Commission.
Work plan and Services to the Community

The current WG activities (see supporting material) serve as a baseline on which a future Commission would build and expand. Beyond the
sponsoring of IAU supported meetings, the WGABS has coordinated other meetings, supported the publication of two invited reviews, and
regularly submits scientific reports to the IAU. The WG's own publication, the Be Star Newsletter (since 1980) is undergoing a
transformation from a traditional page and volume based publication into a collaborative resource making use of modern information
technology. This includes, for instance, the hosting of conference video recordings to make the talks available to members of the
community who were not able to attend, and a forum to discuss current events and ongoing observational campaigns.

In the next few years, the Active B Star community plans to hold several meetings, one for which a Letter of Intent for an IAU Symposium
2016 in Brazil has already been submitted (titled "150 years of Emission Line Stars"). As well in 2016 a workshop themed "disk and
winds" is currently in the planning stages, and a focused B[e] workshop is being considered for 2017. We expect that beyond these three
also other conference organizers will make use of our offer to host video recordings of talks.

Several of the WGABS OC members are currently involved in proposals for concrete projects (like for a space-based UV-VIS
spectropolarimeter) and policy documents (like a whitebook on the "The future of Interferometry in Europe"), for which the input drafts
shall be circulated and discussed in the OC and possibly input requested from the community. This is a concrete example of community
involvement for the future.

The transformation and expansion of the Active B Star website will continue with the WGABS site becoming a hub to link research
activities in a meta-database for archive and similar data. This includes observational data archives, and as well amateur astronomers
contributions, and may include the development of a virtual observatory (VO) interface for observational and model data, for which a
funding proposal will soon be submitted.

Community Input and Supporting Material

This LoI will evolve into the proposal with input given by the IAU and the community. We invite all interested readers to submit ideas for
further activities, services to the community, and Working Group suggestions. See details under
http://activebstars.iag.usp.br/index.php/component/content/article/16-static/57-commission-proposal-supporting-material.
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Rationale

Commission replaces existing Commission: Division G Commission 42 Close Binary Stars

Text:

IAU Commission on Binary and Multiple Star Systems

Proposers: 
Andrej Prša, Villanova University - Proposed Commission President
Virginia Trimble, University of California Irvine - Proposed Commission Vice-President
Brian Mason, US Naval Observatory � - President, Commission 26
Mercedes Richards, Pennsylvania State University - President, Commission 42

Scientific Rationale:
We propose a new Commission to be entitled “Binary and Multiple Star Systems.” Such systems are clearly a vital part of stellar physics,
since single stars like our Sun are probably in the minority. The binaries and multiples also constitute an essential calibration of stellar
masses for all of stellar astronomy. This new Commission will reside in Division G: Stars and Stellar Physics.

The intention of this Commission is to encompass the full range of observational, theoretical, computational, and statistical studies of binary
and multiple star systems. Our objects can be identified and studied as multiple dots of light on the sky (visual systems); single dots that
move in periodic orbits (astrometric systems); periodically variable radial velocities (spectroscopic binaries); periodic variations in brightness
(eclipsing and elliptical binaries); discordant sets of lines from an apparently single source of light (spectrum binaries); and statistics of the
distributions of stars in HR diagrams of clusters.

Historically, these diverse methods identified systems with different orbital properties, such as periods, separations, etc. However, technical
advances such as the advent of adaptive optics, long baseline optical interferometry, and very high-resolution spectroscopy have meant that
an increasing number of binaries and multiples can be characterized by two or more methods. At the present time, a request for multiple
nights on a 10-m telescope to study binary stars would be ridiculed (at least in the USA), so one of the goals of the new Commission will be
to enhance the visibility of the science done in our field, to change the perception of the importance of our science in the broader context of
astronomy, and to maintain an active interest in the study of binary and multiple star systems.

A primary purpose of the proposed commission is to foster a worldwide communication and collaboration between astronomers working in
the field of binary and multiple stars. We plan to extend the science that was previously covered by Commission 26 (Double and Multiple
Stars) and Commission 42 (Close Binary Stars), which currently have over 700 IAU members altogether. It is also expected that we may
overlap with the territories of future Commissions concerned with stellar spectroscopy and radial velocity measurements, variable stars,
astrometry, and stellar structure and evolution. The Commission will also have interfaces with the galactic, extragalactic, and high energy
Divisions, Commissions, and Working Groups because the evolution of some kinds of binaries is essential in understanding galactic
chemical evolution and the physics of Type Ia supernovae (which are used for cosmological distance indicators). Moreover, at least two of
the methods for studying binary and multiple systems (radial velocities and brightness fluctuations) have been used to reveal companions
with masses corresponding to exoplanets and brown dwarfs. We recently hosted a joint IAU Symposium between close binary and
exoplanet researchers, and we plan to continue these interactions with the Division on Planetary Systems and Bioastronomy.

The new Commission will be tasked to organize and support international meetings, including IAU Symposia, and we hope to interact
fruitfully with other Commissions in these arenas, and in encouraging the creation of broad influential review articles. Expert opinions will
be solicited from the community regarding new directions for the development of the field, including observational tools and observing
strategies.

We will provide long-term service to the community by maintaining several catalogs in the tradition of Commissions 26 and 42, namely the
Spectroscopic Binary Catalog, the Visual Double Star Database, the Information Bulletin on Variable Stars, and the Bibliography of Close
Binaries, which are all important resources used by both amateur and professional astronomers. There is currently minimal overlap in the
content of these catalogs.

The Commission will also provide educational and public outreach services to the international community. Since regular monitoring of
eclipsing binaries with small telescopes is a traditional opportunity for students and amateur astronomers, we will play a useful role in the
increasingly important EPO activities of the IAU.

Initial Commission Leadership:
The four proposers include the proposed President and Vice-President of the new Commission and the current Presidents of Commission



26 and Commission 42. Purely by chance, all four are currently employed at institutions in the USA; alas, IAU membership is linked to
work location and not to country of origin. During the voting process, we will recruit additional members, particularly from developing
countries and those relatively new to IAU membership, to provide future members for the leadership of the Commission. Our origins in the
merger of Commissions 26 and 42 are reflected in the proposed initial membership of the governing Organizing Committee for the 2015-
2018 term (listed in alphabetical order):

Horst Drechsel - Germany
Patricia Lampens - Belgium 
Carla Maceroni - Italy
Bo Reipurth - USA 
John Southworth - United Kingdom 
Theo ten Brummelaar - USA
Andrei Tokovinin - Chile 
Shay Zucker - Israel 
Tomaz Zwitter - Slovenia

Working Groups:
The new Commission will be associated with two Functional Working Groups that are currently related to Commission 26: WG Catalog of
Orbital Elements of Spectroscopic Binary Systems and WG Maintenance of the Visual Double Star Database. The catalogs maintained by
these WGs represent unique international resources for the study of visual and spectroscopic binaries.

Commission Website:
We are planning a new website for the Commission that will incorporate the information currently posted on the websites for C26 and C42
(http://ad.usno.navy.mil/wds/dsl.html#iau and http://www.konkoly.hu/IAUC42/), using a template similar to the current C42 webpage. The
website will have a mission statement and terms of reference and also provide information on meetings, catalogs, and databases of relevance
for both amateurs and experts in the field, as well as for the entire astronomical community. The site will also provide a list of codes
dedicated to light curve and velocity curve analysis, model atmospheres calculations, spectral disentangling, calculation of synthetic spectra
of accretion structures in close binaries, as well as adaptive optics, image processing, and other modern optimization techniques which
employ state-of-the-art mathematical and statistical approaches that are essential to our research.
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Rationale

Commission replaces existing Commission: Division G Commission 29 Stellar Spectra

Text:

The only commission within the IAU that now treats spectroscopy is Commission 29, Stellar Spectra. Yet spectroscopy is central to all of
astrophysics, first of all, and also at least four of the current divisions of the IAU deal with studies of stars (E: Sun and Heliosphere; F:
Planetary Systems and Bioastronomy; G: Stars and Stellar Physics; H: Interstellar Medium and Local Universe). Of the remaining divisions,
most also apply spectroscopy actively (B: Facilities, Technologies, and Data Science; D: High-energy Phenomena and Fundamental
Physics; J: Galaxies and Cosmology).

This new commission is intended to support astronomical spectroscopy across all the subdisciplines of our science. Also, several of the
existing commissions and working groups are essentially aspects of spectroscopy, and so it is proposed to bring them together within this
new commission.

Goals of the new commission:

o Bring together practitioners of spectroscopy and its subfields to share information and experiences.
o Broaden the use and knowledge of spectroscopy as a quantitative tool for astrophysics worldwide.
o Improve communication between areas with shared interests, such as observers needing molecular data to analyze spectra in new
wavelength domains.
o Draft standards and procedures where possible and appropriate to help improve the quality and consistency of astronomical research done
using spectroscopy.
o Use the spectroscopic expertise within the commission to further the IAU’s goals in astronomy education, particularly for advanced
students.

Relation to existing commissions and working groups:

This new commission grows out of C29, Stellar Spectra. It is proposed to include additional existing commissions as working groups:
C30: Radial Velocities
C45: Stellar Classification

This new commission is also proposed to bring the following existing Working Groups into the Commission:
Astrophysically important spectral lines
Atomic data
Databases for comet spectroscopy
Molecular data
Radial velocity standard stars
Stellar radial velocity bibliography
Abundances in red giants

In addition, the following Working Groups are in closely related areas so that active communication is needed:
Archives
Astrochemistry
FITS
Infrared astronomy
Physical studies of comets
Active B stars
Ap and related stars
Future large-scale facilities
Solar-type stars

Working groups within the new commission:

The following are proposed as potential working groups within the new commission:
A: Radial velocities



B: Stellar classification
C: Spectroscopic instrumentation and facilities
D: Atomic and molecular data
E: Spectrum modeling and abundance determinations
F: Spectrum archiving
G: High-energy spectra
H: Extended-object spectroscopy (to include existing groups related to comets)
J: Spectroscopic surveys

Other working groups may be added, depending on community need.

Commission officers:

The following have current roles as officers in the commissions and working groups listed above:
Katia Cunha (Brazil), President of C29
David Soderblom (USA), Vice President of C29
Tomasz Zwitter (Slovenia), Vice President of C30
Richard Gray (USA), President of C45
Masatoshi Ohishi (Japan), WG on Astrophysically important spectral lines
Gillian Nave (USA), WG on Atomic data
Irakli Simonia (Georgia), WG on Databases for comet spectroscopy
Steven Federman (USA), WG on Molecular data
Gerard Jasniewicz (France), WG on Radial velocity standard stars
Hugo Levato (Argentina), WG on Stellar radial velocity bibliography
John Lattanzio (Australia), WG on Abundances in red giants

It is important that this new commission have officers with broad geographic and gender representation. We will solicit nominations from
the IAU’s membership, of course. In addition, the following are potential candidates:
Sofia Feltzing (Sweden)
Beatriz Barbuy (Brazil)
Anna Frebel (USA)
Francesca Matteucci (Italy)

Some additional candidates connected to specific technical areas are also needed.

Comments

The current C29, at ~500 members, is one of the largest commissions within the IAU, and the new commission structure is striving to avoid
that. In the new administrative structure, IAU members associate themselves with one or more divisions, mostly science related. In the
earlier scheme, IAU members joined commissions, and, since a significant fraction of astronomers practice spectroscopy, C29 became very
large. At the same time, C29 lacked some of the specific technical goals of other, more narrowly-focused commissions.

So why a Celestial Spectroscopy commission? Won’t it just become an overly large subgroup within the IAU? Not necessarily, because
this new commission is seen as having a broader coordinating role that intersects nearly all the divisions.

For example, the accurate and precise measurement of radial velocities is clearly undertaken using spectroscopic measurements. Yet to fully
understand what a radial velocity means one needs detailed knowledge of stellar atmospheres (in the case of stars) because spectrum
features are not precisely symmetric, and not all move at the same velocity because of where they are formed. As astrophysics advances into
new domains of precision the old distinctions between subdisciplines become hindrances, and there is a need to bring different expertise
together to make a whole greater than the sum of the parts.

As another example, technical advances enable spectra to be obtained in previously little studied wavelength regions (e.g., ALMA) or at
new, higher signal-to-noise levels. When that happens there is a great need for high quality atomic and molecular data to interpret those
spectra properly. Those capabilities (observational and laboratory) can exist continents apart with poor knowledge of each other, and a
coordinating body can help advance the science.

Thus the purpose of this new commission is not to necessarily enroll every spectroscopist in the IAU (although all would be welcome, of
course), it is to provide a point of convergence for everything spectroscopic, a critical part of astronomy.

Prospective actions:

To fulfill the broad goal of coordination, the new commission would help initiate proposals for two IAU symposia:
o “The future of celestial spectroscopy,” to discuss the scientific requirements for new generations of spectroscopic instrumentation, for
smaller telescopes and the new generation of ultra-large telescopes.

o “Problems in coordinating and calibrating large surveys,” to discuss how the many surveys now taking place or about to start can learn
from one another to produce a higher-quality whole. Large surveys tend too focus on themselves because there are ample problems to be
solved there with the limited resources available, yet there is a potential for external calibration that can make the data more astrophysically
useful.
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Rationale

Commission replaces existing Working Group: Division G WG Massive Stars

Text:

The massive stars community organized itself and created the Massive Stars Working Group (MSWG) in 1995, nearly 20 years ago. Since
then, it has been in operation without interruption, being re-appointed after each General Assembly. The MSWG contains over 400
members, with more than 100 senior IAU members. These facts already indicate that their activities and interests go beyond the goals and
limits of a Working Group.
The MSWG is very active in organizing, focussing and promoting massive star research. Every two months it publishes the Massive Stars
Newsletter, which includes the latest accepted papers, PhD theses, upcoming meetings and workshops and job offers, as well as any
information of interest for the community. Up to now, 142 Newsletters have been issued. For even faster information dissemination within
the community, the MSWG maintains a 24-hours announcement service. New submissions in the last 24 hours are distributed to interested
members upon subscription to this service.
One of the most important activities of the MSWG is the organization of regular meetings of broad interest to the whole massive star
community, most of them IAU Symposia, with an approximate frequency of 4-5 years. In addition, numerous IAU Symposia directly
related to massive stars have been organized in the intervening years. As recent examples, we may cite the IAUS 307 ("New windows on
massive stars", Geneva, June 2013), IAUS 279 ("Death of Massive Stars: Supernovae and GRBs", Nikko, 2012) or IAUS 272 ("Active
OB stars- structure, evolution, mass-loss and critical limits", Paris, 2010).
The activities of the MSWG are coordinated by the MSWG Organizing Committee (OC), elected by all members of the MSWG following
the IAU rules and by-laws of the WG. The OC reports on the group activities to the IAU every three years at the General Assembly. All
information concerning the MSWG (including by-laws, membership and Newsletter issues) can be found on the web page of the group
http://www.astroscu.unam.mx/massive_stars 
The MSWG started an internal discussion to become an IAU Commission some time ago. As a result, it was decided at the General
Assembly in Beijing that the MSWG would apply to become a Commission once the corresponding call for Commissions Reform would
have been issued by the IAU Executive Committee.
The MSWG activity fits smoothly into the expectations for new Commissions. In the announcements for Commissions Reform it is claimed
that new "Commissions are thus expected to be more focussed, in areas where IAU members voluntarily choose to work usefully and
effectively together to achieve specific goals, perform significant roles, or for some other particular purpose of interest to the community or
to society". We are convinced that this is the case of our MSWG.
Massive star research is centred on the stars themselves, but it offers a large number of links to other areas of Astrophysics. Massive stars
are very luminous and thus they can be studied individually at relatively large distances, even with the detail of high resolution
spectroscopy, spectropolarimetry or interferometry. When the spatial resolution becomes insufficient, they are the key agents behind
starbursts or giant HII regions. 
Massive stars span a wide range of physical parameters (masses, temperatures, energies...) and a large diversity of physical states, strongly
impacting on other fields such as star formation, stellar population synthesis, galactic chemical and dynamical evolution at different redshifts
or the re-ionization of the Universe, for which they have been proposed to be an active agent. From their birth to their death, massive stars
go through phases of luminous OB stars, Luminous Blue Variables and hypergiants, Red Supergiants, Wolf-Rayets, Supernovae, Gamma
Ray Bursts, neutron stars and black holes. The physics of these stars is complex, and thus stellar evolution and atmosphere models provide
strong links between observations and analyses of individual objects. In recent times, the roles of multiplicity and magnetic fields have been
added to those of rotation and stellar winds, thanks to modern spectroscopic, large scale surveys, that allow us to homogeneously study
large samples of massive stars and set constraints on their initial conditions and evolution. 
With the new instrumental facilities and the developments for the immediate future, like the 30-40m telescopes and their associated
instrumentation, the role of massive stars as tools to understand the nearby and far Universe will only increase, as will their role as central
objects at the crossroads of different astrophysical disciplines. Because of these broad topics, we feel that the proposed Commission should
be an Inter-Division Commission, hosted by Division G, but affiliated to Divisions H and J.
Turning the IAU MSWG into a Commission will benefit the whole astronomical community. It will offer a stable environment for
discussion of all areas in which massive stars are involved within the IAU. The recent developments in the field still require strong research
efforts for at least a decade, and the new avenues that will be opened by new telescopes and instruments will become a reality at the end of
that decade. This guarantees that massive stars will remain one of the main research focuses of the astronomical community for at least the
next two decades.
An IAU Commission would promote the development of the field and provide a well-defined forum for discussion and results
dissemination. As an IAU Commission we will also expand our present activities. Thus, for the next years following a possible



Commission status we will concentrate on the following tasks: 
(a) Maintain the Massive Stars Newsletter and the 24-hours service and promote its dissemination.
(b) Continue promoting international conferences and workshops. At least 3 IAU Symposia or similar level meetings should be held
between 2015 and 2025.
(c) Increase our efforts to strengthen our links with other research communities and make our results easily accessible to them. To this aim
we will promote the Massive Stars Newsletter among those communities, look for common meetings and develop web tools.
(d) Foster new ways of active participation in our community, particularly for young researchers, by regular consultation and web tools. We
expect also a large number of "Associates" for which these ways of participating will be of first importance.
(e) We will reinforce public outreach by means of open web pages and public talks and seminars. To this aim we will seek links with and
advices from the IAU Office for Astronomy Outreach and the National Outreach Contacts. 
We think that our proposal will be beneficial for the massive star researchers, the IAU and the astronomical community as a whole.
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Rationale

Commission replaces existing Commission: Division G Commission 27 Variable Stars

Text:

History: The proposed commission is based on the existing large and active Commission 27 “Variable Stars” (C27). With approximately
600 members, the commission has organised successful biennial IAU symposia, it provides web resources linking organisations active in
the field, and co-sponsors the Information Bulletin on Variable Stars. 
The existing commission has strong ties with a number of other commissions concerned with stellar astrophysics, including Commission 42
(Close binary stars), and with Working Groups on “Massive Stars and Supernovae”, “Active B-type stars”, and “Ap and related stars”. A
proposed inter-division working group on “Solar-like Stars” to involve researchers from Divisions G and E was discussed at the last GA in
Beijing.

Scientific Domain: The chief interest of the proposed commission will be the observation, modelling, and understanding of pulsating stars,
i.e. stars that vary in brightness due to global oscillations, either radial or non-radial. This interest encompasses many sub-areas including,
for example, observational techniques, variability surveys, classification and naming, interpretation and modelling, and using pulsating stars
for the detection of exoplanets, as probes of stellar clusters and the Galaxy, and as cosmological distance indicators. Together these topics
form the vibrant and increasingly precise science of asteroseismology, a science that demands many forms of input and much international
collaborative effort. Using multi-instrument, multi-wavelength and multi-methodology approaches to the study of similar, or related, objects
encourages collaborative and cross-discipline research.

The overall aim of the Commission will be to study the astrophysics of pulsating stars, employing the full range of methodologies and
theoretical and instrumental approaches at the disposal of the contemporary astronomer.

Need for a Commission: The study of variable stars has played a central role in astronomy for over 400 years, and more so in the present
than at any time in history. Of particular interest is the role of stellar pulsation as a key type of stellar variability, a fundamental tool of stellar
physics, and an increasingly important tool in fields from exoplanet science to cosmology. The importance and diversity of the subject in
terms of IAU activity as a whole requires a high-visibility “think-tank” to advise, co-ordinate and promote scientific activity in this area
within the IAU. Hence, the purpose and mission of the proposed Commission will be: 
to foster and enhance scientific activity and exchange by organising and/or supporting conferences, workshops and other activities which
are accessible to the diverse interests and wide geographic distribution of our members,
to promote progress by the publication of occasional reports (e.g. to the IAU), to support the work of the International Bulletin on Variable
Stars, to monitor the introduction and usage of nomenclature pertaining to pulsating stars, and otherwise develop our science,
to disseminate this and other information relating to Stellar Pulsation to the members of the Commission, to Division G and the entire IAU
community, 
to continue to work closely with Working Groups in relevant science areas, 
to involve IAU members in leadership, and
to continue to stimulate and support proposals for IAU symposia and other meetings.

Interested Community: The variable star community is one of the largest within the IAU; C27 currently comprises some 600 members. One
of the largest and most active research areas within C27 is the stellar pulsation community, whose (almost) biennial conferences on “Stellar
Pulsation” have been actively supported by C27 since 1971. Membership of the new commission would include astronomers active in both
observation and theory of pulsating stars of all types. These now range from the classical Cepheids and RR Lyrae stars to all corners of the
Hertzsprung- Russell diagram comprising, for instance, multiple classes on the main-sequence, the red-giant branches, the extreme
horizontal branch, and the white-dwarf sequences. Research interests would include areas of understanding the physics of stellar pulsations,
its impact on the structure and evolution of stars as well as inferences on stellar structures that can be drawn from it, and the use of
pulsations for detecting exoplanets, and as probes of stellar systems and galaxies.

Associated Working Groups: Working Groups currently associated with C27 include “Massive Stars and Supernovae”, “Active B-type
stars”, and “Ap and related stars”. We would expect to remain associated with these WGs if they continue after 2015, or with similar WGs
formed as a result of the restructuring. We would also expect to develop associations with commissions and working groups in the areas of
exoplanets, star clusters and galaxies or in any field where pulsations are important and useful.

Work plan and milestones for the next 6-9 years
1. Commencing in 2016, the commission shall promote a series of biennial IAU symposia on Stellar Pulsation. Following
CoRoT/Kepler/OGLE and the commencement of new wide-field synoptic surveys (such as K2, TESS, and Plato), as well as more
focussed efforts (such as the Stellar Oscillations Network Group), these conferences will continue to define progress in the field. We shall
also encourage other conferences designed to facilitate collaboration and communication, such as the Focus Meeting on “Advances in



Stellar Physics from Asteroseismology” at the IAU GA in 2015. 
2. We will develop a coherent body of information resources, primarily through links on the Commission web pages, to propagate to
scientists working in the field. 
3. We will support cross-divisional and cross-commission information exchange, discussion and research by recognising that our
understanding of physical processes in stars contributes significantly to related areas of astrophysical research, including, but not limited to:
the Sun as a star,
stars as hosts of planets and planetary systems,
stars as universal laboratories for fundamental astrophysics, 
stars as fundamental components of galaxies, 
stars as probes of chemical evolution of galaxies, 
stars as key distance indicators for the distance scale of the universe.

Website:
The current website for Commission 27 is http://www.konkoly.hu/IAUC27/
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Rationale

Commission replaces existing Commission: Division G Commission 35 Stellar Constitution

Text:

Rationale and Background: IAU Commission 35 has the name “Stellar Constitution”, reflecting its prime interest in understanding the
composition of stars. The single most fundamental driver of this topic is the structure and evolution of stars. Hence we propose to rename
the Commission “Stellar Evolution” reflecting the continuing changes in stellar structure that are commonly called the “evolution” of the
star. The Commission naturally belongs under Division G: Stars.
Commission 35 currently consists of about 400 members of the IAU whose research is mainly focused on theoretical and observational
stellar physics and its consequence for the understanding of the properties of stars, stellar populations and galaxies. A good knowledge of
the properties of stars is also required to progress both upward to larger scales, such as galaxies and clustering, and downwards to the
interstellar medium and atomic physics. The work of this Commission is therefore fundamental to most areas of astronomy.



Justification for Commission: Stellar evolution is at the heart of astronomy and astrophysics. It is the link between both larger and smaller
length-scales and larger and smaller mass-scales. Stars are fundamental to almost all astrophysics, be it the origin of interstellar grains, the
most energetic events in the Universe, or the structure of galaxies themselves. No aspect of stars can be considered independent of the birth,
death and evolution of the star. Clearly such a huge body of work and the innumerable implications and applications require a Commission
rather than a smaller organizational structure. Indeed, in many respects “stellar evolution” can be considered to be the major component of
Division G “Stars”.

Goals of the New Commission: The interests of the C35 community span many different aspects of both theoretical and observational
stellar physics. We do not propose to change this, as both aspects are crucial to a complete understanding of stars. The main goals of the
Commission are:
1) To promote both theoretical and observational studies of stars and stellar populations
2) To stimulate the interaction between theorists and observers to direct efforts to solving specific problems
3) To elucidate and promote nucleosynthesis and nuclear physics processes in stars
4) To understand the fundamental physics of stars that affects stellar evolution
5) To unite and improve communication between researchers in various fields related to stellar evolution (eg atomic physics, seismology,
hydrodynamics)

Some Specific Topics Included in the Commissions Brief: We propose that the new Commission take responsibility for organization of the
following specific discipline areas as they relate to stars:
• Stellar Models
• Input physics
• Nucleosynthesis
• Convection, Mixing and Hydrodynamical Processes in Stars, Mass Loss
• Relevant Numerical Techniques
• Binary Stellar Evolution, including novae, SNIa, XRB, GRB etc
• Final Stages of Stellar Evolution (SNe, WDs, Post-AGB, PN etc)
• Abundance Determination
• Asteroseismology 
• Stellar Populations (synthesis and observation)
Relation to Existing Commissions and Working Groups: The new Commission has grown from C35. It is very broad and includes many
different aspects (as outlined above). There are many existing Commissions and Working Groups that could be included, at least in part, or
who may have interactions and hence interest in this proposal. The main entities are:
• C14: Atomic and Molecular Data
• C25: Astronomical Photometry and Polarimetry
• C26: Double and Multiple Stars
• C27: Variable Stars
• C29: Stellar Spectra
• C36: Theory of Stellar Atmospheres
• C42: Close Binary Stars
• C44: Space and High Energy Astrophysics
• C45: Stellar Classification
• WG on Astrochemistry
• WG on Atomic Data
• WG on Catalogue of Orbital Elements of Spectroscopic Binary Systems
• WG on Molecular Data
• WG on Planetary Nebulae
• WG on Abundances in Red Giants
• WG on Active B Stars
• WG on Ap and Related Stars
• WG on Massive Stars
• WG on Solar-Type Stars

Work plan and Milestones: 
Clearly there are many fields of intense interest at present, including (but not limited to):
1) development of multi-dimensional hydrodynamical simulations and application to stellar models and evolution,
2) high precision solar and stellar models,
3) detailed nucleosynthesis,
4) applications of stellar seismology to determining the interior structure and evolution of stars across the HR diagram (as well as the Sun).
We believe that this section should be completed after a first iteration on the areas included within the new Commission on Stellar
Evolution.

Important Note:
For the purposes of this LoI, we have been inclusive of the areas that we believe naturally fit within our proposed new Commission.
However we can also see arguments for some of these to become separate Commissions in their own right – for example Binary and
Multiple Stars, Final Stages of Stellar Evolution and Stellar Remnants, Input Stellar Physics, and Astero-Seismology. For the moment, we
include these under our Commission, which is also a natural home for these research fields.

We feel that further details should be added only after there is more clarity concerning the new Commissions and their relation to existing
WGs and Division G.
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Text:

Rationale
—

Magnetic fields are a fundamental physical ingredient significantly influencing the structure, evolution and observable characteristics of stars
at all masses and at every single evolutionary phase: at the protostellar and pre-main sequence phases, on the main sequence, during post
main sequence phases, and ultimately during stellar death and in stellar remnants.

Magnetic fields influence stellar interior and atmospheric physics in many ways, including slowing of bulk rotation through magnetic
braking, modification of internal rotation profiles and redistribution of angular momentum and nucleosynthetic products, guiding chemical
diffusion, structuring and heating of outer layers, and driving and confinement of stellar winds.



Magnetism is a critical factor determining the physics of the formation of stars through ambipolar diffusion, the funnelling of accretion, and
launching of jets.

At advanced evolutionary stages, magnetic fields may shape episodic mass loss, producing aspherical nebulae.

Magnetic fields are also key determinants of the immediate stellar environments hosting exoplanets, through their shaping of astrospheres in
which those planets reside.

As a consequence, stellar magnetism is a fundamental ingredient in modern stellar structure and evolution theories seeking to understand
discrepancies between observations and predictions.

The past decade has witnessed extraordinary advances in our ability to observe, characterize and model stellar magnetism and its
consequences, thanks to the development of new generations of instruments of exquisite precision spanning the electromagnetic spectrum
from the radio through the optical to X-rays and gamma rays, and numerical models of extraordinary sophistication. The coming years will
see the introduction of a powerful new array of facilities relevant to stellar magnetism, from dedicated instruments, to large ground-based
observatories such as TMT/E-ELT, ALMA and SKA, to space initiatives such as PLATO, K2 and GAIA.

Considering the diverse and universal impact of stellar magnetism on the physics of stars, the clear scientific and societal importance of
major unsolved problems in the field (e.g. the solar dynamo, space weather), and the large, broad international community engaged in this
field, we propose the organization of a Commission on Stellar Magnetism with the aim of facilitating progress in understanding all aspects
of stellar magnetism and activity, and in particular to coordinate international efforts in this regard. We welcome all individuals interested in
pursuing the goals of the Commission.

The purpose of this LOI is to encourage input and support from the IAU membership, ultimately resulting in a full proposal with broad
community engagement.

Estimated scope and membership
—

The international Stellar Magnetism community can be roughly organized as follows:

• Cool, non degenerate stars, including T Tau stars, solar type stars, M dwarfs and ultra cool dwarfs, cool giants, supergiants, AGB stars,
etc.
• Hot, non degenerate stars, including magnetic Herbig Ae/Be stars, ApBp stars, magnetic OB stars, Vega-type stars
• White dwarfs, including cataclysmic variable stars and polars
• Neutron stars, including pulsars and magnetars

Based on participation in recent international conferences on these topics, we estimate that the potential international membership of the
Commission is 300-400 members.

Current activities of the community
—

The Stellar Magnetism community is highly international, as is reflected by the locations, organizing committees and participants of recent
Symposia and other conferences on this subject, for example:

IAUS 305: Polarimetry: The Sun to Stars and Stellar Environments, Punta Leone, Costa Rica, 2014
IAUS 307: New Windows on Massive Stars, Asteroseismology, Interferometry and Spectropolarimetry. Geneva, Switzerland, 2014
19th European White Dwarf Workshop, Montreal, Canada, 2014
COSPAR-14-E1.12: Highly magnetized neutron stars, Moscow, Russia, 2014
Cool Stars, Stellar Systems and the Sun, Flagstaff, USA, 2014
Origin and Evolution of Neutron Star magnetic fields, 2014, Bonn, Germany
IAUS 302: Magnetic fields throughout stellar evolution. Biarritz, France, 2013
Physics at the magnetospheric boundary, 2013, Geneva, Switzerland

In addition to organizing conferences, the community has had considerable success in organizing collaborations and consortia directed at
establishing critical masses needed to address particular scientific problems through e.g. Large Program observing requests (MiMeS, BoB,
Binamics, Matysse, BCool, etc.), or continuing brain-storming opportunities (MHD days, ThinkShops etc.) or joint continent-level network
proposals (COST, ERC, NSF/NASA etc.).

Scientific Purpose
—

The role of the Commissions is to organize the work of the IAU in specialized subsets of the fields of their parent Division(s), when the
corresponding activity is judged to be of considerable significance over times of a decade or more. We believe that Stellar Magnetism is a
field that is clearly in sustained long-term development and at a stage where the Union may play a significant role in promoting this
development at the international level.

Commissions serve IAU members by focussing on science areas smaller than a Division but larger than that of a Working Group (WG).
According to this description, the broad variety of sub-disciplines that fall within the scope of the Commission precludes WG status. While
particular tasks and foci of the Commission could potentially form Commission WG, to achieve the synergies potentially resulting from



relationship of the sub-communities requires that the Stellar Magnetism community be brought together under the broader umbrella of a
Commission.

The principal purpose of the Commission on Stellar Magnetism is to foster discussions and information forums on this topic, across the
various sub-disciplines, thereby connecting astronomers across the world. Specifically:

The Commission will promote progress in the field and provide services and expertise to the community. This will be accomplished through
scientific reports, both inside and outside of the IAU, and by the establishment and maintenance of connections with Commission and
Division WGs.

The Commission will:
• establish definitions and standards that fall within its purview and advise the IAU on these topics.
• assist Division G in managing WGs (see below).
• be open to providing opportunities for IAU members to gain experience in leadership, both within the IAU and within the community.
• be well-positioned to stimulate and support proposals for IAU Symposia and other meetings.

[Further input from the membership is welcome.]

Links to other Commissions and WGs
—

We are proposing a Commission associated with Division G. However, there are clear connections with other existing Division WGs:

Division G: Active B Stars WG, Ap and Related Stars WG, Massive Stars WG
Inter-division: Solar-type Stars WG, Impact of magnetic activity on Solar and Stellar Environments WG

There are also clear connections with Division E (Sun and Heliosphere), in particular with existing Commission 10: Solar Activity.

Although the proposed Commission is meant to focus on stars, we recognize the broad implications for "Cosmic magnetism" (e.g., solar
activity is a particular manifestation of stellar magnetism; accretion physics and launching of jets have implications for AGNs). It is
reasonable to expect that from time to time the Commission may broaden its activities to include feedback from this wider community. To
this end we recognize potential connections with other divisions, e.g. Division D, H and J.

Structure and work plan
—

As per the IAU bylaws, the activities of the Commission will be directed by an Organizing Committee of 4-8 members of the Commission,
headed by a Commission President and Vice-President. All members of the Organizing Committee are expected to be active in
administration of the Commission; the membership is to be consulted on all significant actions of the Commission. The Organizing
Committee will appoint a Commission Secretary to maintain the records of the membership and activities of the Commission in co-
operation with the Division Secretary and the IAU Secretariat. A commission website will be developed, and contact information for the
members of the Organizing Committee shall be maintained at the Commission web site.

During the next 5-10 years, the Commission will likely engage in the following activities:

- Organisation (or support of organization) of several conferences, including IAU Symposia. In particular, major topical Symposia
occurring in 2012-2014 (IAUS 294, 307) will need to be revisited during the period 2017-2019. Broader symposia touching on all
Commission sub-disciplines (similar to IAUS 302, 305), and possibly engaging the solar activity community, should be re-visited circa
2019. Meanwhile, the Commission will aid with the organization of smaller conferences and workshops associated with the sub-disciplines.

- Organisation of the next reviews of the field, following e.g. ARAA, A&AR, or Living Reviews articles.

- Development of a website hosting resources relevant to the membership, including:

- Codification of definitions, e.g. Stokes parameters, moments employed to define magnetic field components.
- Organisation and access to databases.
- Links to relevant community codes and models, e.g. MHD codes, polarisation/radiative transfer codes.

- Enhancement of communication with the community concerning nascent projects and modeling efforts, including new ground-based
facilities or space missions (e.g. the HIRES spectropolarimeter for the E-ELT, the PEPSI polarimeter for the 11.8m-LBT, Spirou for
CFHT, or the CRIRES upgrade for the VLT, UVMag/Arago space UV spectropolarimeter project, Gaia, JWST, Solar Orbiter, PLATO,
and many more ).

[Further input from the membership is welcome.]
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Rationale

Commission replaces existing Commission: Division G Commission 36 Theory of Stellar Atmospheres

Text:

We propose to reshape the original Commission 36, "Theory of Stellar Atmospheres", and to extend its scope beyond the stars to
atmospheres of substellar objects like Brown Dwarfs and extrasolar planets.

Our motivations are several:

- The study of stellar atmospheres provides an essential conceptual framework for the development of diagnostic tools that can be used in
the remote sensing analysis of electromagnetic radiation from all types of astronomical (and laboratory) sources. Virtually everything known
about remote cosmic objects is inferred by analysis of their emitted light. The methods developed for stellar atmospheres can be, and are
being, applied to other objects: H II regions, planetary nebulae, neutron stars, cataclysmic variables, active galactic nuclei, protostellar and
protoplanetary disks, to name a few. Radiation not only is an important diagnostic tool, but also is a crucial active ingredient in shaping
structure and instigating dynamics in a wide variety of astrophysical settings; as seen, for example, in radiation-driven models of hot stellar
winds of massive stars, in radiation-hydrodynamic (RHD) simulations of convective photospheres, or in accretion shocks at T Tauri and
other young stars.

- Most of the other historical Commissions have been devoted either to individual objects, such as Commission 16 "Physical Study of
Planets and Satellites," or to one particular aspect of a more general topic, such as Commission 29 "Stellar Spectra." We believe that it is
worthwhile to devote a commission to address fundamental methodology that underlies a broad range of contemporary astrophysics. For
example, a significant part of the work of members of the Commission on Stellar Spectra is based on computed atmospheres, comparing a
measured spectrum to one synthesized by an appropriate model extracted from a cataloged grid, such as that of Kurucz & Catelli, the
MARCS and PHOENIX NextGen model grids, or calculated on-the-fly with codes such as PHOENIX, CMFGEN, TLUSTY/SYNSPEC,
TMAP, PoWR, Detail/Surface and FASTWIND. Another example is recent abundance work performed on the Sun and other stars based
on the latest generation of time-dependent 3-D RHD simulations using the Stagger, MURaM, or CO5BOLD codes. However, the topic of
the very construction of models, including basic radiation, hydrodynamic and magnetic physics; collecting atomic data; developing or
constructively applying efficient numerical methods; and all the other ingredients that enter into the development of models, often is of no
immediate interest to those who use such models, and typically is beyond the scope of their own work.

- The recent rapid increasing sophistication of, for example, the 3-D RHD simulations mentioned earlier, extending now into MHD,
emphasizes that stellar atmospheres will continue to serve as a methodological guide for constructing analogous numerical descriptions of
other astronomical objects (whose observational and phenomenological aspects, as well as some theory applications, are covered by more
specialized Commissions). Examples include gaseous nebulae and H II regions; magnetospheres of highly-magnetized neutron stars
("magnetars"); and disk atmospheres of all varieties: cataclysmic binaries, active galactic nuclei, protoplanetary and protostellar systems. It
therefore makes sense to unite researchers working on providing such models, whose efforts encompass, or are useful to, multiple
Commissions. In this regard, it should be emphasized that modeling stellar (and analogous) atmospheres is not merely a numerical exercise,
but a prime motivation is to understand the physics and chemistry of such atmospheres, which in fact are unique laboratories that support
physical conditions difficult or impossible to achieve on Earth.

- Specifically, the topic of substellar atmospheres, including exoplanets, is particularly well-connected to contemporary work on normal
stellar atmospheres. This is documented by the fact that popular codes like PHOENIX and TLUSTY, originally developed for stellar
applications, have been successfully adapted to compute models of exoplanet and brown dwarf atmospheres. While there probably will be a
new Commission of Extrasolar Planets, mirroring current Commission 53, its work (and interests of the majority of its members) most likely
will focus on discovering exoplanets, characterizing their orbital dynamics and stability, internal structure, and evolution. It therefore seems
quite natural to extend the scope of the present Commission on Stellar Atmospheres to Stellar and Planetary Atmospheres, because
investigating atmospheres of substellar objects all the way down to exoplanets is much closer to the stellar counterparts than to any other
aspect of, especially, exoplanetary studies.

- Most importantly, while current studies of our Solar System's planets are based more and more on in situ measurements, the stellar
atmosphere approach emphasizes remote-sensing. This aspect obviously becomes unavoidable for studying exoplanetary atmospheres. In
turn, remote sensing is most successful when supported by sophisticated models, which themselves benefit from powerful and efficient
numerical techniques.

- The atmospheric dynamics processes that operate on exoplanets and brown dwarfs share similarities with processes occurring both in



Solar System planets and in stellar atmospheres. Convective heat transport, atmospheric wave generation, various types of fluid-dynamical
instabilities at large and small scales, and turbulence occur ubiquitously in both planetary atmospheres and stellar atmospheres. Thus, there
is strong merit in cross-disciplinary efforts to increase communication between the stellar and planetary communities, as significant parallel
work is being done in both fields, with (at present) limited communication between the fields to share ideas and results. This is also true in
the area of numerical methods and code development. Computational codes used to solve the 3D hydro equations for exoplanets have been
adapted both from the planetary and stellar communities; further interaction of practitioners in these fields would be of great benefit for
future developments in exoplanets, and may lead to other, synergistic benefits across the breadth of stellar and planetary atmospheres.

In short, we believe that a fruitful interaction between the stellar and planetary communities, with connections to other areas where the
stellar modeling paradigm can be applied, will be mutually beneficial. In our view, a new inter-divisional IAU Commission on Stellar and
Planetary Atmospheres (under Divisions G "Stars and Stellar Physics" and Division F "Planetary Systems and Bioastronomy") would be
an essential mechanism to enable, and foster, such a broad continuing collaboration.

To promote these objectives worldwide, the new Commission will engage in a number of activities, including the following:

- We will initiate and support international conferences and workshops (whenever possible, under the auspices of the IAU) within the field
of stellar and planetary atmospheres, and actively promote participation of experts from both, stellar and planetary, communities.

- We will strongly support a communication between developers and users of the individual modeling codes by establishing links and web-
based instructions to available codes. We will also set up a master web page dedicated to the pros and cons of the different codes, so that the
users can more easily assess a suitability of a particular code to their own purposes.

- Analogously, we will provide a web page containing links to the available model grids.

- We will promote initiatives for comprehensive code comparisons.

- Moreover, we will enforce public outreach, by means of web-pages dedicated to the stellar and planetary atmospheres research and public
talks (during conferences and separately).





Submission of a Proposal for a Commission: Letter of Intent
Proposed Commission

Name of the Commission: Astrochemistry

Temporary Commission code: NC-22

Proposer details

Name: 
Thomas J. Millar
Institute:
School of Maths-Physics
Queen's Univ Belfast
Postal Address:
13 Stranmillis Rd
BT9 5FS Belfast
United Kingdom
Email:
Tom.Millar@qub.ac.uk
Telephone:
+44 

Commission Category

Regular Commission

Parent Division: Division H Interstellar Matter and Local Universe

Co-Proposers

First Co-Proposer

First Name: Satoshi

Last Name: Yamamoto

Institute: University of Tokyo

City: Toko

Country: Japan

Email: yamamoto@taurus.phys.s.u-tokyo.ac.jp

Second Co-Proposer

First Name: Paola

Last Name: Caselli

Institute: Max-Planck-Institut fuer Extraterrestrische Physik

City: Munich

Country: Germany

Email: caselli@mpe.mpg.de

Rationale



Commission replaces existing Working Group: Division H Commission 34 WG Astrochemistry

Text:

Astrochemistry, or molecular astrophysics, is the study of molecules in space, one of the most rapidly growing areas of astronomy in the last
two decades with applications in a wide range of astronomical environments from planetary atmospheres and comets in the Solar System to
distant starburst galaxies at redshifts greater than 6. Molecules are unique probes of these many environments giving information on density,
temperature, dynamics and magnetic fields. In addition, molecular compositions of various astronomical sources tell us history of matter in
the Universe, and provide us with crucial information on the origin of the Solar system.

Observations of absorption and emission lines from molecules are being used currently to study interstellar gas in diffuse and dense
interstellar clouds, protostellar objects, maser and star-forming regions, protoplanetary disks, the envelopes of evolved stars and planetary
nebulae, and exo-planetary atmospheres. In addition to observations of our Milky Way, molecules and solid-state features are routinely
detected in the interstellar medium of external galaxies ranging from our nearest neighbours, the Magellanic Clouds, to distant starburst
galaxies observed at times only 10% of the age of the universe. Indeed molecules play an important role in the early universe where the
cooling they provide is critical to the formation of the first stars and galaxies. Molecules are also key probes of galactic assembly processes,
e.g., mergers vs. smooth accretion, and molecular gas provides the fuel for star formation and black hole activity. The role of molecules in
astronomy has grown to such an extent that it is no longer an exaggeration to refer to a sizeable portion of the universe as ‘The Molecular
Universe’.

For chemists, the synthesis of molecules from simple atoms to more complex species is a topic of increasing interest with the distant goal of
learning about pre-biotic chemistry through studies of cometary samples and meteorites as well as the protoplanetary disks that are the
precursors of planets. More generally, the chemical processes at work in astronomy are of intrinsic interest because the interstellar medium
provides an extreme environment that is not readily simulated on Earth. Thus, astrochemistry attracts scientists from a number of different
disciplines such as chemistry and planetary science. It directly connects with new fields such as astrobiology and the study of exoplanets
and their atmospheres. Because of this broad perspective, astrochemistry is a rich and vibrant field, with many adherents throughout the
world and the potential for huge growth as new and more powerful telescopes search for molecules. Collaboration among scientists from
several countries is now commonplace and large-scale international cooperation occurs in the construction of expensive telescopes, such as
the Herschel Space Observatory and the Atacama Large Millimeter Array, for which the initial scientific cases were largely driven by
astrochemists.

Astrochemistry has a Working Group in the IAU Division VI (new Division H), Commission 34 (Interstellar Matter). The WG currently
consists of 12 members drawn from 10 countries and represent disciplines from laboratory astrophysics to chemical kinetic modeling to
observational astronomy. We envisage that the WG may be augmented by, at most, 2-3 associate members who will cover topics in
chemical physics of importance in astronomy but which is lacking amongst the WG members. 
The WG aims to foster interest in the subject and ensuring that appropriate international meetings are held under the auspices of the IAU.
So far, five large and successful IAU-sponsored meetings have been held, roughly every 5-6 years: IAU Symposium 120, in Goa, India
1985 on “Astrochemistry”; IAU Symposium 150 on “Astrochemistry of Cosmic Phenomena” in Brazil 1991; attended by 120 scientists
from 19 countries; IAU Symposium 178, “Molecules in Astrophysics: Probes and Processes” in Leiden, The Netherlands 1996, with 231
participants from 27 countries; IAU Symposium 197 “Astrochemistry: From Molecular Clouds to Planetary Systems” in Sogwipo, Korea
1999, attended by 262 participants from 25 countries; IAU Symposium 231 “Astrochemistry: Recent Successes and Current Challenges” in
Asilomar, USA in 2005 with 300 participants from 26 countries, and IAU Symposium 280 “The Molecular Universe” in Toledo in May
2011 which had 440 registered participants, limited by logistics, from 31 countries with over 500 people pre-registered. Worldwide, the
number of practitioners of astrochemistry is expected to be at least double this number. The activity and growth of the field is further
illustrated by a number of other international meetings and workshops around the world, including numerous meetings having to do with
planning for the Herschel and ALMA telescopes, as well as dedicated networks on astrochemistry on a regional and continental basis. The
purpose of the IAU symposia has been to ensure that the many aspects of astrochemistry are reviewed, and that the entire community (both
astronomers and chemists/physicists) is brought together. To this end, an important development has been the creation of the Astrochemistry
Sub-division of the American Chemical Society which organises sessions on the subject at each, bi-annual meetings of the ACS, thereby
widening the field to a very large range of physical chemists. The WG will work closely with the officers of this sub-division to ensure the
topicality of these regular meetings.
Based on the growth of the field, the sustained activity of the working group for over 20 years, and exciting future prospects, we propose to
elevate Astrochemistry to a proper commission under Division H. Among the activities that can be enhanced as a full-fledged commission
over the next 6-9 years are the following:
1 Advertising the role of astrochemistry and its multiple uses in astronomy, so that all astronomers, young and old, can develop a proper
appreciation of what molecules can teach them about the sources they study; this would be done through continued IAU symposia, co-
sponsoring symposia of related commissions and working groups, and expanding the web site of the commission.
2 Emphasizing the large amount of new molecular data coming and to come from the new generation of telescopes such as Herschel,
eVLA, SOFIA, ALMA, and JWST; this would be accomplished by ensuring links to relevant data products on the IAU commission
website.
3 Attempting to expand a knowledge of astrochemistry among all astronomers so that they can incorporate the results of the subject into
their research by, for example, learning how to use molecular databases and suitable software; this would be accomplished through
stimulating or co-sponsoring summer schools and through tutorials/examples/links to software on the IAU commission website – see, for
example, the UMIST Database for Astrochemistry, www.udfa.net.
4 Maintaining interdisciplinary activities with scientists in other fields such as chemists and chemical physicists. This is accomplished by
organizing symposia on astrochemistry at large chemical meetings such as those of the American Chemical Society and Royal Society of
Chemistry, and sending members of the working group/commission to various conferences in the chemical community to discuss the field.

The immediate task for the Commission is to upgrade its web site, to build on the relevant focus and business meetings at the XXIX



General Assembly in Hawaii to raise awareness and interest, assuming that this request for an upgrade is granted, and to plan for the next
IAU Symposium on Astrochemistry which we plan to hold in Chile in 2017. 
The proposed commission would complement IAU Division H Commission 34, which is focused on the physical processes in the
interstellar medium and during stellar and planetary formation, and IAU Division B Commission 14, which is dedicated to Atomic and
Molecular Data but not their integration with astronomy.
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Rationale

Commission replaces existing Working Group: Division H Commission 34 WG Planetary Nebulae

Text:

Proposers: Letizia Stanghellini (NOAO), Sun Kwok (Hong Kong Univeristy), Arturo Manchado (IAC), You-Hua Chu (ASIAA), Xiaowei
Liu (Peking University), Silvia Torres-Peimbert UNAM), and the IAU Division H 34 WG "Planetary Nebulae"

Rationale:

Studies of Planetary Nebulae (PNe), the gaseous remnants of low- and intermediate-mass stars, are crucial for improving our understanding
of the late stages of stellar evolution and stellar populations. PNe have been observed in all environments of the nearby Universe. They
provide constraints on a variety of physical processes, which are still poorly understood, and they play a crucial role in many fields of
astronomy.

The IAU PN WG has been active for decades with the main goals of (i) ensuring that scientific symposia on PNe take place regularly,
ideally every 5 years (these symposia would preferably be sponsored by the IAU); (ii) organizing and coordinating meetings on the subject
of PNe at the IAU General Assemblies (Joint Sessions, later Focus Group Meetings); and (3) maintaining a web page with general
information about the WG, activities related to PN sciences, and future meetings and symposia. 
The PN community has had a history of very successful IAU symposia, beginning in 1967 with IAU Symp. 34 held in Tatranska Lomnica
(Czechoslovakia), followed in 1977 by IAU Symp. 76 in Ithaca, NY (USA), IAU Symp. 103 in London (England) in 1982, IAU Symp.
131 in Mexico City (Mexico) in 1987, IAU Symp. 155 in Innsbruck (Austria) in 1992, IAU Symp. 180 in Groningen (Holland) in 1996,
IAU Symp. 209 in Canberra (Australia) in 2001, IAU Symp. 234 in Hawaii (USA) in 2006, and IAU Symp. 283 in Puerto de la Cruz
(Spain) in 2011. A 2016 IAU Symposium in Beijing is currently being proposed by the WG, and a Focus meeting on PNe has been
approved for the 2015 IAU General Assembly.

The field of PNe has broad impact on astrophysics, as it benefits from observations in the whole electromagnetic spectrum, and touches on
theoretical aspects of stellar and galactic structure and evolution, fundamental physical processes, kinematics, and chemistry. PN science has
been a fundamental part of the scientific program of all major space-based observatories, and it is often featured in their press and photo
releases. Given the beauty and complexity of PNe, they also represent a fundamental instrument for science education images of PNe are a
major part of NASA's and other observatories’ outreach programs, and several PN scientists host web pages containing image or spectrum
catalogues along with tutorials or guided explorations.

The field of PN astrophysics is very active today internationally. PNe are studied at universities and institutes around the world, including in
developing countries, where we find both traditional PN research, as well as research involving novel aspects. As it stands, the IAU PN
WG cannot adequately foster both the traditional activities and expand to adequately represent other PN-related not under the WG umbrella.
For example, there is a very active group working mostly on PN shaping and numerical hydrodynamic models, that meets every 3-4 years
in an "Asymmetric PNe" series of meetings, for which some of the SOC members (but not all) are members of the PN WG. Likewise, a
group of "Extragalactic PN" scientists have met for workshops on the topic, and the subject has also been covered in some IAU meetings in
the past, and it will be covered in the future FM at the 2015 GA as well. These are examples of aspects of PN science that could be better
served by an organized central Commission, which could include experts in all these areas. Recently, the PN WG has issued a White Paper
on PN science; the paper received a lot of attention, showing that not only the areas covered by the existing WG, but also many other areas
of PN science, exist and thrive within IAU Countries.

We believe that it is an opportune time to constitute an IAU PN Commission. We envision that the IAU PN Commission will foster
discussion on all aspects of PN research, including, but not limited to, its links to single and binary stellar evolution; PNe as populations in
our Galaxy, as well as in the Magellanic Clouds and other nearby galaxies; PNe as probes of galactic structure and cosmic recycling; PNe
and their link to white dwarfs; hydrodynamic aspects of PN evolution; dust and molecules in PNe; PNe and the cosmic distance scale; and
finally how planets survive and influence stellar evolution, including the PN phase. The PN Commission will link PN experts across the
world to meet and discuss these essential astrophysical topics.

We envision that spontaneous WG could group within the IAU PN Commission to advance specific topics, for example, of Asymmetrical
PNe and Extragalactic PNe. Both subjects require a dedicated group of scientists to form Scientific Organizing Committees for future
specific PN meetings. In this way, additional PN scientists, including promising young researchers, will gain leadership within the IAU to
lead the next generation of astrophysical scientists. The PN Commission will constitute a forum ideally suited to stimulate ideas for
Symposia and other meetings with a renovated structure and cadence.

The IAU PN Commission will populate task groups focused on PN branches and general organization. Each group will have an open
exchange with the Commission Head(s) to coordinate Symposium proposals and execution, as needed. A general IAU Symposium will be
proposed to the IAU approximately every 5 years. Every few years the PN Commission would issue an updated PN white paper to spell



out recent discoveries in the field. To this end, the PN Commission will be ideally suited to gain feedback from the community via broad
community surveys and other specific actions as needed.

Another task for the PN Commission would be to update and expand the current WG webpage and to expand it to the new Commission
scope. The IAU PN Commission will also join synergies with other IAU scientific groups (e. g, Atomic & Molecular Data, Close Binary
Stars, Interstellar Matter, Radio-Astronomy, Bio-Astronomy). Finally, the Commission will foster discussion on PN science in the context
of cutting-edge astrophysical instrumentation.
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Rationale

Commission replaces existing Commission: Division H Commission 37 Star Clusters & Associations

Text:

It is widely accepted that stars do not form in isolation, but result from the fragmentation of molecular clouds, which in turn leads to star
cluster formation. Over time, clusters dissolve or are destroyed by interactions with molecular clouds or tidal stripping, and their members
become part of the general field population. Star clusters are thus among the basic building blocks of galaxies. In turn, star cluster
populations, from young associations and open clusters to old globulars, are powerful tracers of the formation, assembly and evolutionary
history of their parent galaxies. Although their importance (e.g., in mapping out the Milky Way) had been recognized for decades, major
progress in this area has only become possible in recent years, both for Galactic and extragalactic cluster populations. This area has seen a
significant recent investment in time and effort, largely thanks to significant new resources in theory, simulations, and observations,
including breakthroughs in computational power, the advent of Hubble Space Telescope (HST)-driven science, deep and more precise data
for large numbers of Galactic clusters, and an explosion of astrometric data (Hipparcos, UCAC2; with major contributions from Gaia
anticipated in the next few years).

Star clusters are the observational foundation for stellar astrophysics and evolution, provide essential tracers of galactic structure, and are
unique stellar dynamical environments. Star formation, stellar structure, stellar evolution and stellar nucleosynthesis continue to benefit and
improve tremendously from the study of these systems. Additionally, fundamental quantities such as the initial mass function (IMF) can be
successfully derived from modeling either the Hertzsprung–Russell diagrams or the integrated velocity structures (i.e., for massive clusters,
the velocity dispersions, leading to dynamical mass estimates, and combined with integrated luminosities and independent age estimates) of,
respectively, resolved and unresolved clusters and cluster populations. Star cluster studies thus span the fields of Galactic and extragalactic
astrophysics, while heavily affecting our detailed understanding of the process of star formation in dense environments.

Globular clusters are regarded as fossil records of the earliest epochs of galaxy formation, including that of our own Milky Way. Indeed,
one of the most startling discoveries with HST uncovered evidence of multiple stellar populations and elemental and isotopic abundance
spreads in many (perhaps all?) Milky Way globular clusters. These observations present a serious challenge for many areas of astrophysics,
including stellar evolution and nucleosynthesis, and test our idea that these clusters formed the building blocks of our Galactic halo. At the
same time, the young massive star clusters currently being formed in the most violent starburst environments may be viable proto-globular
clusters. Thus, star clusters form an ideal testbed for stellar evolution theories and are in fact among the best tools to study extreme stellar
populations, such as X-ray binaries or “blue stragglers,” both of which are likely products of dynamical interactions within clusters.
However, dynamical modeling of clusters and entire cluster systems, at any age, still poses a considerable challenge for both theory and
computational requirements.

Recent advances in instrumentation are driving a renaissance in the study of Galactic clusters, while extragalactic cluster studies are
significantly aided by the development of new instrumentation supporting ever wider fields of view. New wide-field imaging cameras on
several 4–8 meter telescopes offer the unique opportunity to study entire cluster populations to very faint magnitudes in a single pointing,
both in the optical and near-infrared (e.g., VISTA). Complementing these photometric capabilities are a new generation of multi-object
spectrographs and multiplexed integral-field units on 8–10 meter telescopes. Multi-object spectrographs on, e.g., the AAT, VLT, etc. enable
us to obtain elemental abundances for hundreds of stars in a single globular cluster. In addition, from Chandra/XMM and GALEX at short
wavelengths to the Spitzer Space Telescope in the mid and far-infrared, our observational window in which to study both the star clusters
and their stellar populations are unsurpassed in terms of wavelength coverage and spatial resolution at the present time. With major efforts
being expended on the planning for 30–40 meter “extremely large telescopes” (in Europe, the USA and across the Pacific), now is the
opportune time to look forward to future progress in mapping a representative slice of the local Universe at the highest possible resolution
and thus in the greatest detail ever achieved. Combining the emerging, unprecedented understanding of local stellar populations with
observations of galaxies (“composite” stellar populations) at ever higher redshifts, we now have a fighting chance to constrain the evolution
of the basic galactic building blocks throughout space and time.

Remit:
- Operational definition of what we consider a “star cluster or association”: A population of stars originating from a causally related
configuration of density peaks in the progenitor giant molecular cloud.



- The proposed Commission’s remit includes research of stellar clusters and associations across the full mass range, whether or not
gravitationally bound: 
o Dust- and gas-embedded clusters;
o Stellar associations; 
o Open clusters; 
o Young and intermediate-age massive (populous) clusters; 
o Old globular clusters; 
o Starburst clusters; 
o Nuclear star clusters;
o Transition objects between the most massive clusters and the dwarf galaxy regime.

- The proposed remit includes observational, theoretical, and numerical studies of clusters’ 
o Stellar populations (incl. binary populations, exotica, interaction products, IMF, elemental abundances); 
o Kinematics, dynamics (incl. initial conditions, ejecta, merger products);
o Formation, destruction, and cluster population properties (incl. cluster mass/luminosity functions, age distributions, environments);
o Integrated properties and their evolution; and 
o Environmental impact, 
both in the nearby Universe where individual stars can be easily resolved and at greater distances where clusters are seen as (possibly
resolved) high-luminosity components associated with their host galaxies.

- In addition, we propose to add context to cluster studies by also including a complementary focus on understanding the relationship
between clusters and field-star populations, including:
o The role of dynamical ejection mechanisms for runaway stars;
o Evaporation of cluster members;
o The role of cluster initial conditions in the rate of field star generation; and
o The role of sparse/in situ field-star formation (if any).

Commission’s activities:

This proposal is aimed, in essence, to revamp the activities of the current IAU Commission 37 (Star clusters and associations). However,
this is also our opportunity to redefine the Commission’s remit and modernize its operating practices.

Commission 37 filled a real need in the community. This is exemplified by the large number of international conferences on related topics
that are held annually. A quick glance at the last two Commission 37 reports to the IAU, covering the period between the IAU General
Assemblies (GAs) in 2006 and 2012, shows that 35 conferences (including 9 IAU Symposia) were organized that included star cluster
science as a significant aspect. This trend has continued since the last IAU GA in 2012, thus confirming that this is a very active community
in a very healthy field.

Although our full proposal will provide a detailed overview of the proposed programme, here we highlight a number of efforts we intend to
embark on and take an active, leading role in:
- Endorsing relevant IAU Symposium proposals;
- Soliciting and organizing our own IAU Symposia and other major international conferences;
- We actively participate in and contribute to the loosely organized MODEST (Modeling and Observations of Dense Stellar Systems)
consortium, which organizes annual meetings on topics of interest to the community in this field;
- The Commission currently issues a regular newsletter, SCYON – Star Clusters Young and Old Newsletter;
- We actively support and encourage the maintenance and updating of a number of relevant databases, including
o WEBDA
o The Dias Open Cluster Catalog
o The Clement Variable Stars in Globular Clusters database
o The Harris Galactic Globular Cluster database.
- We will spearhead the compilation of a Handbook of Open Clusters, similar to the well-regarded Handbook of Star Forming Regions
compiled by Bo Reipurth. (Initial discussions are currently underway.)

In essence, we are committed to establishing an active Commission, for which we have many ideas that will be worked out in detail in the
full proposal.
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Rationale

Text:

We propose to establish an IAU Commission on the science topic of the Galactic Center Environment. In the following we would like to
lay out the scientific and community aspects that this commission plans to cover. The span of physical processes in that region overlaps the
interest of a large fraction of the astronomy community in general and IAU commission will provide us the means to foster, grow, inform,
promote, and coordinate the scientific research, the observational data, theoretical modelling, and observing campaigns within the
community and to communicate the field to the outside wold.

• Scientific domain and main issues

The Galactic Center region (roughly defined as the region within the central kiloparsec of the Galaxy) is a place where many scientific
domains intersect. This region has the highest density of objects than anywhere else in the Galaxy and of course it harbors the only
supermassive black hole (so close we can see stars orbiting it and soon image the Event Horizon). In addition, the typical energy densities
and pressures in the interstellar medium (ISM) are two orders of magnitude higher than in local disk, so studies of star formation and ISM
conditions are particularly interesting in this region. The Galactic center hosts ~25% of the Galaxy's Wolf-Rayet stars, two massive, young
clusters (Arches and Quintuplet) in addition to the central nuclear cluster. This is an environment where we might expect `extreme' events
like very massive core-collapse supernovae, runaway stellar mergers in the cores of tidally disturbed clusters and tidal disruption of stars by
the supermassive black hole. All of these events and objects can be studied in unprecedented detail because of the distance compared to the
distance of other galactic nuclei.

Because of the interplay of all of these components, the Galactic center is an important place for observational astronomy from radio
through gamma-rays. In terms of theory and fundamental physics, there is also the potential for dark matter annihilation and strong gravity.
For the emergent field of "astroparticle physics", the Galactic center has cosmic rays interacting in gas clouds, strong magnetic fields, and
VHE gamma-ray signals, potentially also neutrinos. Finally, the Galactic center provides the nearest galactic nucleus analog we have to a
starburst so there is great potential to clearly understand the interplay in the nuclei of external, star-forming galaxies.

• Need for a Commission (rather than for a Working Group, for instance):

Since our field crosses many boundaries, we need a very powerful coordinating role, and also WGs are more temporary while the GC has
been and will be a place of interest forever so we want the continuity of a Commission. Our parent division would be the interstellar
medium and local universe (Division H).

• Perimeter of the potentially interested community:

Astronomers who are interested in the following disciplines are members of the Galactic center community. In fact our community benefits
from the expertise that astronomers from all of these areas bring to understanding the astrophysics of this unusual region of the Galaxy.

- Star formation and stellar populations
- Stellar dynamics
- Galaxy evolution and growth
- AGN activity and feedback
- Compact object/transient studies
- Molecular gas/astrochemistry
- Galactic gas dynamics
- Multiwavelength astronomy
- Cosmic ray acceleration and propagation
- Galactic magnetic fields
- Strong gravity
- nuclear winds and outflows

Judging from the previous Galactic Center Newsletter distribution list and the size of conferences in recent years, we're a community of at
least 250-300 active members and probably 200 more who are passively interested.

• Links with existing Working Groups, or plans for maintaining or creating Working Groups

In the past, Galactic Center research was coordinated under a dedicated IAU working group. We would now like to take the next step and



apply for a Galactic Center Commission. A commission within Division H will be the right body to foster and support research in this
scientific area. There are specific scientific and organizational questions that will need to be addressed over the next few years and for
which we may like to form working groups. Examples are:

- International, transcontinental Very Long Baseline coordination efforts at millimeter and sub-millimeter wavelengths
- Establishing a scheme for galactic nuclei classification, including the role, activity, and influence of supermassive black holes
- Coordination of multi-wavelength campaigns to observe transient events near the Sgr A* event horizon

• Work plan and milestones for the next 6-9 year

- Organize and support Galactic Center conferences and workshops. In particular we will focus on the support of the communities in
developing countries and on participants that represent diverse and underrepresented international astronomers. In addition to the ~3yearly
overview meetings on Galactic Center research (such as the recent IAUS303), we also plan to support dedicated focus meetings (at the IAU
GA and elsewhere) on topics such as: classification and physics of the GC in relation to other galaxy cores; the properties of the SMBH in
Sgr A*; star formation and evolution in the GC; other galactic nuclei, and the relation between the nuclei and galactic disks; the high energy
processes in the GC and the Fermi Bubbles; the creation, support, and influence of magnetic fields in the GC environment.

- Establish and coordinate international, multi-wavelength campaigns to observe transient events near Sgr A*. Variability of emission near
the Sgr A* accretion disk requires frequent, multi-wavelength observing campaigns that utilize ground- and space-based observatories to
observe the region simultaneously. We plan to establish a working group to help coordinate such campaigns.
In addition, some rare events, like the recent pericenter passage of a gas cloud (G2) requires observational coordination on the timescales of
months to years. We plan to develop a platform to coordinate, collect and publicize observational data for such events.

- We also plan to facilitate access to Galactic Center literature. This could be through arXiv classification schemes, an adoption of the GC
newsletter, and/or GC discussion forums.

- Host and support working groups as outlined above, as well as report on GC science results and community activities to the relevant IAU
divisions.

- Exploit the public interest in our Milky Way and the supermassive black hole Sgr A*. The Galactic Center is a perfect target to raise
public awareness for astronomy, and to generate the interest of the younger generation for careers in science and technology. We plan to
actively support EPO activities (in particular the IAU Education and Development program) and generate images that can be used in the
public domain.





Submission of a Proposal for a Commission: Letter of Intent
Proposed Commission

Name of the Commission: The Local Universe

Temporary Commission code: NC-28

Proposer details

Name: 
Eva K. Grebel
Institute:
Zentrum fuer Astronomie der Universitaet Heidelberg
Astronomisches Rechen-Institut
Postal Address:
Moenchhofstr. 12-14
University of Heidelberg
69120 Heidelberg
Germany
Email:
grebel@ari.uni-heidelberg.de
Telephone:
+49 

Commission Category

Regular Commission

Parent Division: Division H Interstellar Matter and Local Universe

Co-Proposers

First Co-Proposer

First Name: Gang

Last Name: Zhao

Institute: National Astronomical Observatory of China

City: Beijing

Country: China Nanjing

Email: gzhao@nao.cas.cn

Second Co-Proposer

First Name: Birgitta

Last Name: Nordström

Institute: University of Copenhagen

City: Copenhagen

Country: Denmark

Email: birgitta@nbi.ku.dk

Third Co-Proposer

First Name: Joss



Last Name: Bland-Hawthorn

Institute: University of Sydney

City: Sydney

Country: Australia

Email: jbh@physics.usyd.edu.au

Rationale

Commission replaces existing Commission: Division H Commission 33 Structure & Dynamics of the Galactic System

Text:

Scientific Rationale

How galaxies form and evolve and how they "function" chemically and dynamically are key questions of modern astronomy. We can
investigate these topics in the distant universe by studying galaxies in different evolutionary stages across a range of redshifts, or we can
turn to the nearby universe where we can explore present-day properties and past history at the highest level of detail. This "near-field
cosmology" – studies of the Milky Way and its surrounding galaxies – is the focus of our proposed commission.

Recent, ongoing, and forthcoming Galactic surveys in all wavelength ranges along with theoretical modeling are flourishing and are
providing an unprecedentedly detailed picture of the evolution of our Galaxy and other nearby systems. On the stellar side, we live in the
era of massive ground-based and space-based photometric, spectroscopic, and astrometric surveys. These efforts are complemented by
extensive campaigns to map dust properties and distribution and the multi-phase interstellar medium across a wide range of temperatures.
Yet other efforts focus on high-energy sources or on searches for dark matter signals from nearby dwarf galaxies. Complex cosmological
and chemodynamical simulations combining dark matter and baryons are now approaching the resolution required to realistically model
disk and even dwarf galaxies.

Many of the open questions in galaxy evolution can only be investigated in detail in the Milky Way and its surroundings. Only here can we
reach sufficient sensitivity and resolution to fully exploit the stellar fossil record of ages, detailed chemistry, and dynamics to explore the
assembly history and continuing evolution of the Galaxy and its neighbors. Only here can we study the complex interplay between the
dynamics of the interstellar medium and star formation with very high resolution and physical detail, and only here can we study the small-
scale distribution of dark matter.

These crucial studies are being aided by massive wide-field sky surveys at different wavelengths and by novel observing capabilities. Here
we name just a few: Photometric surveys in the UV, optical, and infrared include GALEX, the SDSS, Pan-STARRS, Skymapper,
2MASS, Spitzer/GLIMPSE, and WISE. The (stellar) time domain is playing an increasingly important role with OGLE, ASAS, QUEST,
the Catalina surveys, the VVV, and future facilities like the LSST. Spectroscopic surveys that provide stellar chemistry and kinematics
include the SDSS I to IV, RAVE, BRAVA, the Gaia-ESO Survey, LAMOST, ARGOS, HERMES/GALAH, and new multi-object
spectrographs such as Subaru’s PFS, WEAVE, 4MOST, and MOONS. ESA’s Gaia satellite will soon provide photometry, spectroscopy,
and astrometry of up to a billion Galactic stars. At submillimeter and radio wavelengths, surveys such as APEX ATLASGAL, SASSy,
Herschel Hi-GAL, NANTEN, HRDS, LAB, and LOFAR provide an increasingly more detailed picture of cool and cold atomic and
molecular gas in the Milky Way as well as of magnetic fields, and will be continued by new facilities such as MeerKAT, ASKAP, and
SKA. In the high-energy regime, existing and forthcoming facilities such as H.E.S.S., MAGIC, CTA, eROSITA explore the hot
intergalactic medium, X-ray and gamma ray sources such as supernova remnants, pulsars, and X-ray binaries, and search for dark matter
annihilation signals from nearby dwarf galaxies. These large-scale survey efforts are complemented by targeted follow-up studies and
development of theory including cosmological and chemo-dynamical simulations and models such as CLUES and Illustris, or the Besançon
and Trilegal models.

The exploration of the nearby universe is a vibrant field that combines and indeed requires coordinated efforts in a wide range of
astronomical disciplines. It is thus appropriate and important that the IAU maintains a scientific Commission on the Local Universe
encompassing the Milky Way and nearby galaxies. We therefore propose to continue the functions of Commission 33 while at the same
time adopting a more modern definition of its focus including the multi-wavelength approach.

Commission Composition, Goals, Working Groups, and Web Site

The present membership of Commission 33 spans a large community of about 500 members. The new surveys include participants from all
continents, and with our proposed comprehensive scope, a considerable number of new IAU members are expected to join the mew
commission’s actvities. We plan to actively recruit new members among the participants of the above initiatives.

Our proposed commission will organize and support international meetings and workshops including IAU Symposia such as the recent
IAU Symposium 298 in China on Gaia and LAMOST. The commission will also interact with other Commissions and engage in the
organization of topical meetings at the IAU General Assemblies. Given the comprehensive scope of the proposed commission, we
anticipate the formation of a number of working groups, e.g., on stellar populations, chemical evolution, interstellar medium and star
formation, galaxy evolution modeling, etc. We plan to set up a commission web page, which among other things will inform about the
commission and working group activities, about the vast range of recent, ongoing, and planned surveys of the nearby Universe, and provide



links to data releases and catalogs, to useful tools such as various isochrones models and spectroscopic analysis programs, and to relevant
conferences and schools.

The proposers include the present President and Vice-president of Commission 33, which indicates the continuation of the present
commission. Efforts are ongoing to recruit possible OC members whose specializations reflect the multi-wavelength approach of the
proposed commission as well as adequate geographical and gender coverage. Elections will be held to finalize the composition of the OC.
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Rationale

Text:

Justification (see version with figures: http://sed4iau.wordpress.com/)

In the present era of ample access to observations covering the whole spectral range - from Gamma and X-ray wavelengths to radio
wavelengths - it is possible to have a panchromatic view of the SED of galaxies. The SED provides a concise "summary" of a galaxy's
content. However, underneath this brevity, a wide variety of physical processes are at play that shape a galaxy’s SED. All the components
of a galaxy (gas, stars, dust...), as well as the presence of an active galactic nucleus (AGN), contribute to this emission. Like that of any
investigator, the astrophysicist's dream is to try and determine, as best as possible, the physical characteristics of the emitter(s) from the
observed clues. To meet this goal, we have to gather data over the widest spectral range possible in order to obtain information on the many
physical processes that are taking place. Interpreting these data requires understanding the likely contributors to the SED of an observed
galaxy and its supermassive black hole.

The first phase of any such analysis is to model the emission of these contributors over the widest range of physical conditions possible.
This is why we think that this proposed new commission might be linked to the "Stars and Stellar Physics" division for the stellar
contribution, which is usually the main one in galaxies. Moreover, it must also be related to the "Interstellar Matter and Local Universe"
division, because of the gas and dust components. The primary division would be "Galaxies and Cosmology".
We propose the Galaxy Spectral Energy Distribution commission as an Inter-Division Commission: 
* Primary Division: "Galaxies and Cosmology" 
* Parent Division 1: "Stars and Stellar Physics", because of the SSP contribution to the SEDs
* Parent Division 2: "Interstellar Matter and Local Universe", because of the gas and dust contributions to the SEDs.

Why do we need a Commission rather than a Working Group? A Working Group is dedicated to addressing a specific question with an
associated deadline and a deliverable, while a Commission undertakes a charge that is simultaneously broader (galaxy formation and
evolution is related to star formation, supermassive black hole growth, stellar evolution, large scale structure and the universe itself) and
unlimited in time (the improved modeling of the emission from any constituent of a galaxy translates into an improvement in the final SED).
Note, however, that the SED Commission can suggest and might eventually trigger actions for specific Working Groups. This needs to be
thoroughly discussed by the SED Commission, but Working Groups would be very useful for studying, e.g., the "Statistical Methods Used
in Fitting SEDs", the "Role of Thermally Pulsing Asymptotic Giant Branch (TP-AGB) Stars in Population Synthesis Models", "Modeling
the Contribution of Active Galactic Nuclei to Galaxy SEDs", "Building Models for the First Stars and Galaxies". We would also like to
launch a "Cross-comparison of population synthesis models and packages" where different groups would independently model test spectra
and SEDs and compare results. This medium-range effort is highly desirable and could be coordinated by a specific working group.

The justification for a SED Commission is to provide a link, a connection, a (virtual) meeting room for astronomers around the world
interested in galaxy SEDs without putting limits on time or space.

The communities that would be interested in participating and sharing their efforts is vast, because of the impact of galaxy SEDs in
astrophysics. An important point to stress is that SEDs are multi-wavelength astrophysical objects. Combining data secured by ground-
based and space-based telescopes that observed galaxies in the past, that are now in operation or that will be in the future (JWST, SKA,
LSST, EUCLID, ATHENA, ELTs, etc.) is the essence of SEDs. We absolutely need to discuss, develop and disseminate tools, models
and, of course, new ideas in advance in order to be ready for the challenges that will be brought by these instruments and others.

We list a few of them below. It is certainly not exhaustive and may be under-representative:
* Multi-wavelength observations of galaxies (at all scales and at all redshifts)
* Building SSPs used in population synthesis
* Modeling the emission of stars, dust, AGN, gas.
* Constraining the formation and evolution of galaxies: which parameters, what methods, what bias/degeneracies?
* SED/SLED fitting
* galaxy templates for photometric redshifts

To illustrate the strong interest in Astrophysics, we provide on the associated blog (http://sed4iau.wordpress.com/) histograms (from
http://adslabs.org/adsabs) of published paper quoting "Spectral Energy Distribution" (Fig1-left: 1950-2014 and Fig1-right: 2000-2014)
with, respectively, 43971 and 30862 papers. After the 1970s, a plateau started to appear, but the rate dramatically changed in the mid-



1990s, which might be related to the development of wide and deep surveys. The rate has continued to increase considerably in the last 15
years.

This SED Commission will provide a forum for the modelers and theoreticians to interact with astronomers collecting multi-wavelength
observations of galaxies, and vice versa. The Commission will help astrophysicists modeling, fitting and finally understanding the SEDs of
galaxies over the entire spectral range to put stronger and safer constraints on the formation and the evolution of galaxies from the early to
the local universe. The best approach will be for the Commission to discuss the work plan that we propose. Our initial working plan will be
as follows:
• Confirm/update/widen/focus our main objectives (T0 -> T0+6 months) -> within the Commission
• Develop tools to efficiently communicate from the Commission to the rest of the community and vice-versa (T0 -> T0+6 months) -> look
for an expertise that might be outside the Commission itself 
• Launch a number of consultations over the widest community to comment/discuss/amend our main objectives (T0+6 months -> T0+12
months). This phase might be immediately followed by a workshop where the conclusions will be presented and directly discussed (T0+1
year)
• Write a concise (~10 pages) report that will list what we have identified as the main and open questions and explain why. This report will
provide us with guidelines for actions for the rest of the mandate.
• Envisioned actions (to be revisited regularly depending on the evolution of Astrophysics) that could be delegated or organized by
commission members are (T0+1 year - T0+6 years) :
o proposing Working Groups, 
o organizing Workshops and Conferences specifically dedicated to the questions identified in the report, 
o writing scientific reports

New communication tools (Facebook, Twitter, LinkedIn, etc.) are available. They are used by young (and less young) astronomers. We
will make use of them to foster cross-communication.

Last but not least, we need to develop outreach activities that are linked to SEDs. For instance, multi-wavelength data sets can easily
translate in multi-color galaxy images that will produce beautiful representations of Astronomy. 
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Text:

SCIENTIFIC DOMAIN AND MAIN ISSUES

We propose an innovative cross-division Commission on Gravitational Lensing, on the 100-year anniversary of Einstein's defining 1915
paper on the field equations of General Relativity and his prediction of the gravitational deflection of light. Gravitational Lensing has seen a
surge of interest in the past few years. Taking strong, weak and micro-lensing together, gravitational lensing affects areas as diverse as
exoplanets, cosmological parameters, dark energy, dark matter substructure and dark matter halo profiles, galaxy evolution, the IMF, ultra-
high-redshift galaxies, and fundamental classical gravity theories. The numbers of known galaxies acting as strong gravitational lenses has
risen from a handful to hundreds, thanks to innovative selection in optical and submm regimes, and will make further orders of magnitude
leaps in the coming decade with future facilities such as Euclid, LSST, Gaia and the SKA. Cosmological weak lensing is key to the primary
science of Euclid. The LCOGT 1m robotic telescope network provides an unprecedented opportunity for round-the-clock microlensing
follow-up monitoring; the upcoming KMTNet network of three 1.8m telescopes will be the most powerful hardware ever dedicated to a
microlensing survey; Gaia will give astrometric microlensing signatures in large numbers for the first time; there is also the possibility that
LSST, Euclid and/or WFIRST may detect the population of Earth-mass exoplanets through microlensing. Sub-mm observations of the
black hole at the Galactic Center will soon provide the first images of the so-called "black hole shadow" created by light deflection very
close to the horizon. Galaxy cluster lensing is currently being used in the HST Frontier Fields to access the highest redshift galaxy
populations with HST, and the lensing optical depth to redshift z>8 field galaxies is very high for JWST. The Gaia mission will constrain
classical gravity theories through lensing deflections within the Solar System. These examples scratch the surface of the diversity of
worldwide communities currently being served by gravitational lensing techniques. This proposed IAU commission will bring together
these communities in a much needed cross-Division commission, serving as a venue for cross-facility collaborations and meetings (e.g.
stimulating new symposium proposals), a clearing house for the development of new gravitational lens detection algorithms, a forum for the
development of open-source gravitational lensing software and visualisation tools, and a shared repository for multi-wavelength
gravitational lensing discoveries and follow-ups.

NEED FOR A COMMISSION AND NEED FOR MORE THAN ONE PARENT DIVISION

Gravitational lensing is a fundamental effect of nature, and is not specific to any class of astronomical object, distance, or wavelength. Our
objectives are far more wide-ranging and on longer timescales than would be appropriate for an IAU working group, and moreover the
activities clearly transcend those of any single division. The various gravitational lensing communities are currently developing independent
solutions and algorithms for common problems; our much-needed commission with an overview of all these activities would benefit all
parties by identifying these commonalities. The proposed objectives and activities include
* Provision of a shared open-source software repository for gravitational lensing modelling and visualisation
* Creation of a common database for gravitational lens discovery and follow-up, and for lens models
* Provision of a clearing house and for the development of machine learning tools for lens discovery, and associated training sets 
* Stimulation of cross-facility collaborations and meetings
* Writing and/or maintaining a common set of gravitational lensing reviews and reports
* Collection/curation of a common public set of educational and public engagement resources in lensing, in liaison with Commission 46
"Astronomy Education and Development" and Commission 55 "Communicating Astronomy with the Public" or their successors.

These common resources for research, for research reviews, for education and for public engagement will benefit all the lensing
communities, and their free online public provision will support developing nations who wish to build critical mass in lensing.

This Commission proposal is extremely timely: the HST Frontier Fields observations are underway; submm and mm-wave sky surveys
with Herschel/SPT/SCUBA-2 etc are already compiling hundreds of new strong gravitational lenses, being confirmed by ALMA; the Gaia
satellite is currently collecting data that will constrain classical gravity theories in the weak field limit and detect ~1000 strongly lensed
quasars; the DES, KiDS, ATLAS, and HSC surveys have begun to measure cosmological parameters through weak lensing; preparations
are already underway for training machine learning techniques for detecting strong gravitational lenses and microlensed exoplanets in
preparation for forthcoming surveys (e.g. Euclid, WFIRST); several ground-based microlensing surveys are planned or already underway; a
new era in cosmological weak lensing measurements will be heralded by the launch of Euclid in 2020, the first light of LSST in 2019 and
the anticipated launch of WFIRST in the 2020s; weak lensing will be key for mass calibration of galaxy cluster catalogues generated by the



forthcoming eROSITA mission and by SZ surveys; the BlackHoleCam project may soon extend the capabilities of global VLBI to image
event horizon in SgrA*; the ultra-high redshift galaxies detected by JWST from 2018 will be strongly affected by magnification bias;
forthcoming facilities such as E-ELT and TMT will be outstanding machines for a diverse range of gravitational lens follow-ups. This list of
applications already identified is not comprehensive but serves to demonstrate the rapidly growing interest in this area and growing size of
the communities, as evidenced also by a surge in publications on gravitational lensing (source: http://is.gd/Kmc7qS ADS Labs).

PERIMETER OF THE POTENTIALLY INTERESTED COMMUNITY

This proposed Commission will span the Galactic and extragalactic communities, covering exoplanet discovery through microlensing,
cosmological parameter constraints through both weak and strong lensing and through Shapiro delay measurements, classical gravity tests
through weak-field lensing in the Solar System, galaxy evolution and dark matter halo substructure evolution through weak and strong
lensing by galaxies (galactic scales) and strong cluster lensing (cluster scale dark matter haloes). The Commission membership will be
global as already evidenced by the geographic spread of supporters.

LINKS WITH EXISTING WORKING GROUPS AND PLANS FOR CREATING WORKING GROUPS

Our initial plan is for four working groups:
* Strong gravitational lensing: including lensing by galaxies, galaxy cluster lensing, quasar lensing
* Gravitational microlensing: including astrometric microlensing, exoplanet discovery, stellar remnants (NS, WD, BH), stellar atmospheres,
the structure of the Milky Way, and the stellar mass function and binarity
* Weak lensing: including galaxy-galaxy lensing and cosmological parameter estimation via cosmological weak lensing
* Gravitational lensing resources (software, tools and education): including joint analyses of multiwavelength data sets, lensing simulations,
quantification of biases etc.

We anticipate an active liaison between our microlensing working group and Commission 52 (Relativity in Fundamental Astronomy),
through a shared interest in relativistic effects on astrometry, and through shared activities in tests of classical gravity.

WORK PLAN AND MILESTONES FOR THE NEXT 6-9 YEARS

The timeline and work plan will be described in the full proposal, but is likely to include the following:
* Cross-facility quasar lensing meeting covering Gaia, KiDS, DES and Euclid
* Development of algorithms for strong lens discovery (extension/continuation of work already underway within KiDS and Euclid, and
currently separately within Gaia)
* Creation of software repository (extending the weak lensing GALSIM efforts to include strong and micro-lensing tools) within e.g.
astropy
* Weak lensing challenges (e.g. GREAT), including the intrinsic alignments of galaxies. The typical timescale is ~1-2 years of
development, ~0.5 years of challenge, ~0.5 years of writing up results, so the commission would serve/promote ~2 GREAT challenges. A
challenge typically involves ~4 meetings: 1 organizational (before the challenge), 2 promotional (at the start of and middle of the challenge,
for participants), and 1 final one to go over results.
* Strong lensing challenges, e.g. testing mass reconstruction in the Frontier Fields mass modelling.
* A central website announcing dates of major data releases
* Coordination of responses to microlensing alerts (announced e.g. in IAU circulars) and their multiwavelength follow-ups
* Creation of multi-wavelength strong lensing catalogue
* Seek to establish a secure long-term solution to maintain support for lensing review content currently provided by the Living Reviews of
Relativity
* Coordination and compilation of educational resources in gravitational lensing
* Objectives and dates for multi-wavelength lensing analysis (e.g. LSST+WFIRST or Euclid weak lensing, improving photo-z, line of sight
contamination to strong lenses etc.)
* Multi-wavelength follow-up plans with current and future (planned and proposed) facilities
* Gravitational lensing IAU symposia
* Commission reports

A list of current supporters can be found at http://www.open.ac.uk/wikis/iau_lensing
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Text:

In the 50 years since Gunn & Peterson (1965, ApJ, 142, 1633) measured
the neutral hydrogen Lyman-alpha optical depth towards a Quasi-Stellar
Object (QSO), showing it was orders of magnitude smaller than expected
for a neutral Intergalactic Medium (IGM), the subject of the IGM has
flourished into a major branch of cosmological structure
formation. Following the pioneering survey of Sargent et al. (1980,
ApJS, 42, 41), demonstrating unequivocally the intergalactic nature of
the intervening Ly-alpha absorption systems, activity in the area has
grown exponentially (Meiksin 2009, RMP, 81, 1405). The advent of 8-10m
class telescopes like the Very Large Telescope and the Keck Telescope
made it possible to resolve the absorption line features for the first
time in the 1990s. The discovery of a new component, intergalactic
helium, followed soon after the launch of the Hubble Space Telescope
(HST) (Jakobsen et al. 1994, Nat., 370, 35). The arrival of the Sloan
Digital Sky Survey (SDSS) and its successors has delivered a huge
quantity of QSOs, yielding large statistical samples enabling the
quantification of IGM fluctuations as measured through the flux power
spectrum to extreme precision. Alongside measurements of hydrogen and
helium, observations of metal absorption features have revealed early
chemical enrichment in the IGM and hints of a Warm-Hot IGM. The
relation of metal absorption systems to galaxies has become an
interdisciplinary subject of its own, drawing vast interests from a
broad range of research communities that include star formation,
interstellar medium (ISM), star formation feedback, and galaxy
formation and evolution. Meanwhile, radio measurements using
facilities in the US, India and the Netherlands have not only provided
additional empirical understanding of the thermal properties of
neutral ISM, but also discovered a new class of steep spectrum radio
relics of unknown origin in the intracluster medium.

Observational studies of the IGM continue to thrive, with sample sizes
now pushing the limits of Big Data. The Dark Energy Spectroscopic
Instrument (DESI) is expected to boost the number of QSOs for studying
the statistics of IGM density fluctuations by a factor of ten, to a
million. Spectrographic observations with the Giant Magellan Telescope
(GMT), Thirty Metre Telescope (TMT) and the European Extremely Large
Telescope (E-ELT) will make it possible to directly image the
structure of winds in and around galaxies based on fluorescent
emission, and, in time, to study metal absorption features in the
diffuse IGM. A new class of radio facilities, like the Low Frequency
Array (LOFAR), the Murchison Widefield Array (MWA) and Phase 1 of the
Square Kilometre Array (SKA1), are poised to revolutionise our
understanding of reionization through 21cm measurements of HI during
the Epoch of Reionization. These facilities will also map the
distribution of neutral hydrogen at higher redshifts than ever
achieved before, and should shed light on the nature of steep spectrum
cluster radio relics.

In the late 1990s, numerical simulations produced a breakthrough in
our understanding of the physical origin and nature of the IGM,
showing that its structures are a natural part of cosmological
structure formation in a Cold Dark Matter (CDM)-dominated



universe. Together with advances in IGM observations, simulations have
allowed the various contributions to the UV metagalactic ionization
background to be quantified over a broad range of redshifts, informed
our understanding of the process of hydrogen and helium reionization
and have become an essential tool for relating metal absorption
systems to galaxy formation.

Need for a commission

The study of the IGM is clearly an interdisciplinary subject of wide
international interest, a trend that will grow with time as facilities
become increasingly international and connect the IGM to an increasing
array of astrophysical phenomena. While it has never had its own
commission in the past, we believe the diversity of questions it now
addresses is too broad for it to form a single working group within a
commission, but requires one of its own. We identify three broad
topics each of which may form the basis for a working group:

1. Tests of cosmological models
2. The galaxy-IGM connection
3. The Epoch of Reionization

Perimeter of the potentially interested community

We base the possible number of members on recent IGM meetings in
Cambridge (2011), Edinburgh (2013) and Heidelberg (2014), each of
which had 100-200 participants. If these represent conservatively half
the active IGM community, we may expect a participant level in the
commission of 300-400 members. Given its interdisciplinary nature, it
would likely draw members from the subjects of the ISM, galaxies and
cosmology generally to 500 members, and possibly even double this.

Work plan and milestones for the next 6-9 years

We discuss expected science progress in the near term in each of the
identified working group areas.

1. Tests of cosmological models

Building on the successful description of the properties of the IGM by
numerical simulations within the context of CDM-dominated cosmologies,
DESI is designed to measure the dark energy equation of state by
tracking the evolution of the Baryonic Acoustic Oscillation (BAO)
signal. One of the two components of the experiment is based on
measurements of the Ly-alpha forest along neighbouring lines of
sight. Its predecessor BOSS has already detected the BAO signal. DESI
is designed to exceed BOSS in size by an order of magnitude. First
light is planned for 2018. A working group could provide a focal point
for discussion during the planning and early results phases.

Additional possible physics that may affect the structure of the IGM
includes intergalactic magnetic fields, blazar heating, warm dark
matter, annihilating or decaying dark matter and modified gravity.

Measuring the variation in atomic constants is one of the science
drivers for the development of the ESPRESSO spectrograph for the VLT
and HROS for the TMT. A discovery would produce a breakthrough in
fundamental physics, shedding light on theories that attempt to unify
the standard model of particle physics and general relativity.

The commission would interact with other possible commissions dealing
with these topics.

2. The galaxy-IGM connection

Galaxies and galaxy formation are not isolated, drawing their material
from the IGM in its formation stages, and providing feedback to the
IGM in the form of supernovae-driven winds or jets from Active
Galactic Nuclei. The metal absorption features have long been
suspected of having been deposited by galactic winds. The advent of
Multi-Object Spectrographs, such as MOSFIRE on the Keck and KMOS on



the VLT, has substantially increased the efficiency of conducting
galaxy redshift surveys based on observations of rest-frame optical
emission lines. The extremely high sensitivity of Integral Field
Spectrographs (IFSs) on present 8-10m telescopes and the upcoming GMT
and E-ELT will make possible the probing of the structure of winds in
and around galaxies. These will be supplemented by the mapping of
gaseous flows into and out of star-forming galaxies by new radio
facilities like LOFAR and SKA1.

The high density of QSOs on the sky delivered by BOSS and DESI is
enabling 3D tomography of the IGM, and detailed probing of the gaseous
environments of galaxies. TMT, GMT and E-ELT will enable spectra of
background Lyman Break Galaxies to be used as well, significantly
increasing the sky coverage and so spatial resolution of the
Circumgalactic Medium of the galaxies.

The discovery of Lyman-alpha in emission around QSOs promises a new
method of studying the local environment of QSOs and galaxies using
IFSs like the VLT MUSE and the Keck CWI. The topic should flourish
with ELT-class telescopes.

A working group would provide a forum for discussion of the design of
experiments for studying the connection between galaxies and the IGM
with new facilities like DESI, ELT-class telescopes, and new radio
facilities like LOFAR, MWA and SKA1.

3. Epoch of Reionization

New radio facilities have been or are being developed, such as LOFAR
(www.lofar.org), the MWA (www.mwatelescope.org) and SKA1
(www.skatelescope.org), with a view to measuring the intergalactic
21cm signal establishing the Epoch of Reionization (recently reviewed
in Mellema et al. 2013, Exp. Astron., 36, 235). It is a truly global
endeavour, with participants from America, Europe, Australia, Asia and
Africa. A working group would serve as a focal point for the various
experiments. LOFAR and MWA have already begun collecting data, with
first results expected next year. SKA1 is planned to be completed in
2023. The working group would also likely interact with optical/IR
searches for the galaxies that reionized the IGM using HST and JWST.

IGM absorption measurements using JWST and ELT-class facilities will
push into the Cosmic Dawn era at z > 7. The study of Lyman-alpha in
emission from the galaxies will also grow with ELT-class telescopes,
shedding light on the environment of the first galaxies.

A rise in numerical simulations will complement these advances as an
essential tool to their interpretation.

We anticipate three or four IAU conferences discussing these areas
over the next 6-9 years. Because of their inter-relationships, often
involving the same people, we would expect more than a single working
group area to be represented at each, for a typical size of 100-200
participants.

Need for a centralized web presence

Given the varied approaches to IGM research, we believe a dedicated
web presence would benefit the community by providing:

1. a place to announce IGM-related conferences
2. a forum for working groups to discuss recent and planned advances,
including the development of new facilities and the preparation of
working papers
3. references to relevant data archives (eg, relevant programmes using
the VLT, Keck and HST)
4. a resource for locating relevant software

A mock website for illustration is at: www.roe.ac.uk/~aam/mockIAUIGMcomm
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