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1) Summary (up to one page)

The raison d’étre for the school has been the Gaia astrometric mission. The promise of the availability of positional,
kinematic and even stellar atmospheric information for a significant fraction of stars in our Galaxy (~1%), at a level of
precision never before attained in such a global scale, promises to be a major landmark in the characterization of our
galaxy and the study of its evolution. One of the disciplines that most likely will see a profound impact due to the Gaia
database is Galactic Dynamics. The massive availability of data will allow us to use the traditional modeling
procedures at an unprecedented degree of refinement. Even more exciting, new and powerful theoretical tools will be
able to be applied for the first time.

The goal of the school has been to introduce students to some of the modeling tools (old and new), that are likely to be
relevant in the Gaia era. Our aim has been understanding over formal lectures, and we recognize that practice is an
important tool for understanding: from doing something is that familiarity arises. So, our school has been designed with
a two pronged approach: lectures in the mornings and exercises in the afternoons. The lecturers have taken the time to
design exercise sessions that have introduced students to numerical tools that they have used to work out concepts seen
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during the morning lectures. In the second half of the school, students have work on some projects on their own, but
with lecturer advice available. In these projects, students have used the theoretical concepts and numerical tools
covered before.

2) Description of the scientific content of and discussions at the event (up to
four pages)

2.1 Lectures and exercises developed during the school.

Lectures by Dr. Luis A. Aguilar (IAUNAM/México)
Basic Galactic Dynamics in a rush
I. Hamiltonian Dynamics
- Why Hamiltonian Dynamics?
- The starting point: The least Action Principle
- Hamilton’s equations and phase space
- Canonical transformations and generating functions
- Hamilton-Jacobi and the search for a simpler picture
- The promised land: Action-angle space
I1. Galactic Dynamics
- The collisionless Boltzmann equation: what it is and what it means
- Orbits as the fundamental building blocks of DF’s
- Isolating integrals as shapers of orbits
- An interesting family tree: regular and irregular orbits
- The misfits: sensible dependence on initial conditions and chaos
- Putting everything together: Self-gravitational, relaxation and selfconsistency
- What exactly does “relaxed” mean?
- Difference between test-particle and full N-body simulations.

Lectures and exercises by Dr. Daniel Carpintero (La Plata/Argentina)
Galactic Dynamics basic building bricks: Orbits
I. Regular and chaotic orbits
- Regular and chaotic orbits
- Poincare’s sections
- Lyapunov exponents
11. Refining the orbital classification
- Other indicators of chaos: SALI, MEGNO, FLI, OFLI
- Regular families
- Classification of regular orbits: Spectral analysis
1 Exercise: Numerical laboratory for orbits.
- Poincare sections and Lyapunov exponents
- Chaos indicators and spectral analysis.

Lectures and exercises by Dr. Francesca Figueras (U. de Barcelona/Spain)
I. Ingredients for a Galaxy model
How do we go about building a model of the galaxy
1. The Gaia mission
An in depth but quick introduction to the Gaia mission
I1l. The Gaia mock catalogues: GUMS and GOG
Description of two very powerful tools to immerse into the Gaia Universe
2 Exercises:
1. How to install and use GOG
I1. Derivation of the local force perpendicular to the galactic plane with a Gaia mock catalogue.

Lectures and exercises by Dr. Daisuke Kawata (UCL/UK)

1. N-body/SPH simulations of our Galaxy

1. The Physics behind sub-grid modeling

Exercise:Plugging N-body data into the Gaia universe. A barred galaxy simulation.

Lectures and exercises by Dr. Paul McMillan (Oxford/UK)

Actions, angles and approximations

1. Availability of exact actions for a limited set of potentials. Torus modeling: Key principles
11. Other approximations for actions

111. Use of angle-action approximations in Galactic modeling.

Exercise: Angles and actions in practice.



Lectures and exercises by Dr. Barbara Pichardo (UNAM/México)

The influence of non-axisymmetric galactic structures: A Galaxy with spiral arms and a central bar.

I. Morphological description of spiral arms and bars in disk galaxies in general and in our Galaxy. First potential
models for the Milky Way

I1. More advanced models for the Galaxy. The dynamical effect of the!l non-axisymmetric structure

I11. Stellar dynamics under the influence of the non-axisymmetric structure of the galaxy.

Exercise: A numerical laboratory to study the effect of non-axisymmetric structure on the orbital structure of our
Galaxy.

Lectures and exercises by Dr. Justin Read (U. of Surrey/UK)
Dark matter in the Galaxy
I. The local dark matter density
- Definition and some history
- Two approaches: rotation curve vs. local measurements
- Critique of both approaches. Power of combined approach
- Theoretical background: what to expect from Cosmology
I1. Jeans vs. DF modeling
- Collisionless Boltzmann equation and its meaning
- Moments and derivation of Jeans’ equations in cylindrical coords.
- Advantages and disadvantages of full Jeans vs. DF and mixed modeling
- Tests on mock N-body data
I11. The latest results
- Application to real data: a census of results so far.
- The meaning of the results: spherical halo or dark disk?
- The future: Gaia and large surveys
- Remaining challenges and outlook
Exercise: Generate 1D mock data from Gaussian velocity distribution and recovery of original distribution using
Markov Chain Monte Carlo.

Lecture by Dr. Octavio Valenzuela (UNAM/México)
N-body simulations of our Galaxy
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Figure 1 Schedule of the School
2.2 Projects developed by the students

The approach has been the following:

®  Atthe first project session (friday afternoon), some lecturers have presented possible projects for the
students to develop



e  The students have had 1 day to decide what project to work on. They can propose projects by their own. It
has strongly advised to set projects that use the concepts seen during the lectures and numerical tools used
during the exercise sessions.

®  The students have work in teams of 4 on their projects.

® They have had a total of 12 hours split in 4 sessions to work on their projects. On 2 of the sessions, the
lecturers have been available to advise. On the remaining two, students have work on their own.

®  On the last day of the school, we have switched to “symposium mode”. The students have presented the
results achieved on their projects as in a symposium. Lecturers have commented on the results and suggested
possible continuations.

The proposed exercises and all the material provided to the students have been compiled in the following web page:
http://www.astroscu.unam.mx/gaia-software
user is: gaia2013
passwd: Gal4schoOl

The projects developed by the students and presented in the Symposium (see Fig. 1) can be found in the same web:

Gaias View on the Metallicity of the Milky Way Galaxy

Effect of Gaia Errors on Orbital Classification

Angles and Actions of Red Clump Stars in the Solar Neighborhood

Modelling Sun's Siblings in the Times of Gaia

Orbital Chaotic Behavior in the Solar Neighborhood towards the Galactic Centre
Searching the Origin of the Pleiades Cluster

Detection of Spiral Arms and Bar with and without the Gaia errors

We tried to publish this work in the Mexican Journal of Astronomy but its board declined. They answered these were
really nice projects but with too little work yet. They invited teachers and students though to finish them as publishable
papers there.

3) Assessment of the results and impact of the event on the future directions
of the field (up to two pages)

We, as lecturers, have encouraged all students to strongly interact with us, either during the lecture or exercise sessions,
or during the recesses, even after the school. We have been in the school room during most of the school, and not just
for our participation. The reason has been for us to be available to the students. We have encouraged them to feel at
ease during the school and feel free to ask, or comment as much as they deem necessary. We think we have
successfully reached these goals.

Soon we will have the evaluation of the questionaire filled by the students at the end of the school (work is in progress

to process them). Please find in this link a video of the Gaia School that was interviewing some teachers and students
along the School (more than 300 visits up to now): http://www.youtube.com/watch?v=s-t3TCFk47s

The experience was great so we will work to repeat the school in 2014 and if possible in 2015. Tentative locations for
the school are: Barcelona University, Santiago de Chile (ESO) and Beijing (work in progress).

4) Annexes 4a) and 4b): Programme of the meeting and full list of speakers
and participants

Annex 4a: Programme of the meeting
The programme has been detailed in Section 2)
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Annex 4b: Full list of participants

Lecturers

Luis Aguilar (UNAM/ Mexico)

Daniel Carpintero (La Plata/Argentina)
Francesca Figueras (U. of Barcelona/Spain)
Daisuke Kawata (UCL/UK)

Paul McMiillan (Oxford/UK)

Barbara Pichardo (UNAM/Mexico)

Justin Read (U. of Surrey/UK)

Octavio Valenzuela (UNAM/Mexico)

The list of the 34 predoc and postdoc students, from all around the world, can be found in the following table (next
page)



Full name (names E-mail: Name of program where |Institution: [Country of
and last names): enrolled: citizenship:
Leonardo Chaves leonardochaves83|Master of Astrophysics  [INAOE Colombia
Velasquez @gmail.com
Diego Valencia valencia@inaoep. |Master of Astrophysics |INAOE Colombia
Enriquez mx
Jairo Andres Alzate [andresalzate3146 |Master in Astrophysics  [CRyA - Colombia
Trujillo @gmail.com UNAM
Santi Roca Fabrega [sroca@am.ub.es |Phd in the study of DAM-ICCUB-|Spain
dynamics and kinematics |IEEC
of simulated MW like
Kathryne Tolfree ktolfree@pha.jhu.[Department of Physics  [Johns United
edu and Astronomy Hopkins States
University
Richard James hanson@mpia.de |IMPRS-HD, University of [MPIA United
Hanson Heidelberg/ MPIA Heidelberg [Kingdom
Heidelberg
Kohei Hattori khattori@ioa.s.u- Institute of [Japan
tokyo.ac.jp Astronomy,
University
Alberto Nardin nardin@ari.uni- Astronomisc|ltaly
heidelberg.de hes Rechen-
Institut
Benjamin Thompson |bthompson2090 |PhD Astrophysics (Year 1)|University |United
@gmail.com of Central |Kingdom
Lancashire
Diogo Belloni diogoO06@astro.uf|Postgraduate in Federal Brazil
rj.br Astronomy - Observatory |University
Valongo of Rio de
Carmen Adriana cmartinez@strw.l |PhD in astronomy Leiden Colombi
Martinez Barbosa eidenuniv.nl university
Abraham Moisés mmagana@astro. [Maestria en Ciencias Instituto de [Mexico
Magafia Zacarias unam.mx (Astronomia) Astronomia-
UNAM
Hoda Abedi habedi@am.ub.es[PhD program, GREAT-ITN |University |Iran

of Barcelona




Patricia Sanchez patricia.sanchez. [Doctoral degree in Universidad [Spain
Martin martin@upc.edu [Applied Mathematics Politecnica
de
Jessica Tatiana yesica.munoz@co |Mechanical Engineering [Universidad |Colombi
Muioz rreo.uis.edu.co Industrial de
Santander
Santiago Torres storres@astro.un |Programa Oficial de Universidad [Mexico
Rodriguez am.mx Posgrado Auténoma
Interuniversitario en de Madrid -
Ignacio Vega ivegaesfm@gmail |Ph. D Instituto Mexico
Acevedo .com Politécnico
Nacional -
victor hugo ramirez |v.ramirez@crya.u |Doctorado en Astrofisica |CRYA, Mexico
siordia nam.mx UNAM
Juan Nicolas nico.garavito@gm|Master program in Pysics |Universidad |Colombi
Garavito Camargo |ail.com de lo Andes
Jerson Ivan Reina jersonreina@gma [Doctorado en Ciencias Universidad |Colombi
Medrano il.com Naturales (Fisica) Industrial de
Santander
Bolivia Teresa bolivia@cida.ve |Maestria en Fisica Universidad |Venezuela
Cuevas Otahola (Magister) de Los
Andes -
Maria de los Angeles |mperez@astro.un [Postdoctoral position CRyA- Mexico
Perez Villegas am.mx UNAM
JOSE GREGORIO jfernandez@cida. [Maestria en Fisica Centrode |Venezuela
FERNANDEZ ve Investigacio
TRINCADO nes de
Javier Olivares jromero@astro.u [Maestria en Astrfisica, Instituto de |Mexico
Romero nam.mx Posgrado de Astrofisica. [Astronomia
CU, UNAM
Marco Antonio mmunoz@astro.u|Doctorado en Astrofisica |IAUNAM Mexico
Muioz Gutiérrez nam.mx
Cecilia Elena Mateu |cecilia.mateu@g [Postdoc at IA-UNAM IA-UNAM  [Venezuela
Jiménez mail.com Ensenada
Francisco Ignacio faros@astro.puc.c|Magister en Astrofisica  [Pontificia Chile
Aros Pinochet I Universidad

Catolica de




Luis Alberto Imedina@fis.cinv [Doctorado en Ciencias Centrode |Mexico
Martinez Medina estav.mx con especialidad en Fisica|lnvestigacio
nyde
Maria Tiongco mtiongco@indian [Astronomy PhD Indiana United
a.edu University |[States
Benjamin Czaja b.czaja@utah.edu [Department of Physics  [University |United
and Astronomy of Utah States
Arturo Renteria arenterialartundo Instituto de |Mexico
Lartundo @gmail.com Astronomia,
UNAM.
Yue WU wmoon21ll@gma |Large Sky Area Multi- National China
@ il.com Object Fiber Astronomic
Spectroscopic Telescope |al
Felipe Gerardo gfox@astro.unam |Maestria en Astrofisica [Instituto de |Mexico
Ramodn Fox .mx Astronomia,
Ensenada,
Rodrigo Adolfo rcanas@astro.una|Maestria en Astrofisica |Instituto de |Mexico
Cainas Vazquez m.mx Astronomia -
UNAM
Armando Rojas Niilo [ozomatli@telmex |doctorado en ciencias Instituto de [Mexico
mail.com (astronomia) Astronomia

UNAM
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