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PROGRAMME OF THE INTERNATIONAL SCHOOL

ON ASTROPHYSICAL POLARIMETRY
Aussois, France, June 3-7 2013

Monday 3
Physics of polarization

Rafael Manso Sainz & Javier Trujillo Bueno (IAC, Spain)

Abstract : 

1. Description of the polarization state of light: Stokes parameters, Muller matrices; the classical and quantum models.

2. Polarization and Symmetry.

3. The radiative transfer equation for polarized light.

4. Polarizing mechanisms. Reflection and refraction on solid and rough surfaces. Continuum polarization: Rayleigh and Thompson scattering; scattering by small particles; cyclotron and synchrotron radiation; Bremsstrahlung; Faraday rotation; Dust. Line polarization: Zeeman effect; scattering in spectral lines; Hanle effect.

Tuesday 4
Observational techniques and instrumentation

Arturo Lopez Ariste (THEMIS, France)

Abstract: 

1. Polarization: Stokes Vectors, Jones Calculus and Mueller Calculus

2. Optics of Crystals: Birefringence

3. Common polarization devices for the laboratory and for astronomical instruments

4. Principles of Polarimetry: Modulation and Analysis. Absolute and Relative Polarimetry

5. Principles of Polarimetry: Spatial modulation, Temporal modulation, Spectral modulation

6. Principles of Polarimetry: Optimal demodulation. Noise and errors

7. Spurious sources of polarization

Practical work (depending on availability)

1. Mueller calculus

2. Reducing data

3. Build-it-yourself: A Savart polariscope 

4. EigenStokes 

Wednesday 5
Polarimetry of specific objects
The Sun

Silvano Fineschi

Abstract : The Sun - our closest star - represents a uniquely accessible astronomical source of polarized light. Several fundamental physical processes generate polarization in solar radiation. As a consequence, our understanding of the magnetized solar atmosphere and its variability, such as the solar wind and solar storms, depends on sensitive polarimetric measurements. Novel instruments for high-precision imaging and spectral polarimetry have opened new possibilities, not only for diagnostics of magnetic fields, but also for exploring effects in radiative scattering, atomic physics, spectral line formation and radiative transfer. This seminar gives a comprehensive and up-to-date account of the physical processes in the solar plasma that generate polarized radiation and of the sensitive instrument technology developed to measure it. The seminar will adress the following topics:

- Describing polarized radiation and its interaction with media;

- Physical mechanisms generating solar polarization (Zeeman and Hanle effect, scattering);

- Polarimetry as a diagnostic tool of the physical parameters of the solar atmosphere;

- Space-based and ground-based instrumentation for solar spectro-polarimetry.
Minor bodies 

Daniel Guirado (SRON, Netherlands)

Abstract : An overview of our understanding of minor bodies will be given, associated to processes occurring in the history of the Solar System. Special attention will be paid to the role of polarimetry as a tool to identify physical and chemical properties of the dust forming cometary comae, as well as the surfaces of asteroids. We will talk about the correspondence between the results of ground-based polarimetric studies and the outcome of Stardust and in situ measurements. The last advances in the possibility of the presence of organics in the pristine material of some minor bodies will be discussed.

Planetary atmospheres 

Mathieu Barthélemy (IPAG Grenoble)
Abstract :
Introduction:

- Rayleigh scattering
- Multiple versus single scattering

- Twilight sky

Aerosol characterization

Cloud, Haze and others (Earth and other planets)

 Impact polarisation: case of auroral emissions
Exoplanets

Daphne Stam (University of Delft)
Abstract : Polarimetry promises to be a strong tool for the detection of exoplanets, because it improves the contrast between the direct starlight, which is mostly unpolarized, and the starlight that is reflected by the planet, which can be highly polarized. By searching for a polarized signal in a background of unpolarized light, one can in principle find a planet. In addition, the polarized signal and, in particular, the direction of polarization will confirm that the object is a planet, and not a background star. The degree and direction of polarization of the starlight that is reflected by a planet depend strongly on the composition and structure of the planetary atmosphere and surface (if there is any). Measurements of the polarization properties of a planet and their spectral dependence can thus be used to characterize a planet. 

In this lecture, I will address and discuss:

- The classic example of the power of exoplanet polarimetry: Earth-based polarimetry of Venus

- Numerically simulated polarization signals of gaseous and rocky exoplanets and their spectral dependence

- Background polarization signals due to exozodiacal dust surrounding a planet

- Polarization signals of circumstellar disks

- Forthcoming and planned exoplanet instrumentation with polarimetric capabilities: SPHERE, GPI, EPICS

- Getting test-data: observations of the polarization of Earthshine from the Earth and from the moon

Exploring the magnetic Hertzsprung-Russell 
diagram with spectropolarimetry
Julien Morin (IfA Goettingen)
Abstract : During the past few years, magnetic fields have been detected and studied on stars throughout the Hertzsprung-Russell diagram, and spectropolarimetric techniques have played a key role in this exploration. In this lecture I will briefly summarize the theoretical puzzles we want to address in the field of stellar magnetism, discuss issues specific to stellar spectropolarimetry, and present recent results obtained with spectropolarimetry alone or coupled to other techniques. Finally, I will present how future instruments operating in the near infrared will contribute to the next advances in the field.
Thursday 6
Modeling and data processing

André Asensio  Ramos (IAC, Spain) / Daniel Guirado (SRON, Netherlands)

Abstract : 
1st part : Polarimetry - modeling and data analysis

The interpretation of polarimetric and spectropolarimetric observations allow us 

to obtain information about the physical mechanisms that generate such signatures. In essence, every physical mechanisms that produces a break of the 

spherical symmetry in a given plasma will produce polarized light.

Extracting information from the observations is not a simple task because the 

inversion procedure is always an ill-posed problem. In this contribution I show 

several models that are in use to explain the observations. I will put more 

emphasis on techniques to extract physical information from the confrontation of 

observations and models.

List of topics

1. Introduction

2. Mechanisms that produce polarization

3. Models used to interpret spectropolarimetric observations

4. Inversion techniques
2nd part : Monte Carlo simulations

Monte Carlo modeling and some applications will be explained, including the use 

of random numbers generation routines and the calculation of the stochastic 

error associated to Monte Carlo results. Some practical examples will be 

implemented in a hands-on session in which students will have the opportunity to 

program a Monte Carlo code to solve a simple problem. Options will be given 

from radiative transfer to integration. Students will gain experience on dealing 

with memory and CPU optimization and a simple parallelization of their codes through Open MP.
Friday 7 
Polarimetry at IR wavelengths and beyond

Chris Packman 
Abstract: Through the combination of 8m class telescopes, adaptive optics, and new optical components, diffraction limited IR polarimetry is now available on these large telescopes.  I discuss the methods, challenges, and opportunities this brings to astronomy, and discuss some of the lessons learnt.  I discuss the special opportunities that new and future telescopes and instruments bring to polarimetry at IR wavelengths and beyond.
Active Galactic Nuclei 

René Goosmann
Abstract : I give an introduction to the basic picture of active galactic nuclei (AGN) as we understand them today. Polarimetry has played an important role in the development of the so-called unified model of AGN that attempts to explain a number of phenomenologically distinct AGN sub-classes in a single, possibly evolving morphological scheme. I review the observational appearance of AGN across the spectral range of their emission (radio band up to gamma-ray energies and beyond). Aside from spectral and timing information, I specifically point out how polarization measures give hints to the geometry, dynamics and even the space-time metric close to the accreting supermassive black hole. Accurate modeling of the polarization is a necessary ingredient to correctly combine spectroscopic, imaging, timing and polarization data. I finish my lecture with current prospectives on future polarimetry work in the context of AGN and other compact objects.

Topic list :

- The phenomenology of AGN

- The unified model: strengths and weaknesses

- Spectroscopy, imaging and polarimetry detectors from the radio up to the gamma-ray band

- Broad band modeling of the polarization of AGN

- Perspectives of polarimetry in studying AGN and related objects

Polarimetry at other wavelengths : X-rays 

Fabio Muleri (INAF-IAPS, Italy)

Abstract : 

Polarimetry in X-rays, in comparison to what is accomplished in other energy bands or in high energy astrophysics with other techniques, is still in a very early stage of development. This is 
mainly due to the fact that measurement techniques used in the past, based on Bragg diffraction or Thomson/Compton scattering, were hampered by both technological and intrinsic

limitations which have in fact prevented the use of dedicated X-ray polarimeters on-board modern satellite missions. As a result, we count only a high-statistic measurement dated back to '70 and a few other results which however are either controversial or characterized by a

mediocre statistical significance. Notwithstanding, it is universally acknowledged that this

branch of high energy astronomy has an enormous potential. X-ray emission is usually dominated by non-thermal processes which, in principle, show distinctive signatures in polarization. 

Therefore polarimetry would provide two additional observables, the degree and the angle of 

polarization, for theoretical modeling. Moreover, it allows to gather unique information on the 

geometry of the source which often plays a primary role in the X-ray emission. At this regard, 

the inclination of the accretion disk and of the orbit in case of binary sources and the 

direction of the magnetic field and of the rotation axis in case of neutron stars are only the 

most relevant examples. Eventually, there are cases in which polarimetry is a privileged, and 

sometimes the only, probe to study topics of Fundamental Physics.

Today, renewed efforts are justified by the construction of X-ray polarimeters based on the

photoelectric effect and the development of multilayer telescopes, which give the concrete

possibility of measuring the polarization of a large number of sources in a wide energy band,

starting from 1 keV up to 100 keV. In my lecture I will review both the scientific objectives

of X-ray polarimetry and the measurement techniques to arrive at delineating its impact in the

next future.

List of topics
Science objectives: an overview

  - Scattering in aspheric geometries

  - The role of the magnetic field 

  - Fundamental Physics topics

Techniques of measurement

  - The statistical approach to measurements in X-rays

  - Bragg diffraction at 45 degrees

  - Thomson/Compton scattering

  - Photoelectric polarimeters
Polarization of Low Frequency Planetary Radio Emissions

Baptiste Cecconi
 Abstract : Low frequency radio emissions are the signature of particle acceleration in the solar 

system, in particular in planetary magnetospheres. Their polarization is used as a proxy from 

which the radio source emission processes, the source region local properties, as well as the 

propagation processes can be derived. Below 10 MHz, radio measurements can only be done 

from space. The measurement of the polarization cannot be decoupled from that of the 

direction of arrival of the radio wave. Goniopolarimetric inversion techniques have been 

developed for this purpose. Only ground-based observations can provide a sensitivity good 

enough for expecting to detection radio emissions from exoplanetary magnetospheres.

If/when successful detection will have been obtained, the polarization properties of these 

emissions will provide unique constraints on the exoplanet's rotation, magnetic field magnitude 

and tilt, and even orbit inclination.

Topics:

- General statements on Low Frequency radio instrumentation

- Goniopolarimetry: measurement of direction of arrival and polarization

of waves

- Magnetoionic Theory (propagation in a cold and magnetized plasma)

- Solar, Planetary and Exoplanetary Radio Emissions
