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IMAGINE: a consortium & a pipeline
- open collaboration

- open data
- open source code

→ testable & reproducible results

https://arxiv.org/abs/1805.02496


  

IMAGINE ALGORITHM

Randall Munroe, XKCD (https://xkcd.com/1831/)Randall Munroe, XKCD (https://xkcd.com/1831/)Randall Munroe, XKCD (https://xkcd.com/1831/)Randall Munroe, XKCD (https://xkcd.com/1831/)

Randall Munroe, XKCD (https://xkcd.com/1831/)

https://xkcd.com/1831/
https://xkcd.com/1831/
https://xkcd.com/1831/
https://xkcd.com/1831/
https://xkcd.com/1831/


  

IMAGINE overview



  

Bayesian Inference

posterior knowledge ← data experience ← prior knowledge



  

Magnetic Field Tracers

30 GHz polarized 
synchrotron (ESA, 
Planck Collaboration)

353 GHz polarized dust 
(ESA, Planck Collaboration)

Faraday depth (rad/m2)
(Oppermann et al. 2012)

Starlight polarization (Fosalba et al. 2002)

Galactic and extra-
galactic RMs 

(Han et al. 2017)



  

Cosmic Rays



  

Gamma Rays

Selig et al (2014) 



  

Gamma Rays

Ancla Müller et al (2018) 



  

Galactic Magnetic Field

Jaffe et al. 2010,2011,2013) Jansson & Farrar (2012a,b)

Theoretical GMF model
(courtesy L. Rodrigues)



  

Galactic Cosmic Rays

Orlando 
(2018)



  

Turbulent ISM



  

Intergalactic Magnetism



  

Modular Engine

Your Model

Your Data Your Theory

Your Science



  

IMAGINE ALGORITHM
Theo Steininger et al (2018)

arXiv:1801.04341 
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WMAP Model

Radom magnetic field with 
profile, being solenoidal, from 
Gaussian process with spatial 
power spectrum 

→  Galactic variance 
is fully taken  into account!

Theo Steininger et al (2018)
arXiv:1801.04341 



  

     WMAP Model Theo Steininger et al (2018)
arXiv:1801.04341 

with random magnetic field 



  

     WMAP Model Theo Steininger et al (2018)
arXiv:1801.04341 

without random magnetic field 



  

     WMAP Model Theo Steininger et al (2018)
arXiv:1801.04341 

with random magnetic field
synchrotron emission data



  

     WMAP Model Theo Steininger et al (2018)
arXiv:1801.04341 

with random magnetic field
Faraday rotation data



  

magnetic field structure

pulsar

Pulsars:
Dispersion Measure → electron density
Rotation Measure → magnetic field x el. dens.
Scintillation Measure → el. dens. x turbulence 
Extragalactic  sources:
Rotation Measure → magnetic field x el. dens.
Ultra High Energy Cosmic Rays → mag. fields 

Sun
star

Stars:
Dust reddening → dust density & properties
Positions → stellar density & radiation field
Kinematics → gravitational potential 
Emission Processes:
Dust emission → dust density & radiation field
Synchrotron → relativistic el. x mag. Fields
Bremsstrahlung → thermal, rel. el. x gas density
Inverse Compton → rel. el. x radiation field
Hadronic interactions → rel. nuclei x gas density
Lines (21 cm, CO, ...) → gas density & kinematics
Other information sources:
Correlation structures (auto- & cross-correlations)
Approximate symmetries
Physical laws
Empirical laws
...

Galactic Tomography



Information field theory



Information theory for fields



  

Conclusions

IMAGINE
a framework, a consortium, & a pipeline
for Galactic (magnetic) field inference

so far 
parametric model fitting
including non-parametric random magnetic fields

Galactic tomography
is the way to go
requires information theory for fields
→ Information Field Theory (stay tuned)
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