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A few of the problems with the state of the art

• Three models below all roughly match the data. 

• None is generated by dynamo physics. 

• A Bayesian model comparison has not been done. 

• And don’t even ask about the treatment of the turbulence.
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IMAGINE overview
(Draft figure still being worked on)
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Galactic cosmic rays

Effenberger et al. (2012)
1-100 TeV CRs
Northern:  ARGO-YBJ from Bartoli et al. (2013).
Southern:  IceCube from Desiati et al. (2013) 
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Extragalactic CRs and UHECRs

Auger events and possible sources 
(Figure courtesy T. Stanev) 

UHECR sources and B-field models 
(Farrar et al., JCAP 01, 023 , 2013)
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Polarized emission, RMs, starlight

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)
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Galactic magnetic field models

Jaffe et al. 
2010,2011,
2013)

Jansson 
& Farrar 
(2012a,b)

Theoretical 
GMF model
(courtesy L. 
Rodrigues

+ “Non-parametric” models!
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Turbulent ISM

Isosurfaces of the strength of a random magnetic field 
B (left) and CR number density (right) produced by 
the fluctuation dynamo 

(Seta et al. 2018)
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Extragalactic magnetic fields

All sky map of the extragalactic 
primordial magnetic field as it 
should have been generated by 
the Harrison mechanism in the 
Early Universe and be still 
present today. 
Hutschenreuter et al. (2018)
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CMB foregrounds!

Foregrounds!
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What IMAGINE can do for the CMB

• What microwave observations give to IMAGINE is clear. But the 
reverse is obviously more important for this group! 

• Need more realistic simulations of astrophysical foregrounds in 
order to design your experiment and test your component 
separation methods.  We need 

‣ Non-Gaussian and correlated turbulent components of B, 
n_CR, n_d.  E.g., based on MHD for synchrotron.  

‣ Proper 3D integration to probe the effects of variations both 
within the beam and along the LOS. 

‣ Include in simulated systematics (e.g., intensity leakage into 
polarization?) in the presence of these correlated non-G 
components (i.e., Planck shows dust total I correlated at 
small scales with magnetic field direction). 
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Randall Munroe, XKCD (https://xkcd.com/1831/)

https://xkcd.com/1831/

