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	Cosmic	Magne5c	Fields		
Big	Ques5ons:	Observa5ons	&	Theory		

•  Origin	
•  Evolu5on		
•  Effects	



Probing	Magne5c	Fields	in	Galaxies	
Talk	by	Andrew	Fletcher	

	



Probing	Magne5c	Fields:	Faraday	Rota5on		
	

Talk	by	Phil	Kronberg	

Milky	Way	RM	sky	2256	egrs	RM’s	



Probing	Magne5c	Fields:	Cosmic	Rays	
Talk	by	Dario	Grasso	 •  A	 more	 rea l i s5c	 t rea tment	

implemented	 with	 the	 DRAGON	
code	can	solve	several	anomalies:	𝛾-
ray	 gradient	 problem;	 CR	 isotropy;	
𝛾-ray	 excess	 in	 the	 inner	 Galaxy;	
Milagro	excess	

•  This	 has	 also	 implica5ons	 for	 the	
high	 energy	 neutrino	 emission	 of	
the	 Galaxy.	 A	 model	 with	 space	
dependent	diffusion	such	to	explain	
the	 Fermi	 and	 Milagro	 excess	
predicts	 a	 v	 flux	 along	 the	 Galac5c	
plane	 which	 is	 significantly	 larger	
than	 conven5onal	 models	 and	
reproduces	 IceCube	 results	 (see	
plot)	and	arXiv:	1504.00227	(ApJ	L.)		

The complex structure of the 
Galactic MF requires to go 
beyond the conventional 
(homogeneous and isotropic) 
treatment of Galactic cosmic 
ray (CR) propagation  



Magne5c	Fields	vs.	Cosmic	Rays	
Talk	by	Phil	Kronberg	
	
	
	
	
Talk	by	Andrey	Beresnyak	
Magnetically driven MHD turbulence can accelerate particles 

SUMMARY
Plausible distributions of CR’s for selected extragalactic magnetic field parametrizations

CR energies of 60 EeV (blue) and 10 EeV (orange)   o next 4 slides

Top: As seen by an observer at Cen A, Final positions of particles at 3.8 Mpc
from Cen A (100,000 particles are shown for each energy) 

ASSUMES PROTONS ONLY

Bottom: As seen from Earth . three realizations of UHECR angular distributions arriving 
from Cen (ASSUMED an  ISOTROPIC EMITTER) chosen from the  3 locations above 

H.Yüksel, T. Stanev, M. Kistler, & P. Kronberg    Astrophys J 758, 16, 2012 November
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2-D slice of 3-D 
Kolmogorov spectrum
l max=2Mpc,
l min=0.04Mpc (40kpc)

Credit: NASA 



Ultra	High	Energy	Gamma	Rays	Tests	

u  The	ultra	high	energy	photons	
(gamma	rays	above	0.1	TeV)	
interact	with	the	diffuse	
extragalac5c	background	light   

 

u  If	 the	magne5c	field	 along	 the	
path	of	the	cascade	produc5on		
is	 strong	 enough	 to	 bend	 the	
pair	 trajectories	 then	 the	
cascade	 emission	 appears	 as	
an	 extended	 halo	 around	 the	
ini5al	point	source	

Neronov	and	Semikoz	2009	

−+ +→+ eeγγNeronov	and	Vovk,	Science	2010	



Probing	Magne5c	Fields:	Gamma	Rays	
Talk	by	Paolo	Da	Vela	

	



Probing	Magne5c	Fields:	Gamma	Rays	

Talk	by	Andrey	Saveliev	

GRPropa, a new propagation 
software for electromagnetic 
cascades including the effects of 
magnetic fields, is up and running, 
showing, among others, imprints 
of magnetic helicity onto the 
arrival directions of gamma rays 

Tashiro	and	Vachaspa5	2015	

Tashiro,	Chen,	Francesc,	Vachaspa5	2014	



Magne5c	Fields	vs	Plasma	Instabili5es	

More	work	must	be	done	

§  Minia5,	Elyiv,	ApJ	770,	54	
(2013)		(analy5c)		

§  Sironi,	Giannos,	ApJ,	787,	
49	(2014)	(simula5on)		

§  Kempf,	Kilian,	Spanier,	
arXiv:1512.00662	(2015)		
(simula5on)		

Note:	Plasma	instabili5es	
vs	blazar’s	observa5on		
is	debated,	see	

Talk	by	Phil	Chang	

	



Probing	Magne5c	Fields:	CMB		

Talk	by	Daniela	PaoleI	
(Planck	collabora5on)	

Talk	by	Levon	Pogosian	
(POLARBEAR	B	mode)	



CONSTRAINTS ON PRIMORDIAL MAGNETIC FIELDS WITH PLANCK 2015 
Planck data on CMB anisotropies provide three different complementary  probes 

to constrain PMF 
Non Gaussianities 

A stochastic background of PMF has a 
fully non-Gaussian contribution to CMB 

anisotropies 
Non-zero bispectrum 

Different types of bispectra and different 
methodologies: 

 
•  Passive tensor bispectrum 
•  Scalar anisotropic bispectrum 
•  Scalar compensated bispectrum  

 
Constraints at the level of few nG 

Planck likelihood 
Magnetically induced scalar, vector and 

tensor perturbations   
have a direct effect on CMB anisotropies in 

T & P. 
 

The different combination of Planck 
likelihood and magnetically induced modes 

give constraints of the order of few nG. 
 

No evidence of PMF in the Planck+BICEP
+KECK analysis  

Faraday Rotation 
CMB polarization is  affected by 
the induced Faraday rotation by 

PMF. Strongly dependent on 
observational frequency. 

 
The constraints using only the 

Planck 70 GHz 2<l<29 are of the 
order of the muG due to the 

limited multipole range allowed 
for the analysis.  

The impact of the dissipation of PMF on 
the ionization history also leads to tight 

constraints less than a nG. 
This analysis looks very promising in the 
perspective of new data in polarization 

All these results are mutually consistent and lead to constraints at the level of nG 
                                   

                    Credit: Daniela Paoletti 

Planck	2015	Results:	Constraining	Magne5c	Fields	
	 		 	 		 	 			

	 		 	 		 	 		 	 		 	 		 	 		 	 		Talk	by	Daniela	PaoleI		



Probing	Magne5c	Fields:	CMB	

Talk	by	KersJn	Kunze	

See	also	poster	by	Hector	Hortua	



Prospects of constraining primordial magnetic fields with the CMBKerstin Kunze.

Part of the magnetic field which is 
not dissipated: 

active contribution of magnetic field

Part of the magnetic field which is dissipated: 
dissipated magnetic energy leads to heating 
of electrons and energy injection into CMB.

spectral distortions of 
CMB

changes thermal  
and ionisation  

history

optical depth and 
visibility function changed

CMB anisotropies Example:

Kunze, Komatsu ’14,’15

• constraints from temperature and 
polarisation data (Planck, SPT, 
WMAP,..): few nG field for nearly  

     scale invariant field.  
More promising: find distinctive 
signature of helical magnetic 
fields with future high precision 
polarisation observations:

Stronger limits from 
dissipation of 
magnetic field

Kunze ’12



Origin	of	Cosmic	Magne5c	Fields	

•  Astrophysical	
•  Cosmological	

F. Hoyle in Proc. “La structure et  
l’evolution de l’Universe” (1958) 

   



Magne5c	Field	Genera5on	
•  Plasma	physics	driven	mechanisms	
Talk	by	Reinhard	Schlickeiser	
	
•  Infla5on-generated	magne5c	fields:		
Talk	by	Christos	Tsagas	
	

•  Appealing	to	causality	and	the	inferred	absence	of	electric	
currents	with	super-horizon	correla5ons,	it	might	be	possible	to	
slow	down	the	adiaba5c	magne5c	decay	on	super-Hubble	scales	
ajer	infla5on.	This	should	make	it	much	easier	for	infla5on	to	
produce	magne5c	fields	of	astrophysical	relevance	today	

	



Chiral	Magne5c	Fields:		
						Genera5on	Theory:			

					Talk	by		Oleg		Ruchayskiy	
	
	
	
•  Rela5vis5c	plasmas	should	be	

described	by	chiral	MHD	(rather	
than	ordinary	MHD	with	rela5vis5c	
equa5on	of	state)	and	that	the	
Chiral	Magne5c	Effect	can	play	an	
important	role	in	genera5on	and	
evolu5on	of	cosmic	magne5c	fields	
in	the	early	epochs	

Applica5ons:		
Talk	by	Guenter	Sigl	



Chiral	Magne5c	fields:	Simula5ons	
Talk	by	Jennifer	Schober	



Chiral	Magne5c	Fields:	Evolu5on	
Talk	by	Guenter	Sigl	



Primordial	Magne5c	Field	Evolu5on	
Talk	by	Axel	Brandenburg	



MHD	Turbulence:	Spectra	
Talk	by	Axel	Brandenburg	

Talk	by	Andrey	Beresnyak	



MHD	Turbulence	
Talk	by	Francesco	MiniaJ	

Results from a recent numerical 
model of structure formation that 
resolves the ICM turbulent 
cascade for the first time 
 
Coupled with numerical studies 
of MHD turbulence our model 
reproduces remarkably well the 
observed properties of ICM 
magnetic field without any free 
parameter and independent of 
initial conditions 
 
This calculation also shows that 
the evolution of ICM thermal, 
turbulent and magnetic field 
strength and structure are self-
similar, with the turbulent 
dynamo far away from saturation 
as always 



Non-Helical	Inverse	Transfer?	

Talk	by	Axel	Brandenburg	
•  High	resolu5on	direct	
numerical	simula5ons	

Talk	by	Andrey	Saveliev	
•  A	semianaly5c	approach	
allows	to	determine	the	
5me	evolu5on	of	the	
magne5c	energy	spectra	
including	helicity	directly,	
thus	giving	an	alterna5ve	
to	much	slower	numerical	
simula5ons	

	



Thank	you!	


