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Interstellar magnetic fields: 
intermittency from dynamo action and 

shock wave compression 



Interstellar	random	magne'c	fields	are	produced	by:	
	

q Tangling	of	the	mean	magne'c	field	𝐵 ↓0 	by	
turbulence.	

					Presumably	Gaussian	sta's'cs,	volume-filling	
	

	
q Fluctua'on	(“small-scale”)	dynamo	
					Strongly	intermi2ent:	random	filaments	and	ribbons	

	
q Compression	in	shock-wave	turbulence	

					Separa'on	of	primary	shocks	𝑑≃4Ma↑4.5  pc,	Ma=Mach	
number,	

					𝑘↑−2 	spectrum	(Bykov	&	Toptygin,	1987).	



The	fluctua'on	dynamo:	
genera'on	of	a	random	magne'c	field	by	a	random	flow	



A	conceptual	model:	Zeldovich’s	rope	dynamo	



Intermi2ent	magne'c	fields	

q Rapid	growth	of	high-order	sta's'cal	moments:		

q Intense,	random	magne'c	filaments	and	ribbons	in	a	sea	of	
weaker	random	magne'c	fields	

	(Zeldovich,	Ruzmaikin	&	Sokoloff,	The	Almighty	Chance,	1990)	
	

q Strongly	non-Gaussian	random	magne'c	fields	

q 		

q Very	different	from	random	magne'c	fields	used	in	cosmic	
ray	propaga'on	models	



Haugen	et	al.,	PRE	2004	

Schekochihin	et	al.,	ApJ	2004	



Morphology	of	magne'c	structures	

Wilkin	et	al.,	PRL,	2007:	dynamo	in	an	isotropic	chao'c	flow:	
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Cosmic ray diffusion in intermittent 
magnetic fields 



2.1.	A	single-scale	chao'c	velocity	field	(W)	

Magne'c	field	produced	
by	the	dynamo:	
isosurfaces	of	|𝐵 |	at	 𝑅↓m 
=50:	
a	periodic	array	of	
magne'c	filaments	



Magne'c	intermi2ency:	non-Gaussian	sta's'cs	

Dynamo	solu'on	 Fourier	mode	phases	randomised	

Iden'cal	power	spectra	

Probability	density	of	 𝐵↓𝑖 /⟨𝐵↑2 ⟩:	
heavy	tails	in	the	intermi2ent	field,	
Gaussian	ader	phase	randomisa'on	
	



Test	par'cle	simula'ons	of	cosmic	ray	propaga'on	

Low-energy	par'cle	trajectory	 High-energy	par'cle	trajectory	



The	effect	of	intermi2ency	on	par'cle	trajectories	

In	an	intermi2ent	magne'c	field	 In	a	Gaussian	random	field	with	
the	same	power	spectrum	

Low	energy	

High	energy	



The	effect	of	intermi2ency	on	the	diffusion	coefficient	

q A	random	system	of	magne'c	filaments	≅𝑙↓0 	apart,	of	a	thickness	
𝑑≃ 𝑙↓0 𝑅↓m↑−1/2 .	

	
q Cosmic	ray	par'cles	that	are	sensi've	to	the	magne'c	structures:	
𝑟↓L < 𝑙↓0 	or		


𝑟↓L 	=	Larmor	radius	 𝜅/

(𝑣
↓0
 

𝑙↓
0 

)	



2.2.	A	mul'-scale	chao'c	flow	(KS)	



Magne'c	intermi2ency:	non-Gaussian	sta's'cs	

Dynamo	magne'c	field																							Fourier	mode	phases	randomised	

Very	different	PDFs	
Iden'cal	power	spectra	



Diffusivity	dependence	on	the	
Larmor	radius:	sensi've	to	the	
type	of	the	flow	(KS	and	W)	
and	 𝑅↓m 	

Imposed	uniform	magne'c	field	
𝐵↓0 :	
		
ra'o	of	diffusivi'es	in	an	
intermi2ent	and	randomised	fields,	
𝜅↓∥ :	solid,	
𝜅↓⊥ :	dashed	
	

The	effect	of	intermi2ency:	
ra'o	of	diffusivi'es	in	
intermi2ent	and	randomised	
fields	(solid);	
correlated	random	walk	model	
(dashed)	
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Scattering of cosmic rays:  
a correlated random walk 
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𝜃	

𝜃	 𝜃	

Brownian	mo'on	 Correlated	random	walk	

𝜃=U(0, 2𝜋)	 𝜃↓1 ≤𝜃≤ 𝜃↓2 ,			       𝜃↓1 >0,			𝜃↓2 <2𝜋				



Probability	density	of	cosθ	

The	single-scale	
chao'c	flow,	
intermi2ent	
magne'c	field,		
	

The	single-scale	
chao'c	flow,	
magne'c	field	
with	randomized	
Fourier	phases,		
	



Diffusivity	dependence	on	〈cosθ〉	

Data	points:	par'cles	of	various	energies	

Correlated	random	walk	model	is	impressively	successful	with	both	
intermi2ent	and	Gaussian	random	magne'c	fields	



Diffusivity	in	intermi2ent	vs.	Gaussian	magne'c	fields	

The	single-scale	flow																																																The	mul'-scale	flow	
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Conclusions 



q Astrophysical	random	magne'c	fields	can	be	
(and	most	oden,	are)	intermi2ent.	

q Cosmic	rays	propagate	differently	in	
intermi2ent	and	Gaussian	random	magne'c	
fields	of	iden'cal	power	spectra.	

q Propaga'on	of	cosmic	rays	in	random	
magne'c	fields	is	not	a	Brownian	mo'on	but	a	
correlated	random	walk.	


