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Shock	
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•  Next	part:	work	related	to	the	issue	of	shock-turbulence	interac9ons,	

in	the	framework	of	MHD	
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Mo9va9ons	
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FFE	simula9ons	

Kargaltsev,	O.	et	al.	Space	Sci	Rev	(2015)	191,	391	

(Johlander		et	al.	(2016)	)	PRL	117,	165101)	



Frawework:	special	rela9vis9c	ideal	MHD	(SRMHD)	
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Nota9ons:	
uμ:	4-velocity	
B:	magne9c	field	
p:	thermal	pressure	
w:	enthalpy	density	
ρ:	proper	density	
ημν:	Minkowsky	metric	

c=1,	μ0=1.	

•  Ideal	MHD:	fluid	descrip9on	of	perfectly	conduc9ng	plasma	
•  Governing	equa9ons:	mass,	energy,	momentum	conserva9on	

equa9ons	+		evolu9on	equa9on	of	B	+	div(B)=0	constraint	
•  SRMHD	à	need	covariant	formalism	
Introducing		
	
	
	
the	governing	equa9ons	read:	
	

	
•  7	eigenmodes:	1	entropy	+	2	Alfvén	+	2	slow	magnetosonic+	
	 	 					2	fast	magnetosonic	
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Framework:	shocks	interac9ng	with	perturba9ons		

•  Theore9cal	study	of	the	linear	response	of	a	rela9vis9c	shock	
to	an	harmonic	MHD	wave		(Lemoine	et	al,	2016,	ApJ	827)	

	

	
	



•  Theore9cal	study	of	the	linear	response	of	a	rela9vis9c	shock	
to	an	harmonic	MHD	wave		(Lemoine	et	al,	2016,	ApJ	827)	

	

	
	
  è resonance	for	some	wave	vectors.		
  Observable	in	simula9ons	of	finite	amplitude	incoming	waves?	

Framework:	shocks	interac9ng	with	perturba9ons		
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Framework:	simula9on	program	

Ensures	div(B)=0		Updates	cell	centered	
quan9es	by	compu9ng	
flux	at	the	cell	borders			
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	MPI-AMRVAC	(van	der	Holst	et	al,	2008,	Comp.	Phys.	Commun.,	179,	617)	

finite	volumes	solver	+	constrained	transport	algorithm	
	
	
	



•  2D	problem	(incoming	wave	vector	in	(x	y)	plane)	
	
•  Ini7al	state	=	solu9on	of	the	Rankine-Hugoniot	

jump	rela9ons	for	given	upstream	state	and		
rela9ve	Lorentz	factor	Γrel	

	
	 	with																																			,	the	total	pressure	

and																																	,	the	total	enthalpy,	
associated	to	an	adiaba9c	ideal	gas	EOS.		
			

	
	

Ini9al	set	up:	shock	in	its	rest	frame		
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Rela9vis9c	shocks:	incoming	entropy	wave	
	

•  Entropy	wave:	pertuba9ons	in	ρ	
•  Perturba9on	amplitude:	δρ/ρ	=	45%	
•  Rela9ve	Lorentz	factor:	20	
•  Upstream	magne9za9on:	σ=0.1	
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Rela9vis9c	shocks:	incoming	entropy	wave	
	

•  Entropy	wave:	pertuba9ons	in	ρ	
•  Perturba9on	amplitude:	δρ/ρ	=	45%	
•  Rela9ve	Lorentz	factor:	20	
•  Upstream	magne9za9on:	σ=0.1	

Perturba9on	amplitude:	50%	
Rela9ve	Lorentz	factor:	20	
Magne9za9on:	0.1	
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Rela9vis9c	shocks:	incoming	entropy	wave	

	
•  In	downstream	rest	frame	
	
	
•  Transfer	func9on	

•  Resonance:	longitudinal	
group	velocity	of	outgoing	
F	mode=	shock	velocity		

TX,k / ampli of corrugation

ampli of wave

Demidem	et	al,	2018,	Mon.	Not.	R.	Astron.	Soc.	475,	2713–2723	



Rela9vis9c	shocks:	incoming	FMS	wave	
	

•  Perturba9on	amplitude:	δρ/ρ	=	45	%	
•  Rela9ve	Lorentz	factor:	20	
•  Upstream	magne9za9on:	σ=0.1	
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Perturba9on	amplitude:	50%	
Rela9ve	Lorentz	factor:	20	
Magne9za9on:	0.1	
	

λy	

7.2	λy	

ρ	

By	

vx	



Rela9vis9c	shocks:	incoming	FMS	wave	
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(CD	et	al.	2018)	

	
•  In	downstream	rest	frame	
	
	
•  Transfer	func9on	

•  Resonance:	longitudinal	
group	velocity	of	outgoing	
F	mode=	shock	velocity		

TX,k / ampli of corrugation

ampli of wave



Sub-rela9vis9c	shocks	(βsh/up≈0.2,	σ≈10-4):	incoming	FMS	wave	
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(CD	et	al.	2018)	

	
•  In	downstream	rest	frame	
	
	
•  Transfer	func9on	

•  Resonance:	longitudinal	
group	velocity	of	outgoing	
F	mode=	shock	velocity		

TX,k / ampli of corrugation

ampli of wave
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Conclusion	
Summary	(Demidem	et	al,	2018,	Mon.	Not.	R.	Astron.	Soc.	475,	2713–2723):	
SRMHD	 simula7ons	 of	 interac9on	 of	 upstream	 monoλ	 MHD	 mode	
with	 shock	 show	existence	of	universal	 (i.e.	 for	both	 rela9vis9c/sub-
rela9vis9c	 veloci9es	 &	 strong/weak	 magne9za9ons)	 resonant	
response	of	shock	to	perturba9ons.	
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Conclusion	
Summary	(Demidem	et	al,	2018,	Mon.	Not.	R.	Astron.	Soc.	475,	2713–2723):	
SRMHD	 simula7ons	 of	 interac9on	 of	 upstream	 monoλ	 MHD	 mode	
with	 shock	 show	existence	of	universal	 (i.e.	 for	both	 rela9vis9c/sub-
rela9vis9c	 veloci9es	 &	 strong/weak	 magne9za9ons)	 resonant	
response	of	shock	to	perturba9ons.	
	
	
	
	
Outlook:		

•  Impact	of	the	corruga9on	on	par9cle	accelera9on?		
•  PI[MHD]C	simula9ons	of	non-rela7vis7c	shocks:	à	corruga9on	
induced	by	the	accelerated	par9cles	which	in	turn	affect	
par9cle	accelera9on	efficiency.	

	
	

(Van	Marle	et	al.	2018,	MNRAS	Vol.	473,	3394)	
	


