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Outline	
Effects	of	upstream	perturba6ons	on	a	shock?	
	

I.  Introduc8on:	Mo8va8ons	&	framework	

II.  Framework	and	results	
1.  Special	rela8vis8c		ideal	MHD	(SRIMHD)	simula8ons	
2.  Results:		

	-	Rela8vis8c	shock	
	 	-	Subrela8vis8c	shock	

	
III.  Future	work	and	outlook	
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Mo6va6ons:	
•  Plasma	physics:	interes8ng	academic	ques8on	
•  Astrophysics:	turbulence	=	inseparable	feature	of	shocks	but		

•  How	is	it	generated?	 		
•  How	does	it	influence	the	shock?	

	

(Collisionless)	shocks	interac8ng	with	perturba8ons		
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III.	Future	work	&	outlook	
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•  Theore8cal	study	relying	on	linear	perturba8on	
		

	

(Collisionless)	shocks	interac8ng	with	perturba8ons		
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Ref:	Corruga8on	of	Rela8vis8c	Magne8zed	Shock	Waves	
Lemoine,	Mar8n;	Ramos,	Oscar;	Gremillet,	Laurent,	ApJ	(2016)		
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•  Theore8cal	study	relying	on	linear	perturba8on	
		

	

  è resonance	for	some	wave	vectors.		
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•  Defining	

	
			the	governing	equa8ons	are:	
	
	
	
•  Program:	MPI-AMRVAC	

finite	volumes	solver	+	constrained	transport	

SRMIHD	simula8ons	
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1.	SRIMHD	 2.	Results	I.	Introduc8on	&	mo8va8ons	
II.	Framework	&	Results	

III.	Future	work	&	outlook	

uμ:	4-velocity	
B:	magne8c	field	
p:	thermal	pressure	
w:	enthalpy	density	
ρ:	proper	density	
ημν:	Minkowsky	metric	
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Example	of	simula8on	of	the	Rayleigh-Taylor	instability	

c=1,	μ0=1.	
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•  2D	problem	
	

•  Ini6al	state	=	solu8on	of	the	Rankine-Hugoniot	
jump	rela8ons	for	given	upstream	state	and	Γrel	

	
	 	with																																			,	the	total	pressure	

and																																		,	the	total	enthalpy,	
associated	to	an	adiaba8c	ideal	gas	EOS.		
			

	
	

Ini8al	set	up:	shock	in	its	rest	frame		
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Rela8vis8c	shocks:	incoming	entropy	wave	
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•  Entropy	wave:	pertuba8ons	in	ρ	
•  Perturba8on	amplitude:	δρ/ρ	=	45%	
•  Rela8ve	Lorentz	factor:	20	
•  Upstream	magne8za8on:	σ=0.1	
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Rela8vis8c	shocks:	incoming	entropy	wave	
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Rela8vis8c	shocks:	incoming	entropy	wave	
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Rela8vis8c	shocks:	incoming	entropy	wave	

15/11/2017	

1.	SRIMHD	 2.	First	results	I.	Introduc8on	&	mo8va8ons	
II.	Framework	&	First	results	

III.	Future	work	&	outlook	

Corruga8on	of	rela8vis8c	magne8zed	shock	waves	 11	

Amplitude	of	
incoming	wave	

Amplitude	of	
corruga8on	

TX,k / ampli of corrugation

ampli of wave

Resonance:	outgoing	
FMS	mode		«	surfs	»	on	

the	shock	

ky = 1

k
x

0.01	

0.1	

1	

10	

100	

0.01	 0.1	 1	

Linear	perturba8on	theory	
δρ/ρ=1%	
δρ/ρ=45%	



Camilia	Demidem	

Rela8vis8c	shocks:	incoming	FMS	wave	
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II.	Framework	&	First	results	

III.	Future	work	&	outlook	

Perturba8on	amplitude:	50%	
Rela8ve	Lorentz	factor:	20	
Magne8za8on:	0.1	
	

Corruga8on	of	rela8vis8c	magne8zed	shock	waves	 12	

	
•  Perturba8on	amplitude:	δρ/ρ	=	45	%	
•  Rela8ve	Lorentz	factor:	20	
•  Upstream	magne8za8on:	σ=0.1	
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Rela8vis8c	shocks:	incoming	FMS	wave	

15/11/2017	

1.	SRIMHD	 2.	Results	I.	Introduc8on	&	mo8va8ons	
II.	Framework	&	Results	

III.	Future	work	&	outlook	

Corruga8on	of	rela8vis8c	magne8zed	shock	waves	 13	

TX,k / ampli of corrugation

ampli of wave

ky = 1

k
x

0.1	

1	

10	

100	

1000	

0.01	 0.1	 1	

Linear	perturba8on	theory	

δρ/ρ=3%	

δρ/ρ=45%	



Camilia	Demidem	

Sub-rela8vis8c	shocks:	incoming	FMS	wave	
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Conclusion	
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Summary:	
•  Performed	 SRMHD	 simula6ons	 of	 interac8on	 of	
upstream	monoλ	MHD	mode	with	shock.	

•  Proved	 existence	 of	 resonant	 response	 of	 shock	 to	
perturba8ons	 in	 linear	 regime	 in	 agreement	 with	
analy8cal	study.		

	

Outlook:	Effects	of	corruga8on	on	par8cle	accelera8on?	
	ètest	par8cle	simula8ons,	

												èPI[SRMHD]C	simula8ons.	
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