
Camilia	DEMIDEM,	2nd	year	PhD	student	
«	PIC-MHD	simula9ons	of	par9cle	accelera9on	in	a	magne9zed	turbulence	»	

	
Supervisors:	Fabien	CASSE	&	Mar9n	LEMOINE	

	

27th	March	2018	

Atelier	CFRCos:	Shock,	turbulence	and	
par9cle	accelera9on	in	(rela9vis9c)	MHD	



Outline	

I.  Introduc9on,	mo9va9ons	
	
II.  Shock	interac9ng	with	perturba9ons:	resonant	

corruga9on			
	
III.  	Outlook,	ongoing	work	on	par9cle	accelera9on	by	

turbulence	

27/03/2018	 CRFCos:	Shock,	turbulence	and	par9cle	accelera9on	
in	(rela9vis9c)	MHD		 2	



Camilia	Demidem	27/03/2018	 CRFCos:	Shock,	turbulence	and	par9cle	accelera9on	
in	(rela9vis9c)	MHD		 3	

Shock	

I.	Introduc9on:	Par9cle	accelera9on,	shocks	&	turbulence	

	
	
	

	
•  Scales	involved	spans	several	orders	of	magnitude	⟶	simula9ons		on	

limited	range	of	scales	(	e.g..	kine9c	for	PIC	simula9ons	or	
macroscopic	for	MHD	simula9ons).	
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Shock	

I.	Introduc9on:	Par9cle	accelera9on,	shocks	&	turbulence	
	
	

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

in	the	framework	of	MHD	
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I.	Some	works	giving	possible	astrophysical	implica9ons	
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•  Observa(ons	of	‘wisps’	in	magnetohydrodynamic	simula(ons	of	the	
Crab	Nebula	Camus	et	al.,	2009,	Mon.	Not.	R.	Astron.	Soc.	400,	1241	
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I.	Some	works	giving	possible	astrophysical	implica9ons	
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•  Crab	flares	due	to	turbulent	dissipa(on	of	the	pulsar	striped	wind,	
Zrake,2016,	ApJ	823	

	
	
	
	

	



I.	Some	works	giving	possible	astrophysical	implica9ons	
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•  Crab	GeV	flares	from	the	corrugated	termina(on	shock		Lyu(kov,	Balsara	
and	MaEhews,	2012,		Mon.	Not.	R.	Astron.	Soc.	422,	3118–3129	(2012)		

	
	
	
	

	

Lorentz	factor	at	early	9mes.	The	strong	
varia9on	(a	factor	of	2)	in	the	post-shock	
Lorentz	factor	leads	to	strong	varia9on	
in	the	Doppler	boos9ng	along	some	
lines	of	sight,	which	leads	to	spikes	in	
the	intensity.		
	



I.	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	linear	waves	
	
	
	
	



•  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?	

II.	Shocks	interac9ng	with	perturba9ons		
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II.	Shocks	interac9ng	with	perturba9ons		

Ensures	div(B)=0		Updates	cell	centered	
quan9es	by	compu9ng	
flux	at	the	cell	borders			
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•  		Program:	MPI-AMRVAC	
finite	volumes	solver	+	constrained	transport	
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Simula8on	example:	entropy	wave	interac8ng	with	a	rela8vis8c	shock	
	
•  Entropy	wave:	pertuba9ons	in	ρ	
•  Perturba9on	amplitude:	δρ/ρ	=	45%	

	

II.	Shocks	interac9ng	with	perturba9ons		
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II.	Shocks	interac9ng	with	perturba9ons		
Simula8on	example:	entropy	wave	interac8ng	with	a	rela8vis8c	shock	
	
•  Entropy	wave:	pertuba9ons	in	ρ	
•  Perturba9on	amplitude:	δρ/ρ	=	45%	
•  Rela9ve	Lorentz	factor:	20	
•  Upstream	magne9za9on:	σ=0.1	
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•  Transfer	func9on	(in	

downstream	rest	frame)	

	

	
•  Resonance:	longitudinal	

group	velocity	of	outgoing	
fast	mode=	shock	velocity		

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

II.	Shocks	interac9ng	with	perturba9ons		

TX,k / ampli of corrugation

ampli of wave
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II.	Shocks	interac9ng	with	perturba9ons		
Summary	(Demidem	et	al,	2018,	Mon.	Not.	R.	Astron.	Soc.	475,	2713–2723):	
SRMHD	 simula8ons	 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.	
	
	
	
	
	

	



27/03/2018	 CRFCos:	Shock,	turbulence	and	par9cle	accelera9on	
in	(rela9vis9c)	MHD		 15	

II.	Shocks	interac9ng	with	perturba9ons		
Summary	(Demidem	et	al,	2018,	Mon.	Not.	R.	Astron.	Soc.	475,	2713–2723):	
SRMHD	 simula8ons	 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?		
•  van	Marle	et	al	2018:	PI[MHD]C	simula9ons	of	non-rela8vis8c	
shocks,	observed	corruga9on	induced	by	accelerated	par9cles	
which	in	turn	affected	par9cle	accelera9on	efficiency.	
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Ongoing	work	1:	Monte	Carlo	simula9ons	of	test	par9cles	
evolving	in	prescribed	(rela9vis9c)	wave-turbulence	⟶	diffusion	
coefficients		
	

III.	Ongoing	work	on	par9cle	accelera9on	in	MHD	turbulence	
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Example	of	trajectory	and	Lorentz	factor	evolu9on	of	a	par9cle	
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Ongoing/future	work	2:		
Par9cles	in	rela9vis9c	turbulence	from	
dynamic	SRMHD	simula9ons	and	back	
reac9on	
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III.	Ongoing	work	on	par9cle	accelera9on	in	MHD	turbulence	


