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Background	
•  Solar	corona	is	ulAmately	a	driven	system	that	consists	of	both	a	diffuse	

component	and	observaAonally	disAnct	coronal	loops.	
•  A	loop	is	produced	when	many	nanoflares	occur	in	near	proximity	over	a	

short	period	of	Ame.	The	loop	is	a	bundle	of	thin	strands	heated	by	a	
“nanoflare	storm.”		

•  CollecAve	behavior	is	important	for	understanding	two	important	
properAes	of	nanoflares---their	frequency	of	occurrence	and	their	spaAal	
distribuAon.		
–  If	the	delay	between	successive	nanoflares	on	a	given	magneAc	strand	is	much	

longer	than	a	cooling	Ame,	the	plasma	cools	fully	before	being	reheated,	and	a	
wide	range	of	temperatures	are	present	in	the	Ame	average	(low	frequency	
heaAng).	

–  If	the	delay	is	much	shorter	than	a	cooling	Ame,	the	temperature	instead	
fluctuates	about	a	nearly	constant	value	(high	frequency	heaAng).		

–  The	spectrum	of	emiYng	radiaAon	is	vastly	different	in	these	two	cases.		



CollecAve	Behavior	

•  Understanding	collecAve	behavior	of	many	
interacAng	current	sheets	is	vital	for	
understanding	coronal	heaAng.	

•  “Current	sheet	proliferaAon”	
•  In	a	driven	system,	behavior	determined	by	
driving	and	response	of	the	system	in	the	corona.	
–  Ideal/quasi-ideal	instabiliAes	
–  ParAal	reconnecAon	of	flux	tubes	
–  Field	line	relaxaAon	
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Nanoflare-Heated	Strand	
(EBTEL	Simula&on)	

	

Pressure	is	a	“reasonable”	proxy	for	intensity.	

DuraAon	is	about	right.	

Delay	not	criAcal	(similar	for	all	tubes)	
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Simple	cooling	model	

•  Integrate	pressure	along	each	field	line	in	
MHD	simulaAon.	

•  Apply	‘cooling’	to	each	field	line	that	depends	
on	instantaneous	pressure	and	temperature.	

•  IdenAfy	bundles	of	‘hot	loops’.	
•  P_new(i)	=	P_new(i-1)*exp(-dt/tau(i-1))
+DeltaP_old	

•  tau(i)	~	T(i)^2.5/P_new(i)	





Two	Vortex	Cells	Driven	at	Boundary	



Future	Plans	

•  Analyze	staAsAcs	of	‘cooled’	loops.	
•  Move	analysis	to	full	3D	volume.	
•  Where	along	loops	is	most	of	the	heaAng	
occurring?	

•  Analyze	how	complex	current	pajerns	get	
created	for	just	two	interacAng	flux	tubes.	


