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The	different	populaOons	of	the	solar	wind	eVDFs	

[Lin	et	al.,	1998]	 • 	A	thermal	core	popula3on	(~96%).	
	

• 	A	suprathermal	halo	and	a	field-aligned	
suprathermal	Strahl	propaga3ng	away	from	
the	Sun	(~4%)		[Pilipp	et	al.,	1987]	
	

• 	At	even	higher	energies,	up	to	100	keV,	a	
super-halo	is	observed	in	the	ambient	solar	
wind	[Lin	et	al.,	1998].	



Our	Work	on	Wind	Measurements	of	Solar	Wind	Electrons	
We	developed	a	comprehensive	code	to	get	Precision	Electron	Measurements	and	

to	perform	a	detailed	analysis	of	the	structure	in	core-halo-strahl	of	the	electron	
distribu3on	func3ons	(eVDFs).	

	

•  SpacecraS	 poten3al	 determined	 [monopole	 spacecraS	 poten3al	 with	 Thermal	
Noise	 Measurements	 +	 dipole	 poten3al	 correc3on]	 and	 included	 in	 the	
processing	of	the	eVDFs.	

•  EESA-L	 and	 EESA-H	 data	 are	 combined	 from	 a	 few	 eV	 to	 2keV:	 Core	 and	 halo	
popula3ons	modeled	by	a	bi-Maxwellian	and	a	bi-Kappa	distribu3ons.	

•  Strahl	popula3on	extracted	and	analyzed	separately.	
•  Full	sets	of	parameters	for	the	core,	halo	and	strahl	popula3ons	computed.	
	
⇒  This	 technique	 leads	 to	 a	 precise	 characteriza3on	 of	 both	 thermal	 and	

suprathermal	electron	popula3ons.	
	

⇒  	 This	 technique	 is	 used	 to	 build	 an	 accurate	 database	 of	 solar	 wind	 electron	
parameters	for	the	en3re	Wind	mission.	



Precision	Electron	Measurements	&	Thermal	Noise	Spectroscopy	

• 	The	electric	field	spectrum	around	the	
electron	plasma	frequency	contains	a	
wealth	of	informa3on	about	the	solar	wind	
electron	popula3ons:	peak	above	fpe	
determined	by	the	eVDF.	
	

• 	Theore3cal	spectrum	uses	a	core-halo	
model	of	the	eVDF.		
	

• 	Fiang	theore3cal	spectrum	to	
observa3ons	=>		Ne,	Tc,	Nh/Nc,	Th/Tc,	as	well	
as	Vsw,	Tp	
	

• 	Thermal	noise	is	largely	immune	to	
spacecraS	poten3al	=>	TNR	density	used	as	
a	reference!	

[Meyer-Vernet	&	Perche,	1989;	Issau8er	et	al.,	1999;	Salem,	2000;	Salem	et	al.,	2001,	2003]	

Use	quasi-thermal	noise	(electric	fluctua3on)	measurements	to	constrain	the	absolute	
plasma	density	–	immune	to	s/c	charging	effects!		Requires	L>>λD	



SpacecraY	Charging	Effects	

• 	In	the	solar	wind,	spacecraS	charges	
slightly	(a	few	eV)	posi3ve	due	to	solar	
UV	photoemission.	
	

• 	SpacecraS		poten3al	distorts	the	
thermal	part	of	the	eVDFs	and	affects	
parameters	(Ne,	Te)	measured	by	plasma	
instruments.	
	

• 	Poten3al	is	dependent	on	Ne	and	Te,	
which	is	what	we	want	to	measure!		

SpacecraS	poten3al	determined	first	by	finding	the	value	needed	for	the	(model)	
electron	density	to	match	the	TNR	density.		This	es3mate	is	then	compared	to	
independent	es3mates	obtained	using	a	current	balance	model,	taking	into	
account	the	thermal	and	plasma	driS	velocity	effects	on	the	incoming	ion	and	
electron	currents,	and	currents	from	photoelectron	and	secondary	electron	
emissions.	

[Grard	et	al.,	1983]	

Note:		1V	~	600	km/s	for	an	electron	



Core-Halo model of the eVDFs	

Core = bi-Maxwellian   and   Halo = bi-Kappa	
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Fits are performed in the perpendicular direction first, then in the parallel 
direction using:	



WIND/3DP	observaOons	of	eVDFs	in	the	Solar	Wind	

Perpendicular	cuts:	core-halo	fit,	no	strahl	

Slow	wind	 Fast	wind	

Red	curve	=	fit	by	a	sum	of	a	Maxwellian	and	a	Kappa	to	the	perpendicular	cut.	



Parallel	cuts:		Core	and	halo	fit,	ignoring	strahl	points	

Slow	wind	 Fast	wind	

Strahl	

Strahl	

Green	curve	=	fit	by	a	sum	of	a	Maxwellian	and	a	Kappa	to	the	parallel	cut.	
Red	curve	=	perpendicular	fit.	



Slow	wind	

RepresenOng			(	fdata	–	fmodel)	for		Δ	>	1			

Fast	wind	

Final	strahl	can	be	analyzed	for	moments	and	parameterized	

ExtracOng	the	Strahl	PopulaOon	



Current	balance	in	the	proton	frame	

core drift

halo drift

In	the	charge-center	(~cm)	frame,	we	expect	zero	net	current:		nc	vc	+	nh	vh	+	
ns	vs	=	0,	which	seems	to	be	so...	



QTN	with	a	sum	of	two	Maxwellian	



QTN:		2	Maxwellian	vs	Maxwellian+Kappa	



More	examples	of	QTN	with	a	Maxwellian	+	Kappa:	
using	3DP	precision	core+halo	measurements	

SLOW	WIND	examples	



More	slow	wind	examples	



More	slow	wind	examples	



Fast	wind	examples	



More	Fast	Wind	examples	



3DP	electron	database:	Where	are	we	at	right	now		
and	what	have	we	been	working	on	lately?	

•  We	have	4	years	of	validated	data:	1995-1998.		
	
•  To	produce	more	data	beyond,	we	have	to	take	into	account	and	

correct	for	the	MCP	efficiency	for	EESA-L	at	least.		We	have	found	
that	it	starts	affec3ng	the	counts.		

	
•  	One	effect	is	that	the	spacecraS	poten3al	determined	by	our	fits	

differs	for	a	given	[Ne,Te]	values	at	different	years.	
	
•  So,	we	have	been	working	on	calibra3ng	the	“measured”	s/c	

poten3al	with	a	s/c	poten3al	determined	by	a	current	balance	model	
between	photoelectron,	electron	and	ion	currents	that	includes	both	
thermal	and	bulk	mo3ons	of	solar	wind	ion	and	electrons.	Both	ion	
and	electron	VDFs	are	approximated	by	a	single	Maxwellian.	



New 2015-11 data: 1995
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Differences	between	CB	and	Fit	spacecraY	potenOal	



If	the	difference	for	Vsw>	580km/s	is	due	to	the	CB	potenOal:	
I	included	the	following	effects:	
•  Two	isotropic	popula3ons	of	electrons:		Core	+	Suprathermal	(halo+strah)	
•  Two	photoelectron	popula3ons:	a	cold	and	a	hot	popula3ons	
•  Effects	on	Tp	uncertain3es?	
•  Core	and	suprathermal	driSs	to	the	electron	currents	as	these	become	

important	for	high	speed	winds:	the	presence	of	the	strahl	forces	the	core	
to	driS	sunward	at	speeds	of	up	to	180	km/s.	

	

•  Next	is	to	es3mate	the	current	of	secondary	electrons	as	they	can	become	
significant	in	fast	wind	flows,	and	they’d	contribute	to	increase	the	s/c	
poten3al,	which	is	consistent	with	the	previous	plot.	

If	the	difference	for	Vsw>	580km/s	is	due	to	the	Fit	potenOal:	

It	could	be	that	for	the	fast	solar	wind,	the	Tc	is	smaller	and	the	strahl	more	
pronounced,	the	core	fit	in	the	parallel	direc3on	could	be	more	problema3c,	
but	the	perpendicular	fit	should	not	be	affected.	=>	Thoughts:		Fit	poten3al	
less	likely	to	be	the	culprit.	



Hopefully,	we	will	solve	it	shortly.			We	will	then	es3mate	the	efficiency	factor	and	
determine	a	curve	of			Efficiency	as	a	func3on	of	3me,	which	we	can	use	and	apply	to	
the	measured	counts	before	fiang	the	eVDFs.	

fc(v, t) = ⇣(t)
N

T 3/2
exp(�v2/2T ) exp(�/T )

True	poten+al	

fc(v, t) =
N

T 3/2
exp(�v2/2T ) exp(�0/T )

Poten+al	that	includes	efficiency	effects	

=>	 � = �0 � T log ⇣(t)

We	tried	this	on	one	day	of	data	in	1995	in	the	slow	wind	and	we	found:		
⇣ ⇠ 0.97 Which	is	a	good	sign!!	

EsOmaOng	the	detector/MCP	efficiency	to	produce	precision	
data	further	in	the	Wind	mission		


