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The	Helios	mission	

•  Helios	1:	launch	on	12/10/1974;	orbit	with	a	period	of	
190	days;	perihelion	of	0.31	AU	and	aphelion	of	0.99	AU.	

•  Helios	2:	launch	on	1/15/1976;	orbit	with	period	of	187	
days	and	perihelion	of	0.29	AU	and	aphelion	of	0.98	AU.	

•  Almost	iden9cal	instrumenta9on	on	both	s/c.	Each	was	
equipped	with	2	booms	and	a	32m	electric	dipole	
antenna.	

•  Both	s/c	are	spin-stabilized	with	the	spin	axis	
perpendicular	to	the	Eclip9c	plane	and	a	spin	period	of	1	
sec.	Spin	of	H1	poin9ng	north	and	that	of	H2	south.	

•  Opera9ons	ceased	for	Helios	2	on	March	21,	1980	and	
for	Helios	1	on	March	1986.	

•  Plasma	measurements:	protons	(+alphas)	and	electrons,	
but	slow	sampling	of	VDFs	and	low	phase	space	
resolu9on.	

•  No	Composi9on!	No	Imaging!		
	

Aimed at investigating the properties and processes in 
interplanetary space by approaching the sun to 0.3 AU 

Highly	ellip9cal	trajectory	of	
the	Helios	space	probes	



Instruments	and	measurements	
	
Inves?ga?on	

Principal	
Inves9gator	

	
Measurements	

Flux-Gate	
Magnetometer 

(1) Musmann, 
Neubauer, (2) 
Mariani, Ness 

Magne9c	field	strength	and	direc9on	of	low-frequency	
magne9c	fields	in	the	inner	heliosphere 

Search-Coil	
Magnetometer 

Dehmel, 
Neubauer 

Complement	of		the	Flux-Gate	Magnetometer	by	
measuring	the	magne9c	field		fluctua9ons	up	to	3	kHz 

	
Plasma	Par?cles 

Rosenbauer, 
Schwenn 

Velocity	distribu9on	func9ons	of	solar	wind		protons,	
alpha-par9cles	and	electrons 

Plasma	Waves (1) Gurnett, (2) 
Kellogg 

Electric	field	of	plasma		waves		in	the	solar	wind	from	
10	Hz	to	3	MHz 

Cosmic	Rays Kunow, 
Trainor 

Energe9c	protons,	electrons		and	x-rays	to	determine		
the	distribu9on	of	cosmic	rays	

Low-Energy	Cosmic	
Rays 

Keppler Higher	energy	por9on	of	the	crossover	region	between	
solar	wind	par9cles	and	cosmic	rays. 

Zodiacal	Light	
Photometer	

Leinert	 Scagering	of	sunlight	by	interplanetary	dust	par9cles 

Micrometeoroid	
Analyser	

Grün	 Composi9on,	charge,	mass,	velocity	and	direc9on	of	
interplanetary	dust	par9cles 



Instrumenta?on:	summary	



Helios:	History	and	Accomplishments	
•  Helios	ranks	among	the	most	important	missions	in	Heliophysics	and	the	more	than	11	

years	of	data	returned	by	its	spacecrai	remain	of	paramount	interest	to	researchers.	
•  Their	unique	trajectories,	which	brought	them	closer	to	the	Sun	than	any	spacecrai	

before	or	since,	enabled	their	diverse	suite	of	in-situ	instruments	to	return	
measurements	of	unprecedented	richness.		

•  Analyses	of	these	measurements	produced	groundbreaking	insights	into:	
	-	the	large-scale	spa9al	and	temporal	varia9ons	in	the	inner	heliosphere		
	 	[Marsch	1991,	Marsch	2006]	

	-	solar	wind	turbulence	across	both	MHD	and	kine9c	scales	
	 	[Marsch	1991,	Bruno	and	Carbone,	2005,	2013]	

	-	the	effects	of	kine9c	instabili9es	
	 	[Marsch	et	al.	1982a;	Marsch	&	Livi,	1987,	Gurneg	1991]	

	-	the	process	of	collisional	thermaliza9on	[Marsch	et	al.	1982b]	and	ongoing		
	 	hea9ng	processes	[Schwartz	and	Marsch,	1983]	
	-	Energe9c	Par9cle	Accelera9on	and	Transport.	

Most of our knowledge of solar wind plasma and magnetic field  
in the inner Heliosphere comes from the Helios mission 



Relevance	to	SPP/Solar	Orbiter	

•  The	importance	of	Helios	to	the	upcoming	SPP	and	Solar	Orbiter	(SO)	missions	is	
evidenced	even	in	the	planned	trajectories	of	these	new	spacecrai.	

	

•  Radial	trends	produced	from	the	Helios	in-situ	measurements	were	invaluable	to	
the	SPP	and	SO	instrument	teams	for	making	their	preliminary	designs	and	
con9nue	to	be	used	as	they	finalize	their	designs	and	develop	observing	plans.		
This	work	involved	integra9ng	predic9ons	from	various	theore9cal	models	into	a	
mul9-instrument	analysis	of	Helios	data,	which	was	extrapolated	from	the	Helios	
perihelia	(0.31	and	0.29	AU)	to	the	SPP	perihelion	(10	Rs	~	0.05	AU).	

	

•  No	comprehensive	public	repository	of	all	Helios	in-situ	data	is	available.	Also,	very	
ligle	documenta9on	is	available,	especially	on	calibra9on.	

	

•  A	careful	examina9on	of	some	of	the	data	raised	some	ques9ons/concerns.	
Quan9ta9ve	analyses	of	this	data	set	requires	overcoming	a	number	of	technical	
and	instrumental	issues.		

	

•  Project	of	restora9on	and	re-calibra9on	of	the	Helios	data	at	SSL/UCB.	



Current	Project	with	the	HELIOS	data	

Project funded by NASA for 2 years (PI Salem).  The goal is: 

•  To aggregate ALL in-situ Helios 1 and 2 data still available today. 
 
•  To look at the data, analyze and make sense of it, identifying and 

understanding various issues with the data. 
 
•  To reprocess and re-calibrate it, if possible. 
 
•  To create a single archive of calibrated multi-instrument Helios data. 
 
•  To write comprehensive documentation detailing the data available 

and describing the various issues/uncertainties etc.   
 
•  To produce and make available software to download and analyze 

the data from the Archive. 



Current	Work	with	Kiel	
•  Helios	1	&	2	E1,	E2,	E3,	E4,	E5	and	E6	data	is	being	gathered.			
	

•  E2	and	E3	data	are	under	intense	analysis	and	scru9ny	to	understand	the	
important	magne9c	field	measurements.		A	lot	of	work	is	being	done	with	
the	team	at	the	university	of	Kiel.		The	raw,	original,	data	sets	are	lost	
forever.	Only	processed	&	“calibrated”	data	are	available	at	different	
resolu9ons,	which	show	some	discrepancies.		Therefore	a	detailed	
comparison	of	different	data	sets	from	different	sources	is	necessary	to	
understand	the	processing	that	has	been	done	to	the	data.		The	hope	is	to	fix	
what	is	wrong	with	the	data,	if	at	all	possible.			(cf	Presenta+on	by	Jan	
Steinhagen)	

	

•  E1	data	is	available.		“Fluid”	moments	are	somewhat	unreliable	and	need	to	
be	reprocessed	aier	a	thorough	analysis	of	the	proton,	alpha	and	electron	
distribu9on	func9ons.		This	is	a	large	enterprise,	and	it	will	be	undertaken	
some9me	in	the	future	(new	2016	NASA	HDEE	proposal).	



•  E4	data	is	a	problema9c.	Colleagues	at	Orleans	experienced	difficul9es	
reading	the	data	stored	in	binary	files	(cf		Thierry	Dudok	de	Wit).		

	

•  E5	data	has	been	archived	and	documented	at	Univ.	of	Iowa	and	I	have	
access	to	it.		It	will	be	added	to	the	full	archive.	

	

•  E6	(energe9c	par9cle	data)	is	available	at	resolu9ons	down	to	15	min	at	Kiel	
in	a	few	CDs/DVDs,	and	will	eventually	be	added	to	the	archive.	

	

•  A	Wiki	document	has	been	started	this	month	to	document	all	issues	with	
the	data	for	E1/E2/E3/E4	experiments.	

	

•  This	workshop	will	be	helpful	to	develop	and	complete	the	wiki	with	as	
much	informa9on	as	possible	on	the	state	of	the	data.	

•  Let’s	also	talk	about	applying	for	an	ISSI	group	on	“Reanalysis,	Recalibra9on	
and	Long	Term	Preserva9on	of	Helios	1	&	2	data”.	

	

Current Work with Kiel - 2 



	

•  Also,	a	great	effort	of	gathering	ALL	possible	
documenta9on	on	all	instrument	and	data	sets	
available	are	underway,	along	with	the	original	
instrument	papers	and	any	other	form	of	
documenta9on	(PhD	thesis,	reports,	etc.).			

	

•  The	most	of	important	ones	are	the	so-called	
blue	books,	wrigen	in	the	early	to	mid	80s,	
describing	the	data	sets,	and	in	most	cases	the	
processing	and	massaging	of	the	data.		These	
are	all	in	German.	Kiel	is	planning	to	hire	a	
student	to	scan	them.	

	

•  All	these	documents	will	be	added	to	the	
archive.	

	

Current work with Kiel - 3 


