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•	ISN	Flow	Peak	Longitude:	λISN	Peak	=	130.45±0.10o	from	2009-15	Χ2	fit		
			and		λISN	Peak	=	130.45±0.06o	from	weighted	mean	of	all	2-year	(2009-14)			
			fits	aRer	adjusTng	for:	E-dependent	efficiency	&	Secondary	Neutrals	

•	ISN	Parameter	Tube:		AdopTng	λISN∞	=	75.0o	[3,	5]	the	parameter		
			tube	gives	VISN∞	=	26.0±0.1	km/s,	in	full	agreement	with	values	in	[3,	5].	

•	Yearly	Varia=ons	of	λISN	Peak	:	Yearly	values	2009	–	2015	vary	with	±0.55o		
			Standard	DeviaTon.	2015	strongest	deviaTon,	but	only	5	usable	values		
			à	eliminated	(only	0.05o	difference	in	combined	fit)		

•	Varia=on	of	Sorted	2-Year	Fits:	2-year	fits	show	much	reduced	variaTon				
			(±0.32o	StdDev)	and	no	visible	temporal	trend	
			Weighted	mean	in	full	agreement	with	combined	fit	results.	

•	Next	Steps	in	Analysis:			
			-		Replace	linear	fit	for	each	orbit	by	fit	to	AnalyTc	Model	Results	
							à	Will	increase	number	of	usable	orbits	
			-		Add	2016	results	aRer	despinning	data	from	operaTons	without		
							IBEX	Star	Tracker	&	use	IBEX-Lo	Energy	Steps	1	through	4	
							à	Extends	exisTng	database	

Conclusions	&	Outlook	

FIGURE	5:	ISN	fluxes	
at	perihelion	for	each	
usable	IBEX	orbit	
2009-15	as	a	funcTon	
of	λEcl	adjusted	for	
aberraTon	due	to	
IBEX	moTon.	Error	
bars	contain	all	
known	and	esTmated	
contribuTons.	
obtained	from	a	Χ2	fit	
to	a	Gaussian.	

Introduc=on	 Determina=on	of	the	ISN	Flow	Peak	Longitude	 ISN	Flow	Peak	Longitude	Fiang	 ISN	Flow	Peak	Results	from	Mul=-Year	Fits	
The	Interstellar	Boundary	Explorer	(IBEX)	obtains	a	precise	relaTon	
between	the	interstellar	neutral	(ISN)	flow	longitude	λISN∞	and	speed	VISN∞,	
with	substanTally	larger	uncertainty	in	λISN∞,	which	defines	a	parameter	
tube	that	connects	ISN	longitude,	laTtude,	speed	(velocity	vector	VISN∞),	
and	temperature	[1,	2,	3,	4,	5],	in	agreement	with	Ulysses	GAS	[6,	7,	8]	
(Figure	1).	The	interstellar	magneTc	field	BIS	is	deduced	from	the	IBEX	
ribbon,	consistent	with	the	heliospheric	asymmetry	and	TeV	cosmic	ray	
anisotropy	[9].	The	two	vectors	define	the	BIS-	VISN∞	plane,	which	controls	
the	shape	of,	and	the	flow	deflecTon	in,	the	outer	heliosheath	[10,	11].	A	
complementary	determinaTon	of	λISN∞	(Poster	SH31A-2529)	together	with	
Tghtening	and	tracking	over	Tme	the	parameter	tube	will	refine	the	BIS-	
VISN∞	plane	and	constrain	any	potenTal	temporal	variaTons	[12,	13,	14].		

•	ISN	Parameter	Tube	Determina=on:	The	parameter	tube	is	solely	
determined	by	the	ISN	bulk	flow	(ISN	flow	maximum)	longitude	λISN	Peak	
at	1	AU	observed	with	IBEX	[4,	15]	(discussed	on	this	Poster).	
•	Flow	Longitude	Determina=on:	The	ISN	flow	longitude	λISN∞	is	
determined	from	the	variaTon	of	the	radial	ISN	flow	speed	Vr	(or	the	
pickup	ion	cut-off	along	the	Earth’s	orbit,	which	is		
symmetric	about	λISN∞	(discussed	on	Poster	SH31A-2529).	

The	Uncertain=es	of	Data	for	each	Orbit	contain:	
-	Χ2-fit	error	(x2	as	fit	is	restricted	to	linear	and	possible	curvature	omimed)	
-	uncertainty	in	adjusTng	for	IBEX	moTon	(translated	into	the	rate,		
		using	the	slopes	of	the	Χ2-fit	and	of	the	model	Gaussian	in	Figure	5)	
-	uncertainTes	of	the	efficiency	and	ionizaTon	compensaTon	
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ISN	Parameter	Tube	and	Flow	Longitude	
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As	seen	in	Figure	5,	there	is	no	entry	for	2012,	and	the	yearly	fit	values	for	
vary	substanTally,	with	2015	offset	by	more	than	2x	the	standard	
deviaTon.		
According	to	the	criteria	for	usable	orbits,	the	2012	set	only	contains	3	
data	points,	not	enough	for	a	fit	to	a	Gaussian	with	3	free	parameters.	
Thus	2012	was	completely	omimed.	
2015	contains	5	usable	orbits	over	a	restricted	range	in	λEcl,	which	by	itself	
does	not	constrain	λISN	Peak	well	enough,	but	can	be	used	in	the	overall	
combinaTon.	Omisng	2015	from	the	fit	in	Figure	5	results	in		
λISN	Peak	=	130.40±0.11o,	only	different	by	0.05o.	

•	Reduc=on	of	Systema=c	Effects	with	stochas=c	Distribu=on:	
ISN	Good	Times	influence	the	results	systemaTcally,	for	example,	by	
forcing	extrapolaTon	or	data	eliminaTon,	but	they	are	distributed	
stochasTcally	each	year.	Using	mulT-year	data	reduces	such	systemaTc	
effects,	as	demonstrated	in	[18].	Here	we	use	all	2-year	combinaTons.	

FIGURE	2:	SchemaTc	view	of	sample	ISN	trajectories	(dark	blue)	and	the	ISN	flow	
vector	along	the	Earth’s	orbit	(light	blue).	The	dark	blue	dashed	line	indicates	an	
alternate	Bulk	Flow	Trajectory	that	saTsfies	eq.	1),	arrives	at	λISN	Peak,	and	thus	
also	belongs	to	the	ISN	parameter	tube.	The	light	blue	dashed	arrows	indicate	
the	pamern	of	Vr,	which	is	sensed	by	the	pickup	ion	cut-off	and	follows	eq.	2).	

FIGURE	3:	ISN	PSD	distribuTon	
(solid	black	line)	as	a	funcTon	
of	eclipTc	longitude	λEcl.		
The	spin	integrated	ISN	flux	
(dashed	dark	blue	line)	is	
modified	relaTve	to	the	PSD	
distribuTon	due	to:	
-  ISN	Flux	variaTon	with	VISN	
-  Slight	IBEX-Lo	Efficiency	
variaTon	EISN		

-  Flux	exTncTon	from	
Ioniza=on		

as	a	funcTon	of	λEcl.	
To	determine	λISN	Peak	from	the	
center	of	the	observed	flux	
distribuTon,	these	effects	have	
to	be	compensated	for.	

FIGURE	7:	λISN	Peak	as	obtained	from	Χ2	fits	to	a	Gaussian	for	data	sets	of	3-year	
combinaTons	in	all	permutaTons,	along	with	the	weighted	mean,	combined	fit	
value	from	Figure	5,	standard	deviaTon	and	error.	

FIGURE	1:	RelaTonship	
between	VISN∞	and	λISN∞	
according	to	the	IBEX	
parameter	tube	based	on	
various	IBEX	analyses	in	
comparison	with	Ulysses	
results	(adapted	from	[5]).	
Also	shown	with	a	verTcal	bar	
is	how	an	independent	
measurement	of	λISN∞	will	
constrain	the	ISN	flow	vector.		
The	effect	of	a	precise	
independent	determinaTon	of	
the	ISN	flow	longitude	λISN∞	on	
the	knowledge	of	the	ISN	flow	
parameters	is	indicated	by	the	
green	verTcal	bar.	
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The	determinaTon	of	the	the	ISN	Flow	Peak	Longitude	λISN	Peak	involves	the	
following	steps	[16]:	
•	ISN	Good	Times	for	each	IBEX	orbit	[2],	but	retain	Tme	intervals	that	are		
			despun	at	ground	because	of	missing	Star	Tracker	poinTng	informaTon	
•	Spin	integrated	ISN	count	rates	±3σ of	peak	divided	by	σ	per	512	spins		
•	Linear	Χ2	fit	to	these	rates	as	funcTon	of	λEcl				à	obtain	rate	at	λEcl		
					where	IBEX	spin	points	exactly	at	the	Sun	in	λ,	adjusted	for	IBEX	moTon	
•	Compensate	rates	(see	Figure	3)	for		
		-	ObservaTon	of	ISN	flux,	while	ISN	bulk	flow	corresponds	to	peak	in		
				Phase	Space	Density	(PSD)	of	the	ISN	distribuTon	and	Flux	~	PSD	x	V3	
		-	Weakly	E-dependent	IBEX-Lo	efficiency	due	to	variaTon	of	ISN	energy		
				(EISN)	with	λEcl	(relaTve	in-flight	calibraTon	for	different	IBEX-Lo	E-Steps)	
		-	ExTncTon	by	ionizaTon	along	trajectory	in	λEcl	using	TIMED	&	SDO	data.	

Figure	4:	RaTo	of	combined	ISN	and	secondary	He	(WB)	flux	and	ISN	flux	as	a	funcTon	
of	λEcl	(by	IBEX	orbit)	obtained	from	the	best	fit	secondary	soluTon	in	[17]	for	2009	-	
11	and	2013	–	15	(2012	not	shown	because	not	used	here).	The	relaTve	contribuTon	
of	the	WB	is	largest	at	low	λEcl		and	during	solar	minimum	(2009-11).	The	two	
unusually	high	points	in	2015	are	for	IBEX	spin	axis	orientaTons	at	+5o		laTtude,	
indicaTng	increased	viewing	of	the	WB	for	this	orientaTon.		
The	observed	ISN	fluxes	in	each	orbit	are	compensated	for	these	raTos.	

To	obtain	a	value	for	λISN	Peak	the	adjusted	rates	from	each	IBEX	orbit	(or	
orbit	arc	aRer	2011)	are	evaluated	for	their	variaTon	with	λEcl.	Usable	
orbits	saTsfy:	
-	ObservaTons	are	within	110o	≤	λEcl	≤	160o		
-	PosiTon	at	exact	Sun	poinTng	of	the	spin	axis	is	inside	of	or		
		the	extrapolaTon	is	less	than	the	range	of	the	data	interval	in	λEcl			
These	rates	are	Χ2	fimed	to	a	Gaussian	for	each	individual	year	or	the	
combinaTon	of	all	data	aRer	normalizing	the	rates	to	the	peak	rate	(as	
shown	in	Figure	5).		

FIGURE	6:	λISN	Peak	as	obtained	from	Χ2	fits	to	a	Gaussian	for	the	data	set	of	each	
year,	along	with	the	weighted	mean,	combined	fit	value	from	Figure	5,	standard	
deviaTon	and	error.	
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1)	

Contribu=on	of	Secondary	He	Neutrals:	The	observed	IBEX	ISN	flux	
distribuTon	also	contains	a	variable	contribuTon	from	secondary	He	
neutrals	that	originate	in	the	outer	heliosheath.	The	ISN	distribuTon	is	
adjusted	for	the	secondary	contribuTon	according	to	Figure	4	[from	17].	

0.1

1

100 110 120 130 140 150 160

2009-15 TL&DH 120516

N
or

m
 R

at
e 

(a
dj

. f
or

 P
SD

)

λ
Ecl

 (Aberration) [o]

y = m2*exp(-(x-m3)^ 2/m4^ 2/...
ErrorValue

0.0677873.9687m2 
0.11829131.78m3 
0.2549412.282m4 

NA15.688Chisq
NA0.98868R

y = m2*exp(-(x-m3)^ 2/m4^ 2/...
ErrorValue

0.0125731.0092m2 
0.11154130.45m3 
0.1044511.471m4 

NA88.673Chisq
NA0.99137R

λ
Peak

 = 130.45±0.10o

σ
λ 
= 11.47±0.10o

126

128

130

132

134

20
09

20
10

20
11

20
12

20
13

20
14

20
15

 Single Year Fits

λ ISN
 P
ea
k

Years

S
td

 D
ev

S
td

 E
rr

or

Weighted
Mean

Combined 
Fit

Fits	to	yearly	data	sets	are	similar	to	the	combined	set	in	Figure	5,	but	with	
larger	errors.	The	yearly	fit	results	are	compiled	in	Figure	6,	along	with	the	
weighted	mean	of	all	yearly	fit	results	and	the	combined	fit	result	from	
Figure	5.	
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Figure	7	shows	all	2-year	combinaTons	sorted	by	their	center	Tme.	
CombinaTons	with	idenTcal	center	Tme	vary	more	than	those	with	
different	Tmes		à	Consistent	with	no	trend!		
Adding	more	data	points	and	extending	Tme	will	reduce	uncertainTes.		


