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Poor knowledge of magnetospheric ions for m/q>20 

By	combining	these	patchy	and	incomplete	data	(database	construcHon),	we	found	
several	features	that	indicate	sources	of	these	heavy	ions.	=	ISSI	objec<ve	

H+,	He++,	He+,	O+	(N+)	:	many	works	with	may	missions	

(1)	N2
+,	NO+,	O2

+	:	only	few	dedicated	instruments	
	 	-	cold	ions	<	50	eV	(DE-1,	Akebono,	e-Pop)	for	M<40	

	-	hot	ion	>	10	keV	ions	(DE-1,	CRRES,	POLAR,	but	no	open	data	...)	
	-	energeHc	ions	≥100	keV	(CRRES,	POLAR,	AMPTE,	Geotail	…).		

(2)	high-charge	state	ions	(e.g.,	O6+,	Fe12+):	very	few	dedicated	instrument	
	-	energeHc	ions	≥100	keV	(CRRES,	POLAR,	AMPTE,	Geotail	…).	

(3)	low-charge	state	metallic	(non-vola<le,	e.g.,	Fe+)	ions:	no	dedicated	instrument		
	-	Moon	missions	as	the	source	(Kaguya	for	0.01-30	keV	and	LADEE	for	cold)	

(however)	non-dedicated	instruments	some<me	detects	molecular/metallic	ions	
	-	hot	ions	of	0.01-10	keV	range	(Arase,	Cluster/CIS,	POLAR,	MMS)	
	-	energeHc	ions	≥100	keV	(Cluster/RAPID>400	keV,	WIND).	
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Earth	
Moon	

N2
+,	NO+,	O2

+		

O6+,	Fe12+	

O6+,	Fe12+	
	Si+,	Fe+	

•  exospheric:	Ne+,	Na+,	K+,	Ar+		
•  spulered	by	SW	and	ionized:	

Si+,	CO+/N2
+,	Na+,	K+,	Ca+,		Fe+	

•  reflected	SW	Fe+		
⇒ All are picked	up	to	>	30	keV	

•  from	high-laHtude	
N2

+,	O2
+,	Si+,	Fe+	

•  from	sub-auroral	N2
+,	O2

+	

Solar	wind	–	surface	interacHon	
Micrometeorite	–	surface	interacHon	

•  directly	from	SW	 Atmospheric	evoluHon	
M-I	coupling	
Expansion	of	metal	layer		

Solar	wind	–	magnetosphere	interacHon	

AblaHon	of	meteorites/debris	

Problem is source of low-charge state: 
•  Moon vs. high-latitude? 
•  metal layer/space debris contribution? 
•  How much from low-latitude? 

Ionospheric	chemistry/physics	
M-I	coupling	

"Very	heavy"	ion	has	its	own	importance	
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Moon	source	(pickup)?	

	Geotail/STIC	sta<s<cs	(Christon	et	al,	2020	fig	5)	

not	from	
the	Earth	

SpuYered	ion	(<	400	eV)	from	Moon	

"heavy"	ions	

	Kaguya	data	(Saito	et	al,	2010	fig32)	

	LADEE	data	(Halekas	et	al,	2015	fig3)	

Low	charge-state	energe<c	ions		
(magnetosphere	vs	upstream)	

Exospheric	cold	ion	at	Moon	
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Moon	spuYering	case	 New	Moon	
(2008-2-07)	

CIR	
(2008-2-09)	

3 		7 	0-1 						4 									-						0		 	4 			3 				7 					0 					2 		Geotail/STICS	cnt/day		
(m/q>28)	 Moon	react	to	SW	⇒ magnetosphere?  (unclear)		
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Rela<on	to	meteor	and	space	debris	(model)	

Modeled	meteor-ablated	Fe+	(Wu	et	al.,	2021)	
•  EsHmate	based	on	metallic	layer	observaHon	
•  Daily	transport	>	500	km	(summer	only)	
		⇒	may	reach	magnetosphere	during	major	storm	
•  Mass	dependent	(Mg+	is	liqed	more)	
•  Space	debris	origin		⇒	too	low	alHtude	(but	Al+	may	reach…)	

Summer	(80°S,	Feb)	

WACCM-X	model	
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Rela<on	to	sodium	layer	and	low-la<tude	source:	
2015-10-07	CME	event	

atomic	ions	

Localized	near	apogee		
(20.4	MLT;	53°	MLAT)	

molecular	ions	

e-Pop	(Swarm	E)	

Na-Lidar	

Lidar	

Cluster/RAPID	Si	>	400	keV	

Could	reach	magnetosphere?	
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cnt					×103	cnt/s	
¡ 					5-10	
¡ 				10-15	
¡ 						>15	

low-cnt	events	=	extend	to	low	laHtudes		
high-cnt	events	=	only	high	laHtudes	

Courtesy:	V.	Foss,	2019	

N2
+-NO+-O2

+ at 300-1500 km (Swarm-E) 

Noon	

Midnight	

20	40	60	

20	
40	 60	

Molecular	ion	occurrence	

Generally	only	from	high	la<tude,	e.g.,	

N2
+-NO+-O2

+ at 6000- 
10000 km (Akebono) 

Cluster	2003-10-31	

Yes,	some	of	them	may	reach	the	magnetosphere	
Noon	

= observed at wide latitude range 
= only high latitude 
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Recommenda<on	

Data	only	suggests	"possibility"	of	interpretaHons,	but	not	conclusive.	
 ⇒	What	we	need	in	future?	
	
(1)  Dedicated	Instrument	in	future	missions/observaHons		
-  magnetospheric	mission	including	Moon	gateway	flight	
-  ionospheric	mission	to	cover	150-1000	km	with	heavy	ion	
capability	

-  simultaneous	ground	based	observaHon	of	metal	layer	and	
ouvlow	

(2)	Modeling?	(but	input	data	are	not	good	quality	yet)	
	
(3)	more	….	we	are	discussing	


