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AMS	on	the	Interna+onal	Space	Sta+on		

flare Flare 

AMS	a	mul9purpose	par9cle	detector	installed	on	the	ISS	on	May	19th	,	2011	
to	measure	high	energy	par9cles	in	space	from	GV	to	a	few	TV	
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Solar	Energe+c	Par+cles	(SEPs)	and	Forbush	
Decreases	(FDs)	with	AMS	 

•  Solar	Energe9c	Par9cles	
–  Temporary	increase	in	par9cle	flux	
–  M-	and	X-class	flares	and	high	speed	CMEs	

generate	SEP	events	measured	by	AMS-02	
	
•  Forbush	Decreases	

–  Temporary	decrease	in	the	galac9c	cosmic	
ray	flux	

–  Caused	by	a	passing	Interplanetary	Coronal	
Mass	Ejec9on	or	Corota9ng	Interac9ng	
Regions	

flare Flare AMS	is	also	capable	of	measuring:	
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AMS	SEP	events	are	typically	
associated	with	M-	and	X-class	
flares	and	fast	CMEs	
	
	

List	of	SEP	Events	
Observed	by	AMS	

In	solar	cycle	24	from	May	2011	to	
May	2016	AMS	observed	27	high-
energy	Solar	events	above	1GV	
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Loca+ons	on	the	Sun	of	the	Flares	and	CMEs	
associated	with	AMS	SEP	events	 

Explosive	events	on	the	sun	can	accelerate	and	distribute	high	energy	
par9cles	over	wide	longitudes	
	
An	unexpected	radia9on	hazard	over	large	por9ons	of	the	inner	heliosphere.	

Flare Classes CME velocities (km/s) 
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7 

GV 

Due	to	the	Earth's	geomagne9c	field,	AMS	is	sensi9ve	to	SEP	when	is	orbi9ng	
close	to	geomagne9c	poles	-	27%	of	the	+me	
	 GV 

Loca+ons	where	AMS	Measures	SEPs	
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AMS	Daily	Proton	Flux	

GCR	background	before	March	7,	2012	

AMS	Proton	Flux	

Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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AMS	Proton	Flux	
March	2012	Event	

Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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SEPs	Observed	by	AMS	as	an	Excess	above	the	
GCR	Background	



Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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SEPs	Observed	by	AMS	as	an	Excess	above	the	
GCR	Background	

AMS	Proton	Flux	
March	2012	Event	



Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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SEPs	Observed	by	AMS	as	an	Excess	above	the	
GCR	Background	

AMS	Proton	Flux	
March	2012	Event	



Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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SEPs	Observed	by	AMS	as	an	Excess	above	the	
GCR	Background	

AMS	Proton	Flux	
March	2012	Event	



March	7,	2012	Event	

In	addi9on	to	the	SEPs	AMS	registered	a	strong	suppression		
of	the	GCR,	a	Forbush	decrease,	that	lasted	for	about	20	days		

AMS	protons	SEP+GCR 

GCR Frobush decrease 

Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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Quiet	Sun	

Flux	integrated		
over	24	hours.	

Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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Examples	of	AMS	SEP	Events	

AMS	Proton	Flux	



AMS	Daily	Proton	Flux	May	17,	2012	

May	17,	2012	

May	16	,	2012	
(quiet	day)	

May	17,	2012	-	Ground	Level	Enhancement	(GLE)		
	 	 					Solar	Flare	of	class	M5.1	(XRT	Flare	catalog)	
	 	 					CME	with	linear	speeds	of	1582	km/s	(SOHO	LASCO	CME	catalog)	

Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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AMS	Proton	Flux	



AMS	Daily	SEP	Flux	May	17,	2012	
S

E
P 

May	17,	2012		

SEP	flux	obtained	afer	subtrac9ng	the	CGR	background	

AMS	SEP	Daily	Flux	

Preliminary Data. 
Please refer to the AMS 
forthcoming publication  
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AMS	Sub-orbit	SEP	Flux	May	17,	2012	

AMS	SEP	Flux		
in	different	orbits	

Preliminary Data. 
Please refer to the AMS 
forthcoming publication  

Average	integra9on	9me	about	20	minutes	

SE
P 
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May	17,	2012	 January	6-7,	2014	

February	25-27,	2014	 September	2-6,	2014	

Open	Ques+on	on	GLEs	
AMS	saw	similar	fluxes	also	for	other	events	that	were	not	GLEs	

jlang	
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AMS	SEP	Observa+ons	
At	AMS	energies	the	spectrum	can	be	described	by	a	power	law		

May	17,	2012	 January	6-7,	2014	

February	25-27,	2014	 September	2-6,	2014	

jlang	
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Mul+-SpacecraZ	SEP	observa+ons	with		
SOHO,	GOES,	and	AMS	
AMS	data	combined	with	lower	energy	data	provides	a	baseline	for	the	
modeling	of	SEP	accelera9on	
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Mul+-SpacecraZ	SEP	observa+ons		

May	17,	2012	 January	6-7,	2014	

February	25-27,	2014	 September	2-6,	2014	

AMS 

AMS 
AMS 

AMS 

GOES 

GOES GOES 

GOES 

SOHO/ERNE 

SOHO/ERNE 

SOHO/ERNE 
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A	clear	spectral	break	is	observed		
The	flux	cannot	be	described	by	a	single	power	law	



Time	Evolu+on	of	SEP	Spectral	Index		
January	6,	2014		

Preliminary Data. 
Please refer to the AMS 
forthcoming publication  

Spectral	index	from	a	fit	with	a	power	law	for	the	Low	(SOHO+GOES)	and		
High	(AMS)	energy	spectra	separately	

At	low	energy	the	spectral	index	changes	with	9me	
At	high	energy	it	remains	fairly	constant	with	9me	
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Diffusive	shock	accelera+on	in	CMEs	Accelera+on	in	Flares	

High	Energy	SEP	Accelera+on	Mechanisms	

AMS	measurements	will	help	us	understand	the	accelera9on	mechanisms		
of	High	Energy	SEPs	
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Some	Models	Used	to	Describe	SEP	Data	
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January	6,	2014	Event	–	Power	law*Exponen+al	

AMS		

SOHO/ERNE	

GOES	

jlang	
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Time	Evolu+on	of	Power	law*Exponen+al	Fit	
January	6,	2014		

jlang	
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AMS		

GOES	

SOHO/ERNE	

Improved	fit	analysis	with	different	models	is	ongoing	
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February	25,	2014	Event	–	Power	law*Exponen+al	
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AMS	SEP	List	and	
Fermi	long-dura+on	
Gamma-ray	flares		

Preliminary	list	of	AMS	SEP	
events	with	measured	Fermi	
long-dura9on	gamma-ray	flares	
(ongoing	work)	

jlang	



AMS		

GOES-13	

Fermi-LAT		

AMS AMS 

GOE
S 

GOE
S 

GOE
S 

GOE
S 

Study	of	AMS	SEP	and	
Fermi-LAT	gamma-ray	
predicted	proton	spectral	
indices	is	ongoing.	

Presented	at	the	workshop	on	The	
Solar	Sources	of	GeV	Gamma-Rays		
Leiden	-	Holland	
February	26-	March	2,	2018	

jlang	
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AMS,	GOES	SEP	and	Fermi-LAT	–	June	7,	2011	Event	



Summary	and	Conclusions	

•  AMS	is	sensi9ve	to	SEPs	when	orbi9ng	close	to	geomagne9c	poles	
(27%	of	orbi+ng	+me)	

•  From	May	2011	to	May	2016	AMS	has	measured	27	high-energy	SEP	
events	

•  AMS	provides	SEP	flux	and	9me	evolu9on	at	high	rigidity	with	fine	
rigidity	resolu+on	

•  AMS	SEP	fluxes	have	a	power	law	spectrum	with	a	spectral	index	that	
remains	fairly	constant	with	9me	

•  Mul9-spacecraf	analysis	(GOES-13,	SOHO	and	AMS)	shows	that	the	
broader	energy	spectrum	cannot	be	described	by	a	single	power	law	

•  AMS	measurements	will	help	to	understand	the	accelera9on	
mechanisms	of	high-energy	SEPs	
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