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Abstracts 
Mul$wavelength	Signatures	of	Solar	Erup$ve	Events		

Nat	Gopalswamy	
Goddard	Space	Flight	Center,	NASA,	USA		

This	talk	will	provide	an	overview	of	various	observa?onal	signatures	of	solar	erup?ve	events.	I	will	
start	 with	 pre-erup?on	 structures,	 which	 are	 closed	magne?c	 regions	 on	 the	 Sun	 such	 as	 ac?ve	
regions,	quiescent	filament	regions,	and	trans-equatorial	magne?c	structures.	During	an	erup?on,	
the	stored	magne?c	energy	is	released	in	the	form	of	flares	and	coronal	mass	ejec?ons.	Flares	are	
electromagne?c	emissions	at	a	wide	variety	of	wavelengths	from	radio	to	high-energy	gamma-rays	
produced	 by	 a	 rich	 variety	 of	 physical	 processes	 involving	 par?cle	 energiza?on	 and	 hea?ng.	 The	
energy	release	results	in	post-erup?on	arcades	(PEAs)	imaged	in	soO	X-rays,	EUV,	and	microwaves.	
PEAS	overly	the	polarity	inversion	line	oOen	marked	by	the	pre-erup?on	filament.	PEAs	help	derive	
key	 erup?on	parameters	 such	 as	 the	 reconnected	flux.	 CMEs	 and	 the	 shocks	driven	by	 them	are	
imaged	in	many	wavelengths	from	close	the	solar	surface	to	en?re	inner	heliosphere.	 	Nonthermal	
shock	 signatures	 are	 observed	 throughout	 the	 inner	 heliosphere	 using	metric	 to	 kilometric	 radio	
waves.	 The	 same	 shocks	 accelerate	 par?cles	 from	 the	 ambient	medium	 that	 can	 be	 observed	 in	
space	as	solar	energe?c	par?cle	(SEP)	events.	Finally	when	the	CMEs	arrive	near	Earth,	they	can	be	
detected	by	a	mul?tude	of	solar	wind	signatures.	Finally,	 I	will	discuss	how	CMEs	and	flares	affect	
humans	and	their	technology	in	space.	

Circular	ribbon	flares:	present	understandings	and	recent	developments		
Prabir	Kumar	Mitra	

Ins?tute	of	Physics,	University	of	Graz,	Austria		

As	the	name	suggests,	circular	ribbon	flares	are	iden?fied	by	the	circular,	semi-circular	or	ellip?cally	
shaped	 (collec?vely	 referred	 to	as	circular)	flare	 ribbons.	These	events	usually	occur	 from	the	so-
called	 ‘anemone’-type	 photospheric	 configura?ons	 where	 a	 compact	 magne?c	 flux	 region	 is	
completely	 surrounded	 by	 magne?c	 flux	 of	 opposite	 polarity.	 The	 complex	 morphology	 of	 such	
configura?ons	 leads	 to	 the	 forma?on	of	 one	 or	more	 3D	 coronal	 null	 points	where	 all	 the	 three	
components	of	magne?c	field	become	zero.	Magne?c	field	beyond	the	immediate	neighborhood	of	
a	3D	null	point	is	characterized	by	a	spine	line	and	a	fan	surface;	hence,	the	overall	configura?on	is	
referred	to	as	‘fan-spine	configura?on	in	null	point	topology’.	Majority	of	the	circular	ribbon	flares	
are	triggered	as	a	flux	rope	situated	within	the	fan	lines	erupts	leading	to	magne?c	reconnec?on	at	
the	null	point.	Thus,	majority	of	circular	ribbon	flares	evolve	with	the	ini?al	forma?on	of	a	pair	of	
parallel	ribbons	followed	by	the	onset	of	the	circular	ribbon.	However,	recent	observa?ons/analysis	
of	 a	 few	 circular	 ribbon	 flares	 portrays	 a	 different	 scenario	 where	 the	 onset	 of	 circular	 ribbon	
brightening	 was	 noted	 prior	 to	 the	 onset	 of	 the	 parallel	 ribbon	 brightening.	 Further,	 the	 novel	
observa?ons	of	a	series	of	homologous	quasicircular	 ribbon	flares	 that	originated	 from	fan-spine-
like	configura?on	involving	hyperbolic	flux	tubes	in	the	absence	of	3D	null	points,	have	opened	up	a	
completely	 uncharted	 territory	 in	 the	 context	 of	 3D	 flaring	 ac?vi?es	 from	 complex	 magne?c	
configura?ons.	 In	this	talk,	 I	will	discuss	the	‘standard	model	of	circular	ribbon	flares’	and	present	
the	results	of	 the	recent	 ‘non-standard’	cases	that	 indicate	toward	much	diversity	 in	 the	pre-flare	
configura?on	and	evolu?on	of	circular	ribbon	flares	than	previously	believed.		



MHD	Plasma	Processes	In	Solar	Prominence	and	Their	Response	in	the	Solar	Atmosphere		
Sudheer	K.	Mishra	

Indian	Ins?tute	of	Astrophysics,	Bangalore	

The	 solar	 corona	 shows	 marvelous	 magne?zed	 structures	 like	 looping	 prominences,	 oscilla?ng	
bright	coronal	 loops,	coronal	 jets,	streamers,	and	explosive	release	of	energy	in	flares	and	coronal	
mass	ejec?ons	(CMEs)-all	controlled	by	the	magne?c	field.	Prominences	are	the	most	common	and	
well-studied	 large-scale	 features	 of	 the	 solar	 atmosphere,	 which	 shows	 small	 to	 large-scale	
dynamical	processes	such	as	gravity-driven	and	MHD	instabili?es,	waves,	turbulence,	reconnec?ons,	
forced	reconnec?on,	vor?ces,	counter-streaming	flow,	oscilla?on,	etc.	The	magne?c	field	maintains	
the	 stability	 and	 erup?on	 of	 the	 cool	 and	 dense	 solar	 filaments/prominences	 in	 the	 hot	 solar	
corona.	 Magne?c	 reconnec?on	 and	 MHD	 instabili?es	 may	 be	 the	 two	 possible	 mechanisms	 for	
understanding	 the	 internal	 plasma	 dynamics,	 their	 hea?ng,	 triggering	 mechanism	 in	 the	 solar	
prominence,	and	their	associa?on	with	large-scale	erup?ons	(CMEs,	solar	flares).	In	this	talk,	I	will	
be	talking	about	the	instability	and	reconnec?on	in	the	solar	prominences	and	their	role	in	pre-and	
post-erup?on	 condi?ons,	 internal	 plasma	 dynamics,	 internal	 magne?c	 field,	 hea?ng	 of	 the	
prominences,	 rela?onship	 with	 the	 massive	 erup?on	 (CMEs),	 and	 its	 consequences	 on	 space	
weather.	 I	 have	 used	 AIA	mul?-temperature	 and	 stereoscopic	 observa?ons	 to	 reveal	 the	 drivers,	
kinema?cs,	 transport	of	mass,	 and	energy	of	 these	plasma	dynamics	of	 solar	prominences	 in	 the	
chromospheric/coronal	region	of	the	Sun's	atmosphere.	We	also	highlight	the	use	of	VELC	&	SUIT	
onboard	ADITYA-L1	 to	discuss	how	 these	MHD	plasma	processes	 can	 transport	 the	energy,	mass,	
and	 shearing	 during	 the	 pre-and-post	 erup?on	 of	 the	 prominence.	 The	 spectroscopic	 channel	 of	
VELC,	in	combina?on	with	SUIT,	will	be	helpful	to	understand	beber	the	3D	velocity	field,	mass,	and	
energy	deposi?on	in	the	extended	corona	and	inves?gate	hea?ng	driven	by	these	dynamics.		

New	insights	on	3D	evolu$on	of	CMEs	in	inner	and	outer	corona	
Satabdwa	Majumder	

ARIES,	Nainital	

Despite	a	strident	progress	in	our	understanding	of	CME	kinema?cs	in	the	last	few	decades,	there	
have	 been	 certain	 challenges	 that	 have	 hindered	 a	 clear	 understanding	 of	 the	 same.	 These	
challenges	mostly	root	from	projec?on	effects	and	lack	of	data	in	inner	corona	(<	3R).	To	help	these	
shortcomings	in	our	understanding,	I	will	be	discussing	some	of	the	works	that	I	have	done	with	the	
stereoscopic	observa?ons	from	STEREO-A/B,	with	the	applica?on	of	the	Graduated	Cylindrical	Shell	
(GCS)	model.	Through	my	talk,	 I	will	show	how	the	CME	accelera?on	and	width	evolu?on	profiles	
can	be	unified	to	find	an	observa?onal	imprint	of	Lorentz	force	in	the	inner	corona,	and	how	some	
typical	techniques	of	CME	deflec?on	studies	based	on	projected	quan??es	can	be	misleading.	I	will	
also	 show	how	the	3D	kinema?cs	of	CMEs	gets	coupled	with	 the	kinema?cs	at	 the	 inner	corona,	
and	how	the	source	regions	of	the	CMEs	have	a	say	on	that	coupling.	I	will	then	briefly	men?on	the	
challenges	that	I	have	faced,	and	in	order	to	do	away	with	them,	I	would	talk	about	the	first	?me	
applica?on	of	the	GCS	model	to	ground-based	observa?ons	from	MLSo/K-Cor.	This	extension	of	the	
GCS	model	has	allowed	me	to	capture	a	strange	behaviour	in	the	evolu?on	of	the	3D	CME	volume,	
and	I	will	discuss	the	implica?ons	of	such	behaviour	on	our	exis?ng	understanding	of	CMEs.		



Visible	Emission	Line	Coronagraph	(VELC)	onboard	ADITYA-L1:	implica$ons	to	CME’s		
Jagdev	Singh	

Indian	Ins?tute	of	Astrophysics,	Bengaluru	

Visible	Emission	Line	Coronagraph	(VELC)	is	the	major	payload	on	ADITYA-L1	mission.	The	VELC	has	
the	 facility	 to	 take	 spectroscopic	 observa?ons	 in	 three	 emission	 lines,	 [Fe	 xi]	 789.2	 nm,	 [Fe	 xiii]	
1074.7nm,	[Fe	xiv]	530.3nm	and	image	of	the	solar	corona	in	con?nuum,	simultaneously.	The	FOV	
for	con?nuum	channel	is	up	to	3	solar	radii	and	1.5	for	spectroscopic	observa?ons.	We	describe	the	
need	for	the	VELC	and	instrument	in	brief.	The	possible	observa?ons	which	can	be	made	will	also	be	
discussed	in	brief.	The	simultaneous	spectroscopic	and	imaging	observa?ons	will	help	in	gepng	the	
values	 of	 line-of-sight	 and	 in	 the	 plan	 of	 sky	 veloci?es,	 which	 is	 a	 unique	 capability	 of	 VELC.	
Observa?ons	 close	 to	 the	 solar	 limb	 at	 high	 cadence	of	 about	 one	minute	will	 help	 to	 study	 the	
dynamics	of	CME’s	with	high	resolu?on.	

Theory of magnetic flux rope formation and eruption models 
P.	Vemareddy	

Indian	Ins?tute	of	Astrophysics,	Bengaluru	

On	 the	 solar	 surface,	 the	magne?c	 fields	 prominently	 appear	 in	 the	 concentrated	 regions	 called	
ac?ve	regions	 (ARs)	and	 less	prominently	 in	 the	quiet	 regions.	The	ARs	are	seen	with	spectacular	
large	scale	ac?vity	like	CMEs	and	flares,	occurrence	of	which	was	formidable	problem	linked	to	the	
dynamics	of	magne?c	fields	 in	 the	ARs.	 The	present	 consensus	 is	 that	 these	 large	 scale	 transient	
events	occur	due	to	release	of	energy	which	is	pre-stored	in	the	magne?c	field	in	stressed	form	by	
constantly	 straining	 plasma	mo?ons.	 The	 pre-erup?ve	 condi?ons	 exhibit	 twisted	 plasma	 features	
which	links	to	the	twisted	magne?c	field.	Magne?c	helicity	is	one	such	parameter	to	quan?fy	twist	
and	shear	of	magne?c	field	and	is	related	to	forma?on	of	flux	rope	structure.	In	this	presenta?on,	
we	 will	 discuss	 the	 helicity	 flux	 evolu?on	 from	 different	 ac?ve	 regions	 and	 then	 understand	 its	
evolu?on	 to	 relate	 the	 forma?on	of	 the	flux	 rope	and	 then	 its	erup?ons	 from	 that	ac?ve	 region.	
Once	 the	 twisted	 flux	 forms,	 a	 triggering	mechanism	 is	 required	 in	 order	 to	 lead	 to	 a	 successful	
erup?on.	Therefore,	the	triggering	mechanisms	of	erup?ons	also	are	important	in	the	physics	of	the	
CME	origins	at	the	sun,	which	will	be	also	discussed.	

Homologous	Flaring	Ac$vity	over	a	Sunspot	Light	Bridge	in	an	Emerging	Ac$ve	Region	
Rohan	E.	Louis		

Udaipur	Solar	Observatory,	Udaipur	

Sunspot	light	bridges	are	known	to	exhibit	a	variety	of	dynamic	and	persistent	phenomena	such	as	
surges,	small-scale	jets,	etc.,	in	the	chromosphere	and	transi?on	region.	While	it	has	generally	been	
proposed	that	magne?c	reconnec?on	is	responsible	for	this	small-scale	dynamism,	persistent	flaring	
ac?vity	 las?ng	 several	 hours	 from	 the	 same	 spa?al	 loca?on	 on	 a	 sunspot	 light	 bridge	 has	 rarely	
been	 reported.	 We	 combine	 observa?ons	 from	 the	 Atmospheric	 Imaging	 Assembly	 and	 the	
Helioseismic	Magne?c	Imager	on	board	the	Solar	Dynamics	Observatory	to	inves?gate	homologous	
flaring	ac?vity	over	a	small	sunspot	light	bridge	in	an	emerging	flux	region.	The	homologous	flares	
all	produced	broad,	collimated	jets	including	a	B6.4	class	flare.	The	jets	rise	at	a	speed	of	about	200	
km/s	 and	 emerge	 from	 the	 same	 spa?al	 loca?on	 for	 nearly	 14	 hrs,	 aOer	 which	 they	 cease	



completely.	A	nonlinear	 force-free	extrapola?on	of	 the	photospheric	magne?c	field	 shows	a	 low-
lying	 flux	 rope	 connec?ng	 the	 light	 bridge	 to	 a	 remote	 opposite-polarity	 network.	 The	 persistent	
flares	 occur	 as	 a	 result	 of	 the	 rapid	 horizontal	 mo?on	 of	 the	 leading	 sunspot	 that	 causes	 the	
rela?vely	ver?cal	magne?c	fields	in	the	adjacent	umbra	to	reconnect	with	the	low-lying	flux	rope	in	
the	 light	bridge.	Our	 results	 indicate	 that	 the	flaring	 ceases	once	 the	flux	 rope	has	 lost	 sufficient	
twist	through	repeated	reconnec?ons.		

Associa$on	of	Filament	Erup$on	with	Coronal	Mass	Ejec$on	
Debi	Prasad	Choudhary	

California	State	University,	Northridge,	USA	

We	report	characteris?cs	of	filament	erup?ons	that	did	not	produce	coronal	mass	ejec?ons	(CMEs).	
We	examined	354	filament	erup?ons,	each	of	which	were	located	close	to	the	disk	center	in	diffuse	
remnant	magne?c	fields	of	decayed	or	compact	ac?ve	regions.	These	events	were	well	observed	in	
full-disk	movies	in	He	304	and	Fe	XII,	HMI	magnetographs	and	had	good	coronagraph	coverage.	Of	
the	354	erup?ons,	232	events	were	associated	with	two	ribbon	flares.	Out	of	the	232	erup?ons	with	
two	ribbon	flares	186	were	accompanied	with	significant	CME.	The	122	events	 that	did	not	show	
two	 ribbon	flares,	 28	were	 accompanied	 by	 small	 CMEs.	 In	most	 cases,	 the	 CMEs	with	 non-flare	
associated	 erup?ons	 were	 enhanced	 streamers.	 Even	 though	 these	 erup?ons	 were	
indis?nguishable	 in	 their	magne?c	 sepng,	we	 study	 their	 origin	 by	 observing	 the	morphological	
flare	proper?es	in	erup?ve	mo?on	of	the	filament	in	the	He	304	and	Fe	XII	movies.	From	this	result,	
we	 conclude	 that	 the	 non-CME-	 producing	 filament	 erup?ons	 are	 confined	 erup?ons	 like	 the	
confined	filament	erup?ons	 in	ac?ve	regions.	We	take	 the	similarity	of	 the	confined	and	erup?ve	
quiescent	filament	erup?ons	with	their	ac?ve-region	counterparts	to	favour	runaway	tether-cupng	
reconnec?on	for	unleashing	the	magne?c	explosion	in	all	these	erup?ons.	

Coronal	Magne$c	Field	Es$mates	using	Radio	Observa$ons	
C.	Kathyravan	

Indian	Ins?tute	of	Astrophysics,	Bengaluru	

The	 magne?c	 field	 that	 permeates	 the	 solar	 corona	 plays	 a	 vital	 role	 in	 the	 evolu?on	 of	 the	
background	 corona	 and	 in	 the	 forma?on,	 evolu?on	 and	 dynamics	 of	 the	 small	 and	 large	 scale	
structures	such	as	coronal	helmet	streamers,	coronal	holes,	etc.	present	in	it.	So,	the	es?ma?on	of	
the	 magne?c	 field	 strength	 would	 help	 us	 to	 study	 the	 background	 corona	 and	 the	 small-	 and	
largescale	 coronal	 structures.	 In	 general,	 the	 polariza?on	measurements	 are	 extensively	 used	 to	
es?mate	 the	 magne?c	 field	 strength	 associated	 with	 any	 astrophysical	 source.	 As	 for	 the	
background	solar	corona,	par?cularly	in	the	height	range	1.05-3.0	Rʘ	(where	Rʘ	is	the	photospheric	
radius)	 is	 concerned,	 the	 es?ma?on	 of	 magne?c	 field	 strength	 is	 presently	 limited	 because	 the	
direct	technique	like	the	Zeeman	splipng	of	spectral	lines	(as	is	used	for	the	Photosphere)	cannot	
be	 used	 (since	 field	 strength	 is	 inferred	 to	 be	 weak,	 i.e.,	 ~	 few	 Gauss,	 there).	 Therefore,	 the	
magne?c	field	 strength	 is	 calculated	using	 the	mathema?cal	extrapola?on	of	either	 the	observed	
line-of-sight	component	of	the	photospheric	magne?c	field	(for	r	≾	2.0	Rʘ)	using	the	poten?al	field	
source	surface	model	(assuming	that	the	field	is	force	free)	or	the	values	obtained	from	the	Faraday	
rota?on	measurements	 (for	 r	≿	3.0	Rʘ)	of	 the	radio	signals	emibed	by	the	extra-galac?c	sources.	
Apart	 from	 these	 extrapola?on	 techniques,	 the	 occasional	 transient	 non-thermal	 radio	 energy	



releases	from	the	solar	corona	are	also	being	used	to	es?mate	the	magne?c	field	strength	making	
use	of	 the	 type	of	 radio	emission,	 the	 loca?on	of	 the	associated	 radio	 source,	etc.	 So,	 the	 talk	 is	
intended	 to	 discuss	 about	 the	 es?mates	 of	 magne?c	 field	 strength	 obtained	 using	 radio	
observa?ons.		

Studying	Solar	Ac$vi$es	using	Solar	Ultraviolet	Imaging	Telescope	(SUIT)	onboard	Aditya	-L1	
Sreejith	PadinhaXeeri	

Manipal	Academy	of	Higher	Educa?on,	Manipal	

Solar	Ultraviolet	Imaging	Telescope	(SUIT)	is	a	telescope	onboard	upcoming	Aditya-L1	satellite.	SUIT	
will	study	the	Sun	and	Solar	Ac?vi?es	using	eleven	spectral	filtergrams	covering	the	range	of	near	
UV	(200	nm	-	400	nm).	This	presenta?on	will	cover	the	details	of	SUIT	and	what	science	can	be	done	
with	SUIT	data	especially	to	study	Solar	Ac?vi?es	like	flares	and	CMEs.	

Data-constrained	magnetohydrodynamic	simula$on	of	solar	coronal	transients		
Ramit	BhaXacharyya	

Udaipur	Solar	Observatory,	Udaipur			

The	solar	 coronal	 transients	are	events	which	are	 sudden	and	can	vary	 from	coronal	 jets	 to	 large	
solar	flares	giving	rise	to	coronal	mass	ejec?ons.	The	magne?c	reconnec?on	 is	believed	to	be	the	
underlying	 mechanism	 for	 these	 transients.	 A	 workflow	 can	 be	 developed	 to	 explore	 the	
mechanisms	of	these	reconnec?ons	by	extrapola?ng	the	coronal	magne?c	field	using	photospheric	
magnetograms	and	subsequently	use	the	extrapolated	field	for	magnetohydrodynamic	simula?ons.	
These	are	oOen	called	data-constrained	simula?ons	which,	have	open	a	new	avenue	to	understand	
magne?c	 reconnec?on	 at	 the	 solar	 corona	 and	 consequently,	 the	 coronal	 transients.	 The	
presenta?on	will	explore	these	simula?ons	in	terms	of	their	objec?ves,	outputs	and	limita?ons.		

Modeling	the	Geomagne$c	Impact	of	Interplanetary	Coronal	Mass	Ejec$ons	
Dibyendu	Nandi	

Center	of	Excellence	in	Space	Sciences	India,	IISER	Kolkata	

Earth-directed	solar	magne?c	storms	oOen	carry	magne?c	flux	ropes	embedded	in	the	solar	wind.	
When	 they	 impact	 the	Earth's	atmosphere	 they	can	create	 severe	geomagne?c	storms	which	are	
hazardous	to	space-	and	ground-based	technologies.	In	this	talk	I	shall	highlight	our	ini?a?ves	at	the	
Center	of	Excellence	 in	Space	Sciences	 India	 to	model	 the	 interac?ons	of	CME	flux	 ropes	and	 the	
supersonic	 solar	wind	with	 planetary	magnetospheres,	 and	 discuss	 how	 they	may	 be	 u?lized	 for	
data	driven	space	weather	predic?ons.		

Plasmoids,	Flows,	and	Jets	During	Magne$c	Reconnec$on	in	a	Failed	Solar	Erup$on	
Pankaj	Kumar	

Space	Weather	Lab,	GSFC,	NASA	

We	report	a	detailed	analysis	of	a	failed	erup?on	and	flare	in	Ac?ve	Region	12018	on	2014	April	3	
using	mul?wavelength	observa?ons	from	SDO/AIA,	IRIS,	STEREO,	and	Hinode/SOT.	At	least	four	jets	
were	 observed	 to	 emanate	 from	 the	 cusp	 of	 this	 small	 ac?ve	 region	 with	 a	 null-point	 topology	
during	 the	 two	 hours	 prior	 to	 the	 slow	 rise	 of	 a	 filament.	 During	 the	 filament	 slow	 rise	mul?ple	
plasma	 blobs	 were	 seen,	 most	 likely	 formed	 in	 a	 null-point	 current	 sheet	 near	 the	 cusp.	 The	



subsequent	filament	erup?on,	which	was	outside	the	IRIS	field	of	view,	was	accompanied	by	a	flare	
but	 remained	confined.	During	 the	explosive	flare	 reconnec?on	phase,	addi?onal	blobs	appeared	
repe??vely	 and	moved	 bidirec?onally	within	 the	 flaring	 region	 below	 the	 erup?ng	 filament.	 The	
filament	kinked,	rotated,	and	underwent	 leg-leg	reconnec?on	as	 it	 rose,	yet	 it	 failed	to	produce	a	
coronal	mass	ejec?on.	Tiny	jet-like	features	in	the	fan	loops	were	detected	during	the	filament	slow-
rise/pre-flare	 phase.	 We	 interpret	 them	 as	 signatures	 of	 reconnec?on	 between	 the	 ambient	
magne?c	field	and	the	plasmoids	leaving	the	null-point	sheet	and	streaming	along	the	fan	loops.	We	
contrast	our	interpreta?on	of	these	?ny	jets,	which	occur	within	the	large-scale	context	of	a	failed	
filament	erup?on,	with	the	local	nanoflare-hea?ng	scenario	proposed	by	Antolin	et	al.	(2021).	

Numerical	tools	to	understand	the	genera$on	of	Solar	Energe$c	Par$cles	
Aveek	Sarkar	

Physical	Research	Laboratory,	Ahmedabad	

Interplanetary	 Coronal	 Mass	 Ejec?ons	 form	 shock	 waves	 while	 propaga?ng	 in	 the	 heliosphere.	
These	shocks	are	known	to	be	the	primary	sites	for	par?cle	accelera?ons.	However,	one	needs	to	
resolve	 the	 par?cle	 gyroradius	 to	 track	 the	 accelera?on	 process	 numerically.	On	 the	 other	 hand,	
shock	 forma?on	 happens	 at	 the	 fluid	 scale.	 Naturally,	 the	 massive	 scale	 difference	 makes	 such	
simula?ons	 enormously	 expensive.	 In	 such	 scenarios,	 the	 Magnetohydrodynamic-Par?cle	 In	 Cell	
(MHD-PIC)	method	can	come	handy.	 Some	 results	of	MHD-PIC	 simula?ons	using	 the	PLUTO	code	
will	 be	 discussed	 in	 this	 presenta?on.	 How	 this	 kinds	 of	 numerical	 simula?ons	 can	 be	 useful	 in	
interpre?ng	observa?onal	data	will	also	be	presented.		

Regular	Solar	Radio	Imaging	at	Arecibo:	Space	Weather	Perspec$ve	of	Evolu$on	of	Ac$ve	Regions		
P.	K.	Manoharan	

Arecibo	Observatory,	University	of	Central	Florida,	USA	

The	 sudden	 release	 of	 magne?c	 energy	 from	 an	 ac?ve	 region	 drives	 powerful	 solar	 flares	 and	
coronal	 mass	 ejec?ons	 and	 the	 related	 space	 weather	 is	 increasingly	 becoming	 an	 important	
component	 in	 the	day-to-day	opera?on	of	 several	 technological	 systems.	 The	 talk	will	 review	 the	
key	 difficulty	 in	 predic?ng	 the	 occurrence	 ?me	 and	 loca?on	 of	 strong	 solar	 erup?ons,	 i.e.,	 those	
leading	to	the	high	impact	space	weather	disturbances	at	the	near-Earth	environment.	Solar	radio	
imaging	 helps	 iden?fy	 the	 magne?c	 field	 characteris?cs	 of	 ac?ve	 regions	 suscep?ble	 to	 intense	
flares	and	energe?c	coronal	mass	ejec?ons.	Mapping	of	the	Sun	at	X-band	(8.1	-	9.3	GHz)	with	the	
12-m	 radio	 telescope	 at	 the	 Arecibo	 Observatory	 allows	 monitoring	 of	 the	 evolu?on	 of	 the	
brightness	 temperature	 of	 ac?ve	 regions	 in	 associa?on	 with	 the	 development	 of	 magne?c	
complexity,	which	can	lead	to	strong	erup?ons.	For	a	beber	forecas?ng	strategy	in	the	future,	such	
ground-based	 radio	 observa?ons	 of	 high-spa?al	 and	 temporal	 resolu?on,	 along	 with	 a	 full	
polariza?on	 capability,	 would	 have	 tremendous	 poten?al	 not	 only	 to	 understand	 the	 magne?c	
ac?vity	of	solar	erup?ons,	but	also	for	revealing	the	par?cle	accelera?on	mechanism	and	addi?onal	
exci?ng	 science.	 Addi?onally,	 these	 microwave	 images	 have	 been	 useful	 in	 iden?fying	 the	
signatures	of	ini?a?on	of	coronal	mass	ejec?ons	in	the	chromospheric	region.	

Evolu$on	and	its	impact	on	solar	erup$ve	events	in	Sun-Earth	medium	
Sanchita	Pal	

George	Mason	University,	USA	



Coronal	 mass	 ejec?ons	 (CMEs)	 are	 the	 major	 solar	 erup?ve	 events,	 which	 manifest	 as	 a	 bright	
dynamic	 structure	 in	 coronagraph.	 They	 result	 in	 the	 ejec?on	 of	 large-scale	 flux	 ropes	 in	
interplanetary	space,	consis?ng	of	plasma	with	enhanced	magne?c	fields	whose	direc?on	changes	
coherently	 when	measured	 in	 situ.	 In	 the	 interplanetary	medium,	 they	 can	 be	 preceded	 and/or	
followed	 by	 structured	 solar	 wind	 that	 can	 interact	 and	 cause	 significant	 evolu?on	 of	 their	
structures.	 The	 evolu?on	 may	 happen	 through	 expansion,	 rota?on,	 deflec?on,	 distor?on/
deforma?on	and	erosion,	and	the	evolu?onary	impacts	are	evident	in	their	observa?ons	obtained	
from	 mul?ple	 spacecraO.	 The	 evolu?on	 may	 impact	 CME's	 inherent	 proper?es	 and	
geoeffec?veness.	 The	 severity	 of	 CME's	 geoeffec?veness	 and	 space	weather	 impacts	 depends	on	
the	direc?on	and	strength	of	the	 interplanetary	magne?c	field	(IMF),	as	well	as	on	the	speed	and	
dura?on	of	the	passage	of	the	magne?c	cloud	associated	with	the	storm.	The	geoeffec?veness	can	
be	predicted	using	data-driven	modeling,	whose	performance	may	be	impacted	by	CME	evolu?on.	
Here	 I	will	 summaries	CME's	evolu?on	processes,	 it's	 in	situ	and	remote	observa?ons	 in	 the	Sun-
Earth	medium	and	their	impacts.	

Near-Sun	and	Interplanetary	Characteris$cs	of	CMEs	Associated	with	DH-type	II	Radio	Bursts	
Binal	Patel	

Udaipur	Solar	Observatory,	Udaipur	

Coronal	mass	ejec?ons	(CMEs)	are	the	most	energe?c	and	large-scale	phenomena	associated	with	
the	 erup?on	 of	 plasma	 and	magne?c	 field	 from	 the	 Sun	 into	 the	 heliosphere.	Only	 a	 frac?on	 of	
CMEs	are	observed	to	produce	the	magnetohydrodynamic	shock,	subsequently	giving	rise	to	type	II	
radio	 bursts.	 Contextually,	 the	 decameter-hectometer	 (DH:	 30	MHz	 ≤	 f	 ≤	 300	 kHz)	 type	 II	 radio	
bursts	 driven	 by	 a	 CME	 indicate	 powerful	 MHD	 shocks	 leaving	 the	 inner	 corona	 entering	 the	
interplanetary	 medium.	 Therefore,	 the	 study	 of	 DH	 type	 II	 bursts	 and	 their	 associated	 CMEs	
becomes	 important	 as	 they	 are	 primarily	 associated	 with	 the	 energe?c	 and	 wider	 CMEs	 that	
frequently	 cause	 space-weather	 manifesta?ons.	We	 present	 the	 characteris?cs	 of	 interplanetary	
coronal	mass	ejec?ons	(ICMEs)	during	Solar	Cycles	23	and	24.	An	important	aspect	of	this	study	is	to	
understand	the	near-Earth	and	geoeffec?ve	aspects	of	 ICMEs	 in	terms	of	their	associa?on	(type	II	
ICMEs)	versus	absence	(non-type	II	ICMEs)	of	DH	type	II	radio	bursts	in	the	near-Sun	interplanetary	
medium	and	beyond.	We	find	a	dras?c	reduc?on	of	ICME	events	during	Solar	Cycle	24,	which	shares	
only	 30%	 of	 the	 total	 events	 (i.e.,	 64	 out	 of	 211).	 We	 provide	 a	 detailed	 comparison	 of	 ICME	
parameters	 (mean	 ICME	 speed,	 magne?c	 field)	 at	 1	 AU	 along	 with	 Sun-Earth	 propaga?on	
parameters	(transit	?me,	accelera?on)	between	the	type	II	and	non-type	II	ICME	groups.	Our	results	
confirm	that	the	ICME	characteris?cs	at	1	AU	primarily	depend	on	near-Sun	CME	characteris?cs	and	
solar	 wind	 condi?ons	 in	 the	 interplanetary	 medium.	 We	 find	 a	 significant	 reduc?on	 in	 the	
parameter	VICME×Bz	,	the	dawn	to	dusk	electric	field,	by	39%	during	Solar	Cycle	24	in	comparison	
with	the	previous	cycle.	Further,	VICME×Bz	shows	a	strong	correla?on	with	Dst	 index,	which	even	
surpasses	 the	 considera?on	 of	 Bz	 and	 VICME	 alone.	 The	 above	 results	 imply	 the	 crucial	 role	 of	
VICME×Bz	toward	effec?vely	modula?ng	the	geoeffec?veness	of	ICMEs.		

Enrichment	of	Helium	abundance	in	Interplanetary	Coronal	Mass	Ejec$ons:	Insights		
Yogesh	

Physical	Research	Laboratory,	Ahmedabad		

It	 is	 known	 that	 helium	 abundance	 (AHe	 =	 nHe/nH	 *	 100)	 is	 ~8%	 at	 the	 photospheric	 and	
chromospheric	 heights.	 However,	 measurements	 from	 various	 vantage	 points	 in	 the	 heliosphere	



suggest	that	AHe	can	far	exceed	8%	in	the	interplanetary	Coronal	Mass	Ejec?on	(ICME)	structures	
on	many	 occasions.	 Since	 enhanced	 AHe	 is	 considered	 to	 be	 a	 composi?onal	 proxy	 to	mark	 the	
arrival	of	ICMEs	at	the	first	Lagrangian	point	of	the	Sun-Earth	system,	the	cause(s)	for	the	enhanced	
AHe	 in	 the	 ICMEs	 has	 (have)	 direct	 ramifica?on(s)	 for	 the	 terrestrial	 space	 weather.	 Based	 on	
detailed	analyses	of	a	large	number	if	ICME	events,	we	show	that	there	is	solar	ac?vity	varia?on	of	
the	 ICME	 averaged	 AHe	 values.	 We	 also	 show	 that	 the	 first	 ioniza?on	 poten?al	 effect	 and	 the	
localized	coronal	hea?ng	due	to	magne?c	reconnec?on	do	not	greatly	control	the	AHe	variabili?es	
in	 ICMEs.	 In	 fact,	 the	 inves?ga?on	 suggests	 that	 the	 combined	 ac?ons	 of	 chromospheric	
evapora?on	 during	 flares	 and	 gravita?onal	 sebling	 of	 Helium	 in	 the	 solar	 corona	 determine	 the	
Helium	enrichment	 in	 the	 ICMEs.	The	 intensity	and	?ming	of	 the	preceding	flares	 from	the	 same	
ac?ve	region	from	where	the	CME	erupts	are	suggested	to	be	important	factors	for	the	enrichment	
of	helium	abundance	in	ICMEs.	These	results	will	be	presented.


