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AIM	OF	THE	WORK	
q Clarify	some	aspects	related	to	energy	release	and	
re-distribuNon	in	the	chromospheric	layer	during	a	
solar	flare	

q InvesNgate	the	chromosphere	response	to	the	
sudden	energy	input	

METHOD	

ü AcquisiNons	and	analysis	of	ground-based	
observaNons	carried	out	at	different	chromospheric	
lines	during	a	solar	flare	

ü Compare	the	results	by	models								
	



April	22,	2014	-	two	flaring	regions	

Ø  Limb	flare	(A)	in	AR	2036	starts	to	become	visible	at	~	15:12,	peaks	~	15:17	UT	
	
Ø  Flare	(B)	in	AR	2035	starts	to	become	visible	at	~	15:18,	peaks	~	15:22	UT	

Flare	A	

Flare	B	

4

low the flare evolution in the chromosphere, which is mainly
characterized by a loop-like structure with a cusp at its top
(see, e.g. Fig.2, right) oriented toward the south-west. Dur-
ing the flare, a dark feature overwhelming the cusp could be
seen increasing and/or decreasing in size, while the footpoints
of the loop-like structure appeared to be brighter than the
rest.The distance between the two footpoints, as determined
from the IBIS H↵ image acquired at 15:24 UT, is 11500 km
and, assuming a semi-circular shape for the loop-like struc-
ture, this has a length of ⇠ 18000 km.

From the comparison with the continuum image (see Fig.
2, left panel), it is possible to establish that the flare devel-
oped between the large (western) sunspot and a small pore
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Figure 1: GOES 1–8 Å and SDO/EVE ESP quad detector 1–7 nm

1 Introduction
The two flares mentioned in Report 5 overlap in time, making it more di�cult to use full Sun data, for instance,
RHESSI full Sun spectral analysis or SDO/EVE. Still, using AIA and RHESSI it is possible to infer the contributions
from each flare and retrieve some information.

GOES data is not available, we used EVE/ESP quad diode as proxy,

2 SDO/AIA
We will use AIA 131 Å channel as reference to distinguish the two flares, as it is the AIA channel with a temperature
response closer to the plasma temperatures that can be observed by RHESSI.

We were able to image each flare independently with RHESSI as shown in Figure 2. To evaluate how each flare
evolves, we defined a box around the location of each flare (dotted-boxes in Fig. 2) and obtained the average emission
in the AIA 131 Å channel (in DN s�1 pixel�1). For simplicity, we termed the flares as A (at the limb, occurrs first) and
B (disk). In Fig. 3 we show the RHESSI counts (full Sun), AIA 131 Åemission of flares A and B along with RHESSI
emission derived from images (more below), and AIA emission from each EUV and UV channel for flare B. The peak
of the AIA 131 Å channel was 15:16:20 UT and 15:21:44 UT for flares A and B, respectively. From the AIA 131

1

Figure 3. Upper panel: Emission recorded by GOES 1-8 Å and SDO/EVE
ESP quad detector 1–7 Å on April 22, 2014. To be noted that between 14:10
UT and 17:00 UT GOES data are missing. Bottom panel: enlargement of
the above panel, showing the details of the emission recorded by SDO/EVE
ESP. In both panels the light blue and pink bands indicate the times of IBIS
acquisition. The red and gold curves show the AIA 131 Å emission of flares
A and B, see Figure 4.
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Figure 2: RHESSI counts (full Sun), AIA 131 Åemission of flares A and B along with RHESSI emission derived from
images (see text), and AIA emission from each EUV and UV channel for flare B.

emission in the second panel of Fig. 3 it is clear that the gradual phase of flare A extends during the impulsive phase
of flare B. Therefore we cannot use RHESSI full Sun spectrocopic analysis on flare B.

3 RHESSI

2

Figure 4. AIA 131 Å image (reverse color) with overlapped the RHESSI
contours in the 6-9 keV range, showing the location of flares A and B (see
text).
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Figure 5. From top to bottom: RHESSI counts (full Sun), AIA 131 Å emis-
sion of flares A and B along with RHESSI emission derived from images;
AIA emission from each EUV and UV channel for flare B.

located at the center of the FOV. The large arch filament sys-
tem (AFS) connecting the other two main sunspots does not
seem to show any variation during the flare.

In Fig. 6 we show an AIA 1600 Å image acquired at the
peak of the flare, with overlapped the contours (levels indi-
cated in the figure caption) of the longitudinal magnetic field
deduced from the HMI instrument. We notice that the cusp re-
gion, also observed at 656.3 nm (compare with Fig.2, right),
is quite evident, while the bright footpoints seem to be both
located in regions of positive magnetic field, even if this con-
clusion might strongly depend on projection e↵ects due to the
closeness of the AR to the West limb.

The comparison between the AIA 94 Å image acquired
⇠ 1 minute before the flare peak (see Fig.7) and the RHESSI
12-25 keV contours indicate that there are two main sources
of hard X-ray emission: the location of one corresponds to
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Figure 6. AIA 1600 Å image acquired at 15:22:40 UT with overlapped the
HMI line of sight magnetic field (red: negative field, -2000, -1000, -500,
-200, -100 G, blue: positive field, 100, 200, 500, 1000, 2000 G).

4

low the flare evolution in the chromosphere, which is mainly
characterized by a loop-like structure with a cusp at its top
(see, e.g. Fig.2, right) oriented toward the south-west. Dur-
ing the flare, a dark feature overwhelming the cusp could be
seen increasing and/or decreasing in size, while the footpoints
of the loop-like structure appeared to be brighter than the
rest.The distance between the two footpoints, as determined
from the IBIS H↵ image acquired at 15:24 UT, is 11500 km
and, assuming a semi-circular shape for the loop-like struc-
ture, this has a length of ⇠ 18000 km.

From the comparison with the continuum image (see Fig.
2, left panel), it is possible to establish that the flare devel-
oped between the large (western) sunspot and a small pore
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Figure 1: GOES 1–8 Å and SDO/EVE ESP quad detector 1–7 nm
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RHESSI full Sun spectral analysis or SDO/EVE. Still, using AIA and RHESSI it is possible to infer the contributions
from each flare and retrieve some information.

GOES data is not available, we used EVE/ESP quad diode as proxy,

2 SDO/AIA
We will use AIA 131 Å channel as reference to distinguish the two flares, as it is the AIA channel with a temperature
response closer to the plasma temperatures that can be observed by RHESSI.

We were able to image each flare independently with RHESSI as shown in Figure 2. To evaluate how each flare
evolves, we defined a box around the location of each flare (dotted-boxes in Fig. 2) and obtained the average emission
in the AIA 131 Å channel (in DN s�1 pixel�1). For simplicity, we termed the flares as A (at the limb, occurrs first) and
B (disk). In Fig. 3 we show the RHESSI counts (full Sun), AIA 131 Åemission of flares A and B along with RHESSI
emission derived from images (more below), and AIA emission from each EUV and UV channel for flare B. The peak
of the AIA 131 Å channel was 15:16:20 UT and 15:21:44 UT for flares A and B, respectively. From the AIA 131
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Figure 3. Upper panel: Emission recorded by GOES 1-8 Å and SDO/EVE
ESP quad detector 1–7 Å on April 22, 2014. To be noted that between 14:10
UT and 17:00 UT GOES data are missing. Bottom panel: enlargement of
the above panel, showing the details of the emission recorded by SDO/EVE
ESP. In both panels the light blue and pink bands indicate the times of IBIS
acquisition. The red and gold curves show the AIA 131 Å emission of flares
A and B, see Figure 4.
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Figure 2: RHESSI counts (full Sun), AIA 131 Åemission of flares A and B along with RHESSI emission derived from
images (see text), and AIA emission from each EUV and UV channel for flare B.

emission in the second panel of Fig. 3 it is clear that the gradual phase of flare A extends during the impulsive phase
of flare B. Therefore we cannot use RHESSI full Sun spectrocopic analysis on flare B.

3 RHESSI
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Figure 4. AIA 131 Å image (reverse color) with overlapped the RHESSI
contours in the 6-9 keV range, showing the location of flares A and B (see
text).
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Figure 5. From top to bottom: RHESSI counts (full Sun), AIA 131 Å emis-
sion of flares A and B along with RHESSI emission derived from images;
AIA emission from each EUV and UV channel for flare B.

located at the center of the FOV. The large arch filament sys-
tem (AFS) connecting the other two main sunspots does not
seem to show any variation during the flare.

In Fig. 6 we show an AIA 1600 Å image acquired at the
peak of the flare, with overlapped the contours (levels indi-
cated in the figure caption) of the longitudinal magnetic field
deduced from the HMI instrument. We notice that the cusp re-
gion, also observed at 656.3 nm (compare with Fig.2, right),
is quite evident, while the bright footpoints seem to be both
located in regions of positive magnetic field, even if this con-
clusion might strongly depend on projection e↵ects due to the
closeness of the AR to the West limb.

The comparison between the AIA 94 Å image acquired
⇠ 1 minute before the flare peak (see Fig.7) and the RHESSI
12-25 keV contours indicate that there are two main sources
of hard X-ray emission: the location of one corresponds to
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Figure 6. AIA 1600 Å image acquired at 15:22:40 UT with overlapped the
HMI line of sight magnetic field (red: negative field, -2000, -1000, -500,
-200, -100 G, blue: positive field, 100, 200, 500, 1000, 2000 G).
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low the flare evolution in the chromosphere, which is mainly
characterized by a loop-like structure with a cusp at its top
(see, e.g. Fig.2, right) oriented toward the south-west. Dur-
ing the flare, a dark feature overwhelming the cusp could be
seen increasing and/or decreasing in size, while the footpoints
of the loop-like structure appeared to be brighter than the
rest.The distance between the two footpoints, as determined
from the IBIS H↵ image acquired at 15:24 UT, is 11500 km
and, assuming a semi-circular shape for the loop-like struc-
ture, this has a length of ⇠ 18000 km.

From the comparison with the continuum image (see Fig.
2, left panel), it is possible to establish that the flare devel-
oped between the large (western) sunspot and a small pore
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Figure 1: GOES 1–8 Å and SDO/EVE ESP quad detector 1–7 nm
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The two flares mentioned in Report 5 overlap in time, making it more di�cult to use full Sun data, for instance,
RHESSI full Sun spectral analysis or SDO/EVE. Still, using AIA and RHESSI it is possible to infer the contributions
from each flare and retrieve some information.

GOES data is not available, we used EVE/ESP quad diode as proxy,

2 SDO/AIA
We will use AIA 131 Å channel as reference to distinguish the two flares, as it is the AIA channel with a temperature
response closer to the plasma temperatures that can be observed by RHESSI.

We were able to image each flare independently with RHESSI as shown in Figure 2. To evaluate how each flare
evolves, we defined a box around the location of each flare (dotted-boxes in Fig. 2) and obtained the average emission
in the AIA 131 Å channel (in DN s�1 pixel�1). For simplicity, we termed the flares as A (at the limb, occurrs first) and
B (disk). In Fig. 3 we show the RHESSI counts (full Sun), AIA 131 Åemission of flares A and B along with RHESSI
emission derived from images (more below), and AIA emission from each EUV and UV channel for flare B. The peak
of the AIA 131 Å channel was 15:16:20 UT and 15:21:44 UT for flares A and B, respectively. From the AIA 131
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Figure 3. Upper panel: Emission recorded by GOES 1-8 Å and SDO/EVE
ESP quad detector 1–7 Å on April 22, 2014. To be noted that between 14:10
UT and 17:00 UT GOES data are missing. Bottom panel: enlargement of
the above panel, showing the details of the emission recorded by SDO/EVE
ESP. In both panels the light blue and pink bands indicate the times of IBIS
acquisition. The red and gold curves show the AIA 131 Å emission of flares
A and B, see Figure 4.
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Figure 2: RHESSI counts (full Sun), AIA 131 Åemission of flares A and B along with RHESSI emission derived from
images (see text), and AIA emission from each EUV and UV channel for flare B.

emission in the second panel of Fig. 3 it is clear that the gradual phase of flare A extends during the impulsive phase
of flare B. Therefore we cannot use RHESSI full Sun spectrocopic analysis on flare B.

3 RHESSI
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Figure 4. AIA 131 Å image (reverse color) with overlapped the RHESSI
contours in the 6-9 keV range, showing the location of flares A and B (see
text).
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Figure 5. From top to bottom: RHESSI counts (full Sun), AIA 131 Å emis-
sion of flares A and B along with RHESSI emission derived from images;
AIA emission from each EUV and UV channel for flare B.

located at the center of the FOV. The large arch filament sys-
tem (AFS) connecting the other two main sunspots does not
seem to show any variation during the flare.

In Fig. 6 we show an AIA 1600 Å image acquired at the
peak of the flare, with overlapped the contours (levels indi-
cated in the figure caption) of the longitudinal magnetic field
deduced from the HMI instrument. We notice that the cusp re-
gion, also observed at 656.3 nm (compare with Fig.2, right),
is quite evident, while the bright footpoints seem to be both
located in regions of positive magnetic field, even if this con-
clusion might strongly depend on projection e↵ects due to the
closeness of the AR to the West limb.

The comparison between the AIA 94 Å image acquired
⇠ 1 minute before the flare peak (see Fig.7) and the RHESSI
12-25 keV contours indicate that there are two main sources
of hard X-ray emission: the location of one corresponds to
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Figure 6. AIA 1600 Å image acquired at 15:22:40 UT with overlapped the
HMI line of sight magnetic field (red: negative field, -2000, -1000, -500,
-200, -100 G, blue: positive field, 100, 200, 500, 1000, 2000 G).
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Figure 1. Left: HMI/SDO magnetogram showing AR 12035 on 2014 Apr 22: white (black) regions indicate sites of positive (negative) longitudinal magnetic
field; right: HMI/SDO continuum image showing the photospheric configuration of AR 12035 on the same day. The red circle, with a diameter of 90.00, displays
the IBIS field of view; the blue box, with a size of ⇠ 59.00, indicates the ROSA field of view. In this and in the following images, if not otherwise specified, North
is on the top, West is at the right.

(a) (b)

Figure 2. The IBIS field of view in proximity of the flare peak. (a): Continuum ; (b): H↵ line core.

with integration time of 32 seconds, stepping every 8 seconds,
were constructed to obtain the light curves of flares A and B,
as described below in Section 3.

3. DATA ANALYSIS

3.1. The flare evolution
The first IBIS dataset (14:22 to 15:05 UT) shows many

small brightening in the wings of the H↵ line, probably Eller-
man bombs occurring in a region of magnetic flux emergence.
During the acquisition of the second data set (15:08 UT to
15:44 UT) in the south-west quadrant of the Sun two flaring
regions were observed: a limb flare in AR 12036 (start time
15:11:34 UT, end time 15:30:22 UT, with peak at about 15:16
UT) and a flare event in AR 12035 (start time 15:20:07 UT,
end time 15:25:07 UT, with peak at about 15:22 UT).

The two flares therefore overlap in time, making it di�cult
to use full Sun data, like for instance the RHESSI full Sun
spectral analysis or the SDO/EVE. However, using AIA and
RHESSI data, it is possible to infer the contributions from
each flare and retrieve some information. GOES data are not
available, therefore we used the EVE/ESP quadrant diode 1–7
Å as proxy (see Fig.3).

We used AIA 131 Å channel as reference to distinguish
the two flares, because this AIA channel has a temperature re-
sponse close to the plasma temperatures that can be observed
by RHESSI at low energies. We were able to image each flare
independently with RHESSI, as shown in Fig.4. To evaluate
how each flare evolves, we defined a box around the location
of each flare (dotted-boxes in Fig. 4) and obtained the average
emission in the AIA 131 Å channel (in DN s�1 pixel�1). For
simplicity, we termed the flares as A (at the limb, occurring
first) and B (on the disk).

In Fig.5 we show, from top to bottom: the RHESSI counts
(full Sun), AIA 131 Å emission of flares A and B along with
RHESSI emission derived from images; the AIA emission
from each EUV and UV channel for flare B. The peak in the
AIA 131 Å channel occurs at 15:16:20 UT and 15:21:44 UT
for flares A and B, respectively. From the AIA 131 Å emis-
sion in the second panel of Fig.5 it is clear that the gradual
phase of flare A extends during the impulsive phase of flare
B. Therefore we cannot use RHESSI full Sun spectroscopic
analysis to study flare B.

The analysis of the IBIS and ROSA dataset allows us to fol-

GROUND-BASED	OBSERVATIONS	(DST	–	NSO	Sacramento	Peak)	

§  Hα	line	from	Interferometric	BIdimensional	Spectropolarimeter	(IBIS)	instrument				

§  Hβ	line	from	Rapid	OscillaNons	in	the	Solar	Atmosphere	(ROSA)	instrument	

This	combined	dataset	is	quite	rare	(if	not	unique)!	



	IBIS	observaNons	(Hα	line	+	Broadband)		
•  900	scans	of	Hα	spectral	line	profile	
(core	at	6562.83	Å)	

	
•  Each	spectral	profile	has	been	sampled	
with	a	total	of	17	wavelength	points	
(average	step	=	0.02	Å)	

Hα	Dataset	:	

Ø 	from	15:08	to	15:44	UT	

Ø 	poinGng:	S12.4	W67.7	

Ø 	900	images,	cadence	2.6	s	(scan)	

Ø camera	1000x1000	pixels	

Ø spaGal	resoluGon	0.18”/pixel	
	

ConGnuum	IBIS	

Hα	(IBIS)	



	ROSA	observaNons	(Hβ	line	+	Broadband)		
	
Images	at	Hβ	core	(4861	Å)	with	a	passband	
of	0.21	Å	obtained	through	the	UBF	filter		

ConGnuum	ROSA	

Hβ	(ROSA)	

Hβ	Dataset	(3°	batch):	

Ø 	from	15:11	to	15:45	UT	

Ø 	poinGng:	S12.4	W67.3	

Ø 	8317	images,	cadence	0.263	s	

Ø camera	512x512	pixels	

Ø spaGal	resoluGon	0.138”/pixel	
	
	
	



Hα	and	Hβ	movies		

Hα	(IBIS)	 Hβ	(ROSA)	



Alignment	between	Hα	(IBIS)	and	Hβ	(ROSA)	images	

ConGnuum	ROSA	

ConGnuum	IBIS	

Rescale,	rotate	and	shie	Hα	dataset	
through	the	comparison	between	grid	
and	target	images	of	the	two	channels	



Result:	aligned	images	of	456x478	pixels	and	spaNal	resoluNon	0.138”/pixel	
			

Hα	(IBIS)	amer	alignment	 Hβ	(ROSA)	amer	alignment	

Alignment	between	Hα	(IBIS)	and	Hβ	(ROSA)	images	



SPATIAL	OFFSET	DURING	THE	FLARE		
Hα	 Hβ	

15:18:01.07	UT	

15:22:02.58	UT	 15:22:02.63	UT	

15:18:01.05	UT	

The	distance	between	
the	brightest	points	at:	
	

Ø  Flare	beginning		
3.5”	(~2500	km)	

	
	
	
	
	
	
	

Ø  Flare	peak		
1”(~725	km)		



LIGHTCURVES:	
Hα	vs	Hβ		

Hα	(IBIS)	 Hβ	(ROSA)	

Boxes:		A	(1.93”x1.45”)	 	B	(1.79”x1.38”)	
						C 	(1.66”x2.21”) 	D	(3.11”x1.52”)	

All	lightcurves	show	the	intensity	
with	pre-flare	value	subtracted		



LIGHTCURVES:	Hα/Hβ	raNo		

§  The	Hα/Hβ	raNo	is	higher	before	
the	flare	and	is	around	0.5	value	
during	the	flare	for	all	the	boxes	
into	the	flaring	region	

§  Aeer	 the	 flare	 energy	 peak,	 the	
raNos	tend	to	a	fix	value	



RADIATIVE	HYDRODYNAMIC	SIMULATIONS:	RADYN	code	
(Carlsson	&	Stein	1995,	Allred	et	al.	2005,	2015)	

q RADYN	code	solves	the	equaGons	of	radiaGve	hydrodynamics	on	
an	adapGve	mesh	in	one	spaGal	dimension	and	evolves	them	in	
Gme	

q RADYN	calculates	detailed	(non-LTE)	transiGons	for	H,	He,	Ca	 II,	
Mg	II	(lines	and	conGnua)	

q A	Gme	dependent	collisional	heaGng	can	be	applied	by	a	beam	
of	non-thermal	electrons,	defined	by:	
•  				total	energy	flux	(erg/s/cm2)	
•  				low	energy	cutoff	
•  				energy	spectral	index		



RADYN	SimulaNons:	Hα	vs	Hβ		
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Compare	two	RADYN	simulaNons	with	Ec=25	KeV	and	δ=4.2:		

v  F9	model	à	200s	Gaussian	heaNng	pulse,		with	energy	flux	of		F=109	ergs	cm-2	s-1	

v  F11	model	à	20s	Gaussian	heaNng	pulse,		with	energy	flux	of		F=1011	ergs	cm-2	s-1	

Ø  The	 Hβ	 intensity	 is	
greater	 than	 Hα	 during	
the	energy	input	in	both	
models	

Ø  In	 both	 model	 the	 raGo	
is	 smaller	 than	 1	 during	
the	energy	input	

	
Ø  The	 raGos	 is	 the	 same	

during	 the	 energy	 input	
but	not	amer		
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ObservaNons	and	F9	RADYN	model		

Ø  The	F9	RADYN	model	shows	Hα	and	Hβ	
intensity	 values	 comparable	 with	 the	
observaGons			

Ø  The	 F9	 RADYN	 Hα/Hβ	 raGo	 has	 the	
same	value	of	the	observed	raGo	during	
the	energy	input	



F9 − Hα filling factor=1.000
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Hα	line	profile	evoluNon:	ObservaNons	and	F9	RADYN	model	

Ø  In	 the	box	A	 the	wings	do	not	 show	significant	
rising	with	respect	to	the	line	center	

Ø  In	the	box	B	the	wings	 intensity	 increases,	red/
blue	 asymmetry	 is	 more	 pronounced	 and	 the	
line	 center	 is	 shimed	 towards	 shorter	
wavelengths	

Ø  In	F9	RADYN	model	the	intensity	is	greater,	the	
wings	and	the	line	center	rises	considerably	

	



Summary	

Ø SpaNal	offset	between	Hα	and	Hβ	lines	during	solar	flare:	2500	
km	at	the	beginning	of	the	rising	phase	and	725	km	at	the	peak			

Ø In	the	flaring	region	the	observed	intensity	of	Hβ	is	greater	than	
Hα	during	the	flare	evoluNon		

Ø  The	observed	Hα/Hβ	raNo	is	higher	before	the	flare	and	is	around	
0.5	value	during	the	energy	input	for	all	the	boxes	into	the	flaring	
region	

Ø  The	 F9	 RADYN	 model	 shows	 Hα	 and	 Hβ	 intensity	 values	
comparable	with	the	observaNons			

Ø The	F9	RADYN	Hα/Hβ	raNo	has	the	same	value	of	the	observed	
raNo	during	the	energy	input	

	
	



AIM	OF	THE	WORK	
q Clarify	some	aspects	related	to	energy	release	and	re-

distribuGon	in	the	chromospheric	layer	during	a	solar	flare	

q  InvesGgate	the	chromosphere	response	to	the	sudden	energy	
input	

RESULTS	
ü A	spaNal	offset	between	Hα	and	Hβ	lines	during	
solar	flare	was	detected	

ü No	delay	in	Nme	

ü The	similar	raNos	indicate	how	the	Hα	and	Hβ	lines	
are	affected	similarly	by	the	amount	of	energy		

	



Discussion	

Hβ	height	formaNon	problem	in	the	solar	atmosphere	

q  Clarify	some	aspects	related	to	energy	release	and	re-distribuNon	in	the	
chromospheric	layer	during	a	solar	flare	

q  InvesNgate	the	chromosphere	response	to	the	sudden	energy	input	


