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Introduction

§ The Sun shows a wide variety of eruptive and ejective phenomena,
that are key to understanding the solar atmosphere.



Introduction

§ Of special interest are those resulting from the interaction between  
the emerging and pre-existing magnetic field.

Solar atmosphere

Emergence of magnetic flux

Convection zone



Introduction

§ This work focuses on small-scale eruptive phenomena related to 
ephemeral flux emergence regions:

• EBs

• UV bursts

• Surges

Surges
(Guglielmino 
et al. 2019)

UV bursts 
(Rouppe van der 

Voort 2017)
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Figure 1. Sample of Ellerman bombs in the small subfield of the CRISP profile scan taken at 08:01 UT outlined in the upper left panel of Figure 4. Clockwise rotation
over 120◦ from (X, Y ) was applied to obtain local (x, y) coordinates with the limbward (vertical) direction nearly upward; the direction to disk center is shown in
the first panel. The spot lies to the left; nearby plage lies to the right. The five images sample Hα at ∆λ = −1.1,−0.8,−0.5,−0.2, and 0.0 Å from line center. Each
panel is gray scaled separately. The dashed white frame in the first panel outlines the yet smaller subfield used in Figure 2. An animation of −1.1, −0.5, and 0.0 Å is
available in the online edition of the journal. Full field-of-view animations of −1.1 and 0.0 Å are also available.

(Animations [A, B, C] of this figure is available in the online journal.)

2

4

y 
[a

rc
se

c]

 62 s

4

167 s

4

328 s

2

4

y 
[a

rc
se

c]

477 s

4

508 s

4

545 s

2 4 6 8
x [arcsec]

2

4
y 

[a
rc

se
c]

570 s

2 4 6 8
x [arcsec]

4

620 s

2 4 6 8
x [arcsec]

4

706 s

Figure 2. Ellerman bomb evolution in a selection of CRISP image cutouts at ∆λ = −1.1 Å from Hα line center. The small subfield shown here is outlined in Figure 1
and contains the most prominent Ellerman bomb (EB-1) at (x, y) = (8, 3). The elapsed time from 07:55 UT is specified in each panel and increases in unequal steps
along rows. The t = 328 s panel corresponds to the samples in Figures 1, 4, and 5. The dashed white frame specifies the EB-1 cutout shown at 2 s cadence in Figure 3.
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Figure 3. Rapid variations in Ellerman bomb EB-1 in simultaneously taken wide-band images at 2 s cadence. The subfield contains only EB-1. It is outlined in the
seventh panel of Figure 2 which is straddled by the brief sequence shown here. The elapsed time specified in the lower left corner of each panel corresponds to that in
Figure 2. Upward motion of brightness features is marked comoving arrow 1, downward motion with arrow 2, and extension of an elongated jet structure with arrow 3.

(An animation of this figure is available in the online journal.)

a quick-look emulation of viewing the Ellerman bombs in these
animations, but we strongly recommend that the reader inspect
the animations.

Ellerman bomb visibility. Figure 1, which samples the deep
photosphere, demonstrates, for a small subfield, why Ellerman
bombs appear only in the outer wings of Hα, apart from rare
Doppler-shifted fibrils (Leenaarts et al. 2006b; Paper I). Closer
to line center, they are fully shielded from view by the overlying
opaque Hα chromosphere made up of dark fibrils. Note that each
panel is gray scaled separately for best contrast; in intensity
units, the brightest features at line center are much darker

than the Ellerman bombs in the wings, so these do not poke
through the fibril canopy even though they extend to heights
normally considered chromospheric. Comparing the line-wing
and line-center animations in the online material confirms that
the line-center fibril evolution is unrelated to the Ellerman bomb
activity underneath, except the few Ellerman bombs that are
accompanied by an Hα surge.

Ellerman bomb evolution. Figure 2 samples the time evo-
lution of the yet smaller subfield specified in Figure 1. The
largest Ellerman bomb is designated EB-1 henceforth. It mi-
grates to the right, along the network away from the spot,

2

Ellerman bombs 
(EBs)

(Watanabe 2011)



Introduction

§ Getting a full perspective of
the magnetic flux emergence 
process and the subsequent 
dynamic related events is 
complicated since it requires 
multi-wavelength
observations that cover the 
different solar atmospheric 
layers.

Solar atmosphere
SurgeHot 

ejection

Emergence of magnetic flux
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Context

§ We have used 
coordinated 
observations from: 

• SST (CRISP & CHROMIS): 
mag, H𝛼, Ca II K

• SDO (HMI & AIA):    
mag, 171 Å, 193 Å

• IRIS (SJI):             
2796 Å, 1400 Å



Context
§ We present a small-scale flux 

emergence episode leading to EBs, 
UV bursts, surges and EUV
signatures.

§ We analyze the evolution and 
relationship among phenomena from 
the photosphere up to the corona 
related to the same event:

§ Different l: different layers

§ Magnetic fluxes: connection 
with the process

§ Ca II K data in different spectral 
positions: EB, surges

§ Also spectral analysis in H𝛼,
Mg II h&k, Si IV, C II  lines



Magnetic flux emergence

Magnetograms:
§ This small-scale flux 

emergence is visible in 
SST/CRISP data and barely 
discernible from SDO/HMI 
observations.

§ SDO/HMI data lead to an 
underestimation of 
magnetic fluxes in 
comparison with SST/CRISP 
data.

§ Around 14 minutes of 
increasing flux.



Magnetic flux emergence

Ca II K data:
§ The flux emergence is 

observed as a dark bubble in 
the Ca II K map

• Ca II H: Vargas Domínguez 
et al. 2012, Kontogiannis et 
al. 2020

• Ca 8542 Å: Ortiz et al. 2014 

§ Intensity decreases in the 
locations affected by the 
bubble.



Ellerman bomb

§ We clearly detect 
the characteristic 
EB spectral 
profile in the 
wings of H𝜶, 
which matches 
with bright Ca II K
wings and 
brightenings in 
H𝜶, Ca II K 

images.
Major axis 1’’.2 - 1’’.7

Lifetime ~ 59 s



Ellerman bomb

§

brightenings in 

SDO/AIA 1600 Å
and 1700 Å (UV)
images.

(in accordance with Rutten et al. 2013, Vissers et al. 2019)



UV burst

Brightmax/stddev(FOV) 23.2

Length 5’’.5

Lifetime > 22 m

§ Observable in IRIS/SJI 
2796 Å and 1400 Å with 
counterparts in H𝜶, Ca II K

.

§ At the same location of the 
EB (Hansteen et al. 2019)



UV burst

§ Observable in 

and all the SDO/AIA hot
channels.



UV burst

Typical characteristics:
§ Mg II k, Mg II h, Si IV, C II 

lines are highly 
broadened and 
enhanced with factors 
around 2-2, 51-65, 16-22.

§ Non-Gaussian Si IV 
profiles and Ca II K line 
displays triangular-
shapes, associated to 
possible plasmoids
(Rouppe van der Voort et 
al. 2017).



Surge

§ Observable as a dark 
structure in H𝜶, Ca II K  
and SDO/AIA 171 Å and 
193 Å.

§ Cotemporal with the UV 
burst.

Projected velocity 25.6 km s-1

Length 18’’.5

Lifetime > 24 m



Surge

The evolution of a typical surge consists of a rising and a decay phases. We show rising and falling 
material for the same moment in both H𝛼 and Ca II K lines.



Summary and conclusions

§ Thanks to multi-wavelength and coordinated observations, we present a 
textbook example of magnetic flux emergence, analysed from images and 
spectral data, that leads to a variety of phenomena in all solar layers related to 
the same event, which are:

• an EB in SST H𝜶 and Ca II K and counterparts in SDO/AIA 1600 Å and 1700 Å

• a UV burst in IRIS/SJI 2796 Å and 1400 Å with bright counterparts in SST H𝛼 and Ca II K
and all the SDO/AIA hot channels

• a surge in SST H𝛼 and Ca II K with dark counterparts in SDO/AIA 171 Å and 193 Å

§ HMI may miss many small-scale magnetic flux emergence episodes in comparison 
with high-resolution magnetograms from SST (see also Gošic et al. 2021).

§ Ca II K exhibits dark bubbles.
Thanks 
for your 
attention


