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INTRODUCTION

As is known, Ellerman bombs (EBs) are short�lived small�scale bright structures in the solar atmo�
sphere; they are connected with a quick local release of energy, magnetic fields, and specific plasma
motions. EBs are observed in the wings of strong chromospheric lines and the ultraviolet (UV) continuum.
Observations show that Ellerman bombs mostly appear in the young developing active regions (ARs) with
a complex magnetic structure, in the regions of emerging magnetic fluxes, and in the vicinity of sunspots.
As solar flares, EBs are localized near zeroth lines of the longitudinal magnetic field and in the patches of
the magnetic fields of opposite polarity. Though this interesting phenomenon has been in the focus of
many studies [1–14, 16–27, 29–39, 41–44], its nature is not completely understood and the physical
interpretation still remains vague.

F. Ellerman was the first who paid attention to this phenomenon in the visual and photographic obser�
vations of the Sun at the Mount Wilson Observatory; he called it solar hydrogen “bombs” [17]. During his
observations on September 21, 1915, a very bright and narrow emission band suddenly appeared in the
wings of the Hα hydrogen line; this band expanded to 0.4–0.5 nm on both sides of the line, but did not
cross it; in several minutes, the band disappeared. This phenomenon was so highly improbable that it
hardly seemed real. However, after the second observations, it became clear that such a phenomenon
actually occurs as a component of solar activity. Moreover, it turned out that this phenomenon had been
already described before by W.M. Mitchell in his report of the Sun observations at the Harverford College
Telescope in 1909. The observations showed that the weaker emission bands appear in the wings of the Hβ

and Hγ lines as well.

Almost 40 years later, a new stage in the study of Ellerman bombs started at the Crimean Astrophysical
Observatory [1, 3, 6–8, 29, 38]. Starting in 1954, A.B. Severnyi and his colleagues obtained a large number
of EB spectrograms. The appearance of this phenomenon in the Hα�line spectra gave it one more name—
“moustaches.” It was determined that most EBs are located beneath filament arc systems absorbing the
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Abstract—Results of the analysis of spectral observations of two Ellerman bombs in the Hα line are
presented. These bombs (EB�1 and EB�2) appeared and evolved in the active region NOAA 11024 in
the emerging magnetic flux area. The spectral data of a high temporal and spatial resolution were
obtained with the French–Italian solar telescope THEMIS (Tenerife Island, Spain; THEMIS stands
for Télescope Héliographique pour l’Etude du Magnétisme et des Instabilités Solaires) on July 4, 2009.
The Hα�line profiles obtained for different periods of the Ellerman bombs (EBs) evolution were asym�
metrical, demonstrating the emission excess in the long�wavelength wing. The intensity variations in
the line wings indicate both the gradual and pulsed release of energy in the course of EBs. Temporal
variations in the line�of�sight velocities Vlos of the chromospheric material at a level of the Hα�core
formation showed two periods in the velocity enhancement, containing several individual peaks. The
maximum line�of�sight velocity of the material was –9 and 8 km/s toward and from the observer,
respectively. Rapid upward and downward plasma streams (where Vlos reaches –80 and 50 km/s,
respectively) were sometimes observed. The Ellerman bombs were accompanied by small chromo�
spheric ejections (surges) lasting for 0.5–1.5 min. A fine structure of EBs was found in the Hα�line
spectra obtained during 4 min, when the intensity in the line wings sharply increased. The peculiarities
of variations in the intensity of the Hα�line wings and the line�of�sight velocity of the chromospheric
material suggest that two investigated EBs appeared and evolved as a physically connected pair. Our
results support the model wherein the magnetic reconnection in the lower atmospheric layers is con�
sidered as a triggering mechanism for the EB formation.
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radiation, which generates a deep absorption core in the Hα line. It was found that EBs are short�lived for�
mations appearing in the active regions as small bright points. Moreover, in the Hα line, only a blue wing
of the moustaches is most often well pronounced, while a red one is at the detection limit. It was supposed
that a large extension of the emission wings (0.7–1.0 nm) is caused by the Doppler effect and corresponds
to the velocities of several hundreds of kilometers per second and that this phenomenon can be described
as an ejection of particles due to a symmetric explosion in the solar atmosphere. A small size of the emis�
sion centers pointed to the large density of energy there. To explain the wide emission wings of chromo�
spheric lines, Severnyi proposed the model that considers EBs as compact regions with converging or
diverging plasma jets [7, 8, 38].

The main properties of EBs were repeatedly described [19, 26, 27, 30, 33, 35, 42, 44]. It was determined
that the typical size and the mean lifetime of EBs are 1″ and 15 min, respectively. However, EBs of approx�
imately 0.3″ in size and less than one minute in lifetime are also observed [33], and there are EBs living
longer than an hour and demonstrating the light curves containing several impulses. Very often EBs are
accompanied by small chromospheric ejections—surges [18, 31, 32, 44]. As is deemed, this indicates a
magnetic reconnection in the lower chromosphere. The profiles of chromospheric lines in the EB spectra
are characterized by a strong absorption in the line center and an enhanced emission in the wings (with
maxima near ±0.1 and ±0.035 nm from the centers of the Hα and Ca II H lines, respectively) disappearing
beyond ±0.5 nm [18, 19, 22, 26, 36, 44]. There are researchers who interpret this fact as evidence of the
formation of EBs in the lower atmospheric layers, below the region, where the center of the Hα line is
formed in the quiet Sun, and, probably, nearby of the temperature minimum region [11, 12]. EBs are mostly
observed in the Hα line, while bright points are also seen in the Ca II H line (λ = 854.2 nm) and the UV con�
tinuum at λ = 160 nm [3, 12, 20, 23, 25, 32, 36]. The studies showed that the chromospheric Ca II H line is
a good indicator of Ellerman bombs and may yield new information on this phenomenon. A fine structure
of Ellerman bombs was found [20, 32]. It turned out that they are composed of two components: a central
one located along the neutral line of the magnetic field and a diffuse halo. It is believed that EBs is funnel�
shaped in structure, i.e., their spatial scale is larger in the chromosphere than in the photosphere [27]. In
studies [18, 19], it is concluded that EBs may be called submicroflares, since their energy amounts from 1019

to 5 × 1020 J. Moreover, it was found that EBs may generate periodic velocity oscillations along a loop and
induce the events of a larger reconnection scale [25].

There are several models explaining the main observed properties of Ellerman bombs. At present, in
the mostly developed model, EBs are considered as being formed due to magnetic reconnection in the
lower chromospheric layer or the upper photospheric layer, when the material density and the magnetic
field strength are high [12, 16, 18, 19, 21, 24, 26, 36, 37, 39, 42]. Both the thermal and nonthermal mech�
anisms (beams of energetic particles) generating Ellerman bombs are considered, and the magnetic field
energy is mainly spent accelerating plasma streams. It is supposed that the EB evolution is accompanied
by generation of bidirectional streams originating from the reconnection site. In a paper [31], from the
spectral observations of gaseous streams in Ellerman bombs, it was shown that the source of bidirectional
streams is between the lower photosphere and lower chromosphere; and it was hypothesized that the mag�
netic reconnections inducing the formation of Ellerman bomb occur exactly in this atmospheric layer.

In the focus of many studies, there were the velocity and direction of the material motion in the
EB evolution regions. According to the estimates in papers [3], [31], and [26, 30], at the chromosphere
level, the material moves upward with a velocity of 15–18, 1–3, or 6–8 km/s, respectively. In [39], theo�
retical calculations yielded a strong downwelling stream with Vlos ~ 10 km/s between the upper photo�
sphere and lower chromosphere. On the other hand, the downwelling streams with velocities ranging from
0.1 to 0.5 km/s were found in the photosphere.

Observations showed that 50% of Ellerman bombs appear and disappear in pairs with components
spaced on average by approximately 2200 km [44]. As a rule, in such a pair, EBs synchronously evolve, and
the axis of each of the pairs makes a small angle with the magnetic field lines. This phenomenon is believed
to be connected with emerging bipolar tubes of the magnetic field.

The purpose of our study is to obtain new observational data on Ellerman bombs. We report the results
of the analysis of the spectral observations of two Ellerman bombs that appeared and evolved in the active
region NOAA 11024. The peculiarities in the intensity variations of the Hα line in the spectra taken at dif�
ferent stages of the EB evolution were analyzed, and the changes in the line�of�sight velocities of the chro�
mospheric material in the region of Ellerman bombs and their vicinity were studied.
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DATA OF OBSERVATIONS

On the day of our observations, July 4, 2009, the active region NOAA 11024 was at an early stage of
evolution (it appeared as a plague on June 29), and its activity was quickly growing [4, 28]. The AR area,
where the presently analyzed Ellerman bombs had developed, was in the region of one of three currently
emerging magnetic fluxes [40]. The group of sunspots was bipolar and contained many inclusions of the
elements of opposite polarities located along the axis connecting the main polarities. On the day of obser�
vations, the coordinates of the AR were S25E02 (–29″, –449″), i.e., it was near the central meridian of
the solar disk, which provided all of the parameters to be determined with no substantial distortion.

In this study, we used the spectral data that were obtained by E.V. Khomenko at the French–Italian
90�cm vacuum telescope THEMIS with high spatial and temporal resolutions. During 20 min (from 9h30m

to 9h50m UT), 400 spectra were acquired with a cadence of approximately 3 s. From them, we used
47 spectra of the best quality.

Figure 1 shows a fragment of the studied AR with a specified position of the spectrograph slit and the
magnetogram of the AR obtained with the SOHO/MDI instrument (SOHO and MDI stand for Solar and
Heliospheric Observatory and Michelson Doppler Imager, respectively) on July 4, 2009, at 9h36m UT. The
observed AR area included two pores of opposite polarity. Recall that Ellerman bombs evolve, as flares, in
the patches with an opposite magnetic field polarity.

In Fig. 2, the Hα spectra obtained at different moments of observations are presented. In the bottom of
one of the first spectra (9h30m56s UT), a band of enhanced brightness is seen. In the same spectrum, the
considered AR area is marked by an arrow. In the spectrum obtained at 9h42m28s UT, two extended bright
narrow emission bands are seen in the wings of the Hα line, while a central part of the line is occupied by
absorption; these bands are two Ellerman bombs (EB�1 and EB�2) having developed for that time. The
width of the spectrum range containing the Hα line was approximately 0.6 nm. It is seen that the emission
in the line wings goes beyond this range; due to this, to determine the widening of the line wings for the
time of the EB evolution turned out to be impossible. It is worth noting that the spectra of Ellerman bombs
are opposite to the spectra of flares by appearance: in the flares, on the contrary, a strong emission in the
center of the Hα line and not very extensive and rather weak wings are observed. In the spectrum obtained
at 9h44m42s UT, against the background of the emission band in the short�wavelength wing of the Hα line,
a small ejection in absorption is seen. It is known that Ellerman bombs are often accompanied by surges.
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Fig. 1. (a) Area of the analyzed active region NOAA 11024 observed on July 4, 2009; the vertical line is the spectrograph
slit position. (b) AR magnetogram obtained with the SOHO/MDI instrument on the day of observations at 9h36m UT.
The positive and negative polarities are indicated by white and black colors, respectively; arrow points to the analyzed
area.
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In the spectrum obtained at one of the last moments of observations (9h 48m 20s UT), one can see only
EB�2 and a surge next to it.

VARIATIONS IN THE Hα�LINE INTENSITY AND LINE�OF�SIGHT VELOCITIES

In the study, we used the Stokes I profiles obtained from the spectra with an interval corresponding to
the distance of 160 km on the solar surface.

Intensity Variations

In Figs. 3a and 3b, examples of the profiles of the Hα line for two Ellerman bombs are displayed; these
profiles correspond to different stages of their evolution. It is seen that the profiles widely diverge in shape
and contain several components—wide emission profiles in the wings of the Hα line and an absorption pro�
file in the center of the line. The profiles are asymmetric in intensity and extension of the wings, and the
width of the absorption profiles changed in the course of the EB evolution. Figure 3a shows the profiles of
the Hα line for EB�1. Profile 1 is given for comparison, it was obtained for the AR area containing no active
formations and located beyond the area of an emergent magnetic flux. Profile 2 was obtained from the spec�
trum for one of the first moments of observations (9h30m56s UT), and the intensity in its wings are higher
by approximately 13% as compared to that of profile 1. At a distance of 0.1 nm from the line core, in the
red (long�wavelength) wing, the peak of intensity—the emission component of the profile—is well seen.
In profile 3 (the spectrum was obtained 9 min later, at 9h 40m04s UT), the half�width substantially
increased—from 0.11 to 0.15 nm. From the comparison of profiles 2 and 3, it can be seen that the intensity
in the line core decreased, while the intensity in the wings increased. It is also seen that the intensity
enhancement in the blue (short�wavelength) wing was gradually spreading along the wing. Moreover, in the
red wing, in addition to the intensity enhancement along the wing, the peak of intensity appeared at a dis�
tance of 0.11 nm from the center of the line core, as that in profile 2. Profile 4 (the spectrum was obtained
34 s later) is the widest one; its half�width is 0.17 nm, while the intensity peak in the red wing becomes
hardly noticeable at a distance of 0.12 nm from the line center. In the blue wing, the maximum intensity
was obtained for profile 5 (the observations were at 9h42m45s UT). Its core is asymmetric and shifted toward
the blue side, while the intensity in the red wing increased in a farther part of the wing. To the end of obser�
vations, the width of the profiles and the intensity in the blue wing started to decrease, while the intensity
in the red wing, at a distance of 0.24 nm from the line core, continued growing.

Figure 3b shows the Hα�line profiles for EB�2 and, and for comparison the profile for the quiet Sun
from the atlas by Delbouille et al. [15] (profile 1). It is seen that, in the course of observations, the value
of intensity in the line wings in the EB�2 spectra varied more than that in the EB�1 spectra. Profile 2 (the
observation moment is 9h35m57s UT) corresponds to the early evolution of EB�2, when the brightness in
the line wings just started to grow; its half�width is the same as that of profile 1. In profile 3 (the spectrum
was obtained 5m20s later, at 9h41m17s UT), the intensity increased in the wings and decreased in the core;
the profile width increased, and the red wing contains the emission peak at a distance of 0.11 nm from the
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Fig. 2. Hα spectra of the AR obtained at different moments of observations: EB�1 and EB�2 are Ellerman bombs; the ana�
lyzed area is marked by an arrow; the chromospheric ejections are labeled by 1 and 2.
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line core, while the intensity maximum is reached in a farther part of the wing. In profile 4 (the observa�
tions were at 9h44m02s UT, when the first surge started to develop), the intensity is strongly enhanced in
both the blue (the intensity maximum was at a distance of 0.17 nm from the line core) and red wings. The
profile widened further; and its half�width, as compared to that of profile 2, increased from 0.13 to
0.15 nm. It is worth noting that the profiles became wider due to the shift of the blue wing to the short�
wavelength side. Profile 5 (the spectrum was obtained at 9h48m17s UT) had two absorption components—
the main one (EB�2) and the one shifted to the blue side and corresponding to the second ejection. By the
shift of this component, the values of Vlos in the ejection area were determined. Profile 6 (the spectrum was
obtained at the last moment of observations, at 9h49m34s UT) demonstrates the strongest emission in the
wings. In this profile, the core is widest and the whole line is strongly shifted to the red side. It is also seen
that this profile is asymmetric: the blue wing is more intense, and the intensity maximum is reached at a
distance of 0.15 nm from the center of the line. Note that the red wing was more intense at the beginning
of the EB�2 evolution, while the blue one became more intense at the end of observations.

Figure 3 shows how strong the profiles, corresponding to different stages of the evolution of Ellerman
bombs, were changing in shape. During this, the changes in the long� and short�wavelength wings were
asymmetric. In papers [5, 19, 26], it was supposed that the asymmetry in the wings of the lines' profiles
may be caused by the differences in the magnetic field structure and in the density and temperature distri�
butions on the pathways of the streams moving in opposite directions. Thus, one of the plasma streams is
directed to the increasing density, while the other one is directed to the decreasing density.

Figures 4a and 4b show the variations in intensity along the spectrograph slit in the wings of the Hα line
at a distance of ±0.1 and ±0.15 nm from its center at different moments of observations (cross�sections A
and B in Fig. 3a). Note that, according to the majority of the studies dealing with the EB properties, the
intensity in the Hα�line wings reaches its maximum at a distance of ±0.1 nm from the line center. Here,
in the blue wing, cross�section A is in the internal part of the line wing, while cross�section B is in its exter�
nal part. At the beginning of observations (the moments at 9h31m36s and 9h33m01s UT), in the spectra
related to the area, where Ellerman bombs are formed, the intensity in the Hα�line wings started to
increase (curves 1r and 1b in Fig. 4a); and the intensity in the red wing was much higher than that in the

Fig. 3. Profiles of the Hα line for (a) EB�1 (profiles 2–4 are for different moments of observations (see the text) and
profile 1 is for the AR area containing no active formations and located beyond the area of an emergent magnetic flux)
and (b) EB�2 (profiles 2–5 are for different moments of observations, and profile 1 is for the Hα line of the quiet Sun [15]).
Vertical lines A and B indicate the location of the photometric cross�sections of the spectra at the distances of ±0.1 and
±0.15 nm from the line center.
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blue one. In papers [16, 36], it is noted that Ellerman bombs appear in the regions of enhanced brightness.
Indeed, after 9h35m32s UT, two maxima, corresponding to the evolving Ellerman bombs, started to be
clearly pronounced on the curves of intensity (2r and 2b). At that moment of observations, the blue wing
was more intense, and the difference in the intensity of the wings was small. It is worth noting that EBs
were formed in the regions of intergranular lanes. Granules and intergranular lanes were earlier identified
in a paper [28]. In a paper [25], it was hypothesized that Ellerman bombs probably appear due to the strong
magnetic fields in the intergranular lanes. As curves 3r, 3b, 5r, and 5b show, to the end of observations, in
the region of the EB�2 formation, the intensity in the Hα�line wings substantially increased and became
much higher than that in the region of the EB�1 formation. It is seen that the intensity maxima in the blue
and red wings are somewhat shifted relative to each other. Arrows show that the distance L between Eller�
man bombs increased for the time of observations from 1.3 Mm at 9h35m30s UT to 2.3 Mm at 9h48m20s UT.

However, as is seen from Fig. 5, the distance between the Ellerman bombs changed nonuniformly and
oscillated with a period of approximately 4 min. The minimum value L = 1.15 Mm was at approximately
9h36m UT. Then, it started to grow sharply and reached 2.4 Mm in the period of observations from 9h40m

to 9h41m UT; and, from 9h44m to 9h44m40s UT, its value was largest (L = 2.52 Mm) for the period of obser�
vations. To the end of observations (from 9h47m40s to 9h49m30s UT), the value of L decreased to 2.35 Mm.
As we will see in the following, ejections of the chromospheric material (surges) occurred, when L
increased.

These results are consistent with the data of the other studies. For example, in [44], it was found that the
mean distance between the components in a pair is 2.2 Mm. In [25], two magnetic bright points spaced by a
distance of approximately 2.7 Mm are described. They moved in opposite directions with a velocity of
2.8 km/s; when the distance between them increased to 4.4 Mm, Ellerman bombs appeared in the Hα line.

Figure 4b shows how the intensity in the wings of the Hα line at a distance of ±0.15 nm from its center
changes along the spectrograph slit. It is seen that the intensity in both blue and red wings reached larger
values, but the difference between them was smaller than that for ±0.1 nm. In general, the intensity vari�
ations mainly demonstrated a very similar behavior for both distances. However, the maxima correspond�

Fig. 4. Intensity variations along the spectrograph slit in the wings of the Hα line at the distances of (a) ±0.1 nm and
(b) ±0.15 nm from its center at different moments of observations. Curves 1b–5b and 1r–5r are related to the blue and red
wings, respectively, and correspond to five moments of time: 9h31m36s, 9h35m32s, 9h37m11s, 9h44m42s, and 9h48m20s UT.
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ing to Ellerman bombs became clearly distinguishable later, to the moment of approximately 9h37m10s UT
(see curves 3r and 3b). On curve 4b, related to the time moment of 9h44m42s UT (see also Fig. 2), the
decrease of intensity in the EB�2 region corresponds to the chromospheric ejection.

Figures 6a and 6b show temporal variations in the emission intensity of the Hα line in the short�wave�
length (1b and 2b) and long�wavelength (1r and 2r) wings at a distance of 0.1 nm (1b and 1r) and 0.15 nm
(2b and 2r) from its center and in the center of the line (curves 3). It is seen that the intensity in the center
of the line did not change about (EB�1) or somewhat decreased (EB�2), when the intensity in its wings
increased. From this fact it can be inferred that the magnetic reconnections, having resulted in the forma�
tion of Ellerman bombs, occurred below the chromospheric layer, where a core of the Hα line is generated.
The deeper the reconnection region is in the solar atmosphere, the larger the amount of energy is trans�
ferred to the lower atmospheric layers, where the Hα�line wings are generated. In this process, a smaller
portion of the energy passes to the higher chromospheric layers, where the Hα�line core is generated. Note
that the same relation between the changes of intensity in the wings and the core of the line was obtained
in papers [22, 23]. It is seen from Fig. 6 that the intensity variations in the wings were asymmetric and
demonstrated the emission excess in the red wing. As a rule, for the majority of Ellerman bombs, the blue
wing is more intense; however, as was shown in [18], some EBs demonstrate the same or even higher inten�
sity excess in the red wing than that in the blue one. To explain this phenomenon, it was supposed that
such a behavior is connected with dynamical processes taking place in the course of formation and evolu�
tion of EBs.

The curves of temporal variations in the EB�1 intensity have three periods of the brightness enhance�
ment that are well seen on all of the curves, and each of the periods contains several individual peaks. For
example, the period of the intensity enhancement that lasted for approximately 3 min (from 9h31m40s to
9h34m20s UT) contained three maxima spaced by an interval of 1 min (at 9h32m, 9h33m, and 9h34m) and well
noticeable in both the blue and red wings. It is worth noting that the intensity in the blue wing reached the
maximum 10–25 s earlier than that in the red one did. The next period (from 9h37m40s to 9h45m20s UT)
contained five peaks observed with an interval of 1–2 min, and the highest peak in the red wing showed
the intensity maximum at 9h40m05s, while the blue wing contained two high peaks, where the intensity
maxima were reached at 9h42m45s and 9h44m05s. The last period started at 9h47m UT and contained two
peaks spaced by an interval of approximately 2 min. This period was not completely observed, because the
observations stopped at 9h50m UT. Such peculiarities of the intensity variations in the Hα�line wings indi�
cate that the energy release was impulsive during EB�1.

On the curves of the EB�2 brightness variations, three periods in the intensity enhancement are also dis�
tinguishable in the Hα�line wings. During the first period, which lasted for 4 min (from 9h35m to 9h39m UT),
the intensity variations are gentle, while the second and third periods contain several individual peaks, as in
the case of EB�1. This testifies to both the pulse and gentle release of energy in the course of EB�2. The sec�
ond period, which lasted for approximately 5 min (from 9h41m to 9h46m30s UT), contained three maxima
spaced by intervals of 1.5 and 1 min. The third period started at approximately 9h47m UT and completely
coincided with the corresponding period of EB�1 by the time of reaching the intensity maxima.

The fact that the evolution of the considered Ellerman bombs was accompanied by both the gradual
and pulsed release of energy is consistent with the results of [19, 44], as well as with the conclusions of [26,
27, 35, 37] on the origin of Ellerman bombs from successive and discrete magnetic reconnections in the
lower chromosphere or upper photosphere.
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Fig. 5. Temporal variations in the distance between EB�1 and EB�2.
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Line�of�Sight Velocities

As is known, for Ellerman bombs, the profile of the Hα line contains several components: absorption in
the line center and emission in the line wings. Each of these components has its Doppler shift that can be
used for determining the velocity of the material in the chromospheric layers, where they are generated [10,
13, 26]. Numerical simulations showed that a good fit of the observed profiles by the calculated ones can be
reached by varying such physical parameters of the material as the temperature, density, and movement
velocity. In the fitting, the change of the velocity field with an altitude in the chromosphere is of key impor�
tance, since it controls the shifts and asymmetry of the Hα profiles.

In our study, the line�of�sight velocities Vlos of the chromospheric material at the level where the
Hα�line core is formed were determined from the Doppler shifts of the line core in the spectra relative to
its position in the laboratory spectrum with the use of nearby telluric lines. In this procedure, all of the
required corrections [4, 28] were taken into account. The error in determining Vlos was 0.3 km/s.

In Figs. 7a–7c, temporal variations of the chromospheric line�of�sight velocity in the central part of
Ellerman bombs and at a distance of 0.33 Mm from it, as well as in the AR between EB�1 and EB�2 are
shown; they were determined from the shift of the Hα�line core. For comparison, we show the obtained
variations of the line�of�sight velocity in the AR containing no active formations in the period of our
observations.

In the AR containing no active formations and beyond the area of an emerging magnetic flux, at a level
of generation of the Hα�line core, the chromospheric material moved mostly to the observer; the values of
its velocity were between 0.4 and –2.2 km/s, and the velocity varied with a period of approximately 4 min
(Fig. 7a, curve 1).

Fig. 6. Temporal variations in the emission intensity in the wings of the Hα line at the distances of ±0.1 and ±0.15 nm
from its center in the short�wavelength (curves 1b and 2b) and long�wavelength (curves 1r and 2r) wings and in the center
of the line (curve 3) for the EB�1 (a) and EB�2 (b) regions.
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On the curves of the temporal variation of the line�of�sight velocity for EB�1, there are two well�dis�
tinguishable time intervals, during which the velocity directed toward and from the observer substantially
exceeded the values Vlos on curve 1 (Fig. 7a). It should be noted that, at the beginning of observations,
within a minute at approximately 9h34m UT, the material moved downward with a velocity reaching
3 km/s, which was probably connected with magnetic reconnections that occurred from 9h31m40s to
9h34m20s UT. Later (from 9h40m20s to 9h44m20s UT), three peaks in the velocity of the material motion
toward the observer are seen. For a minute, the velocity sharply increased from 0.5 km/s at 9h40m20s UT
to –9.3 km/s at 9h41m15s UT. The second peak was approximately 1.5 min later, and the maximum velocity
reached –7.0 km/s. In another minute, the third peak was observed, and the maximum velocity was
⎯5.2 km/s. After that, the upward motion of the material started to sharply slow down, and, at 9h44m20s

UT, the upward motion changed into the downward motion; during this time, for a minute, the velocity
sharply increased up to 6.5 km/s. Then, the line�of�sight velocity decreased to 0 km/s; and, to the end of
observations, it again increased to 6.0 km/s. Note that the velocity of the upwelling chromospheric mate�
rial was decreasing from the external boundary of EB to the internal one, while the velocity of the material
downwelling in this direction was, on the contrary, increasing.

In the AR between the Ellerman bombs (probably, it was a top of the magnetic loop, whose foots were at
the places where two considered EBs had developed), the temporal variations of Vlos were oscillating with a
period of approximately 3 min. During the intervals from 9h31m50s to 9h34m40s UT and from 9h37m40s to
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Fig. 7. Temporal variations in the chromospheric line�of�sight velocity of plasma determined from the shift of the Hα�line
core: (a) in the central part of EB�1 and at a distance of 0.33 Mm from it (curves 2–5) and in the neighbor AR containing
no active formations (curve 1); (b) in the AR between EB�1 and EB�2; and (c) in the central part of EB�2 and at a distance
of 0.33 Mm from it. Negative values of the line�of�sight velocity correspond to the motion toward the observer.
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9h41m10s UT, the chromospheric material sank with line�of�sight velocities reaching 3.3 and 2.2 km/s,
respectively. During the intervals from 9h34m40s to 9h37m40s UT and from 9h41m10s to 9h44m00s UT, the mate�
rial was moving up; in the first interval, Vlos did not exceed –1 km/s, while the increase of the velocity in the
second interval had three maxima: at 9h41m20s UT, in 1.5 min, and in another 1 min (Vlos = –1.7, –5.8, and
–1.8 km/s, respectively). It is seen that Vlos reached its maxima approximately 10 s later than that in EB�1,
and their values were lower. This means that the excitation spread along the loop from the EB�1 region. At
9h44m10s UT, the velocity changed its sign; and the plasma was descending to the end of observations (for
approximately 6 min). In this period, three peaks were also noticeable: at 9h45m20s UT, in 1.5 min, and in
another 2.5 min (Vlos = 6.5, 4.6, and 8 km/s, respectively).

In the EB�2 region, until 9h36m UT, there were small oscillations of Vlos approximately zero; at the
moments of 9h31m10s and 9h34m20s UT, the velocity of the material motion from the observer increased
to 2 km/s. Then, two periods 3 min long, from 9h36m to 9h39m UT and from 9h39m to 9h42m UT, were
observed. During the first period, the chromospheric material moved up with a small velocity, of
approximately –2.0 km/s; and, during the second one, Vlos varied within the limits from –1 to 1.5 km/s.
The interval from 9h42m to 9h44m30s UT, when the material was moving up, had two maxima in the
velocity enhancement: to –4.0 and –2.5 km/s. It is seen that the values of the largest velocity became
even smaller. At approximately 9h44m10s UT, the values of Vlos changed the sign; at 9h44m20s UT, the
velocity reached 5.8 km/s. Further, until the end of observations, the material only moved down in this
region, and the line�of�sight velocity increased to 7.7 km/s.

The observed temporal changes in the intensity of the Hα line (Fig. 6) and in the line�of�sight velocity
of the chromospheric material in the regions of Ellerman bombs (Fig. 7) suggest that EBs appeared and
evolved as a physically connected pair. In a paper [44], it is supposed that such Ellerman bombs are formed
at the foot points of compact magnetic loops. As a matter of fact, we may observe how the excitations
spread from the formation region of EB�1 to that of EB�2, i.e., from one foot of the loop, where EB�1
developed, through the top of the loop to its second foot, the region of the EB�2 evolution. Recall that the
analyzed AR was in the area of an emerging magnetic flux [40]. Probably, due to the interaction of the
emerging magnetic loop with the already existing magnetic field or the neighbor loop of the serpentine
magnetic field, the successive magnetic reconnections occurred in the upper photosphere or lower chro�
mosphere (in the EB�1 evolution region) for the period from 9h37m40s to 9h45m20s UT (Fig. 6). The plasma
streams, upwelling from the reconnection sites, triggered the increase of the line�of�sight velocity of the
chromospheric material at a level of the formation of the Hα�line core in the time period from 9h40m20s to
9h44m20s UT that contained three individual peaks spaced by intervals of 1.5 and 1 min (Fig. 7). It is known
that EBs may generate periodic oscillations in the velocity along the loop and induce the repeated recon�
nections [25]. Thus, as is evidenced by the velocity decrease (Fig. 7), the excitation spread from the EB�1
region and triggered magnetic reconnections in the EB�2 evolution region for the time period from 9h41m

to 9h46m30s that also contained three peaks spaced by the same intervals of 1.5 and 1 min (Fig. 6).

We also determined the line�of�sight velocities of the chromospheric material from the positions of the
intensity peaks (emission components) in the Hα�line wings. In Fig. 3, the intensity peaks are well seen in
profiles 2 and 3 for EB�1 and profiles 3 and 4 for EB�2. It is worth noting that the intensity peak appeared
in the red wing for the EB�1 profiles and in the blue wing for the EB�2 profiles. The emission peaks were
distinguishable in the profiles obtained only at some moments rather than in all of the profiles. The emis�
sion peak in the red wing of the EB�1 profiles was seen for 2 min at the very beginning of observations, in
the period from 9h31mto 9h33m UT, and later for 25 s, from 9h39m40s to 9h40m05s UT. The shift of this peak
corresponded to the line�of�sight velocity of 50 km/s. In the blue wing of the EB�2 profiles, the emission
peak periodically appeared after 9h41m15s UT; its Doppler shift corresponded to Vlos from –60 to –80 km/s.
The obtained results show that downwelling and upwelling high�velocity streams were observed in the
regions of Ellerman bombs in some periods of their evolution.

The peculiarities of variations in the line�of�sight velocity of the chromospheric material in the vicinity
of Ellerman bombs were also analyzed. In Fig. 8, the change of Vlos along the AR fragment cut out by the
spectrograph slit is presented for different moments of observations. As curve 1 shows, at that time, the mate�
rial sank with a small velocity of approximately 1 km/s through the whole area of the fragment, while the
velocity oscillations not exceeding ±1.5 km/s occurred earlier. Approximately two minutes later (curve 2),
the direction of the chromospheric material movement changed; and the upwelling flux was observed in the
whole region (Vlos ≈ –1 km/s). It is seen from curve 3 that Ellerman bombs were in the region where the Dop�
pler velocities changed the sign. It is seen from curve 4 that the material were moving up over the whole area,
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and the largest velocity (up to –7 km/s) was observed in the EB�1 region, while the values of Vlos in the EB�2
region were more than two times lower. Curve 5 shows that, to this moment of observations, the velocity of
the upwelling movement of the material in the whole area decreased to –5.3 and –2.6 km/s in the EB�1 and
EB�2 regions, respectively, and to –0.5 km/s in the region between EBs. A minute later (curve 6), the direc�
tion of Vlos changed in the whole area: the chromospheric material sank with the largest velocity, to 5.5 km/s,
in the region between EBs and with a smaller velocity in the region of Ellerman bombs. To the end of obser�
vations, in the investigated area, the sink velocity sharply increased to 4.5 and 7.3 km/s in the EB�1 and EB�2
regions, respectively, and to 8.3 km/s in the region between them.

The analysis of variations in the chromospheric line�of�sight velocity in the investigated area of the AR
showed that, in the course of observations, the directions of the material motion changed three times with
an interval of approximately 5 min: at 9h34m30s, 9h39m15s, and 9h44m20s UT. The velocity and direction of
the material motion synchronously changed in the whole area. Probably, they were caused by emerging a
new magnetic flux. In the vicinity of Ellerman bombs, the material moved slower than in the regions of
Ellerman bombs themselves. The strongest variations in the velocity of the material motion, from –5.3 to
8.3 km/s, occurred in the region between the Ellerman bombs. The weakest variations in Vlos were
observed in the EB�2 vicinity. It is worth noting that the value of the line�of�sight velocity of the chromo�
spheric material from the observer was larger between EBs than in the regions of EBs. Probably, this was
connected with the magnetic field structure of the investigated area of the AR. Similar results on the veloc�
ity variations in the AR area containing the developing Ellerman bombs were obtained in [2, 14]. In a
paper [2], from the spectrograms in the Hα line, the chromospheric line�of�sight velocities in the vicinity
of six EBs were determined. It was found that the material sank with a velocity ranging from 2 to 10 km/s
above five EBs, while the rise was observed only above one EB; the upwelling velocity was 1 km/s, and the
sinking velocity reached 17 km/s near EBs. In a paper [14], the upwelling fluxes with a large velocity near
bright EBs were obtained; it was also stressed that the velocity field in the vicinity of EBs plays an impor�
tant role in their generation and evolution.

Velocity of Horizontal Motion of EBs

The distance between Ellerman bombs changed occurred as a result of their horizontal motion. In the
considered area of the active region, there were two pores, which allowed us to determine the velocity of
horizontal motion of Ellerman bombs relative to them. Both EBs changed the movement direction with a
period of approximately 4 min, sometimes approaching, sometimes moving away from each other. In the
course of observations, the velocity of horizontal motion of EBs changed from 1 to 9 km/s. It was found
in papers [34] and [25] that EBs moved in a horizontal plane with a velocity of approximately 1.1 and
2.8 km/s, respectively, which agrees with our results.
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Fig. 8. Variations in the chromospheric line�of�sight velocity along the AR fragment cut out by the spectrograph slit for
different moments of observations: 9h33m43s, 9h35m32s, 9h39m43s, 9h42m30s, 9h43m42s, 9h44m42s, and 9h49m34s UT
(curves 1–7, respectively). Vertical lines indicate the average position of Ellerman bombs.
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The importance of horizontal motions of plasma for generation and evolution of Ellerman bombs was
stressed in many theoretical studies [19, 36, 42]. The modeling showed that the influence of horizontal
streams destroys the magnetic configuration stability, which may trigger magnetic reconnections.

Ejections

The Ellerman bombs analyzed in the present paper were accompanied by several small ejections of chro�
mospheric material (surges) that were short in duration—from 0.5 to 1.5 min. In the EB�1 region, two ejec�
tions occurred: between 9h37m40s and 9h39m05s UT and between 9h46m25s and 9h47m UT. Figure 5 shows that,
during the first ejection, the distance between the Ellerman bombs sharply increased and the rising gave place
to the sinking of the material (Fig. 7). In the course of both ejections, the EB�1 brightness sharp increased
(Fig. 6). In the EB�2 region, there were four ejections during the observations. In the first ejection (at approx�
imately 9h43m UT) the distance between Ellerman bombs increased, and the line�of�sight velocity and
brightness of EBs also sharply increased. In the spectrum obtained at 9h44m42s UT, against the background
of the emission band in the short�wavelength wing of the Hα line, the ejection in absorption is clearly seen
(Fig. 2): at that time, one of the peaks in the EB brightness enhancement and the change in the direction of
the line�of�sight velocity were observed. The third ejection in the EB�2 region occurred simultaneously with
the second ejection in the EB�1 region; at that time, one of the peaks in the brightness enhancement was
detected. The fourth ejection occurred near EB�2 (Fig. 2, the spectrum was obtained at 9h48m20s UT); the
highest velocity was –70 km/s in it. It is known that one of the signs of a magnetic reconnection is the gen�
eration of surges [18, 31, 32, 44]. In the present paper, we obtained that, at the same time, the distance
between EBs, their brightness, and the velocity of chromospheric material increased. Probably, under the
influence of horizontal streams (which is evidenced by the change in the distance between Ellerman bombs),
magnetic reconnections successively took place, which induced the increase in the brightness of Ellerman
bombs and the line�of�sight velocity of the chromospheric material, as well as the formation of surges.

Fine Structure

The studies of the internal structure of the bright points in the Ca II H line that were identified with
Ellerman bombs with the use of Hα�images obtained in the line wings (at ±0.8 nm from the center) showed
that they contain two components: the elongated central bright core located along a neutral line of the
magnetic field and the diffuse halo [19, 32]. It was found that the subcomponents are smaller than EBs
typical size and their lifetime is shorter than the typical one of EBs. The authors explain such a structure
of Ellerman bombs by the fact that the reconnection between the already existing field and the emerging
magnetic flux of the opposite polarity is not continuous: there are several elemental magnetic reconnec�
tions successively occurring one after another and one next to another in space, which induces the ejection
of jet�like subcomponents.

In our spectra of EB�2 acquired during the sharp intensity enhancement in the blue wing of the Hα line,
from 9h41m to 9h45m UT, such fine structure is well seen. As Fig. 6 shows, these spectra were obtained at
the time of the impulsive energy release, when the magnetic reconnections occurred. In Fig. 9, the distri�
bution of intensity along the spectrograph slit in the blue wing of the Hα line at a distance of 0.1 nm from
its center is presented. Curve 1 corresponds to the spectrum obtained at 9h39m43s UT and shows the
smoothly change of intensity. The intensity peaks corresponding to EB�2 on the other curves contain the
main component and one (curves 4 and 5) or two (curves 2 and 3) subcomponents. The results we obtained
from the EB�2 spectra in the Hα line well agree with the conclusions of papers [19, 32] made from the
study of Ellerman bombs in the Ca II H line.

CONCLUSIONS

The analyzed Ellerman bombs evolved in the young active region NOAA 11024 that was at a stage of
the rapid growth of activity on the day of our observations, July 4, 2009. Two EBs were formed in the region
of one of three currently emerging magnetic fluxes, in the place of the enhanced brightness, and in the
intergranular lanes. The Hα�line profiles were asymmetric in length and intensity of the wings, mainly
demonstrating the emission excess in the long�wavelength wing. In the course of observations, the dis�
tance between the Ellerman bombs increased from 1.3 to 2.3 Mm; it was changing with a period of approx�
imately 4 min rather than uniformly. The velocity of the horizontal motion of Ellerman bombs varied from
1 to 9 km/s.
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The change of intensity in the Hα�line wings at distances of ±0.1 and ±0.15 nm from the center sug�
gests that both the gradual and pulse release of energy took place in the course of the EBs evolution.
When the intensity in the wings of the line increased, the intensity in its center either did not change
about (EB�1) or weakly decreased (EB�2).

In the AR area containing no active structures, the velocity of chromospheric material at a level of the
formation of the Hα�line core varied in time with a period of approximately 4 min between the limits from
0.4 to –2.2 km/s. In the course of the EBs evolution, the velocity directed toward and from the observer
increased to –9 and 8 km/s, respectively. The periods of the velocity growth contained three individual
peaks. Sometimes, the plasma streams quickly moving up (to –80 km/s) and down (to 50 km/s) were
observed.

During the observations, in the area of the evolution of Ellerman bombs, small ejections of chromo�
spheric material were generated; their lifetime ranged from 0.5 to 1.5 min.

A fine structure of Ellerman bombs was found in the Hα�line spectra obtained for 4 min at the time of
the sharp enhancement of intensity in the line wings.

The behavior of variations in the intensity of the Hα�line wings and in the velocity of chromospheric
material suggests that two presently analyzed Ellerman bombs appeared and evolved as a physically con�
nected pair.

The data obtained here support the model, where the successive magnetic reconnections in the upper
photosphere or lower chromosphere are considered as a mechanism inducing the formation and evolution
of Ellerman bombs.
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