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Abstract. Total masses of six quiescent prominences observed from April through
June 2011 were estimated using multi-spectral observations (in EUV, X-rays, Hα, and
Ca ii H). The method for the total mass estimation is based on the fact that the intensity
of the EUV solar corona at wavelengths below 912 Å is reduced at a prominence by the
absorption in resonance continua (photoionisation) of hydrogen and possibly by helium
and subsequently an amount of absorbed radiation is proportional to the column density
of hydrogen and helium plasma. Moreover, the deficit of the coronal emissivity in vol-
ume occupied by the cool prominence plasma also contributes to the intensity decrease.
The observations in X-rays which are not absorbed by the prominence plasma, allow
us to separate these two mechanisms from each other. The X-ray observations of XRT
onboard the Hinode satellite made with the Al-mesh focal filter were used because the
X-ray coronal radiation formed in plasma of temperatures of the order of 106 K was
registered and EUV spectral lines occurring in the 193, 211 and 335 Å channels of the
Atmospheric Imaging Assembly of the Solar Dynamics Observatory satellite are also
formed at such temperatures. Unfortunately, the Al-mesh filter has a secondary peak
of the transmittance at around 171 Å which causes a contribution from the EUV corona
to the measured data of up to 11 % in the quiet corona. Thus, absorption in promi-
nence plasma influences XRT X-ray data when using the Al-mesh filter. On the other
hand, other X-ray XRT filters are more sensitive to plasma of much higher temperatures
(log T of the order of 7), thus observations using these filters cannot be used together
with the AIA observations in the method for mass estimations. This problem could be
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solved using observations in the green coronal line instead of X-rays. Absorption of the
green coronal line by a prominence plasma is negligible and this line is formed at tem-
peratures of the order of 106 K. We compare values of the total mass of the prominence
observed on 20 October 2012 on the SE limb estimated when using XRT X-ray ob-
servations and observations in the green coronal line obtained at Kislovodsk Mountain
Astronomical Station of the Pulkovo observatory (Russia).

1. Introduction

In the last two decades multi-spectral observations in UV, EUV, and X-ray from space
together with ground-based optical observations made it possible to estimate reliably
the total mass of prominences. One possibility would be to estimate the column mass
of hydrogen and/or helium plasma in prominences using spectral observations of UV
and visible lines of hydrogen and helium (Balmer and Lyman lines) and sophisticated
models in which plasma is assumed not to be in the state of local thermodynamic equi-

librium (hereafter referred to as NLTE models; see e.g. Labrosse et al. 2010 and ref-
erences therein). The problem can be a rather high complexity of such NLTE models
which depend on various free parameters. Another possibility is to infer the column
mass and subsequently the total mass from the amount of radiation absorbed by the
photoionisation in the prominence plasma at resonance continua of hydrogen and he-
lium. This estimation of the mean column mass of prominences observed near the limb
was first made by Kucera et al. (1998) using EUV observations from the Coronal Diag-

nostic Spectrometer (CDS) (Harrison et al. 1995) on board the Solar and Heliospheric

Observatory (SoHO) satellite. The advantage of the observations used by Kucera et al.
(1998) was that CDS as a spectrograph observed only in spectral lines of interest, but
spectrographs are able to obtain spectra from only one slit position during one expo-
sure. Larger fields of view can be scanned by the spectrograph slit, as the CDS does, for
example, but in such a case, intensities in different slit positions the scan is composed
of were obtained at different times. The first estimation of the prominence mass using
filtergrams was made by Golub et al. (1999) using Transition Region and Coronal Ex-

plorer (TRACE, http://trace.lmsal.com) data. Later, similar studies were made
by Gilbert et al. (2005, 2006) using observations of the EUV Imaging Telescope (EIT)
(Delaboudinière et al. 1995) on board SoHO in the 195 Å channel and more recently by
Williams et al. (2013) who used observations from the Atmospheric Imaging Assembly
(AIA) instrument (Lemen et al. 2012) on board the Solar Dynamics Observatory (SDO)
in several EUV coronal channels of wavelengths below 228 Å (head of the resonance
continuum of He ii). In our estimations of the total mass of a prominence we also use
AIA observations and hydrogen column densities and subsequently the total mass of
a prominence is obtained from the amount of EUV coronal radiation absorbed by the
prominence plasma in resonance continua of hydrogen and helium. But except of the
absorption, a coronal emissivity deficit is assumed because it can contribute remarkably
to the coronal intensity depression at a prominence position (Anzer & Heinzel 2005).
The coronal emissivity deficit is caused by the presence of cool and/or low-density ma-
terial in volume occupied by the prominence or its cavity, which causes a lowering or
even a lack of coronal emissivity in such a volume. To eliminate an effect of the coronal
emissivity deficit, observations in spectral lines or spectral region not absorbed by the
prominence plasma are used, e.g. in X-rays as proposed by Anzer et al. (2007).



The green coronal line for the prominence total mass estimation 3

a)a) b)

cavity

prominence

surrounding
corona

b)

cavity

e)c)
f)d)

Figure 1. Observations of the prominence of 18 May 2011: Cut-offs from the
full-disc observations from the AIA instrument in the 304 Å, 193 Å channels, and of
the XRT telescope obtained using the Al-mesh filter are shown in the panels a – c.
Rectangles drawn by a solid white line mark areas of interest. The SLS spectrograph
Hα slit-jaw image co-aligned with AIA observations is shown in panel d. One of the
eight slit positions is plotted by a black inclined dashed line.

2. Estimation of the total mass using EUV and X-ray observations

More than 30 quiescent prominences were observed during a campaign held from April
through June 2011. Prominences were selected according to Hα observations of two
ground-based multi-camera spectrographs at the Ondřejov observatory: SLS (Solar
Laboratory Spectrograph) (see SLS web page http://radegast.asu.cas.cz/MFS/
prominence_archiv/sls.html) and HSFA2 (Horizontal Sonnen Forschung Anlage

No. 2) (Kotrč 2009). The HSFA2 instrument was observing also in the Ca ii H line
(λ 3968 Å) and three other lines. Observations from these two instruments are hereafter
referred to as GBO. X-ray full-disc images obtained by the XRT (X-ray telescope) in-
strument (Golub et al. 2007) on board the Hinode satellite (Kosugi et al. 2007) on the
same day as the SLS observations were used as well. As the AIA instrument on board
the SDO satellite records images in all channels with very high cadence (approximately
every 12 s), it is almost always possible to find quasi-simultaneous EUV full-disc ob-
servations. Thus it was not necessary to include the AIA instrument into the observing
campaign. Till now, the total mass of only six prominences obtained between 19 April
and 18 May during the campaign were estimated. As an example, the prominence
observations from 18 May 2011 are shown in Fig. 2.
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The method of Heinzel et al. (2008) was used to estimate the optical thickness
of hydrogen and helium prominence plasma from the decrease of EUV intensity at
a prominence. When a tangential to the solar limb cut through a prominence in the
AIA 193 Å and X-ray XRT image is made, a dip at the prominence position in the
intensity distributions along the cut occurs both in EUV and X-ray data. The intensity
decrease at a prominence is deeper in EUV than in X-rays because both absorption and
emissivity deficit affect EUV radiation while X-ray radiation is reduced only by the
emissivity deficit. But in the cavity and surrounding quiet corona both the EUV and the
X-ray intensity distributions are similar. And thus, it is necessary to multiply the X-ray
intensity distribution by a specific factor to fit EUV data in the cavity and corona. And
then optical thickness τEUV in EUV is proportional to the ratio r′ of EUV and fitted
X-ray

τEUV = − ln
(

1 −
1 − r′

α

)

, (1)

where α is a factor of asymmetry of coronal emissivity along the line of sight in front
and behind the prominence. Using a theoretical formula for τEUV calculation pub-
lished, e.g., by Anzer & Heinzel (2005), values of hydrogen column density can be
derived from τEUV when ionisation degrees of hydrogen and neutral and singly ionised
helium are known. The ionisation degree of hydrogen is determined from the Hα and
Ca ii H line profiles using a simple cloud model (Beckers 1964) and 1D isobaric and
isothermal models of Heinzel et al. (1994). Ionisation degrees of helium are estimated
iteratively comparing ratios of optical thickness estimated from AIA data in the 193 Å,
211 Å, and 335 Å channels with values calculated theoretically. Finally, the total mass
of a prominence is obtained by integration of hydrogen column mass throughout the
whole prominence and then multiplied by 1.4 (adopting a common solar helium abun-
dance of 0.1 and assuming that the mass of the helium atom is 4 times the mass of a
hydrogen atom). XRT observations made with the Al-mesh were used because this fil-
ter transmits mainly radiation emitted from plasma at a temperature of ∼ 106 K which
emits also EUV radiation registered by AIA data in the 193 Å, 211 Å, and 335 Å chan-
nels. For other XRT filters it registers radiation emitted from plasma of temperatures
of the order of magnitude 107. It is also important to note that the Al-mesh filter has
a secondary peak at 171 Å. Thus, the X-ray signal is contaminated by EUV radiation
but this contamination does not exceed 25 %. This problem is examined in more detail
in the next section. The total mass estimated for the six chosen prominences corrected
for the EUV contamination of XRT Al-mesh X-ray data ranges from 3.7 × 1011 up to
1.8 × 1012 kg. More details about observation of the six prominences and the method
can be found in the work of Schwartz et al. (2015a).

3. Problems of using XRT X-ray observations in the mass estimation

In our method for the estimation of the total mass of prominences it was assumed that
X-rays are not absorbed by the hydrogen and helium prominence as it was already
investigated by Anzer et al. (2007). But they examined the absorption at 50 Å where the
Soft X-ray (SXR) telescope of the Yohkoh satellite has a maximum of sensitivity. But
all filters of the XRT telescope have a maximum of transmittance at 10 Å (Golub et al.
2007) where except of hydrogen and helium also continua of other elements such as C,
N, O, Ne, Mg, Si, S and Fe occur. The hypothesis of the absorption at 10 Å is supported
by the fact that the spine of the prominence observed at the NW limb on 22 June 2010 is
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Figure 2. Observations of the prominence made on 22 Jun 2010 by AIA in the
193 Å channel (left) and in X rays by XRT using the Al-mesh (middle) and Ti-poly
filters (right).

seen as a dark structure not only in the AIA 193 Å image but also in the Al-mesh XRT
image shown on the left and middle panels of Fig.2, respectively. It is visible faintly also
in the Ti-poly filter image shown in the right panel of the figure. In our work Schwartz
et al. (2015b) we calculated the continuum optical thickness of a prominence plasma
composed of hydrogen, helium and heavier elements for wavelengths within 1 – 50 Å
and three values of the hydrogen column density – 1017, 1019 and 1021 cm−2. Values
of the optical thickness are increasing with the column density. We found that even at
such high hydrogen column density as 1021 cm−2, the optical thickness at 5 Å is only
0.01. Using the method described in the previous section, Gunár et al. (2014) calculated
hydrogen column density for the prominence of 22 June 2010 and the maximum value
of 1019 cm−2 was found for which the optical thickness is even smaller. For neither
of the six prominences from 2011, the hydrogen column density exceeds this limit.
Another reason for the dark manifestation of the prominence spine in the XRT images
could be a secondary peak of the filter transmittance at 171 Å. For the Al-mesh filter a
contribution to the measured XRT signal from the EUV radiation in the quiet corona is
around 11 % while it is only 7 –9 % at the spine due to absorption of EUV radiation by
the prominence plasma. It means that 16 –20 % of the darkening at the spine originates
from the EUV contamination (Schwartz et al. 2015b). But what is the nature of the
remaining 80 %? Moreover, for the Ti-poly filter the EUV contamination is below the
noise. Thus, the only explanation is the effect of a considerable coronal emissivity
deficit caused by a very large geometrical size of the spine along the line of sight. The
size of 105 km estimated from the XRT observations by Schwartz et al. (2015b) agrees
with observations of the STEREO-A satellite, where the spine of the prominence is
seen as a filament.

4. The green coronal line instead of X-rays in the mass estimation

Thus, there is a non-negligible EUV contamination of the XRT X-ray data obtained
with the Al-mesh filter and on the other hand a plasma of one order of magnitude
higher temperature is observed with other XRT filters and therefore not suitable for the
mass estimations. Moreover, XRT filters have been degrading very fast in the last three
years and gradually more contamination spots are appearing in the XRT data. Because
the absorption of the green coronal line by the prominence plasma is also negligible it
can be used instead of X-rays in our method for the mass estimation. Observations of a
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Figure 3. Observations of a prominence and its cavity on the SE limb on 20 Oc-
tober 2012 by AIA in the 193 Å channel (top left), XRT in X-rays (top right), and
comparison of distributions along an arched cut of EUV, X-ray and green-coronal-
-line intensities (bottom).

prominence on SE limb made by AIA in the 193 Å channel and by XRT in X-rays using
the Al-mesh filter are shown in Fig. 3. As intensities of the green coronal line observed
at the Kislovodsk Mountain Astronomical Station of the Pulkovo observatory in Russia
were obtained only for heights above the solar surface around 27 000 km (Makarov et al.
2006), just an arched cut at the height of 26 773 km was made and intensities along the
cut were plotted in the right panel of Fig. 3. Notice the similar behaviour of the Ti-
-poly and green-coronal line intensities at the prominence and quiet Sun (QS) while
the Al-mesh data are somewhat lower at positions 300 000 – 400 000 km most probable
because of the EUV contamination.

5. Conclusion

Comparison of distributions of intensities of X-rays and the green coronal line along
the cut shown in the right panel of Fig. 3 suggests that the green coronal line data could
be used instead of X-rays. But still more investigations in this field must be done and
mainly observations of the green coronal line in a larger FOV are necessary. We will
be able to obtain such data in the near future from the Lomnický Peak Observatory in
Slovakia.
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