Estimations of the total mass
of solar prominences using
multi-wavelength data
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ominence Vvisibility

(Balmer lines - esp. Ha, He lines -
211 304 A, Ca lines, H Lyman lines)

mechanism: scattering

mechanisms: absorption by cool material of the prominence
(Daw et al. 1995; Kucera et al. 1998)
by resonance continua of HI, Hel and Hell
(Anzer & Heinzel, 2005)
coronal emissivity blocking
(Kucera et 1998, Schmieder 1999, Anzer & Heinzel, 2005)
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Prorrinerice seen In ermission and agsorption

EIT 304 A
07:19:38 UT

In emission:

HSFA Ha slit-jaw
07:21:32 UT

Y

EIT 195 A
07:25:56 UT

In absorption:
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Fig. 1.—Example of dark EUV structures as observed by SOHO/EIT at a
wavelength of 195 A on 1997 July 4 at 07:12:30 UT. In this case a filament F 1s
crossing the solar limb, and part of it is seen as a prominence P above the limb.
Note also the iron-line corona at 195 A with its radially decreasing brightness.

Anzer & Heinzel, 2005
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rlow to distinguisn effects of aosorotion
and missivity olocking?

In X-rays the absorption by a cool prominence
plasma is negligible (Anzer et al. 2007)

v

multi-wavelength simultaneous observations in EUV lines
with wavelengths below 912 A and in X-rays are suitable
for analysis taking into account both absorption and emis-

sivity blocking
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estrneation of 2 varar Jeter of trie asyrnrmetrical
distrioution of coronal ernissivity

for A\ < 227 A (Anzer&Heinzel 2005):
7= N(H) {(1 —2) ou(X) + rre [(1 — j1 — 72) oner(A) + J1 oger1(N)] }

where helium abundance in solar atmosphere: 7THe = 0.1

UH()\) , OHel (A) , OHell ()\) — cross-sections of absorption by resonance
continua of H, Hel and Hell

I, j4, J, — ionization degrees of H, Hel and Hell, respectivelly.

Then o parameter is estimated from a comparison of ratio t,y5 / T4
obtained from observations with a theoretical one t,y; / T, =1.4



Prorinernca mMeass

(1 =71 — 72) omer(A) + J1 omerr(A)]

A) + j1 operr (195 A)]




Junez 9, 2007 — small, well visible prominence

EIT 304 A
07:19:38 UT

HSFA Ha slit-jaw
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EIT 195 A
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' _prominence

Hinode XRT
06:12:22 UT

EIT171A
07:00:14 UT
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avg a.=0.13



astimation

r,‘|95: _5%; O%, +5% r’171: '5%, O%, +59%




Mzius of o,y OF prominesncs ooserved on Juns 9, 2007
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Co-zlignzd rla slit-javw of orominences of Junez 9, 2007

unfortunately only one slit-position

t,(Ha)=1.2and i=0.6 = 1,4:=1.9 = 0=0.13

The same as avg a estimated from the t,45 / T,74 ratio
Also value of t,g5 IS the same as the one estimated
from EIT 195 A and XRT X-ray observations



Totzll mzss egtlmatsd forine orominenecs oosasryad
or June 9, 2007

» average value of T (Ha)=1.19 estimated from deviation
of the Ha profiles from the Gaussian (Anzer&Heinzel
2005). It corresponds to /=0.6 at T = 8000 K.

*j=0.6, j,= 0.5 and j,= 0 ... the total mass of 2.27x10"" kg

e for T=6000—-10000 K ... i=0.5—- 0.8 ... the total mass from
interval 2.23x10"1(-2%) — 2.27x10" kg (+13%) can be
estimated

* for i=0.6, j,=0.1-0.95 and J, close to zero (Labrosse et
al. 2004) ... values of the total mass from interval between
1.67x1011(-26%) and 3.12x10"'kg (+37%) can be
estimated



July <19, 2007 — faint extended prominence, absorption
structure almost invisible, faint cavity
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Mzius of -y, of prominencs oosservyed on July <19, 2007
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Co-zllignizd rla slit-jzw of urominence of July -9, 2007

S slit-positions

T,(Ha)=1.3-1.5and i=0.6 = t,4;=2 — 2.3

= =0.05 - 0.24 (avg a=0.1)

Close to the avg value 0.17 of a estimated from the t,g5 / T471
ratio. Also values of t,4; are close to those estimated from
observations of EIT in 195 A channel and XRT X-ray
observations



Totzll mzss esilmzated fortne ororminencs
ooserved on July -9, 2007

* t,(Ha)=1.3 — 1.5; it corresponds to i=0.6 at T=8000K.

*/=0.6, j;=0.5 and j,=0 ... the total mass 1.34x10'? kg

e for T=6000-10000K ... i=0.5-0.8 ... the total mass from
interval 1.29x10"2(-4%) — 1.58x10'2kg (+18%) can be
estimated

* for i=0.6, j;=0.1-0.95 and J, close to zero, values of the
total mass from interval between 1.26x1072(-6%) and
1.80x10'%2kg (+34%) can be estimated



CONCLUSIONS:

34x10'? kg of the total mass estimated in
led prominences are comparable with
kg estimated for a different
They are also close to values
UV filament by Heinzel et



SUMMARY:
* prominence of June 9, 2007
- 1,(Ha)=1.19 estimated = /=0.6 at T = 8000 K.
—fori=0.6, j,= 0.5 and j,= 0 ... the total mass of 2.27x10"" kg
— because of uncertainties in ionization degrees of H and He,
uncertainty in the total mass from -26% to +37%

* prominence of July 19, 2007
- 1,(Ha)=1.3 — 1.5 and /=0.6 it corresponds to /=0.6

at T=8000K.

- for i=0.6, j;=0.5 and j,=0 ... the total mass 1.34x10? kg

— because of uncertainties in ionization degrees of H and He,
uncertainty in the total mass from -6% to +34%

The values of the total mass calculated for both prominences
are reasonable and close to values estimated by other authors






