
Problems of the NLTE 1DProblems of the NLTE 1D
modelling modelling of the filamentof the filament
observed in Hobserved in Hαα, L, Lαα and and
the higher Lyman linesthe higher Lyman lines

P. SchwartzP. Schwartz11, B., B.SchmiederSchmieder  22, P., P.
HeinzelHeinzel11,,  and P. Kotrand P. Kotrčč11

11Astronomical Institute, Academy of SciencesAstronomical Institute, Academy of Sciences
2 2 Observatoire de ParisObservatoire de Paris



Non-LTE 1D modelling
of  filaments Hα

• 15 Oct 1999 –   SoHO/CDS in EUV coronal, TR and chromosphe-
                             ric lines, SoHO/SUMER in Lβ, Lδ - L7, in Hα core
                             by VTT/MSDP
• 5 May 2000 –    SoHO/CDS in EUV coronal, TR and chromosphe-
                             ric lines, SoHO/SUMER in Lβ, Lε - L9 + Lyman
                             continuum, Hα profiles from THEMIS/MSDP
• 27 May 2005 –  SoHO/CDS in EUV coronal, TR and chromosphe-
                             ric lines, SoHO/SUMER in Lα - L9 + Lyman con-
                             tinuum, Hα profiles from HSFA2 spectrograph



Non-LTE 1D-slab model



Non-LTE 1D-slab model



Non-LTE 1D-slab model



Solving the RTE
•  solution of 1D RTE using MALI method (Rybicky&Hummer
   1991; Heinzel 1995; Paletou 1995)
•  model of hydrogen atom with 12 levels + continuum
•  partial-frequency redistribution (PRD) is assumed for the Lα
    and Lβ lines
•  for the slab irradiation avg disc profiles of Warren et al. (1998)
   were used for Lβ and higher Lyman lines. For Lα OSO-8 pro-
   files as in Heinzel (1995) are used.
•  profiles of BG radiation for Lyman lines (radiation directly from
   beneath the filament) are reconstructed with method of Schwartz
   et al. (2006) using average disc profiles of Warren et al. (1998)
   for Lβ and higher Lyman lines and unpublished SUMER obser-
   vations of Lα in QS area (Dammasch, 2006)



Explanation of
the filling factor



Filament on 27 May 2005
CDS at 17:14 UT

BBSO at 17:00

Hα center;
bandpass
width: 0.25 Å



Filament from 27 May 2005
SUMER; 16:08 – 18:25 UT



Filament from 27 May 2005
HSFA2; Hα slit-jaws



BBSO Hα filtrogram v HSFA2 Hα observations
 

BBSO at 15:33
Hα center;
bandpass
width: 0.25 Å



BBSO Hα filtrogram v HSFA2 Hα observations
 

BBSO at 15:33
Hα center;
bandpass
width: 0.25 Å



BBSO Hα filtrogram v HSFA2 Hα observations
 

BBSO at 15:33
Hα center;
bandpass
width: 0.25 Å



correlation plot HSFA2 Hα center
versus BBSO at 17:00 UT

BBSO at 17:00
Hα center

avg quiet chrom. filament



Intensity distributions along the SUMER slit
of different spectral lines observed by

different instruments



Intensity distributions along the SUMER slit
of different spectral lines observed by

different instruments



ResultsResults



Fitting observed profiles for the darkest
central part (S2) of the filament channel



Fitting observed profiles for the darkest
central part (S2) of the filament channel





Plasma properties for
the S2 section



• for very dark Hα filament (section S2) reasonable results:
   - rather high optical thickness (dark structure in also Hα )

               τ912=36 ; τo(Hα)= 1.1
   - large bottom height (31000 km), small geometrical thickness
       only of 9500 km, small filling factor of 0.2
   - large temperature gradient in PCTR, small PCTRs (occupy
       only  10 -- 20% of D)
   - temperature in the filament interior is 7000 K
   - temperature in the slab edge 23000 K
   - high gas pressure 0.06 dyn cm-2

    - hydrogen ionization degree 0.3 -- 0.5 in the slab interior



Fitting observed profiles for the
section S1 at edge of the filament channel



Fitting observed profiles for the section S3
at other edge of the filament channel



Plasma properties for
the S1 section



• for edge of the filament channel (sections S1, S3):
   - values of optical thickness (dark structure in also Hα )

               τ912=12 -- 13 ; τo(Hα) ≈ 0.5
   - different bottom heights ranging from 1000 -- 35000 km, and
    to them corresponding geom. thickness of 37000 -- 500 km and
    filling factor of 0.01 -- 1.0, Deff ten times smaller than for S2
    ⬇SIMILAR AS FOR THE FILAMENT_CHANNEL INTERIOR ⬇
   - large temperature gradient in PCTR but smaller than in the
      darkest filament-channel interior (S2), small PCTRs similar
       as for the section S2
   - temperature in the filament interior is 8000 K
   - temperature in the slab edge 23000 K
   - high gas pressure ≈ 0.1 dyn cm-2

     - 2-times larger plasma density,
   - hydrogen ionization degree 0.3 -- 0.5 in the slab interior



Summary of the results
continuation

• plasma density in all sections ranges from 10-14 to 10-13 g cm-3

• ionization degree ranges from 0.3 to 1, in S1 it 0.5 in the slab in-
  terior

• Deff (summary  geometrical thickness filled with the cool filament
  plasma) is rather small: 500 -- 5000 km
• gas pressure in sections S2 is around 0.06 dyn/cm2, in S1, S3 it
  is little higher 0.1 dyn/cm2

• presence of Lα is important for correct estimation of the tempe-
  rature gradient in PCTRs
• presence of Hα profiles is important for correct estimation of the
  geometrical thickness of the slab and of the filling factor


