
This article was downloaded by:[Bochkarev, N.]
On: 12 December 2007
Access Details: [subscription number 746126554]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

Analysis of Hα profiles. Physical parameters of
chromospheric mottles: A case study
G. Tsiropoula a; C. Madi ab; B. Schmieder c; P. Preka-Papadema b
a Institute of Space Research, National Observatory of Athens, p. peni, Greece
b Department of Physics, Section of Astrophysics, Astronomy and Mechanics,
Panepistimiopolis, University of Athens, Athens, Greece
c Observatoire de Paris, Section d'Astrophysique de Meudon, Meudon Principal,
Cedex, France

Online Publication Date: 01 December 1999
To cite this Article: Tsiropoula, G., Madi, C., Schmieder, B. and Preka-Papadema, P. (1999) 'Analysis of Hα profiles.
Physical parameters of chromospheric mottles: A case study', Astronomical & Astrophysical Transactions, 18:3, 455 - 461
To link to this article: DOI: 10.1080/10556799908203002
URL: http://dx.doi.org/10.1080/10556799908203002

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799908203002
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
11

:4
7 

12
 D

ec
em

be
r 2

00
7 

Astronomical and Astrophysical Transactions,  1999, 
Val. 18, pp. 455-461 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1 9 9 9  OPA (Overseas Publishers Association) N.V.  
Published by license under the Gordon and Breach 

Science Publishers imprint 
Printed in Malaysia 

ANALYSIS OF H a  PROFILES. PHYSICAL 
PARAMETERS OF CHROMOSPHERIC 

MOTTLES: A CASE STUDY 

G. TSIROPOULA1, C. MAD11t2, B. SCHMIEDER3, 
and P. PREKA-PAPADEMA2 

Institute of Space Research, ~ a t ~ o n a l  Observatory of Athens, 15236 
P. Penteli, Greece 

2 University of Athens, Department of Physics, Section of Astrophysics, 
Astronomy and Mechanics, Panepistimiopolis, GR-15783 Athens, Greece 

Observatoire de Paris, Section d’Astrophysique de Meudon, F-92195 Meudon 
Principal Cedex, France 

(Received March 2, 1998) 

Observations of a well-defined rosette region which consisted of several bright and dark mottles and 
located almost at the solar disc centre (N5, W5) were made with the Multichannel Double Pass 
(MSDP) spectrograph mounted on the 50 cm “Tourelle” refractor of the Pic Du Midi Observatory, 
on June 17, 1986. This instrument records a two-dimensional field on the solar surface and having 
11 channels provides at every pixel of the field of view the profile of the Ha: line. We have used these 
profiles to derive several physical parameters of the chromospheric mottles. The basic assumption 
of the method we used is that the source function is not constant inside the structures, but has 
a parabolic variation with the optical depth. By using an iterative least square procedure for 
non-linear functions, five parameters of chromospheric mottles were computed: the optical depth, 
the Doppler width, the line-of-sight velocity, the source function at the middle of the structure, 
and the source function’s variation factor. 

KEY WORDS Chromosphere, fine structure, mottles 

1 INTRODUCTION 

Analysis of disturbed line profiles provides important information about the physical 
quantities which are related to that part of the atmosphere where the line is formed. 
In particular, several physical parameters of chromospheric structures are deduced 
from a comparison between line profiles emitted by the structure and a line profile 
emitted by the surrounding chromosphere considered as the background. 

A model which has been used extensively in the analysis of H a  observations is 
the one introduced by Beckers (1968) and is known as the “cloud model”. Assuming 
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a constant source function inside the structures this model allows the simultane- 
ous determination of four parameters: the source function, S;  the optical depth, 
70; the Doppler width, AAD and the Doppler shift, AAI. Based on this model 
Tsiropoula et al. (1993, 1994, 1997) have computed several physical parameters 
of dark mottles. However, Gouttebroze, Heinzel and Vial (1993) in their effort to 
model prominence-like structures found that for optically thick slabs the source 
function was not constant inside them, but decreases symmetrically towards both 
edges (upper and lower). Heinzel and Schmieder (1994) pointed out that for a given 
Ha: profile two solutions exist: one corresponding to  structures which are optically 
thin, have pressures less than 0.5 dyn/cm2 and almost constant source function, 
and the other to  structures which are optically thick, have pressures greater than 
0.5 dyn/cm2 and strongly non-constant source function. More recently, Mein et al. 
(1996) found that the source function increases from the top of the structure to 
its bottom. In this work we propose a method to analyse Ha: profiles assuming a 
parabolic variation of the source function with optical depth. For the application 
of the method, observations of chromospheric mottles are used. 

2 OBSERVATIONS 

Two-dimensional H a  observations of a chromospheric region which consisted of 
several bright and dark fine mottles were performed on June 17, 1986 with the 
MSDP (Mein, 1977) operating on the solar spectrograph mounted at the focus of 
the 50 cm refractor of the Pic du Midi Observatory (Schmieder et al., 1991). The 
MSDP having 11 channels allows the observation of the same point on the Sun 
simultaneously, but at a different wavelength in each channel. The Ha: line profile 
for each pixel of the field of view can be reconstructed from 11 points using a third 
degree spline interpolation. A mean chromospheric H a  profile was obtained by 
averaging all profiles over the observed quiet-Sun region. The observed region was 
located near the disc centre (N5, W5) and the total duration of the observations was 
15 min. From the entire sequence one frame at 06:44:24 UT of very good quality 
was selected for the present study (Figure 1). 

3 METHOD OF COMPUTATION 

The line intensity profile is given by: 

1, = Ioxe-rx + Ste-tx dtx (1) 7 0 

where l o x  is the background intensity profile. We assume a parabolic variation of 
the source function with optical depth inside the structure given by: 

st = so [l + a  ( t  - 32] 
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Figure 1 The rosette region at Ha! f 0.5A. 

where SO is the source function at the middle of the structure and a the variation 
factor of the source function. Furthermore TA = TO$A, where #A is the broadened 
absorption profile assumed to be given by: 

- -Y2+- a 

f i Y 2  
~ - e  

where: 

and 

(3) 

In the above formulation a is the damping width and I? the damping constant. Then 
the specific intensity is given by: 
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Figure 2 
to velocities towards the observer; dashed lines to velocities in the opposite direction). 

Contour maps of (a) the source function, ( b )  the line-of-sight velocity (full lines refer 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
11

:4
7 

12
 D

ec
em

be
r 2

00
7 

CHROMOSPHERE 459 

n 500 

E 4w 

x 300 

U 

; 
L 
0 
: 2oc 
n 
E 1 100 

0 I,i 200 - :rn 0 
-20 -10 0 10 20 0 100 200 300 400 0 1 2 3 4 5 

velocity (km/roc) Sourco fumtion optical depth 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 
Doppler width (A) 

:v( 
200 

0 
-0.10 -0.05 0.00 0.05 0 

variation factor 
.lo 

Figure 3 
(c) optical depth, (d) Doppler width, (e) variation factor of the source function. 

Histograms of the five parameters of the dark mottles: (a) velocity, ( b )  source function, 

Applying an iterative least square procedure for non-linear functions we can derive 
five parameters of the chromospheric mottles. These are: the source function at the 
middle of the structures, SO, its variation factor a, the optical depth at  line centre 
70, the Doppler width, AXL, and the Doppler shift, AAr. 

4 RESULTS 

The computation of the five parameters was carried out by an iterative least square 
procedure for non-linear functions which was repeated until the ratio between two 
consecutive x2 values was smaller than 1.0001. About 3670 out of 5200 structural 
elements of the rosette region can be matched by this procedure. Most of them form 
the dark mottles, while only three bright mottles can be recognized. Figure 2(a) 
shows a contour map of the source function. In the dark mottles the source function 
shows a smooth variation with a minimum of 110-140 (in units of 1/1000 of the 
continuum intensity) near their centre and exceeds the value of the background 
intensity (- 170) near their edges. In the bright mottles it has a maximum value 
of 350-400 near their centre and diminishes towards both edges. Figure 2( b)  shows 
a contour map of the line-of-sight velocities. Downflows seem to occur in the roots 
of the dark mottles and upflows in their upper part, while in the bright mottles 
no clear behaviour is apparent. Figure 3 shows histograms of the five parameters 
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Figure 4 
tion, ( c )  optical depth, ( d )  Doppler width, ( e )  variation factor of the source function. 

Histograms of the five parameters of the bright mottles: ( a )  velocity, ( b )  source func- 

derived for the dark mottles and Figure 4 shows histograms of the five parameters 
derived for the bright mottles. The mean values and standard deviations of these 
parameters are given in Table 1. Dark mottles have smaller values of the source 
function and larger values of the optical depth and Doppler width than bright 
mottles. The velocity histograms are rather asymmetric (Figures 3( a),  4(a)) for 
both structures. The velocity histogram of dark mottles peaks around -4 km/sec 
and of bright mottles around 2 km/sec. The values of the variation factor of the 
source function are small for both structures which means that they are optically 
thin. 

Table 1. 

Dark mottles Bright mottles 

Parameters Mean Stand. Mean Stand. 
value Deviation value Deviation 

Velocity (km/sec) 1.11 5.05 3.67 5.91 
Source function 183.1 42.1 220.1 80.3 
Optical depth 1.40 0.95 0.85 1.10 
Doppler width (A) 0.39 0.07 0.27 0.10 
Variation factor -0.0032 0.3461 -0.007 0.180 
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5 DISCUSSION 

We have described a method suitable for the analysis of Ha profiles. This method is 
based on the variation of the source function with the optical depth and allows the 
determination of several physical parameters of chromospheric structures regardless 
of whether they are optically thin or thick. In the special case of chromospheric 
mottles, where this method is applied, parameters of dark and bright mottles were 
derived. The variation factor of the source function is small which means that 
both structures are optically thin. Differences between the parameters of these 
two structures have been found. These differences should be interpreted by an 
appropriate non-LTE theory in terms of such quantities as temperature and electron 
density. As a next step it will be interesting to compare the values derived by this 
method with those derived by the classical cloud model. 
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