
R E S O N A N C E L I N E S I N T H E S O L A R C H R O M O S P H E R E 

P. L E M A I R E 

Laboratoire de Physique Stellaire et Planetaire, 91 Verrieres-le-Buisson, France 

Abstrac t . St igmat ic ba l loon spect ra of the S u n in the vicinity of 2800 A were o b t a i n e d o n Sep tember 
22, 1968 a n d Apri l 30, 1969. W e c o m p a r e the observed profiles of t he H a n d K lines of ionized 
magnes ium with the c o m p u t e d profiles of A t h a y and Skuman ich a n d of D u m o n t . T h e discrepancy 
be tween observed a n d c o m p u t e d profiles of the M g n lines is cons iderab le . It is s h o w n tha t this is a 
general fact for all c h r o m o s p h e r i c r e sonance lines of a b u n d a n t e lements . A brief review is given 
of different in te rpre ta t ions of th is d iscrepancy. 

1. Introduction 

The observation of the H and K lines of ionized calcium has undoubtedly been the 
basis of most solar and stellar chromospheric investigations. In particular, the dis­
covery made by Wilson and Bappu (1957) of a relation between the width of the 
central reversal of the lines in the spectra of several stars and the absolute magnitude 
of those stars increased the interest of such an investigation and initiated a considerable 
amount of work. The obtaining of high resolution profiles of these lines and other 
lines of chromospheric origin has been of great importance both for observers and 
for theoreticians. 

Since the publication by Durand et al. (1949) of the first rocket solar spectra the 
investigations have been extended to the H and K lines of Mgn at 2800 A and to the 
Lyman a and Lyman f$ lines of neutral hydrogen. All these lines show central self-
reversals but the interpretation has, in general, only been partly successful. 

Recent observations of solar Mgn lines by means of a balloon borne instrument 
are presented in this paper and their correlation with observations of other resonance 
lines of chromospheric origin is studied. 

2. Observations of the H and K Lines of M g l l 

The first profiles of the resonance lines of ionized magnesium at 2800 A were obtained 
photographically during a rocket firing by Purcell et al. (1963) without spatial resolu­
tion on the disc. With a spectral resolution of some 3 .10" 2 A both lines of the reso­
nance doublet exhibit very strong central self-reversals similar to that observed at the 
centre of the H and K lines of ionized calcium (Figure 2a). 

As a consequence of the rapid development of stratospheric balloon technology 
at the C.N.E.S. (National Centre for Space Research in France) a research programme 
was set up in France directed toward balloon spectrographic observations of the 
M g n lines. A first stigmatic photographic spectrograph recorded centre-to-limb spectra 
of the lines with a resolving power of 5 .10" 2 A and a resolution on the solar disc 
of the order of 2' of arc (Lemaire and Blamont, 1967). 

Houziaux and Butler (eds.), Ultraviolet Stellar Spectra and Ground-Based Observations, 2 5 0 - 2 5 5 . 
All Rights Reserved. Copyright © 1 9 7 0 by the IAU. 

https://doi.org/10.1017/S007418090010213X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090010213X


R E S O N A N C E L I N E S I N T H E S O L A R C H R O M O S P H E R E 251 

F ig . 1. 15-sec exposure s t igmat ic b a l l o o n spect ra in t h e n e i g h b o u r h o o d of M g i i (2795, 2802 A) lines 
across a solar d iamete r (flight of Apr i l 30, 1969). T h e b lack t race is caused by a guide m a r k used as a 
reference for the respective pos i t ion of t he S u n a n d the slit. T h e cu rva tu re of t he l ine is a n ins t rumenta l 

effect. T h e shor tes t wavelengths of t he spec t rum a re a t the left of t he p h o t o g r a p h . 

Fig. 2. Observed M g n H and K profiles, (a) average over the centra l th i rd of the solar disk on 
Augus t 21 , 1961 (Purcell et al., 1963). - (b) and (c) Bal loon spect ra of Apr i l 1969 with a spat ial 

resolut ion of 10" of a rc . (b) over quiet regions a n d (c) over faculae. 
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Fig . 3. Observed Mgi i K profiles over a sunspo t dur ing the flight of Sep tember 22, 1968. (1) and 
(8) a r e profiles of quiet S u n f rom b o t h ex t r emi t i e s of t h e spot . (2), (3), (5), (6), a n d (7) a r e profiles 

of the plage region a r o u n d the spo t . (4) is the profile from t h e u m b r a to the spot . 

An improved instrument increased both spatial and spectral resolutions and two 
successful flights on September 22, 1968 and April 30, 1969, allowed us to obtain 
stigmatic profiles along a diameter of the solar disc (Lemaire, 1969). 

Figure 1 shows a spectrum obtained on the latter flight with an angular resolution 
of + 7" of arc and a spectral resolution of 35 mA. 

The following characteristic features can be noticed on those spectra: 
(i) The distance between the two emission maxima of a single line increases from 

the centre to the limb. This variation is also observed for the H and K lines of Can . 
(ii) The intensity emitted in both lines varies considerably over the disc depending 

on whether the slit of the spectrograph has cut across active or quiet regions. 
(iii) The intensities of the peaks of a single line are unequal at the centre of the 

disc but become gradually equal as one goes closer to the limb (Figure 2b). 
(iv) In active regions this inequality can either completely vanish or be completely 

reversed. 
It is to be noticed that the profiles given in Figure 3 are identical with those observed 

in the H and K lines of Can (Engvold, 1967). The Lyman-a profiles obtained by Tousey 
et al. (1964) are also in good agreement with these characteristics. 

3. Comparison with Computations 

Several successful computations of the H and K lines of C a n and M g n have been 
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made, especially by Dumont (1967a, b) and Athay and Skumanich (1968a, b). These 
authors made the assumption that the chromosphere is homogeneous and computed 
the source function and optical depth at a given point in the lines by solving simul­
taneously the equations of statistical equilibrium and radiative transfer. 

In Figure 4, we compare the results obtained by Athay and Skumanich and by 
Dumont with the observed profiles of the Mgn lines. The profiles are of the centre 
of the disc. The distance between the two peaks appearing on the computed profiles 
is in good agreement with the observations. However, the lack of symmetry cannot 
be reproduced by the computation and the same is true for the width of the emission 

a b 

Fig. 4. C o m p a r i s o n of c o m p u t e d a n d observed M g n K profiles, (a) A t h a y a n d Skuman ich (1968). -
(b) D u m o n t (1967). 

peaks. Further, the computed centre-to-limb variation of the intensity ratio between 
the two peaks of a single line does not represent the progressive disappearance of the 
asymmetry toward the limb. Similar discrepancies in the theoretical and observed 
profiles appear for the C a n lines (Dumont, 1967a, b ; Athay and Skumanich, 1968a, b) 
and for the Lyman-a line (Cuny, 1968). 

The explanation for these discrepancies seems to be due to the use of a homogeneous 
chromospheric model which is obviously a very coarse approximation to the problem. 
If it is assumed that the emission and absorption occur in descending and ascending 
cells whose velocities are normal to the atmospheric layers of different temperatures, 
then it is possible to explain the appearance of non-symmetrical profiles. 

This assumption is reinforced when one examines very high space-resolved profiles 
of the H and K lines of C a n such as those obtained by Zirin (1966) and Dodson-
Prince and Mohler (1966). When the resolution is close to 1" of arc, the emission 
occurs in totally inhomogeneous areas and the profiles for a single element are com­
posed of a central emission line shifted preferentially toward the short wavelengths 
with reabsorption occurring in the wings. Each element therefore does show an 
unsymmetrical reversal and observing the disc with a resolution inadequate to separate 
these elements leads to a general blurring which gives the profile the appearance of a 
self-reversed line. 

It is likely that the same thing occurs for both Mgn and Hi resonance lines but at 
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T A B L E I 

References related t o obse rva t ions a n d c o m p u t a t i o n s of H a n d K lines of C a n 

Obse rva t ions 

Very h igh spat ia l reso lu t ion (— 1") O t h e r obse rva t ions 

Z i r i n (1966) 
D o d s o n - P r i n c e a n d M o h l e r (1966) 

G o l d b e r g et al. (1959) 
Z i r k e r (1968) 
L insky (1968) 
W h i t e a n d S u e m o t o (1968) 

C o m p u t a t i o n s 

Unsymmet r i ca l profiles Symmet r ica l profiles 

M i y a m o t o (1957) 
K u l a n d e r (1967) 

Thin chromosphere: 
Z i r k e r (1968) 
Linsky (1968) 
Thick chromosphere: 
D u m o n t (1967a, b , 1969) 
A t h a y and S k u m a n i c h (1968a, b ) 

a different altitude.* As a consequence, the interpretation of resonance line spectra 
emitted in the chromosphere in terms of only LTE departures seems highly question­
able. 

Table I reviews recent observations of the H and K lines of Can . We indicate also 
the different interpretations that have been advanced by different authors to explain 
the shapes of the lines. Among them two do account for unsymmetrical lines. Both 
introduce model atmospheres with macroscopic velocity fields: 

(1) Miyamoto (1957) assumes that the upper part of the chromosphere is moving 
down with respect to the lower part. 

(2) Kulander (1967) introduces a discontinuity in the variation of the macroscopic 
velocity with height, which corresponds to the level in the atmosphere where the lines 
originate. 

The schematic models which do not take into account the chromospheric inhomo-
geneities could certainly be improved by introducing a network, spread all over the 
disc, of hot and cold cells, each pair of them possessing its own differential velocity 
or discontinuity in velocity. Such cells might well be the spicules and interspicular 
areas. 

The observation of strong asymmetries in the shape of C a n as well as Mgii and H i 
resonance lines cannot be explained with LTE departures only. It seems therefore 
necessary to introduce upward and downward moving cells, which is a reasonably 

* A c c o r d i n g to Zi rker (1968) a n d T h o m a s a n d Athay (1961) the C a n , M g i i a n d H i r e sonance l ines 
a r e emi t t ed in layers located, o n the average , at heights of 2000, 3000 and 4000 k m respect ively. 

4. Conclusion 
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realistic hypothesis. It is more likely that a better agreement between observations 
and computations might be reached by solving simultaneously the equations of 
radiative transfer and statistical equilibrium for each cell of the chromospheric net­
work. This is obviously a gigantic task. 

We suggest that a better knowledge of both dynamical movements and physical 
properties of the chromospheric layers could be reached by 

(i) High resolution (~1") simultaneous observations in Can , Mgn and Hi reso­
nance lines for a given point on the disc. 

(ii) Computations of the shapes of the three lines, using inhomogeneous models, 
accounting simultaneously for the observations in the three kinds of lines. 

This programme cannot be undertaken without the use of rocket or satellite obser­
vations. 
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Discussion 

Deutsch: C a n one es t imate t h e m a g n i t u d e of the differential velocities t ha t w o u l d be required to 
r e p r o d u c e the a symmet ry observed in K 2 ? 

Hearn: T h e paper by M i y a m o t o gives a ca lcula t ion of the effect of velocities o n the asymmetr ies 
of t h e Ca , He , K lines a n d this leads t o a n es t imate of the magn i tude of the velocities r equ i r ed . 
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