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We demonstrate a method using solar patrol optical telescope’s observations that help
to forecast solar flares. The telescope continuously observes the Sun in various important
wavelengths which are relevant for studying the solar chromosphere. However the most im-
portant amongst these spectral lines remains the ionized calcium resonant line Call K which
gives valuable information about solar filaments, plages and other active chromospheric
structures. By studying the actual varying spectral profile of plages we show that there exists
a clear transformation of the profile into a particular specific type prior to the advent of solar
flares. Such an analysis of spectroheliograms allows us to forecast flares in advance.
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The scientific task of the SPOT (Solar patrol optical telescope) is to ob-
serve on the full disk of the Sun various manifestations of solar activity, such as,
plages, filaments, prominences, flares, nucleation of coronal mass ejections, and
also magnetic fields of active and quiet regions of the solar atmosphere. SPOT
continuously registers images of the full solar disc in Call K 393 nm, H-alpha
6563 nm spectral lines. In near future SPOT is going to be modernized in such a
way that facilitates observing the Sun in He 1083 nm and magnetically sensitive
Fe-1 630.15 nm and 630.25 nm spectral lines. The optical resolution of the
SPOT telescope is about 1 arcsec for Call K line. Images in the lines Call,
H-alpha can be recorded once every three minutes. The most important feature
of this telescope is that it can scan the Sun completely in a given interval of the
wavelength and therefore making it possible to extract Dopplergrams from the
initial data. In this way one can estimate the kinematic parameters of the erup-
tion events like coronal mass ejections (CMEs). The telescope is designed to
work continuously throughout the day in a semi automatic mode with a lifetime
of 25 years.

Amongst all the above mentioned spectral lines one can observe active
chromospheric features such as plages, filaments, chromospheric network and
etc very well in the Call K line which is a resonant spectral line. The intensity
profile of Call K is typical to that of any other line that is formed in the inner
chromosphere and is shown in the fig. 1.

The reason why the profile of chromospheric lines such as Call K is
complicated is as follows: At first the profile of the spectral line very well maps
with the temperature profile of the chromosphere. As one moves from left to
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Fig. 1. Typical spectral profile of Call K.

right in the fig. 3 one observes that at AA<-0.4 and to the left the opacity is
considerably low and hence at these wavelengths we can observe intense
photosphere. This is evedent from the fig.1 where we observe that to the left of
the Ca IIK core the intensity markedly increases. At AL =-0.4 the opacity allows
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Fig. 2. Call K profile at plages. Fig. 3. Wavelength opacity function vs wavelength.

us to see only upto the temperature minimum region because of whch the
intensity falls giving rise to the K;y minimum. This trend proceeds and at
AL =-0.2 the opacity restricts our view only upto the middle chromosphere
where temperature is considerably higher leading to a sharp rise in the intensity
and giving rise to K,y local maximum. This one to one mapping between the
spectral intensity profile and the temperature profile in the chromosphere breaks
down at AL=0 or at the centre of the spectral line because the large opacity
allows us to observe only the higher most layers of the chromosphere which are
not in local thermal equilibrium (NLTE) [1]. The lack of local thermal
equilibrium is mainly due to the lack of free electrons [3]. As a result the
intensity abruptly falls and we observe the K5 dip. As we move further right in
the fig. 3 we observe a similar qualitativey symmetric behaviour. However the
Kyr intensity is a little less than the K,y because of the decreased Rayleigh
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scattering that allows us to go nearer to the temperature minimum region and
hence the decreased intensity.

The spectral profile of Call K at plages is quite similar but the only differ-
ence is that the K;v, K,y and K3 are quite pronounced. The enhanced intensity at
plages is mainly due to its magnetic activity. As we see even at plages the
breakup of local thermal equilibrium leads to the K3 dip.

Having explained the spectral profile of Call K in the quite region and at
plages we now explain how this profile changes prior to the advent of a solar
flare. By considering fig. 4, fig. 5 and fig. 6 we see that the K; dip which is typi-
cal to the Call K profile monotonically vanishes with time. These figures show
the variations in the Call K spectral profile at a point in the plage marked in the
fig. 7. The X-axis in figs 4, 5, and 6 represent wavelength in pixel units and the
Y-axis represents intensity and the time is indicated in the upper left corner in
each figure. We see that at t = 7h:07m:46s the spectral profile transforms into a
Gaussian form. Quite interestingly after approximately 8 minutes we observe a
flare which is clearly shown in the fig. 7.
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Fig. 4. Spectral profile at t = 7h:00m:03s.
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Fig. 5. Spectral profile at t = 7h:03m:55s.
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Fig. 6. Spectral profile at t = 7h:07m:46s.
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The reason why the spectral profile is transformed into a Gaussian form is
as follows: Prior to the solar flare there was an injection of electrons into the
layers above the photosphere. The excessive injected electrons which happen to
reach the higher layers of the chromosphere temporarily restore the local ther-
mal equilibrium and therefore the mapping with the temperature profile is re-
stored leading to the intense core centre of Ca IIK instead of a K3 dip.
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Fig. 7. Solar flare that occurred in the plage marked in a white circle.

We have analyzed many such events from the catalogue of Kislovodsk
mountain station which dates from the year 2012 and found a similar behavior.
Therefore this phenomenon of spectral profile’s transition into a Gaussian form
can be used as a diagnostic tool to forecast solar flares.
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