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A clear association is demonstrated between the dips in the total 
solar irradiance and flare occurrence. It is found that both the 
irradiance dips and flares are related to emerging new activity.

INTRODUCTION
The temporary irradiance dips are the most obvious events in the 
total solar irradiance variation indicated by the SMM/ACRIM 
radiometer /1 /. It has been shown that sunspots reduce the 
total irradiance /1,2/ and the evolution of the active regions 
also plays an important role in the- short-term irradiance 
variations /3,4/. It has also been found that solar flares are 
related to the emergence of magnetic fields on the surface /5,6/.
The purpose of this paper is to investigate the relation between 
the irradiance dipsvand solar flares. The irradiance measurements 
of the SMM/ACRIM radiometer are used for 1980. The daily means of 
the projected sunspot areas are taken from the Solnechnye Dannye 
Bulletin. The age information on active regions is taken from the 
Solar Geophysical Data (SGD) catalogue, after identification of 
the active regions published in the two catalogues. The daily 
numbers of flares and coronal mass ejections (CME) are determined 
from SGD.

IRRADIANCE VARIATION AND FLARE OCCURRENCE
Figere 1 shows the correlation between the SMM/ACRIM data, pro
jected sunspot areas and solar flares. Active sunspot groups are 
defined as young and quickly developing complex groups / 4/. The 
passive ones are the simple old groups. As can be seen during the 
irradiance dips, when active spots have large areas, the number 
of flares of complex active regions is also large. No significant 
correlation is found between the irradiance dips and old active 
regions, including their simple spots and flares. The number of 
the coronal mass ejection is also enhanced around the irradiance 
dips but they are not necessarily connected to them.
The correlation coefficients between ti?e ACRIM irradiance data 
and spot areas and flare indices as well as CME are given in 
Table 1. As it is expected, the correlation is strong between the

TABLE 1
Correlation coefficients between the ACRIM data and various 
activity indices are given for the time interval 1980 March-Nov.
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irradiance data and active spot areas with a correlation 
coefficient of -0.84, that is -0.57 for the daily flare number of 
complex active regions. No high correlation coefficients are 
found for the old spots, flares in old active regions, and CME.

Fig. 1. (a) shows the SMM/ACRIM data, full lines of (b) and (c)
show the projected areas of active spots and daily number of 
flares occuring in young complex active regions, respectively. 
Dashed lines of (b) and (c) show the spot areas and daily flare 
numbers in old active regions, respectively, (d) gives the daily 
numbers of the CME's. The curves refer to the time interval 
March-November, 1980.

ENERGETICS OF SOLAR FLARES
The increased flare activity in the active regions which produce 
dips in the total solar irradiance indicates an enhanced deposi
tion of free magnetic energy into the coronal magnetic structures 
(so-called flare built up process). The storage of energy can be 
a result of local dynamo driven by convective motions, or, as our 
statistics also demonstrates, can be a consequence of the emerging flux process.
In the first case, when the magnetic field lines are twisted by 
the rotating plasma motions on the solar surface, the energy flux 
transported into the corona can be expressed as:

F = v^ Br£ ///LLq (1)
v ĵ is the rotational velocity, B and B r  are the axial and 
azimuthal components of the magnetic field. Taking Br =10_/1 T for
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a sunspot magnetic field and using =10 and =100 m/s, the 
F energy flux transported to the corona is in the order of 105" 
W/m^ . In the case of strong, twisted fields the energy flux 
transported to the corona should be up to 106 W/m-2' .
The energy which is carried up by emerging flux can be calculated as

F = ve B Z 12 jULo (2)
where B magnetic field is emerging with v velocity. Using B=10'^ 
T and ve =100 m/s,_the energy transported to the corona is again 
in the order of 10^ W/nr2' . Thus, if we take into account a sun
spot with an area of 1000 ppm of the hemisphere, the order of the 
total energy, which can be transported and stored in the coronal magnetic fields, is lÔ 20-1 0 LJ W.
We can directly estimate the energy released by flares from the 
daily scaled flare number (SFN). The scaling is performed by 
means of the soft X-ray measurements of the GOES satellite in the 
range 1-8 A /7/. The SFN is defined as:

SFN = K, mloN, m (3)
Am.p ■L^  'irn~r

where K^^is the scaling coefficient and N̂ >uf>is the daily number 
of flares in a particular class of importances. Using a 
statistical sample of flares of different importances, average 
values of soft X-ray peak fluxes have been determined for 
particular classes of' flare importance. A roughly exponential 
dependence has been obtained and the best fit gives the K ^ p  
scaling coefficients listed in Table 2.

TABLE 2
Values of scaling coeffiecients are given after /7/.
importance Sf ,Sn Sb,In,If lb 2f,2n 2b 3f ,3n 3b

0.5 1 2 5 10 20 50

We assume that the total energy liberated by flares of different
importances is scaled in the same way as the average soft X-ray flux. Taking into account that the largest flares release energy
in the order of lO2̂  J /8/, the daily energy released by flares can be expressed as:

E = SFN * 10^/50 (4)
It is found that SFN is between 30 and 50, which gives an energy 
released by flares in the order of 10l ° J/day, corresponding to 
about 10 2,0 W.
Beside the flares* the energy which is carried by large MHD blast 
can be up to 10^  J /8/. Thus, an upper limit of energy carried 
by CME's can be calculated as:

e c m e  < N C M c  * 1 0

Since during the irradiance dips NcHfis up to 10/day /7/, the 
upper limit of the energy transported by CME's is smaller than 
10 J/day (lO2''1 W).
Recently, Lawrence /9/ has calculated the order of an irradiance
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decrease (/\S) for a sunspot group with area of 1000 ppm of the 
hemisphere. The value of A S, according to his calculation, is 
6*10^W. Similarly, taking into account a "mean" irradiance dip 
with an amplitude 1 W/m*^ ( 0.05%) and with a 10 days duration and 
assuming a time-dependent, axially symmetric perturbation of the 
irradiance by integrating the perturbation over the solid angle 
2TT, we can obtain As=3*10'2'2' W. That is, the energy which might 
be carried out by flares and CME's is at least one order less 
than the missing energy in a mean irradiance dip, as it was also 
calculated by /10/.

CONCLUSIONS
Our results demonstrate a strong correlation between the 
SMM/ACRIM irradiance data, active sunspot areas and solar flares. 
It is found that between March and November 1980 most of the 
solar flares occurred in young complex active regions which 
caused the dips in the total solar irradiance.
It has been suggested /11 / that the up-drafting boundaries of 
giant convective cells carry magnetic fields from the interior of 
the Sun and become the seats of active regions. Occurrence of 
flares, formation of sunspots or the new activity of older ones 
and dips in the total solar irradiance can be regarded as 
manifestations of emergence of magnetic fields on the solar surface.
The increased flare activity in the active regions which play a 
role in producing irradiance dips indicates an enhanced 
deposition of free magnetic energy into the coronal magnetic 
structures (flare built up process). Although, the energy carried 
by flares and CME's is small, at least one order of magnitude 
smaller than the missing energy of the irradiance dips, these 
investigations might help to understand better the physical 
origin of the irradiance variations and related events.
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