VARIATION OF THE SOLAR CONSTANT IN CONNECTION WITH THE SOLAR ACTIVITY
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ABSTRACT. Decreases of the solar constant were caused by the "active" sun-
apot groups. At the time of the irradiasnce dips there were some peaks in have
values of the X-ray and radio flux intensity. It would be possible that MHD-wa-
ves, generated during the unteraction of the magnetic fields of the active
groups with the convection, could transport the "missing" energy in the solar
constant decreases.

BAPMAIIMM COJIHEYHOA IOCTOSHHOR B CBA3M CO COJHEWYHON AKTMBHOCTBD: YMeHbme-
HM@ COXHEeWHO# NOCTOSHHOX BOSHMKEET B CBASM C "aKTUBHRMK" IpPyNNaMM COXHETHHX
naTes Ha CoxHne.

vzTaH VARILCI? SINECNEJ KONSTANTY K SINESNEJ AKTIVITE: ZmenZenie slneinej
konitanty vanikd pri vyskyte "akt{vnych" skupin slneZnych Skvrn na disku Slnka.

1. SOLAR CONSTANT VARIATIONS CONNECTED TO THE DEVELOPMENT OF THE ACTIVE
REGIONS

Figure 1 shows the solar constsant values measured by the SMM/ACRIM radio-
meter, in 1980 (ta) in comparison with the projected areas of the different
types of the sunspot groups (1b) and faculae (ic). As we can see the large ir-
radiance dips occurred when the projected areas of the active groups snd the .
surrounding faculae were large. The active groups have earlier been defined as
newly formed groups with areas larger than 0.04 % of the solar disk snd quic-
kly developing groups with complex structure ( 5 or/end J magnetic configura-
tions) (Pap, 1985a). The remaining pld groups with simple structure (o or 3
configurations) were named as "passive" groups. From Figure | we csn see when
the passive groups and the surrounding faculae were dominsant the value of the
solar constsnt increased slightly or they could reduce the sffect of the acti-
ve ones.
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Fig. 1: Fig. 1a shows the solar constsnt values measured by the SMM/ACRIM
radiometer. The full line of Figs. 1b and 1c shows the projected
areas of the active sunspot groups snd the surrounding faculae.
The dashed line of Figs. 1b and ic shows the passive spot and fa-
cular projected areas. The values of all the parsmeters are shown
between 14 February and 31 December, 1980 as the percentage va-
riation of their means.

Our investigations show that the facular excess flux can not compensate
fully the irradiance decreases due to the sunspot deficit. It seems that the
missing energy in the solar constant decreases should be storsged in the con-
vection zone (Willson, 1982) and later it could be emitted with the growing
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Fig. 2: The connection between the decresse of the solar constant observed
by the SMM/ACRIM radiometer in 1981 snd the different solar activi-
ty parameters on the basis of the method of the superposed epoch
analysis.

01d of the active regions (Pap, 1985e,b). However it is questionable that is
it only the way of the transportation of the missing energy? There were some
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suggestions that the Alfven-waves also can be suitable for transporting the
energy missing in the solar constant decreases (Foukal, 1561), Marik’s earlier
investigations (1966, 1975) have showed that during the interaction of the
aagnetic fields of the sunspot groups with the convection MHD-waves could be
generated which would play sn importsat role in the heating ef the chromosphe-
re snd corona. Because of this possibility we have investigated the connection
between the golar constant varistion and those soler indices which can be cha-
racteristic parameters of the upper solar atmosphere.

The radio flux on 2800 MHg sand X-ray flux between 2 and 4 keV were used
as solar indices. The X-ray flux was measured by the "fifth Czechoslovak X-ray
photometer” on board of Prognoz-8 satelite (Valnicek et al., 1983), between 1
Jenuary snd 21 September, 1981. The connection between the solar constant va-
riation measured by the SMM/ACRIM radiometer in 1981 and the different solar
activity parameters can be seen on Figure 2, on the basis of the superposed
ecpoch analysis. The zero-day of this aralysis was the date of the maximsl am-
plitude of the irradiance dips larger thsn the 3 error limit of the solar
constant dataset. The resulting curves were determined from 22 individual e-
vents. As we can see, ther2 is no connection between the solar constant decre-
ases snd the eld spot areas snd the connection seems to be very weak in the
case of the 2800 NHz radieo flux. All the spot and active spot areas as well ss
the sunspot number have their maxims 1-day later than the minimal irradiance
decrease. This 1-day time shift also exists in the case of the X-ray flux. For
the explanation of the connection between the solar comstant decreases and the
X-ray flux our idea is that during the interaction of the magnetic fields of
the active groups with the convection MHD-waves could be genersted, as Marik
(1966, 1975) suggested earlier. These MHD-waves could transport some amounts
of energy from the convective zone and could heat the upper solar atmesphere.
The increased flux of the X-ray could indicate the higher temperature of the
solar corona. Here we would like to mention that the preliminary investiga-
tions also show that there iz a strong connection dbetween the selar constant
decresses and the 260 MHz radio flux, measured in the Ondrejov Observatory,
which can be used as a good index of the corcnal activity (Tlamicha, 1986).

3. CONCLUSIONS

Cur results show that the large decreases of the solar constant were ce-
used by the active sunspot groups. It seems that the magnetic fields ef the
active groups can stop the convection thus less energy is transported to the
photosphere. During the interaction of the magnetic fields with the convection
MHD-waves could be generated, which could transpert one part of the missing e-
nergy in the total solar flux. The increased intensity of the X-ray and radio
flux emitted from the corona could indicate this procedure. The remaining part
of the missing energy could be emitted with the growing 01d of the active re-
glions.
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DISCUSSION

J. Staude

This are very interesting results which could really help to improve our under-
standing physical processes in subphotespheric layers of sunspots. In the com-
vective zone the turbulent diffusion is so large, that the blocked energy froa
the suppresion of convection below sunspots would be very effectivelly redis-
tributed over a large area (see, e.g. several papers by Spruit) and emitted
after some time from a larger area arcund the spot. Your results could help to
develop models of this energy redistribution in more detail.

M.A. Mormxescxui

B paSore Xancom x BuacoH coo6mazoch 9TO0 Axd 13 GOMmMX AOATOAANTEXBHHX DEHTIEHO-
BCKNX BCOHmEK OTMEY&axCs poCT CoXHeuHOX nocrosumolt. JiMevrrcs XM HOBHEe JQHHHE O
cBASN BapuanuiX coxHewHO! mocTOoSHEON Co BCOmmxaMu?

J. Pap

Our investigations show that in the active regions containing the active sun-
spot groups, large flares causing the sudden ionospheric disturbances have oc-
curred. However, the total emergy released during the flares is only the 1074
- 1076 part of the total solar energy emitted by the photosphere. This energy
increasing during the flares is now just near to the measuring limit of the
radiometers used for the solar constant observations, moreover,it can compen-
sate only partly the effect of the sunspot groups.

F. Pérnik
The X-ray data,used in the analysis, represent the total flux emitted per day.
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It means these data reflect the number and importance of the X-rasy events,
mostely flares, and net the emission of the quiet corens.

A. Antalové
Can you compare your results to the results obtained by Dr. Willson’s group?

J. Pap

Dr. Willson has used for his calculations sunspot groups with areas larger
than 0.01 % of the solar disk. The correlation coefficient between the solar
constant snd Dr. Willson’s spot areas was -0.73. The correlation coefficient
between the solar constant values and active spet areas was -0.84 (for 1980).
A. Kriiger

Did you find a significantly better correlation between the solar constant de-
creases and the radio emission at meter waves than at cm-waves?

J. Pap

4 strong cennection was feund between the decreases of the solar censtant and
the radie flux on 260 MHz, which can be regarded as a good index of coronal in=-
tensity. These results will be published in detail later.

M. Sobotka

Have you any special idea about the emergy storage mechsnism in the convective
zone?

J. Pap

There are same possibilities for the energy storage mechanism. The missing
energy in the total irradiance can heat the convective zone. In this case the
energy is storaged near to the photosphere. The calculations show that the
storaged energy can be emitted very slowly, during 83 days. Another possibili-
ty, that the energy storsged is taken place in the masgnetic field of the sun-
spot groups. In this case, the sunspot groups can modify the value of the to-
tal irrsdiance only at the time of their borning and the steraged emergy have
to be store in a deep flux tube beneath the spots. However this model gives
too large deep for these tubes.
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