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Abstract. Some aspects of regions with enhanced temperattine receiver is sufficient for 0.1 sfu resolution. In the temperature
in the polar zones of the Sun are studied in this paper, using dsdale this corresponds to better than 100K, and it is limited by
from Metsahovi Radio Research station in Finland. In additioshort term changes in the atmospheric attenuation. Solar maps
to low latitude sources, measurements at 36.8 GHz have ase measured by scanning the solar diskin right ascension and by
revealed the existence of apparently separate class of souatesging the declination in small steps between the subsequent
with enhanced temperatures at latitudes above 40 degrees. §dans. Typical solar maps with an ETR in the North are shown
motions of these regions have been used to determine the swldfig. 1.

differential rotation rate at high latitudes. We also study both the Localised areas of enhanced temperature of microwave ra-
spatial and the temporal distributions of the enhanced regiodition are detected frequently, typically lasting from some tens
The activity of the low latitude component follows the sunspaf minutes up to several days in rare cases. In addition to low lat-
activity over a solar cycle. The high latitude component is d@lude (< 40 degrees) sources an apparently separate component
unknown origin, but our data indicates a possible connectiohhigh latitude ¢ 40 degrees) sources is also observed.

between these regions and polar faculae. According to our observations, the temperature of a typical
ETR at 8 mm wavelengh is 100-400K above the quiet Sun
Key words: Sun: radio radiation — rotation level (7800 K). The regions are extended: in the North-South

direction they can reach from alatitude of 40 degrees to the pole,
and in the East-West direction they can even surround the entire
1. Introduction poI(_a, forming a ring-like region. Embgdc_led in th_ese e>_<tended
regions are maxima of microwave radiation. Their rotation can

Regions with enhanced temperature (ETR in the following) e followed in maps taken during the same day, and in some
the polar zones of the Sun have been discussed by severalcades over several days, and the solar differential rotation rate
thors: e.g.Kundu & McCullough (1972); Babin et al.(1976)at high latitudes can be estimated from such data.

Efanov et al. (1980); Kosugi et al. (1986); Urpo et al. (1989);, The projected coordinates of the ETR maxima relative to the
Makarov etal. (1991) and Riehokainen etal. (1996). The pres@in's apparent center were measured from the solar maps and
work uses data accumulated at M#tevi Radio Research statransformed to heliographic coordinates using current values for
tion in Finland during the period 1982-1995, obtained with th@e solar parameters. The active areas at 8 mm wavelengh are
Metsahovi 14-m radio telescope at the frequency 36.8 GHz. |scated only a few thousand kilometers above the photosphere,
this paper we present a new determination of the differential s@yno corrections due to the height effect are necessary. Although
lar rotation rate at high latitudes derived from microwave obseFTR’s were seen closer to the poles, in practice only regions
vations. We also discuss the distribution and the time variatiofs to the latitude of 70 degrees could be measured. The total
of the high latitude microwave sources as well as their possipigmber of nothern and southern active areas was counted from

relationship with other solar phenomena. the 37 GHz data. Unfortunately, the coverage from year to year
is not regular foa a \ariety of reasons, and the number of days
2. Observations and data analysis during which maps were made varies greatly. We have therefore

scaled the observed numbers of active regions by the number

The data discussed in this paper comes from the solar obseryipghserving days for each year to obtain the daily average of
programme of the Me&hovi Radio Research station. In the.iye regions at each latitude interdsl + 10°; +10° + 20°

programme maps of the whole or part of the Sun are obtaingg,
the evolution of active regions is followed, and solar oscillations
are monitored. The telescope beam size at 37 GHz is 2.4 arcnfip= Nj/n (1)

and the estimated quiet Sun level is 7800 K. The sensitivity 0 . . . . . .
q y wﬁwereNi is the total number of active regions in a given latitude

Send offprint requests té. Riehokainen interval during a year, and is the number of observing days
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Fig. la—d.The 37 GHz solar maps on June 26-28, 1995. Note the motion of the small microwave ETR close to the N pole (only some of the
solar maps obtained during the three days are shown).

Table 1. The number of observing days n and the active regi¥ns /N in different latitude intervals between 1982-1995.
Data from northern and southern latitude intervals are grouped together in the table.

year n N N N N N N N
days 0° £10° +10° +£20° +£20° £30° +£30° £40° +40°+£50° £50°+60° £60° £ 70°

1982 10 46 £ 6.8 54+7.3 38 +£6.2 24+49 14 £3.7 12+£3.5 00
1983 18 71+8.4 70 £8.4 48 +6.9 25+5 5+22 17+4.1 5+22
1984 15 28 +5.3 18 £4.2 244+4.9 8§+28 1+1 7TE£26 2+14
1986 4 6+25 2+14 2+14 2+14 0+0 7T£26 2+14
1987 30 66 £ 8.1 75 £ 8.7 101 +10 50+ 7.1 21+4.6 15+3.9 26 +5.1
1988 23 214+4.6 62+7.9 122 +11 36+6 9+3 11+£33 10+ 3.2
1989 25 39+6.2 104 +£10.2 114 +£10.7 34+£5.8 16 £4 8§+28 3+1.7
1990 88 52+ 7.2 150 £12.2 115+ 10.7 52+£7.2 55 £ 7.4 43+ 6.6 5+£22
1991 184 414+20.3 654+£25.6 454+21.3 216+14.7 307+17.5 229+£15.1 56 + 7.5
1992 81 185+13.6 265+ 16.3 128 +£11.3 41+6.4 66 + 8.1 95+9.7 27+5.2
1993 61 1561 +£12.3 185+13.6 7587 30£5.5 40+6.3 42+6.5 40+6.3

1995 12 48 £6.9 50+£7.1 25+£5 19+4.4 20£4.5 26 £5.1 9+3
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Fig. 2. Sideral rotation rates at high solar latitudes from microwaveo o , | o o
servations of high temperature regions compared with previous rest H B / \ ] 1989
1: Polar faculae (Makarova and Solonsky 1987) 2: Spectroscopic :g o , i v \ 6
servations of the photophere (Howard & Harvey 1970) 3: Polar facul ’ ' ! ‘ ' ' i
(Waldmeier 1955 and Muller 1954, as presented in Hansen et al. 199 /\ 14 1990
4: Enhanced temperature microwave regions (Urpo et al. 1989) 5: 1 Moo ~ ——o 12
present work. 56 I I i i t = 0
gg B /\\ ] 1991
during the same year. Table 1 lists the total numbers of active 0 E | | °’T' T\f\ : 5
gions counted on the solar maps, and Table 2 the corresponc 2 B da
daily averages. Tl T 151992
> o s
sl IS 0
1} L .
3. Results 3; e 1 1993
The Metsthovi data enable us an estimate of the differentic. 0 ! e e e 6
rotation.For high latitude (5070°) ETR’s the sideral rotation — 14 595
. C A : = 5
rate was obtained by using linear regression, giving the resu N \ . e 42
B _ ! ! ] ! ! B 0
Q(¢) = 13.64(£4.79) — 0.06(+0.08) ¢, (2) 0 10 20 30 40 50 60 70 80

where(} is the sideral rotation rate anflis the solar latitude. solar latitude (degrese)

.AS Fig. 2 ShOWS.’ these yalues aref within observational erro|l_:|s . 3. The spline-smoothed latitude distribution P of the average daily
in agreement with the sideral rotation rate for the polar facul mber of ETR'’s for each year. Data are taken from Table 2. Note that

obtained by Waldmeir (1955) and Muller (1954), as presente Bars 1985 and 1994 are missing due to lack of observations.
Hansen et al.(1969), and with the photosphere spectroscopic ob-

servations obtained by Howard & Harvey (1970). It also agrees
with the previous work of Urpo et al (1989) using much mordo not appear to track each other. The low latitude component
limited radio data. was strongest during the sunspot maximum time in 1988-1989,
From Tables 1 and 2 it is obvious that the number of awhile the high latitude component was almost absent during this
tive regions in the different latitude intervals varies significantlyeriod. The high latitude component was strongest in 1986 and
from year to year. In Fig. 3 we have plotted the spline-smooth&895.
P;(¢)-distributions for each year from 1982 to 1995 (norelevant It is not suprising that at low latitudes the high tempera-
observations were made in 1985 and 1994). Fig. 3 shows that microwave regions are associated with sunspots and follow
the P;(¢)-distribution usually has two maxima, one between @losely their activity cycle. However, sunspots are only rarely
30 degrees and the other between 40-70 degrees. In 1989%ditected above 40 degrees, and the high latitude ETR’s also ap-
second maximum is not visible, and in 1982 and 1990 it alsopear to be most frequent during periods of low sunspot activity.
hardly discernible. Furthermore, the year-to-year variations @ther manifestations of solar activity must therefore be consid-
the intensities of the low and the high latitude active componermised in trying to understand the connection of the high latitude
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Table 2. The average number of active regiaRs in different latitude intervals.

year P P P P P P P
0°£10° £10°£20° £20°+30° =£30°+40° =£40°+£50° £50°+60° £60°+70°

1982 4.6£0.7 54£0.7 3.8+0.6 24£05 1.4+£04 1.2+04 00

1983 3.9+£05 39+£05 2.7+04 1.4£03 0.3+0.1 0.9+0.2 0.3+0.1
1984 194+04 1.2+£0.3 1.6 +0.3 0.5£0.2 0.1£0.1 0.5£0.2 0.1£0.1
1986 1.5+£0.6 0.5+04 0.5+£0.4 0.5+0.4 0£0 1.8+0.7 0.5+0.4
1987 224+03 25+0.3 3.4+0.3 1.7£0.2 0.7+£0.2 0.5+0.1 0.9+0.2
1988 0.9+02 2.7+0.3 5.3+0.5 1.6£0.3 04=£0.1 0.5£0.1 04=£0.1
1989 1.6+0.2 42404 4.6 +0.4 1.4+0.2 0.6£0.2 0.3+0.1 0.1+0.1
1990 0.6+0.1 1.7+0.1 1.3+£0.1 0.6 +0.1 0.6 £0.1 0.5+0.1 0.1+0.0
1991 23+0.1 3.6=£0.1 25+£0.1 1.2+0.1 1.7+£0.1 1.2+0.1 0.3£0.0
1992 23+02 33+£02 1.6£0.1 0.5+0.1 0.8+0.1 1.2+£0.1 0.3+0.1
1993 25+£02 3.0+02 1.2+£0.1 0.5+0.1 0.7£0.1 0.7+0.1 0.7+0.1
1995 4.0+06 4.2+0.6 21£04 1.6+0.4 1.7+0.4 22+£04 0.8£0.3
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microwave enhancements to other solar phenomena, for exastimate of the ETR activity, plotting the changes in this maxi-
ple polar faculae or magnetic fields connected with them. Weum intensity for both the low and the high latitude components
have compared the year-to-year variations in the numbersseparately. This comparision is shown in Fig. 4.

ETR’s with variations in sunspot and polar faculae activity. We While no final conclusions can be made from radio obser-
use the largest value &(¢) (from Table 2) for each year as arvations covering only one solar cycle, it is possible to note that
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the maximum frequency of ETR'’s at low latitudes seems to fadociated with the polar faculae. We are presently studying such
low the sunspot cycle, while the frequency of high solar latitugmssible connections and the nature of the physical mechanisms
ETR'’s correlates with the polar faculae cycle. Thus, the overasponsible for the creation of high latitude ETR’s with simul-
distribution and the temporal variation of ETR’s could be urtaneous optical and radio observations.
derstood as resulting from the combination of both the sunspot
and the polar faculae cycles.

Physically, the high latitude ETR’s could be connected tlgeferences
density and temperature enhancements, to polar faculae, to pBgin, A.N., Gopayuk, S.I., Efanov, VA, et al., 1976, Izv. Krymsk.
magnetic fields or other related polar phenomena observed atAstrfiz. Obs. 55, 3

the same latitudes as the ETR’s and also having compardpf@ov. V.A., Labrum, N., Moiseev, 1.G., et al., 1980, Izv. Krymsk.
lifetimes. Astrfiz. Obs. 61, 52

As was shown by V.I. Makarov et al. (1991), radio ObseHansen, R.T.,Hansen, S.F., Loomis, H.G., 1969, Solar Physics 10, 135

‘-| d,R.,H J., 1970, Solar Physics 12, 23
vations at the wavelengh of 2.3 cm with RATAN 600 could bﬁggjgi ’T ll’shégl\:‘rsg’ M Shibésgk?rK i’;gg PA’SJ 38 1

related to clusters of polar faculae observed in the optical. Baliyqy, M.R., McCullough, T.P., 1972, Solar Physics 24, 133

etal. (1976) and Efanov et al. (1980) showed that enhancemgi{ss v., kundu, M.R., 1976, Solar Physics 46, 15

of the radio brightness at 13.5 mm and 8 mm were connected#gkarov, V.I., Makarova, V.V., 1996, Solar Physics 163, 267
intensification of the magnetic field strength. Our results, basgekarov, V.I., Makarova, V.V., Bogod, V.N., et al., 1991, Soln. Dann.
on the distribution and the time variations in the frequency of 9, 87

enhanced temperature regions at high solar latitudes, suppgkarova, V.V.,, Solonsky, Y.A., 1987, Soln. Dann. 2, 56
suggestions that these radio phenomena may be conne&té®: S.. Pohjolainen, S., Tasranta, H., et al., 1989, Hvar Obs. Bull.
with clusters of the polar faculae or with local magnetic fields as- 13 437
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