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Abstracl: Some obscrvational resulls and statistical characteristics of solar
millimeter wave bursts obscrved by employing Lhe 35 Gllz solar inlerferometer in
Nagoya arc briefly described.

I. Introduction

ConLinuous observations of radio cvents at 35 Gllz have been carried oul  al Lhe
Department of Physics and Astrophysics, Nagoya Universily, by cmploying a full disk
fanbeam interferomcter (rom September 1970 through July 1974 and  {rom May 1976
Lhrough July 1983. The longest basclines were 819 wavelenglhs from Seplember 1970
Lthrough March 1971, 1911 wavelengths  from April 1971 through July 1974, and 5849
wavelenglhs from May 1976 through July 1983, respeclively. The performance of Lhe
interferomeler has been described  in Kawabala et al.(1971) and Kawabala ct
al.(19824) . In Lhese periods, we have obscrved aboul  [our hundreds and fifty radio
cvents, We summarize main fealures of solar millimeler wave bursts oblained by Lhese
observalions.

t

2. Summary of InveslLigalions on Individual cvenls

As is well known, microwave bursts can be classified Lo non-Lhermal and thermal
burslts. [L has been well established  that hard  X-ray bursts  in solar flares show
close agreements in time profile with non-Lhermal centimeter wave bursts(Kundu, 1961).
Many aulhors have discussed the Lemporal and speclral beliavior of  microwave and
X-rays Lo Lest a theory thal bolh  emissions are produced by the same  cleclron
population(eg. Wichl el al.,1985). The agreemenls in Lime profile belween ¥ -ray and
non-thermal millimeter wave bursts have been also  shown (Kawabala, ol al., 19821).
These characteristics can be interpreted by Lhe gyrosynchrolron Lheory of cenlimeler
and millimeter vave bursts(eg. Bai and Ramaly, 1979). Kawabata,Suzuki,and Ogawa(1983)
have shown quanlitative agreements between the Lime profiles of X- and ¥ -ray inten-
sitics and 35 GHz [lux densilics by using Hirolori obscrvalions of sofl and hard
X-ray images, ighly fonized iron lines arcund 1.85A, hard X- and ¥ -ray counting
rales, interferometric observalions al 35 Gllz, and mpnelic [ields in corona [Tom
magnetographs for the cvent on 13 May  1981. Kawabala ct al. (1982h) have also showen
Lhat. millimeter wave bursis are composed of a  radio source al Lhe Lop of arcade and
a fool poinl noar a sunspots. VWang et al.  (1987) have obtained Lhe similar results
but Lhe radio source ncar a sunspol is weak and 1s appeared only in the carly phase
of the ftare for Lhe [flare on 30 March 198%2. These investigations indicate that
fully developed millimeter wave bursts are  composed of  a radio source al a sunspot
and Lhal al  the Lop of an arcade. Our inlterferomeli-ic obscrvations indicate Lhat
sclar millimeler wave bursts are moslly single source within the 30 arcscecond
resolutions. Double source events described above are rarce exceplional cases. ILU has
been  also shown  Lhat cven solar lares over Lhe limb  accompany millimeler wave
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bursls and millimeter wave bursts near  Lhe limb show ascending molions (Kawabala ct
al. 1980b, Kato el al., 1982).

Thermal  microwave bursls arc associated with  Uhermal X-ray flarcs (Kawabala,
1960, 1963, and 1966) . Interferometric observalions (Kawabata ct al., 1982, and Wang
cl al. 1982) show post-bursl increases also occur at  Lhe Lop of arcade. One of GRIF
associated with highly ionized iron  lines around 1.85A4 obscrved by Lhe salellite
Tansei has been idenlificd in location with an Ha (lare kernel (Kawabata el al.,

1880¢) .
3. Speclra of Microwave Bursls in Millimeler Wave Range

The ralio of the peak (lux densities at 35 Glz I3y Lo Lhose al 17 Gliz Iy varies
from 0.1 Lo close Lo unily. The Lypical value of Lhe ratio Y44/ is about 0.3. The
results  indicate Uhal Uthe radio sources of non-thermal microwave bursls are
oplically thin in Lhe frequency range above 35 Gllz.  Therefore, stlatistical
invesligalions of microwave bursts in millimeter wave range gives direct information
on Lhe distribulions of energetic eleclrons.

The peak flux  density ratio Fio/tty are 0.1-3 for GRI" and 0.5-2 for poslL-burst
increase, respeclively.

1. Cenler-To-Limb Variations of Occurrence IFrequencics

A statistical investigalion shows Lhal the distribution of occurrence frequency of
non-thermal millimeler wave bursts  in longitude reckoned from Lhe central meridian
is flal from the central meridian Lo the timb. On Lhe other hand, Lhe occurrence
frequency of millimeLer wave GRIF has flal  distribulion up Lo 80° from Lhe cenlral
meridian bul decreases rapidly Lowards the limb.None of GRIF arc observed beyond 85°
from the central meridian. Such a decrcase of  occurrence frequency of GRE can be
interpreted by absorplions of radio cmissions by spicules. Inlerferometric obser-
vations of the quicl sun al 35GHz  (Kawabala ct al. 1980b) indicale that Lhe radio
fimb at the frequency is localed abl 1.015 solar oplical radii. The radio emission of
the quicl sun oulside Uhe optical limb can be inlerpreted by cemissions  f{rom
spicules. The observalion indicates thal  spicules are opaque up to  Lhe height of
10,000 km above Lhe photosphere. These invesligations show thal GRIY are emilted (rom
radio sources localed below 10,000 km above the photosphere. The [labt distribution
up Lo Lthe limb  and association with flares over the limb of non-thermal bursls
indicate Lhat Lhese bursls are emitled from radio sources al the height more Lhan
10,000km  above Lhe photosphere.  These  invesligalions  suggest  Lhat most  of
pnon-heria D wil Timetor wave bursts are emitled from Lop of arcade.

5. Recurrence Tendencies

Recurrence Lendency of wmillimeler wave bursts are  also investigaled by the Chree’s
superposing ¢poch method. In Lhis analysis, we have used the dale of Lhe central
meridian  passage of the localion of flares. We can find an indication of the
recurrence of millimeler wave bursts  al the same  hellographic longitude afler 4 to
5 rotations, as is shown in Iigurc 1. 1L is remarkable that the probability of
occurrence  of non-thermal millimeler wave bursts 4 solar rolation periods afler
the epoch is higher than  the one 27 days after  the epoch. The similar periodicily
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S$,C.GB PEAK FLUX DENSITY GREATER THAN 20 S.F. L.

Figure 1. Chree’s superposing epoch diagram for non-
thermal millimeter wave bursts. The abscissa is the

number of days after epoch. Intervals between marks are
27 days. Epoch are the date of central meridian passage
of associated flares.

S.C,GB ® : PEAK FLUX DENSITY GREATER THAN 100 S.F.U.
0 : PEAK FLUX DENSITY LESS THAN 100 S.F.U.
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Figure 2. 11 year variations of latitude of millimeter
wave bursts. The abscissa are years. Numerals at the
bottom mean the Bartels rotation numbers. The ordinates
are the latitude of millimeter wave bursts in degrees.
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has been already reported by Rieger for  ¥-ray bursts, bul with a different period.
6. 11 Year Latitude Variation

A diagram, showing the 11 year variation of the labtitude of solar flare producing 35
Gz bursls similar Lo the butterfly diagram for sunspols, indicales Lhat the most of
solar {lares producing 35 GHz bursts arce located al Lhe lalitude below 20° , as is

seen in Figure 2. Exceplions are only two cvents in April, 1981. Even millimeter
wave bursls occured in Lhe carly phase of a solar cycle are associated wilh sunspot
groups al the low latitude. The feature is more pronounced for inlense bursts. Since
millimeler wave bursls are produced only by relalivistic electrons, we can expecl
that relalivistic cleclrons can  be accelerated only in sunspol group al  low
latitude. We can nol find any evidence of migration of flares toward cquator-al zone
in a sunspol  cycle similar Lo Lthe bulterfly diagram {for sunspois. The
characleristics appears Lo be connecled with the delay of the maximum of the number
of millimeter wave bursts per year afler the sunspot maximum.
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