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Abstract. For almost 30 hr after the major (gamma-ray) two-ribbon flare on 6 November 1980, 03:30 UT,
the Hard X-Ray Imaging Spectrometer (HXIS) aboard the SMM satellite imaged in > 3.5keV X-rays a
gigantic arch extending above the active region over the limb. Like a similar configuration on 22 May 1980,
this arch formed the lowest part of a stationary post-flare radio noise storm recorded at metric wavelengths
at Nancay and Culgoora. 6.5 hr after the flare a coronal region below the arch started quasi-periodic
pulsations in X-ray brightness, observed by several SMM instruments. These brightness variations had no
response in the chromosphere (Ha), very little in the transition layer (O v), but they clearly correlated with
similar variations in brightness at 169 MHz. There were 13 pulses of this kind, with apparent periodicity
of about 20 min, until another flare occurred in the active region at ~ 15:00 UT. All the brightenings
appeared within a localized area of about 30000 km? in the northern part of the active region, but they
definitely did not occur all at the same place.

The top of the X-ray arch, at an altitude of ~ 155000 km, was continuously and smoothly decaying, taking
no part in the striking variations below it. Therefore, the area variable in brightness does not seem to be
the footpoint of the arch, as we supposed for similar variations on 22 May. More likely, it is a separate region
connected directly with the source of the radio storm; particles accelerated in the storm may be dumped
into the low corona and cause the X-ray enhancements. The X-ray arch was enhanced by two orders of
magnitude in 3.5-5.5 keV X-ray counts and the temperature increased from £7.3 x 10°to 9 x 10° K when
the new two-ribbon flare occurred at 15:00 UT. Thus, it is possible that energy is brought into the arch
via the upper parts of the reconnecting flare loops — a process that can continue for hours.

1. The Flare

At 03:29 UT on 6 November 1980 a major two-ribbon flare occurred in the active
region No. 2779 (NOAA designation), close to the eastern limb (position S 12, E74).
It was an extraordinary event in gamma- and X-rays (class X9 of the NRL scale) and
it produced one of the most extensive type IV radio bursts ever observed at Culgoora.
Table I gives more details about the flare.

The pointed instruments on Solar Maximum Mission were not observing AR 2779
when the flare occurred (the two experiments mentioned in Table I (HXRBS and GRE)
integrate the radiation of the whole solar disk). However, as soon as the flare occurrence
had become known, the first opportunity to change the pointing of the satellite was used
and the post-flare situation was observed from 06:20 UT. After that the pointed
instruments stayed on the active region for several days.
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TABLE1

Characteristics of the flare

Kind of data Event (note) Beg. Max. End Importance
Ho flare 1 03:40 03:48 05:28 2B
1-8 A X-rays flare (1) 03:29 03:52 05:33 X 9.0
> 28 keV X-rays burst  (2) 03:24 03:48 7.4 x 10° counts
> 300 keV gamma-rays burst  (3) 03:44 up to 7 MeV
. delayed _a
2.2 MeV line burst “) 10 cm
radio microwaves burst (1) 03:35 03:46 04:55 up to 12000 FU
radio decimetric waves burst (1) 03:44 03:48 04:30 up to 92000 FU
radio metric waves type I (1) 03:46 04:35 3
type IV (1) 03:46 05:15 3
Notes:

(1) Data taken from NOAA (Solar Geophysical Data Bulletin).

(2) Data from the HXRBS experiment aboard the SMM (Orwig et al., 1980).

(3) Data from the GRE experiment aboard the SMM (Ryan et al., 1980).

(4) Data from the GRE experiment aboard the SMM (courtesy of E.L. Chupp, University of New
Hampshire).

2. The Post-Flare X-Ray Arch

From 06 : 20 through 10 : 00 UT the Hard X-Ray Imaging Spectrometer (HXIS) aboard
the SMM (Van Beek et al., 1980) imaged decaying remnants of the flare in the active
region and, high above them, a gigantic X-ray structure extending over the solar limb
out of the HXIS field of view. Figure 1, in its left part, shows this situation at the extreme
end of this development, at 09:53:00 UT + 07™07° (integrated image for 7: 07 min*).
We had to choose this particular time for an illustration of the arch, because it was the
only time interval when HXIS yielded a complete image of its whole (coarse and fine)
fields of view. As one can verify in Figure 2, at all the other times the HXIS X-ray flux
was > 60 counts s~ !, when HXIS automatically changed its program to the ‘flare mode’,
imaging with high time resolution only the brightest parts of its fields of view (comprising
40-60%, of the total field). Thus, in order to get the true image of the complete X-ray
arch above the active region, we had to select the short time period closely preceding
10:00 UT (cf. Figure 2).

As one can see in Figures 2 and 3, striking variations in the X-ray flux began at
10:00 UT, indicating quasi-periodic oscillations with P ~ 20 min. We will talk about
these variations in Section 4. They all happened at the bottom of the arch, above the
northern part of the active region, without any fluctuations in brightness at the top of
the arch. All the time, as Figure 3 clearly shows, the arch brightness was continuously

* Since June 1980, when HXIS lost one of its two microprocessors, the only remaining microprocessor had
to record the solar data for half the time of its operations, and transmit them to the Earth for the other
half; thus, 07: 07 min of integrated data means 14: 14 min of observations.
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32"

Fig. 1. Left: The coronal arch above the active region No. 2779, as imaged by HXIS in 3.5-5.5 keV X-rays
with spatial resolution of 32" at 09 : 53 UT on 6 November 1980 (6.5 hr after the onset of a major two-ribbon
flare in the region). The X-ray flux was integrated for 7 min: maximum flux 0.96 counts s~! per element of
HXIS coarse field of view (32" x 32", the boundaries of the field of view — 624" in diameter — are
indicated); the isophote contours are at 90, 75, 50, 25, 12.5, 6.25, 3.12, and 1.06%, of the maximum count.
The X-ray image is projected on a sketch of the Ha picture of the active region — hatched areas indicate
the Ha plage. Two largest spots are also indicated. The dashed line is the solar limb. Right: The relative
positions of this X-ray arch and images of the stationary type IV radio burst (above) and type I noise storm
(below) as seen by Culgoora at 04: 10 UT on 6 November and 01: 40 UT next day, respectively. The radio
contours are the half-power levels above and 0.7, 0.5, 0.34, 0.24, 0.171 ., below.

and smoothly decreasing, until a new flare occurred in the active region at about
14:40 UT and caused a new enhancement of the whole arch.

All these characteristics of the arch are reminiscent of the post-flare situation on
22 May, 1980, described earlier by Svestka et al. (1982): a gigantic X-ray arch is imaged
by HXIS after the occurrence of a major two-ribbon flare, extending along the
H) = 0line high into the corona, and recognizable for 8 hr or more in the 3.5-5.5 keV
energy range. During this period the brightness at the top of the arch is continuously
decaying, whereas striking changes in brightness occur at the bottom of the arch, low
in the corona.

The X-ray arch of 22 May was identified by Svestka ez al. (1982) as the lowest part
of a radio noise storm region recorded at Cuigoora. The same appears to be the case
also on 6 November. Because of night, Culgoora could not observe the Sun when SMM
first Jooked at the east-limb active region: at 10:00 UT, when the X-ray contour plot
in Figure 1 was obtained, Culgoora’s local time was close to midnight. However, both
the stationary type IV burst, observed above the fiare site before the sunset at Culgoora,
and the type I noise storm recorded next morning, were situated in extension of the arch
we imaged in X-rays (the right-hand part of Figure 1).
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Fig. 2. Time variations of X-rays after the two-ribbon flare that started at 03:30 on 6 November:
NOAA—GOES-2 record at 0.5-4.0 A; SMM records at 3.5-30 keV (HXIS) and > 28 keV (HXRBS).
After a continuous decay (the GOES variation at ~7 UT came from another region) striking X-ray
variations started at 10:00 UT. In spite of the detectability of these variations above 28 keV, no changes
could be seen in the high-resolution Ramey Hu pictures of the active region until another flare occurred at
about 15:00 UT. The SMM data are interrupted by satellite nights and Southern Atlantic Anomaly effects
when the instruments had to be switched off. The bar shortly before 10 : 00 UT shows the time of the image
plotted in Figure 1.

At the time of the SMM observations after 08 : 50 UT the Sun was under 169 MHz
surveillance with the Nancay radioheliograph Mark III. Because of severe ionospheric
disturbances the uncertainty in the exact position of the radio source is relatively high
{~ 0.15R ), the more so since two intense type I noise storms in different positions were
in progress on the Sun at that time. Nevertheless, one of these sources was definitely
above the eastern limb, at about 0.2N and 1.0E in solar radii, and its brightness
variations correlated with those observed from 10:00 UT onwards in X-rays. (Cf.
Figure 3 and discussion in Section 4.) A similar correlation between brightness at
80 MHz and X-rays was indicated on May 22 (cf. Svestka ez al., 1982).

Thus, obviously, the 22 May and 6 November post-flare situations represent similar
coronal configurations: an X-ray-emitting arch-like structure extending high into the corona
above a decaying two-ribbon flare site at the bottom of a stationary radio noise storm.
However, the 6 November event was more intense by an order of magnitude as Table 11
demonstrates. Also Lantos et al. (1981) detected a relation between a soft X-ray long-
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Fig. 3. Lower parr: The X-ray variations from Figure 2 are compared with Nangay record of type I noise

storm at 169 MHz near the eastern solar limb. (1-min integration. Effects of another radio noise storm near
the center of the solar disk have been eliminated.) The individual quasi-periodic peaks are numbered 1
through 13 (cf. Table III). Middle: Time variation of the maximum intensity at the top of the coronal arch
as seen by HXIS in the 3.5-5.5 keV energy range (counts s ! per element of coarse field of view). The flux
was continuously decreasing until a new flare appeared in the region shortly before 15 UT. Upper part: Time
variation of the flux ratio between HXIS energy bands 1 (3.5-5.5 keV) and 2 (5.5-8.0 keV) at the top of
the coronal arch (left-hand scale). In case of purely thermal radiation these ratios correspond to the electron
temperatures shown in the right-hand scale. (The bars represents + 1o limits.)

duration event and an intense metric noise storm observed on 30 March, 1980. The
storm emission appeared to be located in the northern leg of a loop transient, and this
geometry looks similar to the situation described here.

3. The Post-Flare Loops

At the beginning of the SMM observations, after 06 : 20 UT, all the pointing instruments
(HXIS, UVSP (Woodgate et al., 1980), and FCS (Acton et al., 1980)) imaged ‘post-
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flare’ loops above the active region. Figure 4a shows the tops of the loops in 3.5-5.5 keV
X-rays at 06:27 UT. The loops were still growing at that time, with a speed of
~2.5km s~ ! between 06:27 and 06 : 57 UT, but their X-ray brightness was decaying
fast, from a maximum of 6.33 counts s ' per element to 1.58 counts s~ ! per element of
HXIS coarse field of view (32” x 32”) during the same 30-min time interval. UVSP
shows that the decay was fast in the ‘hot’ Fe xx1line, but O v remained at a high
background level.

At 08:10 UT, when SMM looked at the flare site in its next orbit, the loop tops
were barely visible in 3.5—5.5 keV X-rays and had faded in the Fe xx1 line, while the
area still remained relatively intense in O v. In X-rays, the plasma in the overlaying arch
already became brighter than the loop tops (Figure 4b). The ‘post-flare’ loops completely
disappeared from the X-ray image at about 08:20 UT, but instead a new brightening
appeared low above the active region (Figure 4¢). Both HXIS and UVSP indicate that

06:27:11 £36s

08:09:53 £140s
6.33 cts/s

08:23:40 1155
Q.82 cts/s

1.891 cts/s

(e)

09:57:41 £ 1505
0.55 cts/s

10:12:41 ¥36s

11:38:04 = 295
20.8 cts/s 4.28 cis/s

Fig. 4. 3.5-5.5keV X-ray images of AR 2779 with spatial resolution of 8” (in the HXIS fine field of view

which has 240" in diameter — its boudaries can be seen at 08: 10 and 08 : 24 UT). The center of the field
of view {cross), the solar limb, contours of the Ha plage {(dashed lines), and the umbra of the big spot (cf.
Figure 1) are indicated. The brightness contours in all X-ray images follow the sequence of 90, 75, 50, 25,
12.5, and 6.25%, of the maximum count (¢/s given in each frame), except (e), where the contours are at 96,
72,48,24,12,6,and 3% of max. c/s. The tops of the ‘post-flare’ loops are clearly imaged in (a); they weaken
and eventually disappear in (c), where, however, a new structure forms in the northern part of the active
region. All the brightenings in Figures 2 and 3 occurred close to this new structure (like (e)), but the structure
remains permanently present (cf. (d) and (f)).
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TABLE 11
A comparison between the 22 May and 6 November, 1980, X-ray arches

Date (1980) 22 May 6 November

Flare onset at f, = 20:50 (21st) 03:30
Max. counts s™! per coarse element of HXIS
((32"Y) in the arch:

At -1ty =65hr: 3.5— 5.5keV 0.073 0.96
55— 8.0keV 0.009 0.24
8.0-11.0 keV none 0.033
Att—2,=98hr: 3.5- 55keV 0.033 0.13
Last recognizable in X-rays at t — i, = 10h20™ 29h00™
after flare-induced re-enhancement at ¢ — 1, = - 11h15™

Max. count s~ ! per coarse element of HXIS
((32”¥?) at the bottom of the arch:

3.5— 5.5keV 0.110 80.0
55— 80keV 0.020 40.0
8.0-11.0 keV 0.007 8.0
11.0-16.0 keV none 20
Variations in X-rays brightness at
bottom correlate with radio at: 80 MHz (Culgoora) 169 MHz (Meudon)
Temperature from 3.5-5.5/5.5-8.0 keV
flux ratio at 4t = 6.5 hr, in 10°K: 6.2-7.0 7.2-74
Projected distance of the highest part
(top) of the arch (km) 95000 145000
Estimated real altitude (km) 110000—180000 ~ 155000

this brightening occurred at about 08 : 20, and it was particularly strong in O v. This area
then extended to the east and stayed bright, with two distinct maxima (Figure 4d), until
the first brightness variation, starting in the active region at 10: 00 UT and located some
25" (~ 18000 km) to the north, overpowered it (Figure 4¢). But the same area, with the
same two X-ray maxima, reappeared again after the brightening declined; and it formed
the basic X-ray structure in the active region through all the time of the brightness
variations shown in Figures 2 and 3 as we will discuss more in detail in the next section.
All these HXIS observations have been confirmed by the UVSP and FCS data; we
present here the HXIS images, because one can relate them easily to the X-ray arch which
the other experiments could not see because of smaller fields of view.

4. The Post-Flare Coronal Brightness Variations

The strange, quasi-periodic variations in X-rays started at 10:00 UT (Figure 2). They
were seen by the NOAA—GOES-2 experiment in the energy range of 0.5-4.0 A, by
HXIS at > 3.5 keV, and by HXRBS above 28 keV. The amplitude of these variations
was much smaller in the 1-8 A GOES-2 channel. Hence these variations were most
pronounced below 4 A (i.e. above 3 keV).

Because of the satellite nights and unfavourably located South Atlantic Anomalies
(when the SMM instruments had to switch off) the HXIS and HXRBS could see only
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a few of these pulsating X-ray enhancements (cf. Figure 2). Nevertheless, even the
greatly interrupted observations clearly indicate that the subsequent X-ray peaks were
progressively more intense and harder in their energy spectrum.

4.1. CORRELATION WITH 169 MHZ NOISE STORM

On 22 May, 1980, we saw similar X-ray variations at the supposed ‘western footpoint’
of the post-flare coronal arch which seemed to correlate with brightness-temperature
variations at 80 MHz high in the corona in the radio noise storm region (Svestka et al.,
1982). A similar effect is seen here as well. As Figure 3 (bottom) shows, the radio noise
storm above the eastern solar limb, observed at Nangay at 169 MHz, appears to show
variations in radio brightness very similar to those observed in X-rays.

The general rise at the metric radio waves starts before 09:00 UT and may be
associated with the formation of the newly brightened area which was first seen in
X-rays at 08 : 20 (cf. Section 3). The first radio flux variation might coincide with a small
X-ray peak at 08:54; but clear variations are seen in X-rays only from 10:00 UT
onwards. We have numbered these variation peaks from 1 through 13 in Figure 3, and
9 of them seem to occur at the same time both in the X-rays and at 169 MHz. A detailed
comparison is shown in Table III.

TABLE II
The brightness peaks between 10:00 and 14:20 UT

Peak Time Time difference Time interval between peaks
No. X-rays ~ radio
in X-rays at 169 MHz in X-rays at 169 MHz

1 10:12 10:10 + 2 min 29 min

2 10:41 10:39 +2 min 24 min 29 min

3 11:05 1057 + 8 min 17 min 18 min

4 11:22 ? 24 min

5 11:46 11:45 + 1 min 20 min

6 12:06 12:05 + 1 min 14 min 20 min

7 12:20 12:25 ~5 min 18 min 20 min

8 12:38 12:37 + 1 min 12 min

9 - 12:57 20 min
10 13:11 13:12 —1 min 21 min 15 min
11 13:32 13:36 —4 min 16 min 24 min
12 13:48 13:51 —3 min 31 min 15 min
13 14:19 14:12 + 7 min 21 min
Mean +00™48% 21m24s 19m24s
Standard deviation + 3m345 + Am35s + 4m51s

It was possible to separate the 169 MHz radiation coming from a position near the
eastern limb from a region near the Sun’s center which was the source of another radio
noise storm during the studied period. This central region does not show any of the
semi-periodic variations between 10 : 00 and 14 : 00 UT so that the reality of these radio
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changes and their origin in the AR 2779 are well established. On the other hand, the
general flux increase observed by GOES after ~ 12: 00 UT is better associated with the
radio flux from the region near the disc center.

4.2. ABSENCE OF CHROMOSPHERIC EXCITATION

In spite of the fact that the X-ray brightenings between 10:00 and 14 : 00 UT resemble
flares, with HXRBS recording the individual variations above 28 keV in all the peaks
that occurred during the SMM ‘days’, no changes at all could be detected in the
chromosphere for any of these X-ray enhancements. By the courtesy of the SMY
coordinator, D. M. Rust, we have had at our disposal a complete Ramey sequence of
high-resolution Ha images of the AR 2779 from 11:09 onwards. Apart from looking
at the pictures ourselves, we have shown these high-quality Ho images to several
experienced observers, including H. W. Dodson-Prince, E. R. Hedeman, and D. M.
Rust; none of them could detect any slightest flare-like change in the active region below
the X-ray brightenings. Thus one can conclude that the variations were purely coronal
phenomena, without any detectable impact upon the chromosphere.

The only Ho change seen during this period (from 10 : 00 through 14 : 00 UT) was a
surge, repeatedly emerging from the penumbra of the large spot shown in Figure 1, and
a bright point appearing in the spot penumbra at the footpoint of this surge. At least
some peaks of the X-ray variations (cf. the example at 11:40 in Section 4.5) seem to
be synchronized with the surge reappearance. But this location was quite far from the
site where the X-ray brightenings occurred.

The first change in Ho which occurred close to the position of the X-ray brightenings
could be seen after 14:00 UT (peak No. 13 in Figure 3): the off-band Huo pictures
showed a tiny dash-like enhancement in the penumbra of the other spot, close to the
maximum X-ray flux in Figure 1. But only at 14 : 50 did the first real flare occur. Ramey
still did not classify it as a flare (and no other Ha-patrol station did either), but it was
clearly an anomalously faint two-ribbon flare. (E. R. Hedeman said she would classify
it as 2F in Ha, a rather unusual classification). After that, at 17:26, another flare
occurred, duly reported by the patrol stations.

4.3. BRIGHTNESS AND TEMPERATURE OF THE X-RAY ARCH

In the middle part of Figure 3 we show the maximum counts s~! per HXIS coarse
element in the X-ray arch as a function of time. One can see that the X-ray arch
brightness (i.e. the maximum above the limb in Figure 1) was decreasing continuously
and smoothly all the time, completely ignoring the X-ray and radio variations that
started at 10:00 UT. Only shortly before 15:00 UT, when the faint two-ribbon flare
occurred in the active region, did the brightness of the X-ray arch become enhanced
again. Similar enhancements of the arch brightness followed some other flares on the
next few days (as we will discuss in another paper). But nothing like that happened
during the X-ray variations prior to 14:00 UT, which is another evidence that these
variations represent a phenomenon distinctly different from flares.
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The same behavior of the X-ray arch was seen on 22 May, 1980: whereas there were
strong variations in X-ray brightness below the arch (at a supposed ‘footpoint’), the top
of the arch was decaying smoothly and did not reflect any of these variations. Also no
Ha brightenings were recorded at those times.

The upper part of Figure 3 shows the 3.5-5.5 keV/5.5—8.0 keV flux ratio at the top
of the arch. If we assume that this radiation was from a thermal plasma, the arch
temperature was 7.7 X 106 K at 06:45 UT (three hours after the flare maximum),
decreasing slightly to ~ 7.3 x 10° K three hours later. For several more hours the flux
was too low to allow a reliable estimate of 7 without a very long integration (cf. the + lo
limits plotted in Figure 3). Only after the new arch enhancement, from 15:00 UT
onwards, could temperature values be obtained again. They show a temperature increase
up to 9 x 10° K. In comparison, the temperature at the top of the arch of 22 May was
found to be rather constant and close to 6.5 x 10° K, hence somewhat cooler than we
have found in this case.

4.4. LOCATION OF THE BRIGHTENINGS

The HXIS coarse field of view images show that the brightenings after 10:00 UT
occurred in the northern part of the active region, close to the northern spot, and that
their positions were shifted slightly to the N and NW of the original maximum of X-ray
brightness, shown in Figure 1. However, we cannot determine for sure from the coarse
field image whether all the brightenings occurred at the same place or whether different
locations in the active region were involved. We encountered the same difficulty of low
spatial resolution in the 22 May event. Fortunately, this time the brightenings occurred
inside the fine field of view of HXIS, as well as in the fields of view of the UVSP and
FCS instruments. Therefore, much better information on the location of the individual
brightenings can be obtained for this event.

10:12 ( 15t rise)

11:26 (4th rise)

11:40 and 11:45 (5trise)
12:31 (8thrise) and
15:00 (flare)

13:27 (11N rise)

14:13 (131D rise)

15:40 ( post-flare)

17:27 ( ftare)

+ ] o x

<o e

Fig. 5. Positions of the individual X-ray brightenings starting at 10 : 00 UT (cf. Figure 3 for their numbering)
compared with the X-ray contours at 09; 57 UT (taken from Figure 4d). [Kindly correct 13:27 (11th rise)
to 13:08 (10th rise)].
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The fine field of view of HXIS, with the brightness distribution in 3.5-5.5 keV X-rays
taken from Figure 4d (09: 57 UT), is shown in Figure 5. Over that background we have
plotted the position of maximum brightness for the brightenings Nos. 1, 4, 5, 8, 10, and
13, as well as for the flares at 15:00 and 17:27 UT. All the brightenings 1-13, as far
as HXIS could see them, were narrowly localized phenomena, with intensity exceeding
309, of the maximum counts in no more than four 8” x 8” HXIS pixels. More than
509, of the maximum flux was usually seen in one pixel only. That means that most of
the X-ray enhancements were restricted to an area smaller than 10000 km and possibly
less than 5000 km in diameter.

As Figure 5 shows, all the brightenings (which SMM could image) occurred close to
the area that newly brightened at 08 : 20 UT (cf. Section 3 and Figure 4). The brightenings
are scattered throughout an area of about (30000 km)? (in projection); as a matter of
fact, four of the brightenings seen by the SMM, plus the original sites of both the flares
occurred within an area of (10000 km)?. Only the 1st and 10th peaks were at different
locations. (The 15:40 UT image probably shows the tops of post-flare loops after the
flare of 15:00 UT.)

We can thus conclude that the brightenings 1—13 were confined to a relatively small
area in the northern part of the AR 2779. However, they definitely did not occur all at
the same place. Therefore, the suggested periodicity of the enhancements in Figures 2
and 3 and Table III does not mean brightness pulsations at one definite place on the
Sun. Slightly different small areas brightened every time. Within the spatial resolution
of the HXIS fine field of view, some occurred at the same place, e.g. the peaks Nos. 4
and 8, or 5 and 13, but others in between occurred elsewhere.

4.5. DETAILS OF THE BRIGHTENINGS NOS. 1 AND 5

Figure 6 shows the details of the brightening No. 1 starting at 10 : 00 UT on 6 November.
Two records by HXIS are in the middle part of the figure: the record marked ‘A.R.’
is the 3.5-35.5 keV flux in the brightest element of HXIS coarse field of view (32" x 32")
above the active region (cf. the maximum flux projected on the solar disk in Figure 1);
the other, in the same energy range, is the brightest element of HXIS coarse field of view
in the X-ray arch (cf. the maximum just above the limb in Figure 1). Evidently, the
enhancement was confined completely to the low coronal layers, above the active
region; the arch itself, as also Figure 3 has shown, did not participate at all in the
brightenings.

Above the HXIS records we plot the Fe xx1 brightness in a smaller area (10” x 10")
centered at the brightest point within the region of the HXIS ‘A.R.’ flux. Obviously, the
behavior in the Fe XXI line was about the same as in the 3.5-35.5 keV X-rays and peaked
at the same time as the HXIS flux. This is not surprising since Fe XXI corresponds to
a temperature T~ 12 x 10° K, close to the temperature expected in the X-ray source
(at 10:12:16 UT the 3.5-5.5/5.5~8.5 keV flux ratio of the brightest element in HXIS
coarse field of view corresponded to T = 7.4 x 10° K, and the 3.5-5.5/8.5—11.0 keV
ratio to T = 12.5 x 10° K).

On the other hand, the lowest curve represents the record of the same 10” x 10”
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Fig. 6. Details of the first brightening at 10 : 00 UT. From below: flux variations in the O v line of the UVSP
experiment: the brightest 10” x 10" pixel within a 180”-squared area centered at the position of the
brightening shown in Figure 5; 30—55 keV hard X-ray flux, integrated over the solar disk (HXRBS);
3.5—5.5 counts s~ ! in the brightest 32”-squared element in the coronal arch above the active region (HXIS);
3.5-5.5keV counts s~ ! within a 32”-squared element at the position of the brightening shown in Figure 5
(HXIS); Fe xx1 flux of the brightest 10” x 10” pixel in the same 180” x 180" area as O v (UVSP); record
at 169 MHz of the radio noise storm near the eastern solar limb (Nancay; arbitrary linear scale, integration
time 30 s).
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region in the O Vv line corresponding to T~ 2.5 x 10° K in the transition layer. While
there are some uncorrelated small variations in the O v flux (by about a factor of 2)
starting at ~09:56 UT, there is no enhancement at all at the time of X-ray and
Fe xx1 flux increase. Thus the transition layer did not participate in the enhancement
after 10:08 UT, and the rise was clearly a purely coronal matter.

The > 30 keV X-rays show only very small enhancements during this period. The
peaks at 09:51 and 09: 52 UT might have come from another region on the Sun, since
no evidence for an X-ray enhancement can be seen within the fields of view of the
pointed instruments aboard the SMM. However, the peak at 10:01 UT seems to be
associated with the discussed enhancement, because it coincides with the onset of HXIS
brightening and has some response in the O v and Fe xx1 data.

Figure 7 shows similar records for the brightening No. 5, preceded by the decay of
the rise No. 4. In > 30 keV X-rays we see a behavior similar to that for peak No. 1, but
much more clearly defined: a hard X-ray peak at the onset of the increase in brightness
at softer energies. Thus, both the brightenings Nos. 1 and 5 are consistent with the
commonly observed flare behavior in X-rays: an enhancement in soft X-rays with a
short-lived hard X-ray burst near the onset. This hard X-ray burst is also reflected in
the transition layer (O Vv); but after that the transition layer does not seem to be affected
by the rise, and neither is the chromosphere (Ha) as we mentioned earlier (Section 4.2).

The chromosphere, however, showed a brightening at the footpoint of a surge in the
penumbra of the big spot at the time of the hard X-ray burst and O v enhancement (cf.
Section 4.2). This area was far from the region of the X-ray and Fe xx1 brightening, and
no increase in flux was seen by HXIS in that position. The O v line, however, brightened
at 11:40 UT at both locations: where the X-rays brightened, as well as where the
Hoa bright point appeared.

The second peak at > 30 keV in Figure 7 coincides with the brightenings in > 3.5 keV
X-rays and Fe xx1. However, as HXIS shows clearly in its fine field of view, this second
peak of HXRBS occurred at a slightly different place than the original hard X-ray burst
(cf. the positions of the two dots in Figure 5; the second peak was more to the west).
Like the brightening after 10:08 UT in Figure 6, this second (main) rise had no response
in the transition layer (O v) or in Ha.

The upper curves in Figures 6 and 7 show records of the radio noise storm above the
eastern limb at 169 MHz. The radio flux begins to rise some 10—15 min before the onset
of the X-ray enhancement and peaks at the same time (Figure 6) or slightly later
(Figure 7). Because the individual records in Figure 7, from below upwards, roughly
correspond to increasing altitude in the solar atmosphere, an impression could be
obtained that the enhancement propagates upwards (with » ~ 500 km s~ '), following
a trigger near the transition layer. However, the facts that the 11:40 UT burst occurred
in a different position, and that the delay at 169 MHz is not observed in all the peaks
(cf. Table I11), argue against this conclusion. The earlier onset at 169 MHz suggest
rather that the disturbance has its origin high in the corona.
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Fig. 7. Details of the fifth rise in brightness (cf. Figure 3 for the numbering). From below: Flux in the
O v line, for an area of 30” x 30" at the position of the brightening shown in Figure 5 (UVSP); > 30 keV
X-ray flux, integrated over the solar disk (HXRBS); total flux recorded by HXIS in its fine and coarse fields
of view (comparable with the HXIS record in Figure 2); total 0.5-4 A flux recorded by NOAA-GOES-2
from the whole Sun; 3.5—5.5 keV counts s~ ! within a 32”-squared element at the position of the brightening
shown in Figure 5 (HXIS); Fe xxI1 flux, same mode as O v (UVSP); record at 169 MHz of the radio noise

storm near the eastern solar limb (Nangay; arbitrary linear scale, integration time 30 s).
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5. Discussion

These observations on 6 November 1980 pose several puzzling problems. First, the
relatively low spatial resolution of the SMM instruments does not allow us to understand
the nature of the structure that first appeared at about 08 : 20 UT and later became the
seat of the X-ray variations. The following information about this structure is available:

(a) It was different from the post-flare loops, because it appeared below them at the
time when the loops, much higher up, completely disappeared in X-rays (Figure 4).

(b) The region, when formed, was located low in-the corona (> 3.5 keV X-rays and
Fe xx1 showed it) and in the transition layer (visible in O V); at that time we have no
information on changes in the chromosphere.

(c) When the X-ray brightenings occurred (after 10:00 UT) inside this area or very
close to it (Figure 5), only the corona was affected: no changes could be seen in the
Heoline and very small changes occurred in the transition layer (O v).

(d) This region had to be connected in some way with the radio noise-storm region
high in the corona, because the brightness variations in this area appear to be correlated
with variations at 169 MHz (Figures 3, 6, 7 and Table III).

(e) Contrary to that, no correlation in brightness variations can be found between this
region and the X-ray arch; still, the X-ray images indicate a connection between this
area and higher regions of the solar corona (cf. Figures 1 and 4).

On 22 May, 1980, we saw a similar region fluctuating in brightness below the giant
X-ray arch and we supposed that it was one of the arch footpoints. We considered it
to be the western footpoint, but it might have been the central one, with the western
footpoint out of the HXIS field of view; or, it might have been a region completely
detached from the arch (§Vestka et al., 1982).

This is true on 6 November as well. The area fluctuating in X-ray brightness might
be one of the footpoints of the arch, but then it is really difficult to understand why the
top of the arch did not participate in the brightness variations. It seems more likely that
it is not the footpoint, but an independent area below the arch, directly connected with
the noise-storm region. Then, obviously, we postulate the existence of two gigantic
loop-like structures above the post-flare active region: one is the X-ray arch, demon-
strated in Figure 1, with maximum X-ray brightness near its top, at about 155000 km
above the photosphere, and with footpoints invisible in X-rays; apparently the maximum
X-ray brightness is near the top and decreases steadily downwards. The other structure
connects the fluctuating area of Figure 5 with the radio noise-storm region at a supposed
altitude of about 250000 km. A somewhat similar situation was also discussed by
Lantos er al. (1981) for the 30 March 1980 limb event.

Another problem is the nature of the quasi-periodic brightenings. As in flares, we see
soft X-ray enhancements with hard X-ray bursts near their onsets (e.g., Figure 7).
However, in all other aspects the brightenings differ from flares. In particular:

(a) There is no flare-like brightening in the chromosphere (Ha line) and very little in
the transition layer (O V).

(b) The X-ray arch, which is enhanced by flares that occur below it, does not respond
to these brightenings.
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(c) Still higher in the corona, variations in brightness temperature of a radio noise-
storm region correlate with the X-ray brightenings, which is an effect quite different from
the radio bursts (of types II, III, IV, or V) commonly associated with flares.

When studying the 22 May 1980 event, we suggested that the brightenings had their
origin in the radio noise-storm region (Svestka et al., 1982): this region is a permanent
source of intermittent particle acceleration; some of the acceleration processes there are
anomalously strong, the accelerated particles penetrate deep into the low corona and
produce X-rays in the lowest coronal layers through bremsstrahlung. There is no
apparent reason in the 6 November data why we should modify this hypothetical
interpretation, but the problem still remains puzzling.

First, the particles propagating downwards must lose their energy before they get
through the transition layer to the chromosphere. This would seem reasonable if the
corona above the active region were still sufficiently filled with material as an aftermath
of the X9 flare. The UVSP O v-line observations support this picture: the background
brightness in Ov at the time of the X-ray enhancements is about 5000
ergcm~2s !sr™! in the region where several enhancements occurred according to
Figure 5. This is about six times brighter than for the same region two days later. Since
the O v-line emission is proportional to density squared, this enhancement is an evidence
that there is much more material than normal in the active region transition zone. Hence
enhanced density can be expected also in the low corona. Whether there is enough
material to stop an electron beam from penetrating through to low-temperature atmos-
phere would depend on the number and energy spectrum of the dumping electrons.

However, even if this explanation works, there is still another problem: why is heat
conduction unable to transport at least some energy from the enhanced corona with
temperature in excess of 7 x 10° K through the transition layer to the Ha emitting
region? A more detailed study of both these problems is under preparation and we
intend to present it in a following paper (Svestka ez al., 1983).

Finally, the arch itself poses another puzzle. Without repeating most of the problems
mentioned by Svestka ez al. (1982; the reader is kindly requested to read Section 7 of
that paper), we want to emphasize the following two questions:

(a) When and how does the arch originate? Both on 21,/22 May and 6 November we
saw it first after a major two-ribbon flare. On 21 May its origin seemed to coincide with
the formation of a stationary type IV (continuum) burst above the active region that later
changed into the type I noise-storm. (We did not see the initial phase on 6 November.)
So it is a reasonable conjecture to assume that the arch was formed by a process
associated with this flare, possibly as a remnant of the filament disruption at the flare
onset. But on 6 November, after the arch had severely decayed, it reappeared again
when a new two-ribbon flare occurred in the active region (cf. Figure 3). Thus, as it
seems, the arch, once being formed, becomes a rather permanent configuration above
the active region. We intend to discuss the whole life story of the 6 November arch and
its revivals in another paper.

(b) What is the source of energy for the arch? Svestka ez al. (1982) suggested two
alternatives: (i) If the brightness variations occur at the footpoints of the arch, being
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caused by accelerated particles that are dumped into the low corona, some particles may
be trapped in the X-ray arch and get thermalized there. Thus, successive particle dumps
can feed the arch for many hours with additional energy. (ii) Another source for energy
supply might be the reconnection of flare loops below the arch which can continue for
many hours. Particles accelerated in the process of reconnection can be trapped in the
arch because the upper disconnected loops are interconnected along the H| = 0 line
(Anzer and Pneuman, 1982).

The fact that new two-ribbon flares revive the arch, whereas variations in the radio
region above and in the X-ray region below do not affect the arch, support strongly the
second interpretation: Energy is brought into the arch through the upper parts of the
reconnecting flare loops (cf. Figure 10 in Svestka ez al., 1982). This process can continue
— with decreasing energy supply — for many hours.
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