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Abstract.  We discuss Yohkoh SXT observations of stationary, giant post-flare arches which occurred 
on 3 - 6  May, 1992 and study in detail the last arch, associated with the flare at 19:02 UT on 5 May, 
which extended above the west limb. The arch was siltfilar to the first gial~t arch discovered on board 
Ihe SMM, on 21- 22 May, 1980. We demonstrate that the hmg lifetimes of these structures necessarily 
imply additional enelgy input from the underlying active region: otherwise, conduction would cool 
these arches in less than one hour and even wilh the unlikely assumption of conduction inhibited, 
pure radialive cooling would not produce the tempelaltlre decrease ol)served. All arch tops, ahhough 
varying in brightness, stayed for several days at a fairly constant altitude of ~ 100 000 kin, and the 
arch studied, on 5 - 6  May, was .just a new. brightening of the pre-existing decaying structure. The 
brighterlirlg was apparelt ,,. due to inll()~, of hot plasma from the flare region. )bhkoh data corflirm 
that these stationary arches are rare phenolnerm when compared with the rising arches studied in 
Paper I and with Uchida el al.'s expanding active regions. 

1. Introduction 

In Ihe lirst paper of this series (Svcstka et al., 1995, Paper I) we have explained the 
aims of the present study: an improvement of our knowledge of Ihe phenomenon 
of giant post-flare arches, detecled by the X-ray imaging inmrtnnents on board the 
Solar Maximum Mission (SMM) spacecraft, by using Yohkoh soft X-ray data. In 
Paper I we have pointed out Ihe improvements that Yohkoh offers for such a research 
(much better spatial and temporal resolution and reduced scattered light), as well 
as Ihc difliculties one encounters when Irying to identi{,, gianl arches in Yohkoh 
Soft X-ray Telescope (SXT)i mages (too many X-ray-cmitti ng structtnes associated 
with active regions on the disk in Yohkoh SXT energy range, in particular; therefore. 
most identifications were made on, or close to, the solar limb). 

In Paper I we have identified and studied a phenomenon which was typical 
of most giant post-tlare arches observed on the SMM either by the Hard X-ray 
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hnaging Spectrometer (HXIS; ,Svestka, 1984) or by the Flat Crystal Spectrometer 
(FCS; Hick et al., 1987): post-flare giant arches expanding with a constant speed. 
Howevel, the first giant arch discovered by HXIS on 21--22 May, 1980 (Svestka 
el al., 1982) did not belong to this category: this arch slayed at the same altilude for 
at least 10 hours (Hick. and Svestka, 1985). Therefore, in this Paper 1.1 we prcsent 
a series of arch structures observed by Yohkoh on 3 - 6  May, 1992, in which the 
arches appear to be very similar to the giant arch of 21-22  May, 1980. YoDkoh 
images provide acklitional information about these coronal structures which SMM 
data could not reveal. Also, as the 21-22  May, 1980 arch was observed on the 
sol.at disk. (position 13 S 15 W), the limb observations on Y.ohkol7 are nmch more 
sensitive to any vertical motions in the arch and thus can verif~, its stationarity. 

2. The  Arch  o f  5 May ,  1992 

On 5 May, 1992 at 19:02 UT an SF/C6.4 flare occurred in AR 7150 at the position 
8 ~ S and 73 <, W, peaking in H(:~ al 19:1.2 UT and ending at 20:01 UT (Solar- 
Geophysical Data, 1992). The GOES X-ray record is complex, because several 
flares in different positions occurred on the Sun. al!ter 1.9 UT, and the long tail of 
decreasing X-ray flux lasting until --, 0.3:00 UT next day is due to another flare that 
appeared at 19:41 UT in AR 7154 (at 25 ~ S and 45 ~ E). Due to the proximity Io 
the limb of the 19:02 UT flare the l.lo, flare importance was clearly underestimated, 
and one is unable to see whether this was a two-ribbon (;eruptive') or a compact 
[lare. 

Sagamore Hill (Sokxr-Geol)Dysical Data, 1992) reported metric radio continuum 
f r o  ITI ")1 " ~  .. " _ :~,_ tIT Ihrough 22:_~0 UT, but its position on the disk .is not known. 
Nevertheless, it occurred when t.he associated giant arch reached its maximum 
brightness (cf., Figure 3). A perlnancnt noise storm was recorded on this day and 
on several days befl:)re by Potsdam (Solar-Geophysical Dala), and Bogod et al. 
(1995) located its source in AR 7150 on 1 and 3 May. No lneasuremcnts o1: the 
position o1 Ihe noise-storm source are avaihible on 4 - 8  May (cf., Section 3), but 
it is likely that the storm came from the same region. Also the slalionary arch on 
21-22  May, 1980 was accompanied by a noise storm (Svest.ka el al., 1982). 

The post-flare development in the X-ray corona can. be followed in lull-Sun 
images obtained by the SXT on gohl(oD. Although, due to enhanced activity close 
to the eastern limb, there were no partial fiame images pointed at the west-limb 
region which wc arc interested in, the full-Sun images were fi:equcnt enough to 
provide basic informalion about the coronal, developments following the flare. 

The lirst post-llare X-ray image available, at 19:43 UT, shows an arch structure 
over the flare site, extending above the limb. The arch was then brightening until 
21:36 UT and slowly decayed thcrcal'ter, completcly disappearing aftcr 14 UT on 
6 May. Figure 1 shows two examples olthis arch compared to X-ray contours of the 
HXIS stationaD, arch on 22 May, 198(): the HXIS images were made at 03:57 UT 



STAFIONAI~,Y P()S'I~FL,.XRI_,: GL:\NT' ARCHF, S 333 

and ()6:51 UT (7 and 10 hours after the onset of the parent [lare), lhe Yohkoh images 
tit (.)(.):35 UT and 05:41 UT (5.5 and 10.5 hours after the flare onset). The scale is 
the same ill all images, and one can see Ihe close similarity of these two coronal 
structures both in size arid shape. The difference is that the marked scale unil of 
1 arc i11i11 corresponded to two pixels of HXIS, but it corresponds to 12 pixels in 
Yohkoh images, so that the spatial resolulion is 6 times better. Still, we are unable to 
distinguish individual loops of which the arch structure was most likely composed. 

Figure 2(a) shows the altitude of the mp of the arch versus lime between 
(. 1 ~):40 UT on 5 May and 10:25 UT on 6 May, 1992. The altitude has been correcled 

R.)r solar rotation, under the assumption that the arch ex|ended vertically in the east 
-wes t  dilection above the flare site, but was inclined by 34" to the south, as images 
in Figures 1 and 5 indicate. One can see a slight increase in the altilude, from aboul 
95 000 km ;.It 20 UT on May 4 lo 113 000 km at 10 tIT on May 5, bul IIle speed 
of rise was decreasing from ---. 1.1 km s I at the beginning of our observations 
!.o less Ihan 200 in s -I  in the late phase of the arch development (Figure 2(b)). 
Note that tile initial higher speed of rise corresponds to the period whcn Ihe arch 
was being lilled in with inflowing plasma (cf., Figure 5). For the 'stationary' arch 
of 21-22  May, 1980, Hick and Sveslka (1985) found that the spatial resolution 
of 32 arc sec allowed an upper limit of 1.1. km s -1 for the average speed of rise 
of lhe structure, in the extreme situation when lhe ri.sing top entered the pixel of 
maximum brightness at the very begilming and lel.t it at tile end of the 8.,3 hr period 
of H X IS observations. 

The Yohkoh image in Figure 1 (d) shows the area A near the top of lhe arch,  where 
we measured the brightness in AI. l-filter images. The resuhs of our measurements 
(means of :36 pixels of 4.9 • 4.9 arc sec) are shown in Figure 3. The tlux F was lirst 
measured in images with 78 ms exposure time; however, after 03:()0 UT the l]ux in 
78 ms exposures became t oo  weak to yield statistically signilicam values, and we 
had to use 2668 ms images for our measurements. The flux decay is exponenlial, 
very approximately following the trend In 17 = 9.40-0.347/., with l. in hours after 
21:36 UT on 5 May. 

Whenever approximalely' simt.dtaneous images in AI.I  and AIMg fillers (cf., 
Tsuneta el al., 1991) were available, values of the lemperature, T, and emission 
measure, Y, could be directly computed. The results are shown in Figure 4. Unfor- 
tunately, we could not use any ratios o.1" 78 ins images after 23:00 UT, as the 
ratios became statistically insigni ficant, and we could nol use Ihe ralios of 2668 ms 
images eilher, as they were overexposed. Only al 03:57 UT were lllese images not 
saturated. 

Figure 4 shows that the temperature T decreased from T = 5.37 • 10 e' K at 
21:36 UT on May 5 to T :-:: 2.95 • 106 K at 03:57 UT on May 6, i.e., 6h21 m 
later. During the salne period the volumetric emission measure ~" decreased from 
Y = 4 . 8  X 10 45 c m  3 to  ]" . . . .  9 • 11.() 44 C111 3. These Y values correspond 
to one 4.9 • 4.9 arc sec pixel, i.e., to an area of 1.26 • l017 cm 2. Thus, at 
21:36 UT, the observecl maximum linear emission lneasure, ~'~_, - .:z~d, corresponds 
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Figztre I. Lr isocontours of the stationary post-Ilare giant arch observed by I.I.XIS (SMM) on 
22 May, 1980 in > 3.5 keV X-rays: (a) at 03:57 UT, 7 hours alter the parent [lal'e onset (after dc Jagcr 
and S\:cstka, 1985), and (b) at 06:51 UT, 10 hours afler the flare (al'ler Hick and Svcstka, 1985). The 
position of the preceding flare (at 13 S 15 W) is marked by dotted contours @) in (a) and by a cross 
in (b). Right: images of a similal arch observed b~ SXI  (Yohkoh) on 6 May, 1992 in A1.1 filter in soft 
X-rays: (c) at 00:35 UT, 5.5 hours after the parent flare onset, and (d) at 05:41 UT. 10.5 hours after 
the llarc. In (c), G marks the arch and F the flare site, at that time in a position 08 S 78 W. In (d), A 
marks the area where the Ilux was measured. 

to 3.8 x 1023 t i n  -5 .  A s s u m i n g  1.09 ~ d ~ 10 u) cm,  the e l ec t ron  dens i ty  ~,~ is 

1 . 9 - 6 . 2  x 109 crn -3 .  At  03:57 UT, 6h21 'n later,  r~  ---- 8.0 x 1 0 8 - 2 . 5  x 109 t i n  -3 .  

The  d e c r e a s e  in dens i ty  m a y  be due to a d o w n l l o w  of  the p l a s m a  con ta ined  

in the arch.  A l t h o u g h  wc do  not  have  f requen t  p ic tu res  in the ea r ly  phase  o f  the 

arch dcvdloprnent ,  the obse rva t ions  c lea r ly  ind ica te  that  the arch b r igh tened  by 
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1:Tgure 2. (a) Aldlude of the brightesl pro1 of the arch of 5 6 May, 1992, correcicd for sohu rotation, 
assuming vertical extension o[" Ille arch. (b) The speed of rise o[ lhe brighlest pan of itle arch. 
(Smoolhed means of four subsequenl dala; therefore, there are no negalive velocities in this graph.) 
The line shox~.s the upper average-speed limit found by Hick and Svestka (1985) for the stationary 
arch of 21-22 May, 1980. 

an inllow of hot plasma lrom the flare region (cf., Figure 5). This plasma may 
slowly return downward as the arch cools. Howcvcr, tile decrease in emission 
measure does not necessarily imply decreasing electron density. The arch most 
probably consists of many loop-like substructures, which may cool dilTferently 
(due to different rz, e values, or because of deviations from classic conduction in 
some of them). Thus, alter more than 6 hours of cooling, large portions of the arch 
might not be recognizable in the A1.1 filter any longer, and the d value at 04:00 U'F 
lhus becomes much smaller than at the time of the observed maximum. Therefore, 
let us firs! consider the case when 'n,e is constant in time. 

We will adopt the lowest 'n, emax value obtained for lhe maximum emission 
measure, 1.9 x 109 cm -3. This corresponds 1o d = 100000 km at the lime of 
lhc observed maximum Y value and 19 800 km at 03:57 UT. For conslant .r~,~ and 
temperature widlin 3 x 105 < 7' < 3 x 10 ~ K one can use the simpliiied formula 
for combined conductive and radiative cooling (,Svcstka, 1987) 

7%) 

/ l,c = ".l '1/2 d T / ( o ,  + b7 '4) : (I) 
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Figme 3. Flux near the top of the arch (in the area A in Figures I (d) and 5) Ihrotugh Ihe AI. 1 lilter. The 
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with T(/,c:) = 2.95 x 106 K and"/'m~,~ = 5.37 • 106 K, where 

a, = 2.9 x 10 4.~,~; (2) 

characterizes the radiative losses, and 

�9 ') 1 ~ b .... 2.66 x 1(.)/r;.,::. , -  (3) 

the conductive cooling./c, is the coolino~, time ]lOlTI the maximmll temperature 7'max 
tO a temperature at time to, 21, is the length of the loop (approximated as sh,, where 
h. is the altitude of the top of the arch), and the temperature gradient within the 

loop, V"7', is taken as VS/' - - T / L .  
Providing that there has been no additional energy input into tile arch structure, 

it is easy to demonstrale that the cool in-  process ill the arch is 1oo slow to allow 
for full classical conductive cooling. Differentiating Equation (1), one finds that 
the maximum duration o1 cooling from 5.37 x 106 K to 2.95 x 106 K occurs in 
the interval 1.5 x 109 cm 3 < .~,,:~ < 5.1 x I() '~ c m  3. Exact computations find 
the maximum cooling time t,.n,ax = 46.0 rain at r;.~ = 2.7 x 109 cm 3. For ally 
higher or lower r~.e value the cooling time is shorler. Thus, for combined radiative 
and conductive cooling, one can never get the observed value or l~ = 6.35 hours. 



S']'A"I'IONARY POST-12L,\R E G IA N'I A RCI [ I-S 3 3 7 

. .z 
' 5  

I , I  

n-. 

~ m  
< 
n.- 
i . i  
0,.. 

LIJ 
I - -  

6 
5 - 6  MAY 1992 
I ' I I 80 

18:00 20:00 22:00 00:00 02:00 04:00  06:00  
TIME [UT] 

g...., 
I 

60 E 

I 

(:3 

i , i  

40  D 

Z 
0 
I 

20 m 
m 
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Mgm'e 5. Brightening o l the  arch through in[low ol 'hot plasma f iom hc Io\< From ;he l(i/i: 20:25:17 tIT; 
21:35:57 t q :  23:25:51 UT. (78 ms exposures, lilter AI. I.) Note thal the inllow period corresponds to 
the higher ' speed or rise'  in Figure 2. 
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In order to get such a ~,c wtlue, one has to diminish the value of b in (3), i.e., 
to slow down the classical conduction process. It was already argucd for the giant 
arches observed on board the SMM that conduction should not play any signilicant 
role in the process of the gianl-arch cooling, because otherwise the arch would 
cool so fast tha! a conlinuous supply of energy would be needed to keep the arch 
visible in X-rays for so many hours (Svestka, 1984; also see Paper I). Therefore, 
let us assume the extreme case that lhe conduction i.s fully inhibited and that the 
arch cools only through radiative losses. Then Equation (1) simplifies to 

I V , 3 , , ' 2 [ I  - -  ' tc = 2.30 x 103'n,e ~.ma~L~- (Tc/'/max) 3''2] , (4) 

and for/~c = 6.35 hr tile electron density is found to be 'n,~ = 7.4 x 108 cm 3 
For the same .~z~ value, Equation (1), including conduction, yields lr = 25.2 rain. 
However, Ihe temperature decrease obtained fiorn (4) lbr pure radialive cooling at 
constant 'n,,.~, shown as crosses in. Figure 4, does not correspond to the temperature 
decrease observed. As Figure 4 demonstrates, in the early phase of the cooling 
process the temperature decrease was nluch faster than Equation (4) prescribes for 
constant 'he -- 7.4 x 1() s cm -3. 

In order Io explain this discrepancy one could suggest that either the electron 
density rzc was decreasing during the cooling process, or some conduction was 
inw)lved during the initial phase of the cooling in some components of lhe arch 
structure. Both these explanations irnply that some loop components of lhe arch 
cooled faster than those which stayed visible 6.35 hours later. Indeed, the Tdecrease 
from 21:36 UT to 23:00 UT requires 'r~,~, _< 1.47 x 10 9 c ln  - 3  (.where the equality 
refers to pure radiative cooling), whereas that fi-om 23:00 UT to (i)3:57 UT needs 
r~,e _< 2.44 x 108 cm 3. With this very low density in the later phase of develop- 
ment, however, 1.13e corresponding Y values lead Io an increase of the geomclrical 
thickness, d, during the cooling process, which contradicts the above expectations; 
besides, at 03:57 UT we then get an impossible value o f d  > 1.011 cm. 

Thus the only possible interl3retalion is that there existed an additional input 
of energy into the arch structure which slowed down Ihe cooling process. Indeed, 
Ybhkoh images show enhanced activity in Ihe active region during the whole decline 
of the arch brightness and several tiny subflares were reported there ill Solar- 
Geol)hysical Data. Therefore, one can conclude Ihal the stationary arch Stl-UCture, 
which became visible after Ihe C6.4 flare of 19:02 UT on 5 May, must have been 
repeatedly or continuously enhanced in ils brightness as new brightenings appeared 
in the active region below it. Also in the case of lhe stationary arch of 21-22 May, 
1980, observed by HXIS, we detected several additional brightenings in tl~e active 
region underlying the arch during the arch decay (of., Svestka et al., 1982). Thus 
that arch, like the presenlly sludied one, could have been fed by additional inptns 
of energy. 
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3. Structures Preceding the Event of 5 May 

A structure similar to the arch discussed in the preceding section was recognizable 
above AR 7150 also before 19:02 UT when the flare of 5 May, 1992 began. One 
can see it from about 05 UT on 5 May and it. apparently originated in association 
with one of the subflares reported in Solar-Geol')h3,sical Data (1992) in the morning 
hours of 5 May (most likely the SN flare at (i)4:37 UT). Ahhough this structure 
varied in brighmess, it was slowly decaying until the onset of the 19:02 UT event. 
Somewhat surprisingly, it did not react in any striking way to the appearance of 
the 1 F/C2.0 llare thai appeared in AR 7150 at 15:10 UT. It. seems that the location 
of an energy release i.n the active region is more important for the energy input 
into the arch than the anlount {5[' energy involved (i.e., the llare ilnportance) if the 
energy imput is episodic. 

Prior to Ihat, betbre 15 UT on 4 May, another arch-like structure could be 
seen above AR 7150. While the arch, discussed in the preceding section, extended 
toward SW, the earlier arch extended toward NW, but both arches had about the same 
altitude (Table 1). The first arch was also stationary in nature, and it is likely., that 
it originated during the flare that began at 08:51 UT on 3 May (Sohtr-GeoH,ysical 
Data, 19921): this was a two-ribbon (eruptive) flare of importance 1 in H~.~: and M 1.0 
in X-rays, accompanied by a loop prominence system and Type II radio burst. It was 
the first major flare in AR 7150. Repeated activity in All 7150 later on 3 and 4 May 
had to contribute to the energy input into the arch to keep it visible lor 30 hours, in 
a similar way as we concluded for the arch studied in the preceding section. Several 
smaller flares and subflares during thai period demonstrate continuing activity in 
the active region. 

Unfortunately. it is essentially impossible to study in any detail the development 
of these arch structures prior to late hours on 5 May, because their extension was 
projected onto the X-ray emission of All 7143 located about 20:' to the west of 
AR 7150; both active regions were at the same latitude (5 ~ S for AR 7143 and 
5 ~  r for AR 7150.) Essentially all full-disk Yohlr images during this period 
had low 'quarter' resolution o1" --~ 10 arc sec which makes the separation between 
the arch and the aclive region behind it still more difficult. Only after AR 7143 
disappeared behind the limb, shortly after noon UT on 5 May, did observations of 
the arch structure became reliable. Nevertheless, on very few exceptional occasions 
when the arch top brightened one can estimate the altitude of the arch structures 
(assnming vertical extensi.on in the east-west  direction and taking into accottul the 
observed inclination toward south or north as well as solar rotation) and the results 
are shown in Table I. 

The fact thai these two permanent arch structures stayed lk)r tens of hours at 
about the same altilude close I() 100 000 km is good evidence that the stalionary 
arches arc different from systems of post-llare loops thai rise slowly into the corona. 
In the stationary arch of 21-22  May, 1980 observed by HXIS on the SMM. this 
fact was quite clear, because one could see at the same time both the loops below 
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Table 1 

Altitudes of the top of the arch structures on 4-6  May, 1992 

Day Time Allitude Remark 

4 May 04:39 UT 92000 km 
5 May 14:50 UT 92 900 km 

5 May 16:20 UT 95 200 km 
5 May 18:53 UT 100 000 kill 

5 May 21:30 tJT 100 000 km 

6 May 10:00 UT 113 000 km 

First arch, toward NW 

Second arch, toward SW 

Second arch, toward SW 
Second arch, toward SW 

Brightened arch (Section 2) 

Brightened mch (Section 2) 

and the arch above them (Svestka et al., 1982). Here, this additional evidence is 
helpful, as we did not see the loops. 

As we already mentioned in Section 2, during the time when these two arches 
existed, Potsdam reported a permanent Type I radio noise storm on the Sun. Bogod 
et al. (1995),  using the VLA, localized its source above AR 7150, studied in this 
paper, on May l and 3. Unfortunately, no measurements of its position are available 
during the period of our study until May 9, when AR 7150 already disappeared 
behind the western limb and when radio noise storm came from another active 
region, much more to the easl. Nevertheless, Bogod et al.'s observations indicate 
that the source of the Type I noise storm was in the structures observed above 
AR 7150 and discussed in this paper. The stationary arch of 21-22  May, 1980 was 
also accompanied by a radio noise storm (Svcstka et al., 1982) and Typc I noise 
storms were also found in some other cases to coincide with high-lying soft X-ray 
structures (e.g., Lantos e ta / . ,  1981). Klein et al. (11.983) reported associations of 
moving ~,'pe IV bursts with hard X-rays, and stationary Type IVs (which may 
develop into noise storms) with soft X-rays. Similar observations also come liom 
Yohkoh (on 30 July, 1992 by Krucker et al., 1.995 and on 6 - 9  May, 1.993 by Bogod 
et al., 1995). 

One of the basic problems that we encountered in HXIS images was the origin 
of the stationary arch: how did the arch appear at such a high altitude less than 
1.5 hour after the flare, staying at an ahnos! constant altilude thereafter? Hick and 
Svestka (1985) found that the arch of 21 May, 1980 would have to rise with an 
average speed of > 17 km s- I if starting at an altitude of 50000 km, and in our 
~:ase, when the arch was seen at 95 000 kin altitude 40 rain after the flare onset, the 
average speed of rise would be > 19 kin. s-- t with the same starting altitude. The 
speeds would be still, higher if the rise started lower in the corona. 

The Yohkoh data reveal that the arch, seen after 19:02 UT on 5 May, 1942, was 
already present before, and the observed brightening of this pre-existing structure 
was caused by inilow of hot material from below into the arch structure as demon- 
strated in Figure 5. Plasma flow from the chromosphere to the top of the loop 
simuld propagate with average speed of > 40 km s I. The same explanation might 
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/-Tgure 6. The ~, 1 =1ant t o p  structure observed above AR 7150 on 8 May after it crossed the wes! limb. 
Le./~: 01:35:08 UT. Right: 02:04:06 UT. (2688 ms exposures, filter A. 13 

be true for the H XIS arch of 21-22  March, 1980, because there, at much higher 
energies, we might not have imaged, and thus could not recognize, the pre-existing 
structure. However, this does not answer the question how ultimately the arch had 
been formed and, untbrlunately, earlier Yohkoh images, projected on another active 
region, do not allow us to solve this problem eilher. 

4. Structures Following the Event of 5 May 

The arch structure, though apparently fed with additional energy input(s) during 
its decay on 6 May, essentially disappeared after 14 UT on 6 May and following 
images of the active region, crossing the west limb, did not change until 22 UT on 
7 May. The region stayed bright, but no more arches were seen above it. tlowever, 
between 22:10 UT and 23:45 UT on 7 May a big loop began to appear above the 
limb (Figure 6). 

This was a completely different coronal structure, much higher than the sta- 
tionary arches described in the previous sections. The loop 'eye' was at an allitude 
of ,--. 145 000 km and did not significantly change its altitude. At 02:04 UT on 
8 May the top of the loop structure extended up to ~ 350000 kin. The loop top 
further expanded upward, the structure got progressively weaker, and disappeared 
between 02:56 HT and 04:45 UT on 8 May; at 04:45 UT only the 'loop ]egs' 
remained visible. 

Thi s high and relatively short-lived structure differs from both the stationary and 
rising giant arches described in the present paper and in Paper I. It is an example of 
completely different large-scale coronal structures associated with active processes 
on the Sun, some of which we will discuss in Papers III and IV of this series. 
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5. Conclusions 

Stationary giant post-llare arches occurred on 3 -6  May, 1992 on the western solar 
hemisphere. We could study in more detail only the last arch, associated with 
the llare al 19:02 UT on 5 May, which extended above the west limb. This arch 
(Figure 1) was similar to the first giant arch discovercd by H.X.IS on board the 
SM M, oll 21-22 May, 1980 (,Svestka el al., 1982). 

All arch tops, whilc varying in brightness, stayed for several days at a l.airly 
constant altitude of --~ 100000 km (Tablc I), and the arch studied, on 5 - 6  May, 
was .just a new brightening at the location of a pre-existing decaying structure. 
The brightening was apparently due to inflow of hot plasma from the active region 
(Figure 5). Although the lop of tiffs last arch very slowly rose in its initial phase 
(possibly rellecting the plasma inflow), later on the rise speed did not cxceed 
200 m s '1 (Figure 2). 

The long lifetimes of these stationary structures (Vigure :3) necessarily imply 
additional energy input from the underlying active region: otherwise, conduction 
would cool these arches in less than one hour and, even if for some reason con- 
duction were inhibited, pure radiative cooling would not produce the temperature 
decrease that has been observed (Figure 4). 

While we easily found 6 events of rising post-flare giant arches in Yohkoh SXT 
data (cf., Paper I) and surcly more could have been discovercd if there were no long 
gaps in full-disk Yohkoh data after majo.r flares, we were so far able to find only one 
other Yohkoh event which may be interpreted as a series of stationary arches, on 
19-21 November, 1991. Thus. obviously, these stationary arches are much rarer 
phenomena then the rising arches studied ill Paper 1. This agrees well. with findings 
on the SMM: out of I 0 giant arches discovered either by HXIS or FCS only one arch 
was stationary (the first one ever detected, on 21-22 May, 1980), whereas at least 
6 (and possibly all remaining 9) were rising arches (cf., llick, 1988). Obviously, 
expanding processes in active regions, both folk)wing flares (Paper I) and possibly 
independent of llaring (Uchida e/al., 1992), are more common on the Sun than the 
stationary structures discussed in this paper. 

The question arises whether the stationary arches are the same phenomena 
as rising arches, .just with speeds of rise unusually slow (as has been supposed 
when evaluating SMM data), or whether we encounter different physics here. In 
Paper I we interpreted the rising arches as expanding aclNe-.regio11 loops left over 
behind coronal mass ejections. These could therefore be identitiable with the 'post- 
CME loops' discussed in lhe interplanetary comlntmity (e.g., Kahler, 1992). This 
interpretation can hardly bc applied to stationary arches. Also, in gohkoh data the 
temperature found in the stationary arch signilicantly exceeds that in the rising 
arches (compare present Figure 4 and Table III in Paper I). Thus it can be that the 
two phenomena really are different in their nature. 
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