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The 21 May event was a large two-ribbon f la re which occurred in ac­
t i v e r eg ion 2456 a t S13W15. The f l a r e was extensively documented by 
coordinated Ha, X-ray, and magnetograph o b s e r v a t i o n s . In p a r t i c u l a r , 
s p a t i a l l y resolved images in hard X-rays were obtained by the Hard X-ray 
Imaging Spectrometer (HXIS) aboard SMM. Hence t h i s f l a r e comprises an 
i d e a l example for s tudy ing the spa t i a l r e la t ionsh ip between the X-ray 
and Ha-ribbon morphologies. Although evidence has been r e p o r t e d for 
magnet ic f lux emergence a t the beginning of th is f l a re (Harvey, 1983), 
i t appears that a po ten t ia l f ie ld ( r i s ing source-surface) model may ade­
q u a t e l y r e p r e s e n t the major l a r g e - s c a l e f e a t u r e s of the magnet ic 
configuration bel ieved to r e s u l t from f i e l d l i n e r econnec t ion in the 
corona during the decay phase (Kopp and Pneuman, 1976). 

The enhanced ohmic heating associa ted with magnetic merging sug­
g e s t s t ry ing to observe the s i g n a t u r e of the r econnec t ion process 
d i r e c t l y in the form of local ized thermal X-ray emission from the region 
around the n e u t r a l p o i n t . As r econnec t ion proceeds and the neut ra l 
point r i s e s into the corona, we would expect the X-ray source r eg ion to 
move to sequent ia l ly greater heights above the f l a re s i t e and the emis­
s ion to s h i f t toward lower e n e r g i e s . For a f l a r e l oca t ed a t some 
d i s t a n c e from the center of the solar disk, then, the centroid of X-ray 
emission should appear to d r i f t toward the limb as the event progresses . 
Moreover, the X-ray source d r i f t r a t e should roughly mimic that of the 
Ha ribbons - i . e . , i t should be rap id a t f i r s t , whereas l a t e r in the 
e v e n t , as the ribbons become nearly s ta t ionary in pos i t ion , th is motion 
should be grea t ly reduced. These trends should be r e a d i l y obse rvab le 
for the f l a re of 21 May, 1980. 

To this end we measured the f l a re ribbon s epa ra t i on over the time 
in te rva l from 21:00 to 23:00 U.T. from fu l l -d isk Ha f i l tergrams provided 
by NOAA's World Data Center. The resu l t ing prof i le of ribbon separation 
versus time displays a steep i n i t i a l r i s e , s t a r t i ng from a separation of 
-25 ,000 km a t 21:05 U.T. and growing to -38 ,000 km a t 21 :30 U.T. 
Subsequent ly the r ibbon motion slows down considerably, and a maximum 
separation of ~45,000 km i s reached by 23:00 U.T. 

In the same time i n t e r v a l an analysis of HXIS images of the f la re 
r eg ion r e v e a l s t h a t the l o c a t i o n of maximum X-ray emiss ion s h i f t s 
g r a d u a l l y southwards with time, while showing up in progressively lower 
energy channels. We assume tha t , in the highest energy channel of HXIS 
for which measurable emission i s present a t any i n s t a n t , the posi t ion of 
the b r igh tes t pixel corresponds to the tops of newly reconnected f i e l d 
l i n e s . Then one can take i n t o account project ion effects and eas i ly 
derive the true height of these loops, provided that they l i e v e r t i c a l l y 
above the c h r o m o s p h e r i c magne t i c n e u t r a l l i n e . The p o s i t i o n of 
s t rongest HXIS emission i s shown as a function of time in Figure 1, in 
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terms of e i t h e r projected distance from the H = 0 l i ne ( l e f t scale) or 
height above the solar surface ( r i gh t s c a l e ) . A more de ta i l ed d e s c r i p ­
t i on of the HXIS o b s e r v a t i o n s of th is f la re has been given by Svestka 
and Polet to (1984). 
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Figure 1. Position of the brightest X-ray emitting region as a function 
of time. Left scale: the projected distance of the region 
from the magnetic neutral line (H = 0) in the chromosphere. 
Right scale: true height derived under the hypothesis of ver­
tical loops. 

In view of the qualitative agreement between the observed and ex­
pected behaviors of the hard X-ray emitting region, we have attempted to 
test these ideas more rigorously by using a specific magnetic field 
model for the reconnection geometry to predict the height of the neutral 
point as a function of Ha ribbon separation. Using the observed ribbon-
separation time history mentioned above, this prediction can then 
immediately be compared with the true heights of the X-ray source region 
shown in Figure 1. 

The magnetic model used for this purpose has been described at 
length elsewhere (Kopp and Poletto, 1984). It consists of an axisym-
metric potential field model between the solar surface (r = r ) and an 
equipotential spherical source surface (r = r̂  > r ), joined smoothly to 
a nonpotential radial field beyond r^. For simplicity the normal com­
ponent of the surface magnetic field in the active region is 
approximated by one "lobe" of a single high-degree Legendre polynomial, 
chosen to represent approximately the location and latitudinal width of 
the region. The neutral point lies on the source surface directly above 
the chromospheric H = 0 line, and the reconnection process is modeled 
by allowing rj to increase with time in a prescribed manner. Within the 
framework of this simple model, the leading edges of the expanding flare 
ribbons are defined by the intersection with the solar surface of the 
two magnetic separatrices passing through the neutral point. 

For the 21 May, 1980 flare, the physical size and disk position of 
the active region are well represented by the 21-st lobe of a P,„-field. 

18 

https://doi.org/10.1017/S0252921100085183 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100085183


The solid curve in Figure 2 shows the resulting theoretical prediction 
of ribbon separation as a function of height of the neutral point. The 
open circles, by comparison, give the observed separation of the leading 
edges of the Ha ribbons versus the true height of X-ray emission. This 
comparison clearly reveals that, although the empirical relation ex­
hibits the same overall trend as the predicted one, the X-ray emission 
for a given ribbon separation appears to originate from a greater height 
than that where the reconnection is occurring. There are at least two 
possible explanations as to why this behavior differs from the results 
of previous studies (e.g., Kopp and Poletto, 1984). 
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Figure 2. Solid curve; predicted relationship between ribbon separation 
and neutral point height. Open circles; HXIS loop heights 
versus ribbon separation. 

First, note that spatially resolved X-ray observations of two-
ribbon flares prior to the SMM generally tended to emphasize the softer 
spectral regions, with relatively low sensitivity in hard X-rays. But, 
as we indicated at the outset, the position of the reconnection region 
at any time should correspond to the zone from which the very hardest 
thermal X-rays are being emitted, with softer X-rays coming from lower 
heights. Therefore, unless the hard X-ray emission from a particular 
flare is unusually intense, such data could have easily caused one to 
underestimate the height where reconnection is occurring. In this case 
the apparent conformity found earlier between observations and model 
predictions would be fortuitous. To improve the agreement in the 
present example, one could perhaps modify the model slightly by con­
sidering that the actual fieldline geometry near the neutral point may 
have a more slender cusp shape than that which characterizes the source-
surface model. This would raise the reconnection region to coincide 
spatially with the hard X-ray source region, while leaving unchanged the 
remaining properties of the model. 

Alternatively, we consider the possibility that the reconnected 
loops do not lie in a vertical plane; such has already been suggested by 
Svestka et al. (1982). If the loops were inclined away from disk cen­
ter, then the true heights from which the HXIS emission originates would 
be lower than we have estimated here, and the observed hot loop heights 
might still coincide with the predicted neutral point heights. However, 
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th is s i t ua t i on could only be described adequately by a three-dimensional 
model. 

On the basis of c o r r e l a t i v e o b s e r v a t i o n s of a s i n g l e f l a r e , one 
cannot dec ide between these two p o s s i b i l i t i e s . I t could also be the 
case that each of these explanations appl ies a t d i f fe ren t times during a 
given f l a r e , depending upon the magnetic f i e l d configurat ion a t the 
sun's surface; addi t ional examples of two-ribbon f l a r e s wi th complete 
X- r ay and m a g n e t o g r a p h c o v e r a g e a r e needed to draw a d e f i n i t e 
conclusion. 
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