
Analysis of coronal O VI emission during flares and 
comparison with soft X-ray observations

Giordano S. and Mancuso S.
Osservatorio Astrofisico di Torino (OATo, INAF), Torino, Italy 

Abstract
In this work, we present the analysis of a set of flares investigated by comparing the 

O VI 1032 Ǻ luminosities collected with off-limb measurements by the 
UVCS/SOHO instrument with the corresponding X-ray luminosities obtained by 

GOES. The analysis of the OVI 1032 Ǻ spectral line as a function of time during a 
flare event is able to provide information on the transition region luminosities during 
and just after the impulsive phase of a flare (i.e, before the CME plasma reaches the 

the UVCS field of view). Comparison of spectroscopic UV observations with 
simultaneous soft X-ray measurements is important in that it can provide a means to 
pinpoint the likely source (chromospheric evaporation, footpoint emission or heated 
prominence ejecta) for the observed transition region emission. In a previous work, 

Johnson et al. (2011) found meaningful correlations between the X-ray emission and 
the UV luminosities but with substantial scatter due to the relatively scarce set of 

data (29 events). Our study is aimed to extend the above statistics by adding a further 
set of flare events that were found by a careful analysis of the UVCS database.

2. Data analysis
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1. Introduction

Table 1. New UVCS solar flare observations 

Figure 1. Left: LASCO and EIT difference image at the time of the X flare with superimposed the 
UVCS slit positions. Right: X flare position is unknown.

Figure 2. O VI 1032 counts image.

a Flare position not available, likely behind limb
B Computed from (lat, long) coordinates (4th column)

Figure 3. O VI 1032 intensity after subtraction of the 
pre-event intensity (histogram) plotted against time for 
the event of 2003 March 20. The GOES soft X-ray flux 
is plotted as red solid line. The GOES hard X-ray flux 
is shown with the blue dashed line.

Figure 5. Left: O VI 1032 counts image. 
Right: difference image.

Figure 6. O VI 1032 intensity after 
subtraction of the pre-event intensity 
(histogram) plotted against time for the 
event of 1999 August 2. The GOES soft X-
ray flux is plotted as red solid line. The 
GOES hard X-ray flux is shown with the 
blue dashed line. The left–hand scale applies 
to O VI, and the right–hand scale to GOES.

2.1 March 20 2003 M1.5 flare

2.2 August 2 1999 X1.4 flare

Table 2: List of the UVCS CMEs from catalog with 
possible O VI flare detection

Raymond et al. (2007) presented a technique to measure flare UV photons that are 
scattered in the corona. The Ultraviolet Coronagraph Spectrometer (UVCS) on 
board SOHO performs UV spectroscopy in the extended solar corona between 1.5 
and 10 Rּס. During its activity, UVCS has recorded several observations of flare-
related O VI 1032 Ǻ photons. These events present the characteristics of flare 
radiation resonantly scattered by coronal O VI  ions: the emission brightens 
simultaneously along the entire UVCS slit, it precedes any other CME emission, 
and it shows no Doppler shift or increased line width compared to the pre-event 
line profile. Since collisional excitation in the corona produces a 2:1 intensity ratio 
IO VI 1032/IO VI 1037  ratio, a further key requirement is that the O VI intensity ratio be 
consistent with 4:1, indicating scattering of disk radiation. 

It should be taken into account, however, that there is a strong bias towards events 
quite close to the solar limb, since the intensity of the flare emission in the corona 
drops rapidly with distance from the flare. Moreover, most of these flares were 
associated with CMEs: when the CME reaches the position of the UVCS slit, it 
blows the pre-event corona away, so that the intensity of scattered photons rapidly 
declines. Thus, this technique provides intensities only for about 15 min in the 
impulsive phase of the flare. Raymond et al. (2007) determined the O VI and 
transition region luminosities and compared them with X-ray temperatures and 
luminosities from GOES and RHESSI data for 5 events. In a subsequent work, 
Johnson et al. (2011) analyzed other 24 events. 

In this work, we are extending the above analyses. Tens of candidate events have 
been in fact pinpointed, and nine of them have been selected here for a preliminary 
analysis. These events were found during a thorough search of the CDAW 
LASCO CME catalog for events where the UVCS slit was positioned roughly over 
the flare. Further information about the UVCS observations is available in the 
pages of the UVCS/CME catalog, which are linked to the events listed in the 
CDAW LASCO CME catalog (http://cdaw.gsfc.nasa.gov/CME_list/). 

The observation parameters for each event are shown in Table 1.
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There are three likely sources for the O VI emission: 
a) chromospheric evaporation (evaporating gas that is being heated toward the ~107 K temperatures of the post-flare loops), 
b) footpoint emission (chromospheric plasma heated by energetic particles or shocks in the footpoints, in which case either 
upflows or downflows might be seen);
c) heated prominence ejecta (plasma in the ejected prominence that is heated as it is being accelerated).
All three sources may contribute in different events or even in a single event, and the relative timing of UV and X-ray brightness 
peaks, the flow speeds, and the total O VI luminosity favor each source in one or more events. The correlations between X-ray 
and UV intensities expected in these three cases can be considered and thus compared to the observations. 

In the evaporation scenario, one expects that the thermal X-ray emission peaks after the emission from the evaporation flow as 
the loops fill with hot plasma. In Fig. 7, we show a plot of the GOES peak flux against the time lag from the O VI  peak to the 
GOES soft X-ray peak. In 5 cases, within the quoted uncertainties, the GOES peaks at roughly the same time (0 to 2 min) as the 
O VI intensity, while in 4 other cases the GOES peak occurs somewhat later (3 to 5 min) than the O VI peak. We remark that 
Johnson et al. (2011) found that only about 66% of their events (19 out of 29) had positive (or zero) lags (please note that Fig. 8 
only includes those events analyzed by Johnson et al. (2011) in which the lag was found to be positive), while all our 
observations only show positive (< 5 min or zero) lags. The large number of events analyzed by Johnson et al. (2011) with a 
negative time lag (34%, or 10 out of 29) is unlikely in the evaporation picture, and unexpected in the footpoint picture, so it tends 
to favor O VI emission from the erupting prominence. By adding our set of data, we thus find that the almost 1/4 of events (71%, 
or 27 out of 38) show positive (< 12 min or zero) lags. Another result that comes out from this preliminary analysis is that our 
data do not support the supposed correlation found by Johnson et al. (2011) that larger flares tend to have the GOES peak later 
than the O VI  peak, while in smaller flares it can either lag or be simultaneous. 

In Table 2, we finally show a list of candidate O VI flares that might be further included in this work.  

Figure 7. Peak flux in GOES soft X-rays plotted against the time lag between 
the peak of the Ovi luminosity and the peak of the X-ray luminosity.

Figure 4.— Left: LASCO and EIT difference image at the time of the X Flare with superimposed 
the UVCS slit positions. Right: X flare position is shown on the solar disk (red circle).

3. Preliminary results


