

1


EVOLUTION OF FLARING PLASMA COMPONENTS ON DIAGNOSTIC DIAGRAMS


Janusz Sylwester1, B. Sylwester1, K.J.H Phillips2, and A. Kepa3


1Space Research Center, Wroclaw, Poland
2NASA GSFC, USA


3Space Research Center, Wroclaw, Poland


ABSTRACT


Sequences of RESIK high-resolution X-ray spectra ob-
served for selected, moderate importance flares have been
used to determine time variations of absolute fluxes in a
number (∼ 20) of lines formed in the temperature range
from 3 MK to 50 MK. Based on measured line fluxes,
corresponding differential emission measure (DEM) dis-
tributions have been calculated at various times through-
out the flare, showing up two distinctive plasma compo-
nents with a lower (3 MK< T < 12 MK) and higher
(T > 12 MK) temperatures. Images of flares obtained
from SOHO-EIT and/or TRACE have been used to un-
veil the flare geometry. GOES soft X-ray data have been
used to study overall flare energy balance. We have
constructed so-called diagnostic diagrams (Temperature-
Emission Measure) from GOES data and for the com-
parison for each temperature component from RESIK
DEM inversion. The results obtained show-up that a
straightforward interpretation of evolutionary tracks ob-
tained from GOES may not be directly possible.
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1. INTRODUCTION


RESIK is a Bragg crystal spectrometer aboard Russian
CORONAS-F solar orbital observatory launched in 2001.
RESIK has been developed by NRL, RAL, MSSL and
IZMIRAN under Polish leadership. It has the best ever
spectral resolution and sensitivity in the range between
3.3 Å and 6.0 Å. This contribution deals with the analy-
sis of two well observed flares, one of a longer duration
(coded A) and the second of rather short duration (B).
The A flare (lasting for ∼ 240 min.) was the limb event
of M1.9 GOES class. It took place on 2003 January 21,
with the maximum at ∼15:20 UT. The B flare (on 2003
February 22, at 09:29 UT) lasting for 12 min. was of
C5.8 class and occurred near the disc center. The aim
of this research is to study the evolution of basic plasma
parameters characterizing the flaring plasma, i.e.


Figure 1. The reduced RESIK spectrum for flare on 22
February 2003 with the main line identifications given.
The thin curve below the spectral lines represents the
level of continuum as calculated based on the isothermal
temperature and emission measure. The T and EM val-
ues ( 8.9 MK and 8.0 1048 cm−3 respectively) have been
derived using the band-ratio technique from the fluxes ob-
served in the first and fourth channels of RESIK. In this
respect, the spectrum has been integrated over the en-
tire flare duration (584 s). The individual RESIK wave-
length ranges covered in particular spectral channels are
shaded in distinct blue semitones and described in yellow.


• distribution of differential emission measure
(DEM),


• behavior of average plasma characteristics T, EM
as derived in the isothermal approximation,


• behavior of thermal characteristics of separate
plasma components: cooler (T below 10 MK) and
hotter (with the temperatures above 10 MK).


2. DATA PRESENTATION AND THE RESULTS


In the Figure 1 we present the reduced RESIK spectrum
for (the short duration) B flare. If the time-integrated
fluxess seen on the spectrum are interpreted in so-called
isothermal approximation using the filter-band ratio tech-
nique, the average (over time and temperature) character-
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Figure 2. The results of isothermal analysis of GOES X-ray measurments in the two standard channels. At the top panel
the GOES fluxes in the 0.5 - 4 Å and 1 - 8 Å bands are shown with the gray areas indicating times where the RESIK
spectra are available. At the bottom, in the diadnostic diagram (DD) the evolution of T and EM is presented. The left and
right panels show results obtained for the flare on 2003 January 21, and February 22 respectively. For comparison, the
results of RESIK band-ratio determinations of T and EM are overplotted in the DD using the same color-scheme (large
filled dots). The fluxes “predicted for GOES” from the RESIK measurements are also indicated in the lightcurves above.
The two characteristic straight lines drawn in the DD represent so-called quasi steady state (dashed) and OFF (dotted)
evolutionary “limiting” slopes for the decay phase analysis (see the text for details).


istics can be derived (see the Figure caption). In this re-
spect CHIANTI (SolarSoft) atomic and spectral package
has been used. These average characteristics (tempera-
ture T and emission measure EM) are used in order to
calculate the predicted continuum shape (thin black line).
It is seen that the continuum reasonably well represents
the observed spectral shape.


The similar, simple isothermal analysis of this (and prac-
tically all the other flares) can be made with a much
higher time resolution (“3s”) using standard GOES X-ray
absolute flux measurement in the 0.5 - 4 Å and 1 - 8 Å
bands. The results of such an analysis provide values of
average temperature T and emission measure EM with
the time resolution good enough to study the evolution
of these parameters even during the flare rise phases. A
highly informative way to display and interpret the results
of such an isothermal analysis of cleaned GOES data is
to plot individual flare evolutionary tracks on so called


diagnostic diagrams (DD). In the DD, the flare behavior
is represented (in the log-log scale) by the evolutionary
track of the flare temperature vs. the square root of emis-
sion measure, as shown in Fig. 2 (lower panels). In this
and the other figures, the time evolution is color-coded
which allows to connect each point on the track with the
respective time on the lightcurves shown above. The ob-
served pattern of the evolution in the DD is usually be-
ing interpreted based on the results of the hydrodynamic
modeling (HD), especially as concerns the character and
duration of flare heating. This type of analysis has been
proposed by Jakimiec et al., (1992).


In order to cross-compare the results of isothermal analy-
sis of GOES and RESIK interpretations, we put the RE-
SIK results (large dots) atop the GOES track in the DD.
The relative positions agree well, also as concerns the
range of temperature variability, indicating the overall
agreement between the results of the same type, isother-
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Figure 3. Evolution of DEM distributions for the two analyzed flares.


mal analysis. In order to push the comparison even fur-
ther, we estimated the absolute GOES fluxes - as pre-
dicted from the results of RESIK isothermal interpreta-
tion. Those values are given as large dots in the upper
panels of Fig. 2. It is seen that the observed GOES fluxes
are factor of ∼2 greater than the predicted. This differ-
ence may be partly accounted for as a consequence of
slightly different emission functions for GOES and RE-
SIK (channels 1 & 4) and presence of “radiometric cali-
bration” factor (of the order of two) between the instru-
ments. The shapes of flare evolutionary tracks, if in-
terpreted according to the standard outline given in the
Jakimiec et al., (1992), indicate for intense initial heat-
ing present in botch flares (fast rise of T with a slow
change in the emission measure), followed by a possible
intense evaporation phase (much slower rise of T, faster
rise of EM). After flare maxima, the temperature begins
to fall, with EM still rising. During the decay phase, both
T and EM are decreasing. The observed slope during
the decay phase would indicate for initially quasi-steady-
state (QSS) decrease of the heating, (inclination = 1/2)
with a subsequent faster decay of the heating (growing
inclination). In case of flare B, the inclination becomes
∼2 which is characteristic for the heating being switch-
OFF abruptly (Sylwester, 1996). These presented results
might look quite encouraging, as they can be nicely in-
terpreted within the framework of existing HD modeling
results.


However, it is well known that the isothermal approxima-
tion provide values of T and EM, which are complicated
weighted average characteristics of the source thermal
plasma structure. In order to better characterize the distri-
bution of the plasma with the temperature, so called dif-
ferential emission measure distributions (DEM) are gen-


erally used. The shape of DEM distribution may be cal-
culated from the various lines observed by RESIK and
indicated in Fig. 1. RESIK spectra are the most suited in
respect of DEM calculations (for flares) as RESIK pro-
vides well-calibrated fluxes measured in the same instant
in a set of lines being formed over a broad temperature
range (from 3 MK to ∼50 MK). Available RESIK line
flux measurements have been therefore used in order to
determine the time variability of DEM shapes for a num-
ber of flares. For details of DEM calculations including
the two events of interest see Kepa et al, (2005, this Pro-
ceedings).


Here, in Fig. 3, we present quantitatively the develop-
ment of the DEM over time for the two selected events.
It is seen that for both flares, the flaring plasma appears
to have two distinct temperature components through the
events, with the temperatures around T ∼ 3− 4 MK and
∼15 MK. The average temperatures, characteristic for
both components do not vary substantially with time, but
their total emission measures do. In order to illustrate this
statement in a more quantitative way, we plotted the be-
havior of these two individual components atop the DD,
as derived (and discussed earlier-on) from the interpreta-
tion of GOES data. The results are shown in Fig. 4. It is
indeed seen that yellow and turquoise (for cold and hot
components respectively) evolutionary tracks are nearly
horizontal, i.e. their respective average temperatures do
not vary substantially as the flare evolves. Hoverer, the
relative emission measures in the hot and cold compo-
nents are changing. This is the relative emission measure
variations which causes the looping (hysteresis) of the av-
erage GOES evolutionary track in the DD!
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Figure 4. The comparison of evolutionary tracks as obtained from GOES data interpretation (in black) on the diagnostic
diagrams with that obtained from DEM analysis of RESIK data for the hot (turquoise) and cold (yellow) components. See
the text for details.


3. SUMMARY AND CONCLUSIONS


A common analysis of GOES and RESIK X-ray observa-
tions have been performed in the isothermal and (for RE-
SIK) multitemperature approach. The isothermal analy-
sis of RESIK spectra for two well-observed flares show
overall good consistency when cross-compared with re-
sults of similar analysis performed using GOES flux ra-
tios. The diagnostic diagrams have been constructed and
compared for the analyzed flares: one of a short duration,
one of a longer one. The flare evolutionary tracks in the
DD show typical behavior, easy to interpret within the
HD modeling (evaporation scenario). However, when the
results of DEM analysis of plasma temperature structures
has been included into the analysis, completely different
pattern of behavior shows-up. The evolution of the indi-
vidual components’ on DD is rather unexpected, putting
under question the viability of physical interpretation of
T, and EM parameters as obtained from the isothermal
interpretation. The flaring plasma apparently consists of
two components which temperatures do not change sub-
stantially as the flare progresses. The proportion of the
emission measures associated with each component is
strongly time-varying. This causes the looping of the
evolutionary track of the flare in the DD, when data in-
terpreted under isothermal assumption.


In conclusion, the prompt results presented should con-
stitute a strong warning as concerns:
• the physical viability of interpretation of evolution-


ary track inclination on the DD (cf. the paper by
Sylwester, B., 1996),


• the usefulness of isothermal assumption for the in-
terpretation of flare thermodynamic evolution,


• the observed looping behavior in the DD is a con-
sequence of the isothermal interpretation rather, and


the value of the T and EM derived have no obvious
physical sense.


Nevertheless, the isothermal interpretation can be used
effectively in order to predict the overall shape of the con-
tinuum.


This research is signalling also the problem, and will be
followed by an exhaustive study based on analysis of tens
of flares, for which determinations of DEM are possible
from the RESIK data.
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