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EIT and TRACE responses to flare plasma
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ABSTRACT

Aims. To understand the contribution of active region and flaresmlas to thet195 channels of SOHEIT (Extreme-ultraviolet Imaging
Telescope) and TRACE (Transition Region and Coronal Exp)or

Methods. We have analysed an M8 flare simultaneously observed by then@ldDiagnostic Spectrometer (CDS), EIT, TRACE and RHESSI
We obtained synthetic spectra for the flaring region and aaraegion using the ¢lierential emission measures (DEM) of emitting plasma
based on CDS and RHESSI observations and the CHIANTI atoatabdse. We then predicted the EIT and TRACE count rates.

Results. For the flaring region, both EIT and TRACE images taken thhotige 1195 filter are dominated by Fe XXIV (formed at about 20
MK). However, in the outer region, the emission was prinyadilie to the Fe XII, with substantial contributions from athires. The average
count rate for the outer region was within 25% the observédeveor EIT, while for TRACE it was a factor of two higher. Fdre flare region,
the predicted count rate was a factor of two (in case of EIT)afactor of three (in case of TRACE) higher than the actuahtaoate.
Conclusions. During a solar flare, both TRACE and ENIL95 channels are found to be dominated by Fe XXIV emissioasBeable agreement
between predictions and observations is found, howeveestistrepancies need to be further investigated.
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1. Introduction The TRACE also provides observations of the solar corona
in three coronal band, one of which is also centered around
The  Extreme-ultraviolet Imaging Telescopes (EITy195. |t has been proposed that the TRAC5 channel has a
Delaboudiniére et al. 1995) and the Coronal Diagnostitgh-temperature response due to Fe XXIV during flares. &her
Spectrometer (CDS; Harrison et al. 1995) aboard the Solr 38 sybstantial evidence in the literature where Fe XXIV emis
Heliospheric Observatory (SOHO) and the Transition Regi@fon is likely to be dominant, by comparisons of TRAGE5
and Coronal Explorer (TRACE; Handy et al. 1998) havgnages with Yohko!SXT (e.g. Warren et al. 1999), RHESSI
provided a wealth of information about thefigrent, highly (e g. Gallagher et al. 2002, Berlicki et al. 2004, Philligts e
dynamic layers of solar atmosphere. In order to understaed . 2005), or spectroscopic data (e.g. Del Zanna et al. 2006)
physics, it is mandatory to understand the properties Gfip& However, no direct quantitative estimates of the imporeanic
which is being observed. Multi-wavelength observatiowsfr Fe x x|V emission (for either EIT and TRACE) have previ-
different instruments together with the CHIANTI atomiQ,u5|y been made. To our knowledge, only Warren et al. (1999)
database (Dere et al. 1997; v.5; Landi et al. 2006) are relytinhave attempted to simulate the TRAQE95 count rates of a
used to study a variety of filerent solar features. flare in an indirect way, by using SXT filter ratios. These au-
The EIT provides full disk observations of the Sun in fouthors obtained predicted count rates about 3 times higlaer th
spectral bands, one of which is centered aroab85. In nor- those observed.
mal quiet Sun conditions, this band is dominated by Fe XII

emission, while in coronal hole plumes it is dominated b Both EIT 'and TRACE. have provided many images of
Fe VIl (Del Zanna et al. 2003). It has been suggested (e_gares, and it is therefore important to establish the Fe XXIV

McKenzie 2000) that this channel may be contaminated g?’ntribution to this band. This is not a trivial task, sinde s

high-temperature Fe XXIV (20 MK) emission. However thi ultaneous multi-wavelength observations of flares araex ra
has not been throughly studied or definitively proven. event. In this paper, we have combined simultaneous observa

tions of an M8 flare obtained with CDS, RHESSI, EIT and
TRACE 2195 images. We have derived thetdiential emis-
Send offprint requests to: D. Tripathi@damtp.cam.ac.uk sion measure (DEM) from CDS and RHESSI data for a flaring
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region and an outer region and then performed forward mod-
elling with the CHIANTI atomic database to predict the EIT
and TRACE count rates.

2. Observations and Data Reduction

We performed a search through the entire CDS NIS (Normal
Incidence Spectrometer) database to find suitable flaregven
Out of the many flare datasets recorded by CDS, only an M8-
class flare on 28-Oct-2003 at around 10:48 UT was simultane-
ously detected by EIT, TRACE195 and RHESSI (Lin et al.
2002). This flare occurred in the active region AR0486 lodate
at S18 E18. Fig. 1 displays the GOES-12 plot for this flare. The
flare started around 10:20 UT with a peak at around 10:45 UT
and ended at around 11:00 UT.

Fig. 2 displays the images recorded by CDS in Fe XIXline,
EIT and TRACEA195 with overlayed Fe XIX and RHESSI in-
tensity contours. The RHESSI image was obtained at 10:33 UT
by integrating the counts for 20 sec. Note that the flare at-loc
tion (-280, -380) arcsec is of relevance in this paper asthis
observed simultaneously by all instruments. The CDS raster
scan started at 09:37:40 UT (Solark>0, see Fig. 2) and it
observed the peak flare emission (SolaX50:-300) between
10:33 and 10:47 UT i.e., around the peak of the flare.

We have examined the sequence of TRACE (cadence:

1 min) and EIT (cadence: 12 mins) images and found that the
flare region varied in intensity by less than 20% during theSCD
scan, as expected when considering the GOES light curve.

The standard routines provided in solar software (SSW)
were used for processing the EIT and TRACE images. The
CDS data processing was performed using routines and cali-
bration described in Del Zanna et al. 2001. In order to locate
exactly the same region we coaligned the images obtained by
CDS, EIT and TRACE. The TRACE image taken at 10:47 UT
was first coaligned with the EIT images and then the CDS in-
tensity contours were overplotted. As can be seen from Fig. 2
Fe XIX and RHESSI intensity contours match extremely well
the peak emission in the EIT and TRACE images.

3. Forward and inverse modelling
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Fig.2. A CDS image (top panel) in the Fe X1X%92.2, Log E7.0)
line. The time 09:37:40 UT in the title is the start time of ttaster.

The intensity of an optically thin emission line can be venitt Images taken by EIT (second panel) and TRACE (third panspee-
as tively at 1195 at 10:48:03 UT. The intensity contours from the CDS

image (in the top panel) obtained for Fe XIX line are over{gdt The

I = A(2) i G(Te, Ne) DEM(Te)dTe (1)

Flux GOES-12 1-8 &
T T T

(wats m™) x 10°

L L L L L
10:20 10:30 10:40 10:50 11:00
Start Time (28-0ct-03 10:16:00)

EIT images are overlayed with RHESSI contours in the 12-23 ke
channel (bottom panel).

where, A(Z) is the elemental abundancg; is the elec-
tron temperature, andle is the electron density, G¢, Ne)
is the contribution function which contains all the rele-
vant atomic physics cdicients. DEM{) is defined as
] DEM(Te)=N2(dlydTe), where dh is an element of column
height along the line-of-sight.

To calculate the DEMEg) the maximum entropy method
described by Monsignori Fossi and Landini (1991) and imple-
mented by Del Zanna (1999) was used. In this method the DEM

Fig. 1. The GOES-12 plot for the flare in the 1.0-8.0 A channel. s assumed to be a series of spline mesh points, covering the
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Fig. 4. CHIANTI synthetic spectra for the EIT (left hand side) andATE (right hand side195 channels in flare region (top panels) during
a M8-class flare and outer region (bottom panels).

Table 1. Intensities in the flare region from the CDS NIS. Note that
the intensity of Fe XXV is deduced from RHESSI observationshe
table from left to right: the ion, the observed wavelengtie max-
imum formation temperature, the observed and predictezhgities

CDS Fe XIX

—-250 5

—300

(phot cnm? srt s™1) and the ratio of the latter two.

: N i ,'_ ] lon Aobs 10T mex lobs lgem Ratio
& L A) (K)
. aoolb % ] Ne IV 543.9 5.3 381.4 301.8 0.79
ol 553.3 53 1023.1 1029.8 1.01
asol ] ov 629.7 54 6507.1 5254.3 0.81
s s s s s Fe XI 369.2 6.1 159.8 91.5 0.57
—300 *Zio(mfcig?s) ~150 -100 Fe Xl 364.5 6.1 813.9 607.9 0.75
Fe Xl 348.2 6.2 266.9 255.9 0.96
Fig. 3. CDS negative intensity image in Fe XIX showing the two re- :ze XV 334.2 6.2 1199.4 12459 1.04
i lected for further analysis. White contour outlitlee flare e xvi 335.3 6.3 2r13a.7 251420 0.93
9'0'?5 se . . MgX 6249 6.0 3339.3 42302 1.27
egion and the black outlines the outer region. Fe XIX 5922 70 2368.7 23548 099
Fe XXV  1.833 8.1 418305.1 286297.1 0.68
temperature range for which the observational constrairgs
present. We measured the DEM of the flare region and an outer i
region shown in Fig. 3. Tables 1 and 2 represent the lines AP!€ 2- Same as Table 1 but for the outer region.
the flare and_ outer regions respectively which where used for Ton T 1007 - P—
DEM analysis. As can be seen from the table, we have been A) (K)
able to prediCt the intensities to within 30% USing the dedliv o 554.1 53 102.0 125.2 1.23
DEM. The theoretical intensities were calculated by irgesf oV 629.7 5.4 1067.8 346.0 0.32
ing DEMs within CHIANTI using a constant electron density Fe XI 369.2 6.1 38.5 295 0.77
of 10! cm 3 for the flare region and Pacm for the outer re- MgIX 3681 6.0 441.4 4301 0.97
gion, the ionization fraction of Arnaud & Rothenflug 1985 and FeXIl  364.5 6.1 2478 3049 1.23
photospheric abundances. However, we note that the chbiceo Fe XV 334.2 6.2 4017 7177 179
ionization fraction and abundances has a negligilfiiecé on Fexvl 3353 63 40227 34045 085

the results.
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Table 3. Observed and predicted average count rates (Bipizel™!) the RHESSI Fe XXV.11.8 emission, or to an instrument cali-
for the regions marked in Fig. 3. bration problem.

The second is that there remains some uncertainties in
Fe XXIV emissivities. We note that strong discrepancies-(fa
tors 2-5) are common in other cooler Li-like ions (Del Zanna
et al. 2002). This issue needs to be further explored, if EIT,
TRACE (and soon STEREO, SDQ}195 images of flares are
to be reliably used for plasma diagnostics.

Despite some dierences in the count rates for the flare re-

In order to obtain the spectra, theoretically calculateé li gion for EIT and TRACE and in outer region for TRACE, we
intensities were convolved with théfective areas of EIM195 have clearly demonstrated that the EIT and TRACE5 chan-
clear and TRACEA195A0 filters. The final spectra are showmels are dominated by Fe XXIX192 emission during strong
in Fig. 4. The diference in the spectral resolution evident frorflares.

Fig. 4 is due to the diierent sampling in the (measured) in- Future instruments, such as the Extreme-ultraviolet
strument &ective areas. Note that in calculating the synthetlmaging Spectrometer (EIS) aboard Hinode (Solar-B), will
spectra, the continuum was included. From Fig. 4 it can be sgqgovide a better temperature coverage for the coronal cempo
that the spectrum of the flare region (top panels) shows agtrament of active regions and flares. This will better constthi
peak at1192 due to Fe XXIV (20 MK) emission for both EIT predicted spectrum, enabling us to use CHIANTI to forward
and TRACE. However the spectra of the outer region (bottomodel the observational signal for various future missions

panels) are dominated in TRACE by Fe Xl lines. Thé&el:
owledgements. We acknowledge the support of PPARC. We
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gions. As can be seen from Table 3 we could predict the average
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Flare Region Outer Region
Observed Predicted Observed Predicted
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TRACE 45.6 149.71 4.2 8.25
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4. Discussion
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