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Abstract. This study focuses on the diagnostic capabilities of the TRACE and SOHO-CDS instruments to describe the physical
characteristics of quiescent solar active regions. In particular we concentrate on the 1 MK loops, best seen in the TRACE
EUV 173 A passband. These are high-lying structures which can remain stable over timescales of hours to days. We present
simultaneous observations offdimb active region 1 MK loops performed with TRACE (173 A and 195 A bands) and the
SOHO-CDS. The CDS spectral capabilities complement the TRACE observations well and allow an in-depth study of the
plasma properties. Some important new results are presented here. In terms of cross-field characteristics, we find that these
loops are isothermal and much cool&r £ 0.7-1.1 x 1(f K) than the surrounding ffuse high-lying active region emission

(T ~ 2x 10° K). We show that the diiuse background-foreground constitutes the bulk of the high-lying quiescent active region
emission. We explain some of the discrepancies found by various authors (based on SOHO and TRACE observations) with
an overestimation of loop temperatures and densities. This was caused by inaccurate or neglected background subtraction in
the data analysis. We studied the leg of a 1 MK loop and found that along its length temperatures and densities have steeper
profiles compared to those derived from previous studies based on TRACE observations. The observations are consistent with
an element abundance FIRext of about 4, filling factors close to unity, and a constant density across the loop. We find a
remarkable consistency between the CDS and TRACE observations, although we also find severe limitations to the use of
TRACE diagnostic techniques.
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1. Introduction Even without direct evidence of flares, many active regions
. i i are very dynamic. For example, they produce “codl’ ¢

The T_ransmon _Reg|o_n and Coron_al Explo_rer (TRAC_E) INStrupos K) transition region loops with large flows (see, e.g. Brekke

ment is exceptional in terms of high spatial resolution’(p.5 et al. 1997). Often “hot” loops are also present but not neces-

high temporal resolution (of the order of 30 s or less) and al!3>9Lrily co-spatial (see, e.g. Fludra et al. 1997; Kjeldseth-Moe &

a rela_tively Iarge field of view. .TRA(.:E has provided somg o\ o 1998). Hot and cool loops can change their appearance
beautiful EUV images and movigswhich have changed our ver timescales of minutes

view of the solar corona, in particular of active regions (ARs), . . .
Nonetheless, a large number of active regions experience

with their ubiquitous loop structures. Loops have been stud- . o N . . .
ied for a long time with many instruments flown in space, i relat|vely. quiescent” stage, in wh|gh their morphology does
cluding those on-board Skylab and the Solar and Heliosphe'?f?:t apprec.|ably change over long periods of “”.‘e: hours or:aven
Observatory (SOHO). The literature is extensive (see, e. ‘f."yf" In_thls paper, we focus on the characteristics of t_he typ-
Orrall 1981; Bray 1991, and references therein for the staéuzsil quiescent coronal loops. These loops are seen in upper

of the knowledge before SOHO and TRACE were launche ansition-region or coronal lines (emitted t= 0.7-1 MK)

Briefly, loops have a wide range of sizes, temperatures and Ii%ﬁnédTrSKrceéeln;stgeagglks OOL,%UII'I? ?E%n\'; ﬁ‘T:; I?nOp_Sl_e?:SS:JVZ? n
times. The spatial and temporal relationship betweéiemint ging b

loops remains elusive. Active regions are often characterise {1 Abandpassess. We shall hereafter call them *1 MK loops".

. . . ese loops are long lived (hours to days) and are very ex-
many events that complicate the picture, such as magnetic f{ux . . .
ended. They are normally anchored in strong unipolar regions

emergence, continuous small scale flaring (see e.g. Del Zanrr% connect either fierent active regions or the two polarities
2002a), occasional large flares, post-flare loops, and filam&h 9 p

eruptions (see, e.g., Gibson et al. 2002; Pike & Mason 20025%”053_ the neutral_ line (s_ee, €.g., Schrijver et_ al. 1999).
Quiescent active region loops are the simplest structures

which need to be understood, before attempting to explain

Send g@print requests toG. Del Zanna,

e-mail:G.Del-Zanna@damtp . cam. ac . uk more complex and dynamic features. However, the current ob-
1 see, e.g. the CDROMin Sol. Phys. vol. 187, 1999, and the TRACEETvational knowledge of even these loops is rather limited. The
WWW pagehttp://vestige.lmsal.com/TRACE/ presence of 1 MK loops in active regions has been known for

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20030791



http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20030791

1090 G. Del Zanna and H. E. Mason: SOHMIDS and TRACE observations

more than three decades from Skylab and other XUV obsére subject (see, e.g., Reale & Peres 2000; Aschwanden 2002;
vations (see, e.g., Cheng 1980). However, most authors hiMeartens et al. 2002; Schmelz et al. 2002).

either concentrated on the cool loops seen in transition region We have re-analysed the loop described in Schmelz et al.
lines (formed in the range 50 06800000 K) or on the hot (2002), and one of the loops analysed by Lenz et al. (1999)
loops (mostly post-flare), observed in lines formed at tempesmyd Aschwanden et al. (2000). We contend that the fact that
tures of at least 1.53 MK. Indeed, there are only a few paperslifferent authors have obtained veryfdient results has two
with detailed spectroscopic studies of coronal loops. Befongain causes. First, the background emission has been neglectec
SOHO, notable exceptions are the studies of Gabriel & Jordantreated improperly in the data analysis, leading to an over-
(1975), Dere (1982), Raymond & Foukal (1982) and Doylestimation of loop densities and temperatures. These loops
et al. (1985). However, in most of these cases the attention weere observed f&-limb, where contamination by foreground
drawn to the cool emission, where diagnostics were availalbdad background emission is high. This contamination (called
These early observations had various limitations in terms ‘@i ffuse background” in this paper), constitutes the bulk of the
temporal, spectral and spatial resolution. high-lying active region emission. Second, the loops observed

Recently, several authors have used TRACE data to st TRACE and CDS were intrinsically fierent types of loops. -
the characteristics of quiescent coronal loops. The studies in- 1€ main aim of this paper is to use simultaneous multi-
clude those by Lenz et al. (1999), Aschwanden et al. (2006 'Eer TRACE and CDS observations to define the true nature
Chae et al. (2002), and Testa et al. (2002). Other worREquiescent active region loops. This has been achieved by:

(Aschwanden et al. 1999; Neupert et al. 1998) were based#®ncritically assessing the diagnostic methods and capabilities
SOHO-EIT observations. Lenz etal. (1999) analysed 4 TRACE of the TRACE and CDS instruments for the study of these

loops, assuming that they are isothermal along the line of sight. 1 MK loops;

They found nearly flat emission measure and temperature p§-investigating the importance of subtracting the background
files along the length of the loops. The temperatures were all emission, both for spectral and imaging data, and how it

the same,T ~ 1.3 MK. These results are in stark contrast affects measurements;

with the predictions of hydrostatic models such as that 08¢ comparing results obtained from CDS and TRACE.

of Serio et al. (1981), which predict a steep temperature de-

crease toward the loop footpoints, and much lower emissi , i . i
measures than those observed. Aschwanden et al. (2000) ahBACE instruments and their diagnostic capabilities. In Sect. 3

ysed a large number of TRACE loops, deriving density arfie present the obser_vations and results base_d on the direct
temperature profiles. The maximum temperature for each loghS TRACE comparison and on the CDS diagnostics. In
was obtained assuming that each TRACE loop is composeddict: 4 We discuss the TRACE diagnostics, while in Sect. 5
many threads of dierent temperatures, and using an hydr?f‘-’e draw the conclusions.

static model. Aschwanden et al. find slightly lower maximum

temperatures compared to those derived by Lenz et al. (in theThe TRACE and CDS instruments

range 1.11.4 MK for the same loops) but overall confirm their

results, with temperatures decreasing only by about 10% € TRACE instrument observes the solar corona in three
ward the footpoints for most loops. EUV filters, centred around 173, 195, 284 A. TRACE is de-

, scribed in Handy et al. (1999) and in the TRACE User Guide
Overall, the published results based on TRACE and E|fitten by B. Bentley. The TRACE EUV filters are similar to

show some contradictions, which at first sight could be g}jose of the EIT instrument (Delaboudiniere et al.1995), cen-
tributed to the diagnostic techniques and the uncertainties g@sy 5round 171, 195, and 284 A.
sociated to the nature of the TRACE and EIT instruments g5, hoth TRACE and EIT, the diagnostics (temperatures
which produce images in spectral bands of a few A. The begly emission measures) are obtained with the filter ratio tech-
way to confirm results based on imaging instruments is {9, e (see Sect. 4 for details). Itis common to assume that most
analyse simultaneous spectral data. The Coronal Diagnogfi¢he emission in the three coronal bands is due to Fe IX-X,
Spectrometer (CDS) on board SOHO is exceptional in terpg x| and Fe XV respectively, and to assume that the plasma
of its diagnostic capabilities, for example to determine eMi%s jsothermal along the line of sight. For both EIT and TRACE,

sion measures, electron temperatures and densities. The MalNsirst two coronal filters are the most widely used, since
drawback with CDS is its relatively low spatial resolution (0f,a 284 A filter has a much lower sensitivity.

the order of &7”) and the length of time required to scan the  here are various problems with the filter ratio technique.
field of view. One is that the coronal bands are not isothermal, in the sense

There are several publications based on CDS observatitint lines that are formed over a wide range of temperatures
of AR loops (e.g., Mason et al. 1999), but only a few papecontribute to the signal in each band. For the EIT, this has been
have dealt with detailed studies of a coronal loop. The madiscussed in Del Zanna et al. (2003) with a direct comparison
detailed work is that of Schmelz et al. (2001). Their results apetween CDS spectra and EIT images. The TRACE case is dis-
parently conflict with the TRACE results, primarily because thaussed in Sect. 4 below. The various problems have flieete
loop analysed by Schmelz et al. did not appear to be isothernthft temperatures derived from the filter ratios are not uniquely
either along the line of sight, or along its axis. This contradicletermined, and can be veryfidirent from the temperatures
tion has led to intense debate and several other recent paperdarived directly from the spectra.

Sect. 2 we present a short description of the CDS and
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The CDS observes many emission lines from a large nubve treated with caution, given the approximations used and the
ber of ions, covering a wide range of temperatures. It is thefest-order ¢fects that have often been neglected (see Del Zanna
fore the perfect instrument to complement imaging obseatal. 2001b, 2003).
vations, because temperatures can be accurately determinedrinally, the plasma filling factor§ can be determined once
CDS consists of two instruments (described in Harrison et ghe total emission measueeM = fDE M(T)dT is calculated,
1995): a Normal Incidence Spectrometer (NIS) and a Grazitige average density N > is estimated, and the line-of-sight
Incidence Spectrometer (GIS). Here we only deal with NIS obepthAh of the volume of the emitting plasma is measured:
servations. The NIS detectors observe two spectral ranges si-
multaneously (NIS 1: 308-379 Aand NIS 2:513-633A).cDg _ _ EM o)
can provide monochromatic images with’a«4’ field of view < Ne >2 Ah
by rastering of a long slit (from West to East).

Different spectroscopic techniques can be applied ﬁgllng factors are diicult to measure because of the many un-

CDS observations. For general definitions and applications Eﬁrtainties in the estimates of emission measures, densities and

this subject see, e.g., Mason & Monsignori Fossi (1994) ar\éa utmes. Thg qwescer}ttﬁ MK.IOOFI)S trn outt to bz (t)ne of thte
Del Zanna et al. (2002b). The intensit;;), of an optically est cases, because of their simple geometry and temperature

thin spectral line of wavelength; can be written: structure, as discussed below.

() = f Ao(X)C(T, 4, Ne) DEM(T) dT (1) 2.1 Data analysis

DEM(T) = NeNH3—$, A(X) is the element abundance, aNg routines available within SolarséffThe main p_roces_sing i_s the
andNy (cm3) are the electron and hydrogen number densitidgmoval qf a dark current and of the er_1erget|c partlgle hits, per-
Thecontribution function €T, A;j, Ne) of each line contains all formed with the progranirace prep. A first-order estimate of
the atomic parameters, in particular the ionization fraction. i€ uncertainties is calculated assuming Poisson statistics.
is peaked in temperature, confining the emission to a limited The analysis of the CDS data is more complex, and was
temperature range. performed with user-written programs, together with the stan-

The conditions in the “quiet” solar corona are such th&grd ones available within Solarsoft (details may be found in
ionization equilibrium normally holds, and tI&(T)s are cal- DelZanna 1999; Del Zanna et al. 2001a). Line intensities were
culated using ionization balance calculations. These in tupRtained by using multiple Gaussian line-fitting routines (see
therefore have a significant role in the derivation of BeM. Haugan 1997) on the corrected spectra, removing'tbe-

The CHIANTI package (version 4.01, Young et al. 2003) hdiuum” intensity, which is mainly due to scattered light in
been used here to calculate the contribution functions of tH& NIS.
observed lines, assuming collisional ionization equilibrium. ~ The CDS calibration of Del Zanna et al. (2001a) has been

The DEM analysis was performed using a modified veigdopted here, with a correction to take into account ffects
sion of the Arcetri inversion code (Monsignori Fossi & Landindn the NIS detector of the gain depression caused by expo-
1991). Plots ofDEM values are not presented in this papegures with the wide slit. This calibration is in overall agreement
Instead, we provide examples of the use of the emission m&k-30%) with the CDS standard calibration (see Del Zanna
sure loci method (see Del Zanna et al. 2002b, and refereng@82 and Lang et al. 2002, for details) for most part of the
therein for details). This method consists of plotting the r@pectra, although somefiirences can be as high as 50%. For
tios of the observed intensitigs, and the contribution func- example, regarding the Mg VIl density-sensitive 26 A ra-
tions I op/(Ab * C(T)) as a function of temperature and use théo, the CDS standard calibration gives values about 50% lower
envelope of these curves to constrain the emission measure #ign those presented here.
tribution and the relative elemental abundances. This method
is particularly useful when the plasma emission along the line )
of sight is nearly isothermal, since in this case all the curvés 1 he CDS and TRACE observations

should cross at one point. o o ‘We searched the entire TRACE and CDS databases to look for
The CDS wavelength range is rich in density diagnostiggnitaneous CDS and TRACE (173 and 195 A) observations
(see Mason et al. 1997), mainly confined to high-temperatygyyiescent active regions. Very few cases were found. One of
lines (above 1 MK). We provide estimates of the electron dengis (HEM) was CDS planner during May 1998 and coordinated
ties (averages over the line of sight) using line ratios calculatgquek_bng Fort to obtain simultaneous CDS and TRACE
at the appropriate temperature, and including proton alongsiijservations. The CDS observing sequences were designed by
electron collisional processes. , Peter Young. On May 2 1998, CDS and TRACE observed an
Another parameter which can be determined spectroscafiive region on the limb for most of the day. This active region
cally is the composition of the coronal plasma. Coronal abufiag very quiet during the entire observation period. Here we

dances have been found tdfer from photospheric values inpresent results of only the first hour-long set of TRACE and
a way which appears to be related to the first ionization peps simultaneous observations.

tential (FIP) of the various elements (see the reviews of Fludra
& Schmelz 1999; Raymond et al. 2001). Some results shoulé http://www.1lmsal.com/solarsoft/




1092 G. Del Zanna and H. E. Mason: SOHMIDS and TRACE observations

Table 1. Principal lines present in the ARION CDS-NIS study.
Wavelengths are taken from the CHIANTI database. When only
decimal place is indicated, the lines are blends of at least two
sitions. Some of the principal blends are listed, as well as the |
ber of transitions within a multiplet. The approximate temperatur
maximum ionization fraction is also indicated. The lines used fot
EM loci plots in the loop (L) and background (B) regions are mat
with a star. Some are not selected because of low intensities or b
Those in parentheses have been used only in a limited numk
cases. The lines used for density diagnostics are marked with
(the Fe XIV 353.8334.1 A ratio is in the low-density limit and hi
not been used).

lon 1 Tmax NIS L B
A) (log)

Mg VIl (bINiXV)  319.027 58 1 d

Si VIl 319825 59 1 * %

Fe XIII 320809 62 1 d

Fe Xl 321.4 6.2 1 d

Fe XIV 334.172 6.2 1 *

FeXll(blCaVIl?) 346.852 62 1

SiX 347402 61 1 d

Fe Xl 348.183 6.2 1 *

Mg VI (4, bl Fe XI)  349.2 57 1 (®

Fe XIV (bl ?) 353.831 62 1

SiX (2) 356.0 61 1 d

Fe XI (bl Fe XIV) 356.5 6.1 1

Fe XIII (2) (bl?) 359.8 6.2 1

Fe XVI 360.761 6.3 1 *

Mg VII 363.772 5.8 1

Fe XII 364.467 6.1 1 *

Mg VI (3) 365.2 58 1 * *

Mg VII (2) 367.7 58 1 * *

Mg IX 368.070 60 1 * *

Si XlI 520.665 6.3 2 *

caX 557.765 5.8 2

Ne VI 558.594 56 2 * *

Ne VII 561.728 5.7 2 * *

Ne VI (bl) 562.803 56 2 * *

Si X1 (bl ?) 563.957 6.2 2

He | 584.350 45 2

ol 599.597 51 2

Mg X 624941 60 2 * *

OV (bIMgVlllllo) 629.732 54 2 (¥ (%

2—MAT—98  DF:38:28 2—MKT—98 0§ 48:25

)
(4

Z—MET—OR  0G:58:29 Z—higv—0R 07:08:30

Z—MET—QBR  07:20:10 Z—hisr—08 07:38:31

J;“ i

Fig. 1. Sequence of TRACE 173 A negative images of the active re-
gion. Many loops are visible. The images are plotted with the same
intensity scale, and show that the loops were stationary during the
whole period of the CDS observation.

that a pixel is equivalent to 1.68&long the slit. The study was
designed to rebin the spectra by a factor of two along the slit,
giving a scale of 3.36 still lower than the instrument resolu-
tion (5-7").

The NIS observation started at 6:38 UT and ended
at 7:40 UT. The area of the raster was approximatély 4/,
with an exposure time of 47 s for each exposure. The NIS ex-
traction windows contained a large selection of lines covering
a wide range of temperatures (see Table 1).

Figure 1 displays a sample sequence of TRACE 173 im-
ages, showing the presence of a system of quiescent 1 MK
loops. These loops were in fact very stable during the whole

TRACE observed the AR with both 173 and 195 A bandperiod of the CDS raster. Berence images only show small
alternating between the two, with a cadence of 2 min (i.e evariations, at maximum of the order of 10%. Largdfeliences
ery 2 min two exposures in the two bands were recorded). Tivere observed at the limb, but ndf-éimb. The active region
exposure times were 27.56 and 23.17 s for most exposuresyas also very stable as seen in the 195 A band.
the 173 and 195 A bands respectively, leading to data num- Monochromatic images were obtained from the NIS data

bers (DN) per pixel of the order of 100 in the active region.

and are are shown in Fig. 2. This active region presents the

The CDS observation consisted of a NIS raster (CDS stutypical characteristics of the quiescent active regions observed

AR_MON) formed by scanning with the”’4x 240" slit, over

by CDS. The maximum visibility of the loops is in the upper

a period of about an hour. The plate scale at the CCD is sucansition region lines such as Mg VII, Ca X, Mg IX. These
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0w 828.7 Alog T = 5.4 Ne VIl 581.7 A log T =5.7 TRACE 171 — avg. 07:04:2% — 07:12:30 UT TRACE 195 — avg. 07:03:57 — 07:11:58 UT

-

Mg VIl 3677 Alog T = 5.8 Ca X 557.8 Alog T =5.8

F

Fe ¥l 348.2 A log T = B.2

TRACE 171 — avg. 07:04:29 — 07:12:30 UT rebinne TRACE 195 — avg. 07:03:57 — 07:11:58 UT rebinned

£ F

Mg IX 3681 Alog T = 6.0 Fe Xl 3845 Alog T = 6.1

Fig. 2. Monochromatic images (negative) of the NIS observation. ~ , J

loops are only seen in upper transition region lines (Mg VII, Ca

emitted in the range Log = 5.8-6.0, a clear indication of their Fig. 3. From top to bottom: TRACE 173 and 195 A negative images

isothermality. of the active region; the same images rebinned by a factor of 10 (each
pixel size= 5”); the CDS images in Mg IX and Fe XIlI; Note: 1) the
strong similarities between the TRACE 173 A and CDS Mg IX, which

loobs are not visible in hiah-temperature (e.q. Fe XlI I.neconfirm: a) the lines that contribute to the 173 A band are emitted
P ViSi in hig P ure (€.9. )l Byer similar temperatures as Mg IX; b) the CDS spatial resolution

nor in cooler TR lines. At higher temperatures, between 35,0 oximately 5. 2) The almost complete absence of loop emis-
and 2 MK, the active region produces onlyfdse background gjon in the TRACE 195 A image. 3) The presence of structures in the

emission. At even higher temperatures low-lying hot l0opRRACE 195 A image that cannot be attributed to Fe XII emission.
are present, as seen in e.g. Fe XVI. These loops do not have

any direct spatial relationship with the 1 MK loops, but are
the loops that are normally observed with e.g. Yoh/soti.
YohkolySXT did not observe this active region simultaneously,RACE viewpoints. The TRACE images have been rescaled
but full-Sun images before and after the CDS observation dd-1, where SOHO is located. The CDS pointing was very ac-
available. The images in the AlMg filter show exactly the sansirate, as confirmed by the location of the solar limb as seen
structures seen in Fe XVI, and also show that this active regiorHe |. The TRACE pointing was also good, and only required
was quiescent at these hotter temperatures for at least a fawadjustment of'3 This was obtained by alignment of distinct
hours. features (solar limb, loops) as seen in the 173 A band and in the
For a direct comparison with the CDS raster, two averagédPS coronal lines.
TRACE images (one for each bandpass) have been constructedfFigure 3 shows the TRACE 173 and 195 A images of the
by taking five exposures in the time range %=@412 UT, i.e. CDS field of view, together with the CDS images in Mg IX
centred around the time when the CDS slit was positionadd Fe XII. The latter images should show exactly the same
near the leg of the northernmost loop, which is discussedfeatures of the two TRACE bands, if these are dominated by
detail in Sect. 3.1 below. The TRACE and CDS observatiofe 1X-X and Fe Xll emission. However, somdtérences are to
have been accurately co-aligned, taking into account fffiereli be expected because of théfeient spatial resolutions (a CDS
ences between the spatial scales as seen from the SOHO kel is 404" x 3.36” while a TRACE pixel is 505x 0.505”

Fe Xvl 3B0.8 Alog T = 8.3




1094 G. Del Zanna and H. E. Mason: ¢
at L1). For a more direct comparison, Fig. 3 also shows t S L= i el s L
TRACE images rebinned to a 5/0%esolution. L ]
We derive quantitative results in later sections, but first \ L ]
stress some important points that can be deduced immedic  _szpf- 4
from the simple direct comparison between the CDS and - L i
TRACE images: L E J
1) the 1 MK loops seen in TRACE 173 A must be almo
isothermal along the line of sight, otherwise they would |
visible in CDS lines emitted over a broad range of tempt--.
atures. There is excellent consistency between the TRA%
173 A image and CDS images in lines emitted at-Q.® MK =
(e.g. Mg IX);
2) these 1 MK loops are much cooler than the surrounding ¢
fuse emission, since they are visible in CDS lines emitted
lower temperatures;
3) these quiescent 1MK loops, as normally the case in TRAI
images, are clearly visible in the 173 A filter, but not in th
195 A one, where the emission is moréfdse. This immedi-
ately raises a question about the applicability of the filter-ra ;
method. In fact, for this method to produce meaningful valu 830 900 920 940 980
not only must the plasma be isothermal along the line of sig * {arceace]
but also the emission recorded in the two bands must have bega. The areas selected to obtain average spectra in the loop (marked
produced by a plasma that is co-spatial; in white) and in the background (marked in black), projected on the
4) the difuse background along the line of sight representsTRACE image. Also shown is the area selected to show profiles of
significant fraction of the loop emission (examples are givéfunt rates across the loop.
below, see e.g. Fig. 5);

o) some of the 1 MK loops are partially visible in thettransition region temperatures. There is #isient spatial

TRACE 195 A filter. However, the signal recorded by TRACIgverlap between the CDS and TRACE observations to allow

in this band cannot always be due to Fe XII emission, otherwig irect comparison over the loop leg and its adjaceffiist:
aII_thg loops .WOUId b.e glearly visible by CDS in Fe XII Ilnesoackground region. The main uncertainty lies in the selection
or in ions emitted at similar temperatures. Below we argue ﬂg‘ftsuitable background regions close to the limb, for both in-
in some cases the 195 A signal is composed of a superposi Miments '

of :j|f];fuse AHR backglrounq and of Fe VIII emission originating The TRACE 173 A images show that the loop is composed
only from the 1 M'_( oops, i of at least three strands, a main one in the centre and one on ei-
6) the CDS spatial resolution is approximately @, and yher sige which only contribute a fraction of the total emission
not larger as some authors have claimed (e.g=180 In  (qeq Fig. 5). The width of the main strand slightly increases
Aschwanden 2002); _ with height. To estimate the width of the strand we can rea-
7) with the TRACE resolution, most loop structures appear §naply assume a cylindrical shape. If we assume a constant
be composed of multiple threads. The loops visible in CDS afgnsity inside the strand and optically thin emission, we can
therefore a superposition of several threads, as seen in TRAGKculate the predicted intensity profile across the loop, as a
8) there are almost no regions free of AR loop emission, Whiglinction of the loop radius and with an adjustable constant fac-
can be used for a proper background subtraction. This hotgg we find a good agreement between the 173 A profiles and
for both TRACE and CDS, and represents a severe ||m|tat|qn|,dths ranging betweensnd 1% (See F|g 5 for an examp|e)_

in particular for di-limb datasets. One exception is discussedDS did not resolve the three strands observed by TRACE, but
below. clearly resolved the overall loop structure.

In order to reduce thefiects of energetic particle hits and
increase the signal-to-noise, five spatial positions have been se-
lected for subsequent averaging (for both CDS and TRACE)
We have selected the long loop that extends northward of #ieng the loop leg region (A, B, C, D, E shown in Fig. 4). These
active region for detailed analysis. This loop, clearly visible iregions contain only a few CDS pixels each, but a large number
the TRACE 173 A image (see also Fig. 13), is a rather lomj co-spatial TRACE pixels. Obviously, the TRACE areas are
one, with a projected semi-length of approximately 150 Mmoot optimal, since they also include some background (a better
CDS only observed the leg of this loop, up to abo(® df its  selection is provided later in Sect. 4.1). The background regions
length. Moreover, it is dficult to assess the exact location ofvere selected near the loop regions, in areas free of contami-
its footpoint, probably very close to the solar limb. Howevenation. This was simple for regions C, D, E, while it is obvi-
spectroscopic observations of loop legs are important, simmasly dificult to define appropriate background areas A and B.
the TRACE passbands cannot provide any useful informati®esults related to the latter background areas should therefore

3.1. A closer look at the loop leg
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Table 2. CDS and TRACE measurements concerning the selected regions (A-E), in the loop leg (Loop), the adjacent background areas
(Backgr.), and the corresponding background-subtracted values. The averaged distances along the loop (starting from the limb, where region A
is) are shown in the first row. Electron densitiég10° cm3) have been derived from the averaged CDS spectra and the Del Zanna et al. (2001a)
calibration. Temperatures, derived from tDEM method, and total emission measukdd = f DEM(T)dT are also shown. The bottom part

shows the averaged TRACE count rates (DN@ix~1) in the two bands} (173 A) andl (195 A), together with their ratios.

A B C D E Region
Distances along the loogy 0 8 25 40 60
Ne(Mg VII) 32 +12 26+ 6 11+8 13+6 8+8 Loop
Ne(Mg VII) 38+19 24+ 15 4+ 4 3+3 25+25 Loop (backgr. sub.)
Ne(Si X 356/347.4 A) 9+1 6.7+ 0.8 63+05 56+06 53+0.6 Backagr.
Ne(Fe X111 320.8321.4 A) 9+1 79+02 89+2 6.7+1 63+1 Backgr.
Ne(Fe XII1 320.8348.183 A) 11+ 2 89+1 75+1 75+09 6.0+ 0.7 Backgr.
Log Te(K) 5.83 5.87 5.9 5.92 5.95 Loop (backgr. sub.)
EM (10°% cmr®) 19 11 4.9 1.4 0.5 Loop (backgr. sub.)
I (173 A) 70+ 0.5 70+ 05 56+04 45+ 04 35+03 Loop
I (195 A) 67+06 66+05 52+05 45+ 0.4 38+04 Loop
I (173 A) 34+0.3 32+03 40+04 30+03 21+03 Backagr.
I (195 A) 33+04 49+05 52+05 43+04 35+04 Backgr.
I (195 Ayl (173 A) 094+ 023 045+0.20 - 013+0.13 021+0.21 Loop (backgr. sub.)
I (195 Ayl (173 A) 096+0.10 094+010 093+011 10+013 109+0.17 Loop

Also note that even in the lines where the loop is visible, the
contribution from the dtfuse background is significant.

o 173 A
A 195 A

3.1.1. Densities and temperatures of the loop
and background
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First, we want to measure the electron density, inside and out-
side the loop. In the diuse background regions, this is rel-
atively straightforward, since a number of diagnostic line ra-
tios are available (Si X, Fe XIII). The results are displayed in
Table 2. Obviously, these values are averaged ones along the
line of sight, which is quite large (the extent of the active re-
gion), but should be fairly close to the actual values near the

- e 1 30 Joop. Infact, there are no obvious inhomogeneities in the back-
° vk 20 25 ground emission and the density is expected to féikrponen-
Fig.5. The profile of the TRACE count rates across the loop CIO?tially in the radial direction (a refined estimate would require

o : X T : version of the Abel integral and some assumptions). Note the
to area C (see Fig. 4). Over-plotted with a dashed line is the 173i0d agreement betweegn the densities derivgd frdizardht

intensity profile that would be expected from a circular cross-secti?r? ) . he f hat th "
with constant density and a width of 8Note the small dference in ine ratios and ions and the fact that the densities are about a

the loop and background signal, in particular for the 195 A band. factor of 2 higher than the corresponding values in the quiet
Sun (see Del Zanna 1999; Fludra et al. 1999).

For the loops, we have the problem that the intensities of
be regarded as the most uncertain. The CDS and TRACE mgost of the density-sensitive lines are, within uncertainties,
sults associated with the five regions are shown in Table 2. the same in the loop and background regions. The only ex-

CDS line intensities have been obtained from the averagesption are the Mg VIl lines. The Mg VII 319 A line can be
spectra, with multiple line fitting and removal of the “continused to estimate densities, in conjunction with one of the other
uum” emission. A sample of a few NIS averaged spectra fibtg VIl lines. It is normally a rather weak line, but since most
region B are displayed in Fig. 6. The signal in each averagefithe emission of the loop leg comes from plasma at temper-
spectrum is very good. It is obvious that the loop has increassdres where Mg VIl is most abundant, this line is easily de-
emission only in lines emitted at temperatures-@. ®K (such tectable in the spectra close to the base of the loop (see Fig. 6,
as Mg VII, Si VIII, Mg IX). In hotter lines (such as Fe XII), the top left). To isolate the emission originating only from the loop
coronal emission is mainly due to the ARfdise background. we need to subtract a background intensity, which significantly

~

Average DN s

5
i
e
&
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Fig. 6. Sample averaged spectra (photon-events vs. wavelengths in A) for the loop area (above) and background (below) of region B (see Fi
Note that the intensity of the spectral lines formed above 1 MK are almost the same in the loop and background regions, indicating that mc
the emission is in the background. Also note in the loop area the large increase in the emission of lines formed-iQ &K 7ange (e.g.:

Mg VI, Si VIII, Mg IX). The lines shown have been used for density, emission measure and elemental abundance estimates.

increases the uncertainties. We provide in Table 2 both dendihe of sight, with a flat emission measure distribution at higher
estimates, calculated by subtracting (or not) the backgroundiemperatures @2 MK), typical for an active region.

tensities. Accurate measurements af@dlilt, mostly because  \We have performed various tests and came to the conclu-
of the uncertainty in removal of both the pseudo-continuum #jon that these results are quite robust, since they do not ap-
the NIS spectra, and of the background intensities. Howevgfeciably change if dierent ion fractions (e.g. Mazzotta et al.
the indication is for high densitiedlg ~ 3x 10° cm®) near the 1998) or densities are used. TBEM analysis produces the
base, and a rapid decrease with height. same results.

Now a word of caution about the use of Mg VII 319.0 A. It is interesting to note that the thermal characteristics of
This line can be blended with a Ni XV, if there is very “hot’the loop leg are quite similar to those of the coronal hole plume
emission along the line of sight. We have perforrd&M anal- bases (see Del Zanna & Bromage 1999; Del Zanna et al. 2003).
yses on the line intensities of various regions of the CDS rasterfact coronal hole plumes are also isothermal, cooler than
and found that in the places where the Fe XVI emission is vatyeir background, and have emission measures that peak at the
high (in most of the AR but not where the loop analysed heresame temperatures.
located) the Ni XV line can contribute about 25% to the blend.

Second, we want to estimate the temperature distributigr‘i 2. Elemental abundances and filling factors
of the plasma along the line of sight, in both the loop leg™

and the adjacent background regions. We have performed bigtixt, we estimate the relative elemental abundances between
the DEM and the emission measure loci methods, using a $éw- and high-FIP elements. Here we have the additional prob-
lection of lines that are approximately density-insensitive (sg#m that at the loop temperatures only a few high-FIP ions emit
Table 1). at the CDS wavelengths. Basically, only Ne VIl and Ne VI.

The Ios/(Ap = C(T)) curves, calculated with the coronailhese ions produce lines in the NIS spectra that are only ob-
abundances of Feldman (1992), and a denblty = 7 x Servable close to the base of the loop (see Fig. 6), where the
108 cm3 and the ion fractions of Arnaud & Rothenflug (1985§iensity is higher. In these areas, a Fifeet of 3-4 has been

are displayed in Fig. 7. The emission measure loci methBtasured, using bothEM and emission measure loci meth-
clearly show that: ods. This FIP fect is consistent with the coronal abundances
1) the plasma in the loop leg is isothermal, since all the curvOfse'g' F_eldman (1992) gnd Fludra & Schmelz (1.999) where
cross at one point; ' ffie relative low-FIP vs. high-FIP abundances are increased by
' a factor of about 4, compared to their photospheric ratio values
2) the emission measures peak at upper transition region tgfAe main diference lying in the absolute scaling). The Ne VI
peratures (Mg VII, Ca X), with a rapid decrease from 0.8nd Ne VII EM loci curves are also displayed in Fig. 7 and

to 0.7 MK toward the footpoint; show good agreement with those of Mg VI, Mg VII.

3) the thermal distribution in the filuse background emission It is also important to know the elemental composition of
is very diferent. Mainly because is not isothermal along th@e coronal plasma in absolute terms (i.e. relative to hydrogen).



G. Del Zanna and H. E. Mason: SOHIDS and TRACE observations 1097

Region A — Loop Region A — Background
T T T T

\\ k s
\ O"/
\

TheDEM analysis of region B produces a toEil = 1.1x
10%” cm™, using the coronal abundances of Feldman (1992).
The estimates of the depth of the loop and the averaged density
are 8 (5.8 x 10° cm) and 22 x 10° cm 3, giving < Ne >2?
Ah = 3x 10?7 cmr®, i.e. a filling factor close to unity (0.3).
Region A has a similar value, while the others have unphysical
filling factors (values greater than one), an indication of the fact
that the densities obtained from the subtracted line intensities
are probably underestimated. For regions A and B, the absolute
abundances of the low-FIP ions could be at most reduced by a
factor of 3 (i.e. to values close to the photospheric ones), which
would produce a maximum filling factor of 1.

log EM [cm™]
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4. The TRACE filter ratio method

Having established the main characteristics of the 1 MK loops,
we now discuss the applicability of the filter ratio method to
TRACE observations of these types of loops. Any filter ratio
method relies on complete and accurate atomic data, both in
terms of atomic processes within each ion, and in terms of the
ionization balance. The largest uncertainties are currently re-
lated to ion balance calculations. In particular, many ions in-
cluding those from the Li and Na isoelectronic sequences have
demonstrated an anomalous behaviour, with large departures
between predicted and observed emissivities. This problem has
been known for more than 30 years but has been largely ignored
(cf. Del Zanna et al. 2002b).

For an assessment of the filter ratio method it is important
to know which spectral lines are the main contributors to the
TRACE loop observations. We do not have direct spectral mea-
surements of the TRACE bands in this case, but we have found
that the AR 1 MK loops have strong similarities with the coro-
nal hole plumes. It is therefore reasonable to expect a simi-
lar situation to the one described by Del Zanna et al. (2003),
where near-simultaneous CDS-GIS and EIT observations of a
plume were analysed. They found that Fe VIII emission was
the dominant contributor to the EIT 195 A passband. In the
quiet Sun or in the diuse background emission the situation
S TSI R S is quite dfferent, since the main contribution to the EIT 195 A

‘ - ‘ R ' filter is from Fe XlI lines, mixed with some Fe X, Fe XI and
Fig. 7. The emission measure curves obtained from the backgrourke® Xl emission.
subtracted line intensities of the loop (left) and those of the back- To show that Fe VIII emission is also very important for the
ground (right), for the regions A-E. The ionization equilibrium calculTRACE 195 A observations of the 1 MK loops discussed here,
lations of Arnaud & Rothenflug (1985) have been used, with the corgre have taken thBEM of region C (background-subtracted),
nal abundances of F_eldman (1992). The Ii_nes plotted here are listed {Y calculated a theoretical spectrum using the same parame-
Table 1. The curves in loop regions A,_B_Wlth !owé’sa_re c_iue to_OV. ters (CHIANTI v.4,Ne= 7 x 108 cm3, coronal abundances
They should be regarded as upper limits, since this linefidimb ¢ £o)qyan 1992, and the ionization fractions of Arnaud &
spectra is blended (see Del zanna et al. 2001a). Rothenflug 1985). Note that theEM of region C is highly
peaked at log (K) =5.9. The results for the 173 and 195 A
bands are displayed in Figs. 8 and 9 (top spectra). Then, we
CDS does not allow such a direct measurement. Howeverhéve folded these spectra through the TRAGEaive areas
is interesting to note that accurate measurements of densit{gspund calibration), obtaining the results shown in the bottom
emission measures and volumes of isothermal plasmas in pspectra.
ciple allow an indirect measurement for a lower limit on the ab- A few points are worth noting. First, that the dominant con-
solute abundances of the low-FIP ions (since the filling factibution to the 173 A band comes from Fe IX and Fe X lines,
cannot be greater than one). This is not true for multi-thernme expected. Second, that for the 195 A band most of the emis-
plasmas, where it is flicult to uniquely define an emissionsion is apparently due to Fe VIIl, and not to Fe XII. This result
measure corresponding to specific temperatures and densitissvery similar to that one obtained for EIT and the coronal
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Fig.8. Top: simulated spectra for the region C (background-, ) A
subtracted) in the TRACE 173 A band (the TRACHeetive area, "19-9-Same as Fig. 8 for the 195 A band.

rescaled, is shown with a dashed line). Bottom: simulated spectra
folded with the TRACE &ective area.

Regarding 1), we note that all the results based on the

TRACE temperature sensitivities (which includes the filter ra-

hole plumes by Del Zanna et al. (2003). Third, that the totgh method) should be revised since the TRACE response func-
predicted count rate for the 173 Aband is 2.9, in overall agregons available to the community via Solarsoft were calculated
ment with the background-subtracted measured value of {@arren 2002, priv. comm.) with the old version 2.0 of the
(see Table 2). Bearing in mind that such extrapolations hage{|ANTI database (Landi et al. 1999), which did not include

large uncertainties (say 50%), this results gives us confiderige Fe VIl lines emitted in the 195 A bandpass (because at that
that the TRACE absolute ground calibration is roughly consi§me no atomic data was available).

tent with the CDS in-flight one. Regarding 2), we note that Fe VIII is one of the anomalous
On the other hand, the situation for the background regioss (see Del Zanna 1999; Del Zanna et al. 2003). This could

is completely diferent. There, th®EMs show a flat distribu- in part be due to unreliable calculations of the recombinations

tion at coronal temperatures, the tdi\ls are an order of mag- from Fe IX. Figure 10 shows the largeigirences between the

nitude higher (mostly because of the much longer path lengthysg, viil and Fe IX ionization fractions calculated by various
and the simulated spectra show that the dominant contributg(ghors.

to the TRACE 173 and 195 A bands are F¢lX X and Fe XlI

: - We have calculated the new TRACE responses (Fig. 11) us-
lines, respectively.

ing the latest CHIANTI v. 4 (Young et al. 2003), and a set of
The fact that Fe VIIl is important for the TRACE 195 Astandard parameters that are the default values in the TRACE
bandpass in observations of 1 MK loops has two important cognalysis software available via Solarsoft (AO filters; ground
sequences for our discussion. calibration as described in Handy et al. 1999; ionization bal-
1) the Fe VIl emissivity should be included when calculatingnce of Mazzotta et al. 1998; coronal abundances of Feldman
the TRACE response function, 1992; a constant pressure ofx110'> cm3K). The new re-
2) there is an added uncertainty in the predicted TRACE rgponses and a set of programs to calculate them directly via
sponse function for the TRACE 195 A bandpass, becausetioé CHIANTI software will be provided to Solarsoft. We have
the uncertainty in the ionization fractions of Fe VIII. then calculated the TRACE 1853 A ratios using dierent
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log T (K) standard TRACE responses, available via Solar§8W() and calcu-

. . . C A . ith CHIANTI V.2 are displ .
Fig. 10. A comparison of various ionization equilibrium caI(:uIaltlonsatecj with C are displayed

for Fe VIl and Fe IX.

ionization balance calculations but keeping the other parame-
ters fixed (see Fig. 12). Figures 11 and 12 show: related to the unknown element abundances. Another is related

] ] ] . ] to uncertainties in the theoretical calculations of the emissiv-
— the importance of including Fe VIII in the calculation ofities of jons such as Fe IX, Fe X, Fe XII. A reliable assess-
the TRACE responses, in particular for the 195 A band; ment of the TRACE filter ratio method will only be possible
— the large diferences of the predicted TRACE 1983 A\ hen we have more accurate atomic calculations and after an

ratios when using dierent ion fractions; in-flight calibration has been performed.
— that the ratio curves are multi-valued, making iffidult to

derive an unique temperature;
— that the temperature diagnostic has a large uncertaintydat. The TRACE temperature measurements

temperatures of 1 MK or lower, typical of active region qui-, . . . L .
escgnt loops yp glong Having established the main characteristics of the filter ra-

tio method and derived new TRACE response curves, we can
We note that the use of any filter ratio method can be very misaw proceed to determine what temperatures could be derived
leading whenever the plasma emission along the line of sighfism the TRACE data. We have already shown in Table 2 the
not isothermal, a rather common case in the solar corona. ITRACE count rates for the five loop leg areas of the loop and
also important to keep in mind that if the in-flight relative calibackground. To extend these data to almost the half-length of
bration between the filtersfiiérs from the values of the groundthe loop, we have selected an area along the loop and an adja
calibration, this would cause afffset in the predicted ratio val- cent one for the background (Fig. 13). The loop area was cho-
ues. Finally, there are various othéfezts that should be takensen as small as possible to reduce any background contamina-
into account for a proper use of the filter ratio method. Onefti®n, that is partly present in the five loop leg areas.
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Fig. 13. The areas selected to obtain average TRACE count rates of
the loop and background.

\\ ! the temperature is about 1 MK, a result roughly consistent with
00t b b T b b b those obtained with CDS. Toward the loop top, the ratio reaches
5.4 5.6 5~8‘ T6(~KO> 6.2 6.4 6.6 avalue of 0.4, indicating that the loop does not reach tempera-

g

tures higher than 1-41.2 MK (depending on which ionization
Fig. 12.The TRACE 195173 A ratio calculated using fierent ioniza- balance is used). Again, this is is consistent with the maximum
tion balance calculations (MAZB8: Mazzotta et al. 1998; ARB5: temperatures derived from the CDS for the other loops present
Arnaud & Rothenflug 1985). The standard ratio values availabig the dataset;
within _Solarsoft (SSW) are also displayed for comparison. Note tb{g the ratio values without background subtraction are much
large diferences between the current SSW values and the new Ofiggner (from 0.9 to 1.4) and would give incorrect temperatures
?n%”tuceerr;s:Et{;ﬁZo(fr'gtrzit‘grg;?ﬁe”rs;ifmem ionization balances o qing from values of 1.21.4 MK at the loop leg (in stark
' contrast to the CDS results) toward values in the-1.8 MK
range close to the loop top.
Note that all the 19873 A ratio values for the four loops
Figure 14 shows the averaged count rates of the loop amgorted by Lenz et al. (1999) are in the range-0.9, exactly

the background regions, together with the 193 A ratio, cal- the same as those found here when the background is not sub-
culated with and without background subtraction. Note that iracted. We have re-analysed loop b of Lenz (1999) et al. and
the 116-140" region there was an interconnecting loop thatan confirm that their temperatures were overestimated because
contaminated the signal in both loop and background aretit® background emission was not subtracted. In fact, the de-
With this in mind, we can see that: rived temperatures were an average between the loop tempera-
1) the background intensities represent a significant fractiontafes and those of theftlise background emission. Obviously,
the signal in the loop, all along its length, for both passbandsilso the emission measures (and hence the densities) were over
2) for the 195 A band, the background signal is so high thastimated. We note that Aschwanden et al. (2000) do mention
it causes a very large uncertainty to be associated with th@ckground subtraction, but still find temperatures above 1 MK
background-subtracted loop count rates; at the loop legs. This might be due to the fact that the loop ex-
3) the background-subtracted 1933 A ratio values are in the traction regions used (see their Fig. 3) still include some back-
range 0.10.6, i.e. they fall in the region where the TRACEground, or to the fact that the background was contaminated. In
filter ratio method does not have a good temperature sensifast, in df-limb observations it is very dicult to find suitable
ity and is most uncertain (see Fig. 12). If we assume that thackground regions, because of the multitude of loop emission
ground calibration is applicable, we can see that the ratio valukat can be found along the line of sight.
near the base of the loop are consistent with an increase of theFinally, we have performed various tests, which have
temperature from 0.5 to 0.7 MK in the first’L%using Arnaud shown that both the selection of the loop and background ar-
& Rothenflug 1985), followed by a region (the loop leg) whereas significantly fiect the results.
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forward modelling and predict the observed line intensities.
Accurate forward modelling will only be possible once the
TRACE bands have been calibrated in-flight and the atomic
data improved. Here, we present a simple equilibrium model
applied to the loop leg. We have assumed: 1) that the plasma is
strictly isothermal along the line of sight; 2) the temperatures
derived from the emission measure methods; 3) the coronal
abundances of Feldman (1992); 4) a constant loop widtl pof 7
5) a filling factor of 0.3 for the 88" region (points A, B), a
linear increase up to 1.0 in the-85” interval, and 1.0 in the
25-60" region.

We have considered the TRACE 173 A band, and we fitted
the TRACE profiles as in Fig. 5 for all points along the loop
(assuming circular cross-section). We have taken the maximum
values of the curves as representative of the count rates at the
loop centre, and removed the same background as in Fig. 14.
The peak values thus obtained correspond to the TRACE 173 A
emission corresponding to a path length equal to the width of
the loop. These values are shown in Fig. 15 (open squares),
where we also show the values not background-subtracted
(filled circles). Figure 15 also shows the observed CDS line
intensities.

We have searched for a density profile that is both broadly
consistent with the values measured directly from Mg VIl and
the CDS intensities. We have performed various tests by also
allowing the temperatures to vary. We have found that, as ex-
pected, the observed intensities are most sensitive to variations
in the temperature. This is due to the fact that both for the
CDS emission lines and the TRACE 173 A band, the responses
are strongly peaked in temperature. The intensities of course
also depend on the square of the density.

The results, calculated with Arnaud & Rothenflug (1985)
are shown in Fig. 15 as solid lines. Those obtained with the
Mazzotta et al. (1998) ionization balance are displayed with
dashed lines. It is evident that the results for the CDS lines are
not substantially dependent on the chosen ionization balance,
while the same is not true for the TRACE 173 A band.

Given the fact that this is a simple model, the agree-
ment between predicted and observed intensities is quite
good, also considering all the uncertainties, the main one be-
ing background subtraction. The densities that reproduce the
CDS line intensities decrease with height and are in broad
agreement with the values obtained from the background-
subtracted Mg VIl line ratios. Broad agreement with the ab-
solute TRACE 173 A count rates is also found near the base
of the loop, while at higher heights the 173 A count rates are
under-estimated.

Fig. 14.Top two plots: the TRACE 173, 195 A averaged count rates 8 Summary and conclusions

the loop (crosses, with error bars) and background (circles) areas dis- . -
played in Fig. 13. Bottom plot: the TRACE 1853 A ratios obtained We have presented simultaneous TRACE multi-filter and CDS

with the above count rates. Note the largkeet that background sub- OPservations of 1 MK loops in a quiescent active region. The
traction has. The ratios values in the +1@0’ region are contami- CDS observations allow a detailed study of the plasma prop-
nated by the presence of a weak interconnecting loop. erties of these loops, complementing the TRACE observations.
Some important new results are presented here:

1) the loops are nearly isothermal along the line of sight, but
show a temperature decrease toward their bases. 2) These loops

The best way to check the consistency of the derived phy%}-e much coolerT = 0.7-1 MK) than the surrounding

cal values (in particular the density) is to carry out a form o

4.2. Forward modelling
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22122 [ Our results on the temperatures are at odds with the find-
” i ings of most of the recent literature on the subject, where coro-
nal loops were found to have an almost flat temperature dis-
tribution along their length. The fact that the 1 MK loops are
nearly isothermal along the line of sight is alséfelient from

8.5x10°F
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(em™)
e
TK)

7.5x10°F

7.0x10°

6.5x10°

108 6.0x10° the findings of Schmelz et al. (2001) and Martens et al. (2002),
0 10 20 30 40 50 60 0 10 20 30 40 50 60 .
seconds of orc seconds of arc that found a flatDEM at some locations of a loop observed
TRACE 175 A . Ne v 5627+562.8 (A by CDS. However, it should be noted that the AR loop which

they observed was of a venyfilirent type from those discussed
here (because it was visible in lines formed in the-@ MK
temperature range).

Uncertainties are large, but we can rule out loop filling
factors much lower than one, and we are therefore tempted
o 0w % ks w o m % w = to argue that the smallest threads seen by TRACE do not

have many filamentary structures below the TRACE resolution
(0.57, equivalent to 365 km). Instruments such as Soldtt8
should be able to confirm this in the future.

We have presented some of the main characteristics of the
diffuse background, showing howfi@irent it is from the emis-
sion of the 1 MK quiescent loops. Thefidise background
T i bl d might well comprise a superposition of individual strands of

secands of orc ascands of orc loop emission below the TRACE resolution. Only instruments
SRR ol G N g K2R  with @ much higher spatial resolution might resolve this issue.
¢ The results of the various analyses suggest that as a first
t ¢ s approximation the loop plasma is in ionization equilibrium.
A #j However, some departures from equilibrium can occur, in par-
5 ol "~} 4 ticular if flows are present. These departures woufiééca
~_~~ -1 the emissivities of the ions with longer timescales and would
oo o 4 50 60 o 0w 0 w0 s wm  change the ion population (see Bradshaw & Mason 2003).
) N From the CDS observations we can rule out the presence of
Fig. 15. From t_op_to bottqm: the assumed model densities and te@t’rong flows (say 50 knT¥) in the loops. However, moder-
plertz:(t;:jretie(s;)elgkl$35A)é\éwih7;h§ Crgsﬁtsgtess\ﬁltﬁe;f;igggs ﬁlj\éﬁré flows could be present. Indeed, recently Winebarger et al.
plottert e43802) reported measurements of 20 kinflows at the base

)
T

DN s pixel™

phot cm™ s7" arcs™

Ne VIl 561.38+561.73 (A) Mg VIl 367.67+367.66 (A)

phot em™ s7" arcs™?

phot cm™2 57" ares™

the observed and calculated intensities of some CDS lines along |
leg of the loop. For both TRACE and CDS the loop values (fiIIe8 some 1 MK loops.
circles) and the corresponding background-subtracted values (openWe have shown that coronal hole plume bases and legs

squares) are plotted. The solid lines are the values calculated with@él MK loops have similar thermal characteristics. The num-
Arnaud & Rothenflug (1985), while the dashed ones are calculategr of similarities does not end here. Both plumes and these
with the Mazzotta et al. (1998) ion balance. types of loops have simple geometries, are anchored in regions
of high magnetic flux concentrations, and have periodical vari-
ations in intensities, interpreted as slow magnetoacustic waves
diffuse high-lying active region emissiofm 2 MK), which (see, e.g., De Moortel et al. 2002, and references therein). One
is not isothermal along the line of sight. 3) We find severs the main dfferences is due to the fact that plumes do not
limitations in the TRACE diagnostics, in particular in the filshow a significant FIPféect (Del Zanna et al. 2003).
ter ratio method applied to derive temperatures for the 1 MK Finally, a few concluding remarks. Our conclusions are
loops. The TRACE results previously obtained should be reased on a limited set of data and will need to be confirmed
vised to take into account the uncertainties in the atomic datath further analyses. To our knowledge this is the first time
4) The difuse background constitutes the bulk of the quiescahat such a detailed comparison of CDS and TRACE data has
high-lying active region emission. Hence, any loop analydieen carried out for AR loops. It was extremelfidult to find
(either spectroscopic or based on images) should take into acsuitable dataset and loop. We have presented results base
count background subtraction. 5) Previous analyses of TRA®E one single loop, but we have also found similar character-
data have overestimated temperatures and densities becausstibs in other loops in the same dataset. We have carried out
background was not properly subtracted. 6) When the corrgceliminary analyses of other CDS and TRACE datasets which
background subtraction is applied, the CDS and the TRAG®Bnfirm our conclusions. We are therefore tempted to suggest
observations become consistent. 7) The CDS observationstheg the characteristics described here are those of the “typi-
consistent with an FIPfeect of about 4 (coronal abundances}al 1 MK” loops. We are still searching for an ideal dataset
and with filling factors close to unity. 8) The TRACE observain which an AR loop is observed along its full length, with
tions are consistent with loops having a constant density acrtss footpoints also clearly visible. The general properties of
their width. the 1 MK loop footpoints in terms of densities, temperatures,
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elemental abundances, and relation to the underlying phabel Zanna, G. 2003, A&A, 406, L5
spheric magnetic field are described in Del Zanna (2003), usipgjaboudiniere, J.-P., Artzner, G. E., Brunaud, J., et al. 1995,
on-disc SOHO and TRACE observations. Sol. Phys., 162, 291

In this paper we have focused on the diagnostic methde@'e, K. P. 1982, Sol. Phys., 75, 189

used with CDS and TRACE and presented a few key new F%Qﬁge' J. % 2"9%320”5:' Eé&\fg”%;a' J. E. 1985, A&A, 150, 69
sults. We have outlined the limitations of the techniques, {cf:‘ man, Y. » PIYS. SCI, 45,
q udra, A., Brekke, P., Harrison, R. A., et al. 1997, Sol. Phys., 175,

sumptions and the atomic data. We have not attempted to re; 7

late these results to theoretical model;. This is the subjecmdra’ A., Del Zanna, G., Alexander, D., & Bromage, B. J. I. 1999,

a separate study. Above all, our analysis clearly shows the im3 Gegphys, Res., 104, 9709

portance of complementing imaging observations with spectiudra, A., & Schmelz, J. T. 1999, AGA, 348, 286

scopic data in order to accurately and unambiguously descrisbriel, A. H., & Jordan, C. 1975, MNRAS, 173, 397

the characteristics of any solar feature. Gibson, S. E., Fletcher, L., Del Zanna, G., et al. 2002, ApJ, 574, 1021
Handy, B. N., Acton, L. W., & Kankelborg, C. C. et al. 1999,

Sol. Phys., 187, 229
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