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ABSTRACT

An assessment of the in-flight radiometric calibration of the Hinode EU¥dimy Spectrometer (EIS) is presented. This is done
with the line ratio technique applied to a wide range of observations of the §uietactive regions and flares from 2006 until 2012.
The best diagnostic lines and the relevant atomic data are discussedilinRid@nces over the quiet Sun are also considered, with
comparisons with previous measurements. Some departures in tres sifape ground calibration responsivities are found at the
start of the mission. These shapes do not change significantly overviithethe exception of the shorter wavelengths of the EIS
short-wavelength (SW) channel, which shows some degradation.efiséigity of the SW channel at longer wavelengths does not
show significant degradation, while that of the long-wavelength (LWhobhshows a significant degradation with time. By the
beginning of 2010 the responsivity of the LW channel was alreadytarfaf two or more lower than the values measured on the
ground. A first-order correction is proposed. With this correction, tlénmatios of lines in the two channels become constant to
within a relative 20%, and the He256 A radiances over the quiet Sun also become constant over timecdrhéstion removes
long-standing discrepancies for a number of lines and ions, in partitudae involving the strongest keFexm, Fexiv, Fexvi and
Fexxiv lines, where discrepancies of factors of more than two were foureselfesults have important implications for various EIS
science analyses, in particular for measurements of temperaturissi@mmeasures and elemental abundances.
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1. Introduction Significant discrepancies in the two strongest flare diagnos
tic lines for EIS, the Fexiv 192.0 and 255.1 A lines, were also
The Hinode EUV Imaging Spectrometer (EIS, see Culhane etwported by Del Zanna (2008). These discrepancies areryrese
2007) with its two wavelength bands (SW: 166-212 A; Lwin the literature, although often not specifically mentiongor '
245-291 A) observes emission lines from a wide range of iorfample, Hara et al. (2011) presents a 2007 May 19 obsenyatio
allowing detailed measurements since December 2006 of eléere the doublet ratio is approximately 2.9 photons, atstef
tron densities and temperatures, as well as emission nemasifte expected (and well known) value of 1.85. Recent flare ob-
and elemental abundances. For such measurements an accgfdyations in 2012 (discussed below) have presented atre
radiometric calibration is of paramount importance. EISwa Ccies of more than a factor of two for both ker and Fexiv
diometrically calibrated on the ground at RAL (UK) (Lang &t a'atios, suggesting that the discrepancy in the relativébreal
2006), providing an overall uncertainty of about 20%. Ithasn tion between the SW and LW channels has increased over time.

generally assumed that relative line intensities are nredspy Problems in this important ratio have recently been confirme

. . . Wang et al. (2011) performed a direct comparison between
h rﬁ nhL:n:jber oftﬁroblems 'r? the EIS _;rrl]teins!tleﬁ r}a\g@?eegls SW and EUNIS quiet Sun [hereafter QS] observations in
tlg 59 ed over (ihy(;:ars, ldowelvei_,) wi YS'%aty a libmati 2007, finding a small (20%) decrease compared to the ground
wo discrepancies thal couid only be ascribed 1o calbialiQyinration, a variation within the combined EUNIS and EIS
problems. Significant (50%) discrepancies were alreadydou,,cortainties. An estimate of the relative responsivitg &&w
in 2007 August observauogs of the strongxkie lines in the wavelengths in the LW channel was also performed, finding
LW channel around 250 A (Del Zanna 2011, 2012). Theyyain overall consistency, but with larger uncertainties.

could not be ascribed to problems such as either blending or . . .
the atomic data, given that excellent agreement with eg. th Starting in December 2006, regular observations of quiet Su

; i Sun center have been taken to monitor EIS isensit
Malinovsky & Heroux (1973) [hereafter MH73] spectrum wagtdions near e ;
found. Significant (50%) discrepancies were also found ieva f 'Y ¢hanges. The initial studies (SYNOPOO1 and SYNOP002)

. . downloaded the full EIS spectral range. However, after the X
of the strong Ferv lines (Del Zanna 2012). Again, they could . . . .
only be ascribed to calibration problems. band transmitter failure early in 2008, these were repladéd

studies that only telemetred a limited number of emissioedi
Significant discrepancies in the ker 204.6 and 254.9 A The radiances of the He256 A line show a clear decrease
ratio were reported by Del Zanna (2008) and Del Zanraver time, and a preliminary long-term correction for aleth
& Ishikawa (2009). These problems are not present in prEiS wavelengths was proposed, assuming that the keli-
vious (Skylab) observations nor in laboratory measuremenances should stay constant over time (Mariska, priv. comm.)
where good agreement with theory is found (T. Watanabe, prithis was implemented in the EIS software. The sensitivigege
comm.). The Favu lines form a branching ratio, for which was modeled as an exponential decay of the ferfti wheret
atomic data are very accurate. is the time of the observation in days since the Hinode launch
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(2006 September 22 21:36 UT), ands the decay time, 1894 resolved long-standing discrepancies with observationa few
days (see EIS Software Notes #1,2). among the strongest EUV lines. These data have been used in th
Kamio & Mariska (2012) have recently presented QS radpresent analysis and will be made available in a next CHIANTI
ances in EIS lines obtained from these synoptic studiesET8e release.
radiances were corrected for the sensitivity decay usingman A review of line identifications and atomic data for all the
proved curve, still based on the Headiances:¢ /™ +€7")/2, g5 |ow-temperature lines was presented in Del Zanna (2009a
where the e-folding times; and, are 467 and 11311 days review of line identifications and atomic data for all theSEl
respectively. This correction was applied to both SW and LWronal lines was presented in Del Zanna (2012). The main
channels, since no evidence for a variations between the $Wfe |ines were discussed in Del Zanna (2008), Del Zanna et al
and LW channels was found. The EIS radiances in lines formegh11), and Del Zanna & Ishikawa (2009). Several dozens of
above 1 MK show clear solar cycle trends, and thenHa- ney jines have been identified, while similar numbers stithia
diances become constant, after the correction. However, Iggentification. The majority of the EIS spectral lines, désghe
temperature lines such as ¥ie 185.2 A and Sim 275.3 Ashow pigh spectral resolution, turned out to be blended, andHisr t
unrealistic increases (see Del Zanna et al. 2010a; Del Z&nnggjipration work a careful selection of the lines and obations
Andretta 2011 for a discussion on solar cydieets on spectral needed to be done.
lines), a clear indication of a problem in the correction.
The Hen 256 A is the strongest LW line in QS observa-
tions, and should stay relatively constant, although asshio
Del Zanna et al. (2010a); Del Zanna & Andretta (2011), the r3- The method and the data
diances of the helium lines ardtfected along the solar cycle

by the coronal radiation, possibly because of photoioftinat The method consists of choosing the appropriate obsengatio
recombination ffects (see references in Andretta et al. 2003} line ratios to constrain the relative responsivitieshefin-
Large variations between quiet Sun and coronal hole areas girument (Del Zanna et al. 2001). The method has been applied
also present in helium lines. So, the use of theil2&6 A for in many instances, not only for the SOHO CDS. For example,
calibration is not ideal (see also below for further comgtiens  Neupert & Kastner (1983) used this method for an in-flighi-cal
due to blending). It should be accurate, however, if prop8r Qyration of the OSO V and OSO VII EUV spectrometers. Brosius
observations are selected and the line carefully deblended et al. (1998) also used the same method to calibrate obssrsat

Mariska (2013) re-analysed the set of synoptic observatiofrom the Solar EUV Rocket Telescope and Spectrometer in 1995
noting that the radiances in the fi@ 185.2 A, Sivu 275.3 A, (SERTS-95). Line ratios were also used by Young et al. (1998)
and Fex 184.5 A lines decreased in a similar way. The aveto indicate problems in the calibration of the SERTS-89vacti
age decrease is small, of the order of 25%, corresponding torggion spectrum (Thomas & Neupert 1994).

e-folding time of 7358:1030 days. The He 256 A has a com- There are several good line ratios that can be used to check

pletely diterent behaviour, a nearly linear drop of a factor of the in-flight relative calibration, as detailed below. Tresbare

in the first two years of the mission, followed by a slower decabranching ratios, with typical uncertainties of 10% or |e3st

The Hern is severely blended, but these blends cannot explatiere are also a number of ratios useful for the calibrativose

the diterence. Mariska (2013) suggested that therlsleould be that have small variations with density and temperaturehEa

discarded, and that the results of the three above-meutiores ratio was assessed against various atomic calculationsland

indicate a slow decreaselpbthSW and LW channels over time. servations. The best calibrated EUV spectrum is that of MH73
A more complete analysis of the in-flight changes of the Ekghich shows typical agreement with theory within a remat&ab

responsivities is in principle possible using line ratioslanot few percent.

just line radiances, and the full EIS spectral range. The@m  Tha sw and LW channels have afscient number of line

ficulty and problem has been assessing the relative catbrat

the SOHO CDS NIS and GIS channels (Del Zanna et al. 20QJanyveen the two channels because ver ; ; ;
; y few line ratios afle ava
2010a) are followed here. Del Zanna et al. (2001) used tkee ligy e - another significant problenffact the use of data prior

ratio technique, described in more detail below, while Detida 1, 5008 Aug 24 (when the grating focus was adjusted). Until
et al. (2010a) showed that the radiances of low transite®ien ihis gate, there was arfeet of about 2 in the pointing of the

lines are relatively unchanged along the solar cycle andeangyy ang LW channels, meaning that the observations in the two

used to correct for the long-term degradation (these COOMEC 465 were not simultaneous. Since most observations ha

have been adopted by the CDS team to produce the final c§iken made with the”1slit, it took more than twice the expo-

brated NIS data for the whole SOHO mission). sure time to observe the same region. Most synoptic observa-
The present analysis has only been possible now thatwe hgugs are single-slit observations, and there is no way teeco

a more complete understanding of the line identification ag, s whenever raster observations have been available,

the atomic data. Over the past ten yearshiave calculated the iz regions have been selected for the present workathe

atomic data for the main EIS lines and have provided themdo tht - spatiality limits the use of data prior to August 2008

comlmunlty viathe CIHIANTF: databa%éDerﬁ <|et al. 1997|; Landi b4 ticular for the flare Fevir and Fexxiv lines, since temporal

et al. 2012). Recently, we have performed large-scale Rial 4 japility is often significant on the exposure time scales

calculations for several ions to address the missing dath-pr o ) ,

lem of the soft X-ray lines. The calculations for £¢Del Zanna A summary of the main line ratios chosen for the calibra-

et al. 2012b), Fer (Del Zanna & Storey 2012a), and ke (Del tion is given in Table 1. A dferential emission measure (DEM)

Zanna et al. 2012a) are particularly relevant here becdwese 12nalysis (see Del Zanna 1999 for the method used) on many av-
) P y eraged spectra (on-disk{fdimb, over the quiet Sun and active

1 UK APAP network www.apap-network.org regions) has been performed, to assess possible knowresourc
2 www.chiantidatabase.org of blending. Only the relevant findings are summarised below
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2.1. Fevn (identified in Del Zanna et al. 2004). One problem is that the

- . ratio of this self-blend with the lines in the SW band is both
We have performed a preliminary assessment of thetfies  gjighily density and temperature sensitive, and is notlidea
in terms of their use for calibration purposes. We used @&t o0k the SWILW relative calibration.

data (and identifications) for keu given in Del Zanna (2009b), * rhe 1745 177.2, 184.5 A lines are all well observed in the

and compared them with the recent large-scale atomic taalcuéw : . .
: . : channel. Their ratios do not depend on density or temper-
tion for this ion performed by Tayal & Zatsarinny (2011). Mosature, and excellent agreement (to within a few percenty wit

predicted line intensities are very similar, within 10%.&ver, o \1H73 observations is found. QS observations have been se
for a few lines larger discrepancies (30-50%) were foun@sen |00 for these lines. The 184.590 A is in principle an excel-

?dfgrggémﬁiznc;”gfln?;ia?gmzf:g:ﬁﬁﬁ; (lgotlhle) Ztn%mlljcelsggﬁ'lgnt branching ratio, with both lines well observed. The £00
: ; . ne is blended with at least a known ke line (see below).
(2009b), which reflect in diierent oscillator strengths, as show urther blending cannot be excluded, although the E84.5

in Tayal & Zatsarinny (2011). Thefiected lines are originat- . :
ing from highly mixed levels, which include several stromgk  VS- 190.0 A deblended branching ratio shows a small scatter.

observed by EIS, and that were the focus of the Del ZanF%Fio has therefore been assigned_a Iarger_uncertainty)(BO%
(2000b) study. They are the 185.2, 186.6, 194.6, 197.3 Aline 1€ 207.4184.5 Ahas a predicted ratio of about 0.15 pho-
The large-scale Del Zanna (2009b) structure calculations ptonS using the Del Zanna et al. (2012b) data. Note that tisere i
vide energies in closer agreement to the experimental anels, & Significant enhancement (factor of two) of the 207.4 A line,
oscillator strengths in close agreement with the largéestal- Ccompared to the previous atomic calculations of Del Zaniad et
culations of Zeng et al. (2003). It therefore appears thaftyal (2004), due to the larger scattering calculation. On theeroth
& Zatsarinny (2011) calculations are not accurate for thiegs. hand, the new calculations over-predict the 193.7 A lineictvh
However, for the 196.0 A line good agreement in the oscif/NS out to be very sensitive to the target employed, soribts

lator strengths is found. The 185.496.0 A ratio is one of the reliable for the calibration.
most reliable. We adopt a value of 5.3 photons at log Ne fgm
=9 and log Te [KE5.65, obtained with the Del Zanna (2009bp 4. Fex
data, distributed within CHIANTI.
Fexr produces a number of strong EIS lines. New identifica-

tions of many of them was presented in Del Zanna (2010),
2.2. Fewx using the atomic calculations of Del Zanna et al. (2010b). A

A few Ferx from the 38 3p* 3 configuration, identified by few temperature-sensitive lines around 255 A were idedtifie
Young (2009), could be used for the calibration, althougthwiparticular the self-blend at 257.5 A. Excellent agreemeitit w
various limitations. No branching ratios are availabled dne the MH73 data was found for a few kelines (Del Zanna
lines are close in wavelength. Many of the lines were fourdP10), providing confidence in the calculations, which hest
blended during the present assessment. For example, theAgglarge (factors of 2-3) discrepancies. Here, the recenetamgle
with Mnix. the 189.6 Awith Axi. and the 191.2 A line with atomic calculations of Del Zanna & Storey (2012a) are adhpte
Sxt. All these blend are dicult to estimate. We are left with They have improved the atomic data for the lines around 255 A.

the 189.9 and the 197.9 A lines. The ratio of these lines is pfedr €xample, Table 4 in this paper shows that the intensity of
dicted to vary with both density and temperature by a sigaific the 257.5 A line increases by_46%. Such large increases were
amount, about 30% in the temperature interval wherex e required to reduce the large disagreements between thadry a
expected to be formed, and 20% in the log Ne {é/#8-9. A EIS observations in the lines around 255 A, with these lirees b
value of 1 is assumed. ing far too weak compared to theory, as discussed in (DelZann
There is relatively good agreement between predict@d10). Further discrepancies were due to the use of the droun
(Storey et al. 2002) and observed (using the the groundraalibcalibration, as discussed below.
tion) intensities for the EIS Fe lines (Young 2009; Del Zanna  There are three good branching ratios in the SW channel.
2009a), however the predicted intensities for these linegaite The 188.2/ 192.8 A one is complex, as discussed at length in
uncertain. The new scattering calculations for the otlmrions Del Zanna (2010). The 188.2 is mainly due toxirewhile the
mentioned in the introduction have shown that cascading ang2.8 A is blended with a host of @Qlines, and in active regions
resonance excitation due to the larger targets déactboth with Caxvn, as described in Young et al. (2007). The benchmark
high- and low-energy levels, by changing the populationsoup of a clean TR spectrum has shown good agreement between the
30-40%. Work has started on a similar large-scale calawlatiig2 8 A and the 192.9 A @ lines, indicating that no further
for Feix, to improve the current atomic data. blending at 192.8 A with a cool line is present, as shown in Del
There is also the resonance 171 A line, which is howevganna (2009a). Whenfislimb observations (to avoid the pres-
barely visible in the EIS spectra, where the EIS sensitiisty ence of Ov lines) are considered, there is a significant and puz-
about three orders of magnitude lower than at the peak arouiiig disagreement in this Rebranching ratio (when the ground
195 A. This line is also strongly density- and temperaturealibration is used). One explanation would be the presefce
sensitive as shown in Young (2009) and Del Zanna (2009a). a strong unidentified coronal line, contributing about 3@he
intensity of the observed line (Del Zanna 2010). There isra fu
23 Fex ther Fexi line at 192.8 A, with a well-established branching ratio
o with the 188.3 A (Del Zanna et al. 2010b), but this line is very
The Fex identifications are summarised in Del Zanna et ajveak. The deblended QS on-disk 18892.8 A ratio is remark-
(2004). The recent atomic calculations of Del Zanna et albly constant in time, with a value of 2:0.1. If a blending with
(2012b) are adopted here. The new data significarffgctithe a coronal line was present, the unidentified line would have t
257.26 A self-blend, the strongest £éine in the LW channel have the same temperature of formation okFean unlikely co-
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Table 1. Line ratios used for the EIS calibration.

Line ratio (A) Predicted MH73 Observed Reir Reir Det.

(log Ne=8-9) DNs Pres.  Ground
Fevmr 185.2/196.0 4.5-5.3 (5.3 20%) 1.23(0.10,L3) 0.206 0.256 SwW
Ferx 189.94/ 197.85 0.78-1.0 (1.0, 30%) 0.68 (0.04/2.8) 0.653 0.704 SwW
Fex 174.5/ 184.5 4.52-4.32 (4.4, 10%) 4.53(2%) 0.10 (0.013248 0.021 0.024 SwW
Fex 177.2/184.5 2.6-2.49 (2.55, 10%) 2.53(0%) 0.16 (0.0104 0.060 0.074 Sw
Fex 184.5/190.0 (bl) 2.94 (30%) (bl) 0.92 (0.05,3347) 0.304 0.332 BRSW
Fex 207.4/ 184.5 0.14-0.18 (0.15, 30%) 0.05 (0.01/6.2) 0.375 0.321 SwW
Fex 257.3 (shly 184.5 1.52-1.12 0.77 (0.08,7938) 0.706 0.928 LVIsW
Fex1188.2/ 192.8 (bl) 4.8 2.1(0.1,42/80) 0.427 0.559 BR SW
Fexr 202.7/188.3 0.1 (30%) 0.06 (0.01,0740) 0.648 0.422 BR SW
Fexr 178.1/182.2 0.27 0.07 (0.01,08.5) 0.254 0.231 BR SW
Fexr 180.4/ 188.2 2.0 (20%) 0.34 (0.01,240) 0.105 0.114 SwW
Fexi 257.5 (shly 188.2 0.165 0.05(0.006,242.5)  0.411 0.413 LWBW
Fexu 192.4/ 195.1 (sbl) 0.315 0.315(0%)  0.24 (0.01/23.4) 0.751 0.844  SW
Fexir 193.5/ 195.1 (sbl) 0.67 0.67(0%) 0.59 (0.01,12%.4) 0.873 0.924 SwW
Fexu 186.9 (sbly 196.6 (bl)  3.45-3.7 (3.5, 20%) 1.04 (0.11/1.5) 0.282 0381 SW
Fexm 209.9 (bl)/ 202.0 0.15 (10%) 0.025(0.005,178.8)  0.169 0.159 BR SW
Fexu 204.9 (bl)/ 201.1 (bl)  0.31 (30%) 0.27(-13%) 0.088 (0.01/227) 0.289 0.278  BRSW
Fexm 201.1 (bl)/197.4 5.0 (30%) 6.2(24%) 2.65 (0.5,24/8.3) 0.540 0.416 BRSW
Fexu 204.9 (bl)/ 197.4 1.55 (30%) 1.#10%) 0.23(0.04,2/2.3) 0.154 0.115 BRSW
Fexm 200.0/ 196.5 (bl) 3.17-3.28 (3.3, 20%) 3.3(0%) 1.66 (0.3,188) 0.512 0.576 sw
Fexmr 209.6/ 200. 0.74-0.685 (0.68, 20%) 0.05 (0.01/8Z.4) 0.072 0.081 SwW
Fexur 246.2/ 251.9 0.51 (10%) 0.59(17%) 0.34 (0.01/3.9) 0.651 0.635 BRLW
Fexm 251.9/ 201.1 (bl) 1.3(20%) LW/SW
Fexm 251.9/ 204.9 4.2-4.8 2.73 (42/85.6) 0.700 1.164 LVWBW
Fexiv 252.2/264.8 0.23 (10%) 0.25 0.08 (0.01,314.5) 0.331 0.421 BR LW
Fexiv 257.4/ 270.5 0.68 (10%) 0.32(0.02,73%.7) 0.448 0541  BRLW
Fexiv 289.1/ 274.2 0.065 (20%) 0.065 (0%) 0.013(0.002/8%67) 0.211 0.232 BR LW
Fexiv 274.2/211.3 0.69 (10%) 0.77 (10%) 4.9(0.4,283.5) 9.225 9.636 LVWBW
Fexwv 270.5 (264.7+274.2)  0.26 (20%) 0.26 (0%) LW
Fexvi 251/ 263 0.57 (20%) 0.66 (16%) 0.23(0.02,3.6.6) 0.388 0.408 LW
Fexvit 254.9/ 204.7 70.93 (10%) 0.64(0.06,58.7) 0.744 1.448 BR LWSW
Fexxiv 255.1/ 192 1/1.85 (10%) 0.067(0.007,3%2) 0.166 0.207 LVisW
Sivn 275.7/ 272.6 0.58 (10%) 0.46 (0.07,0013) 0.805 0.865 BR LW
Sivi 275.4/ 272.6 4.2-3.45 LW
Six 253.8/ 258.4 0.19 (10%) 0.18(5%) 0.13 (0.01,4.3) 0.658 0.709 BR LW
Six 277.2/ 272. 0.84 (10%) 0.87(2%) 0.53 (0.02,a.2) 0.646 0.758 BR LW
Six 261.1/277.2 1.37-1.35 (10%) 1.36(0%)  1.41(0.08/0.6) 0.969 0926 LW
Sx 257.1 (bl)/ 264.2 0.348 (10%) 0.24 (0.03,(029) BR LW
Sx1285.6 (shly 281.4 0.496 (10%) 0.31 (0.05,0131) 0.634 0.635 BR LW
Sivn 275.4/ Fevin 185.2 0.63 0.61(0.06,246.3) 1432 1.217 LVIBW

Notes. The second column shows the theoretical ratios (photon units) within logiN&][=8-9 range, and optionally the chosen value, with an
estimated uncertainty. The third column indicates the observed ratios frmdvsky & Heroux (1973) [MH73], and in brackets the percentage
difference with the predicted ones. The following column indicates the El&ge@ratio (in DIXs), with in brackets its variation (1 sigma) and
the averaged values of the two lines (again in/B)NThe following two columns show the ratios of thHEeetive area&e obtained with the present
calibration and the ground calibration. The last column shows the chamtkif the ratio is a branching ratio (BR).

incidence. Considering the other calibration ratios, weuase 20% uncertainty is given to this ratio. The 1-35 201.11 A4ran

here that there is no unidentified line. We adopt a @dimb  sition (Del Zanna 2010) has increased excitation in thestate

value of 2.1 for this ratio. calculation, increasing its emissivity by 45%. A ratio 0082
The Fexi 202.7/ 188.3 A branching ratio is more uncertair(Photons) with the strongest 180.4 A line was adopted toetebl

than other ratios, given the large range of values that deéreri  the Fexm 201.1 A line. The Fer 257.5/ 188.2 is a good cross-

with different atomic structure calculations. The target adoptebiannel ratio, although it is slightly temperature-degendIt

for the Del Zanna et al. (2010b) scattering calculation esty varies by 14% in the log [K] =6.0-6.1 range.

mates the 202.7 A line by about 30%, according to the largest

structure calculation (48CT), as shown in the same paper. VZ\I

adopt here a branching ratio of 0.1, from the 48CT calcutatio>- F&X!

The third branching ratio, 178/1182.2 A is only measurable in geyeral new identifications of important EIS selines were

AR observation, due to the low signal in the first line. presented in Del Zanna & Mason (2005), in particular the-self
The 180.4/ 188.2 A ratio is well established in terms ofblends at 186.9 and 195.1 A, used extensively to measure den-

atomic calculations (Del Zanna et al. 2010b). A consereatisities. Here, we use the large-scale atomic calculatiori3ebf
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Zanna et al. (2012a), where we obtained significant improvieere, together with the atomic calculations of Storey & Peip
ments for the 186.9 and 196.5 A lines over our previous caicu(2010); Del Zanna & Storey (2012b). The %ie lines are strong
tions (Storey et al. 2005). The intensities of these linesadout in off-limb QS and AR spectra, so only these observations have
30% higher, providing lower electron densities, now in agrebeen considered. The 246.2 and 251.9 A lines form a branching
ment with those obtained from other ions. ratio, predicted at 0.51 (photons), in excellent agreenétht

The 192.4, 193.5, 195.1 A are extremely strong in any oMH73 (0.59).
servation and their ratios are not sensitive to density and t The observed intensities of the 246.2 and 251.9 A were
perature (at high densities the 195.1 A does change), satieeyfound too low by a factor of at least 1.5 (Del Zanna 2012), ehil
excellent for the calibration. The MH73 observations arexn they are in excellent agreement when the MH73 spectrum is con
act agreement with theory. A large piece of dust on the EIS CGixlered.
affects the 193.5 A line, so the area was avoided. The 209.9 202.0 A is also a good branching ratio, although

The 186.9 196.6 A ratio is only slightly dependent on denthe 209.9 A line is slightly blended with an unidentified TRdi
sity and is used here. Note that the 196.6 A is slightly blend¢Del Zanna 2009a). In on-disk AR observation, the averatie ra
with a weak Fenmn transition (Del Zanna 2009a). The QS obseiint DN is 0.03. We adopt thefislimb 2007 Aug 19 value of 0.025
vations were used for the calibration. for this ratio.

In principle, the 291186.2 A ratio could be a good calibra-  The 200.0/ 196.5 A is a ratio that is not much dependent on
tion ratio, however the lines are weak and only measurabled@nsity, so it is also used. Note that the 196.5 A line is béend
AR spectra. The 291 A measurement is very uncertain becairsen-disk observations with an unidentified TR line (Del Aan
the line is at the very edge of the LW channel. The weak 186.22009a). We have use arffdimb observation for the 200.0
line appears to be severely blended, not just with a known FeL96.5 A ratio.
line. The 251.9 201 A ratio varies only slightly with density and

There is a 190.07 A line blending kesee above). Its in- offers in principle a way to cross-calibrate the SW and LW chan-
tensity has been estimated from the observed 192.4 A line, agls. However, as pointed out in Del Zanna (2011), the atomic
suming a ratio of 0.023 photons. This ratio, with the Del Zanrcalculations for the 197.4, 201.1, and 204.9 A lines, aljiot-
et al. (2012a) atomic data, ranges from 0.02 to 0.028 in the ling from the same upper level, provide branching ratios some
Ne [cnT3]=8-9 range. what more uncertain than in other cases.

Del Zanna & Mason (2005) gave a tentative suggestion for The 197.4 A line is relatively weak and has other lines
the identification of the strongest decay from the 333bcon- nearby, so extreme care is needed to measure it. The 201.1 A
figuration (from theD7,, 6-84 line), as a blend with anotheryransition is considerably blended (up to 15% in AR spectra)
Fexu line observed at 191.05 A. However, HingBES spectra with two known transitions from Fea and Fexn, described in
showed the 191.05 A line to be too weak (Del Zanna 2012). THee relative sections. The 201197.4 A branching ratio is lower
energy diference between observed and theoretical values foroff-limb AR spectra, an indication of further blending with a
the lower 38 3p? 3d configuration suggests a wavelength arouridwer-temperature line. The averaged ratio in AR on-diskesb
188A. There are a few possibilities, in particular that fine is  vations is 3.%0.5, while in the d&-limb 2007 Aug 19 observa-
blended with the strong Be 188.2, 188.3 A lines, or is the previ- tion was 2.65, a value adopted here.
ously unidentified coronal line observed by Del Zanna (2Gt2)  The 201.1 197.4 A branching ratio has a theoretical value
188.37 A, which has about the right intensity. Del Zanna @010f 5.0 using the Del Zanna (2011) data. MH73 observed a ra-
suggested that this line could be blending the #60.0 A line. 10 of 6.2, in quite good agreement once the blending in the
However, the Fe 184.5 vs. 190.0 A branching ratio is very con201.1A line is taken into account. The 204.997.4 A theo-

icant b|ending of the 190.0 A line is present' If thexre6—-84 Note that the 204.9 A is blended with a weak TR |ine, so the

line intensity is deblended from the 190 A line, thexFes4.5 Off-limb 2007 Aug 19 observation is adopted here.
vs. 190.0 A would increase over time instead of being comstan
(or decrease) at it should. 2.7. Fexwv

There is a weak 201.1 A line (Del Zanna & Mason 2005)
blending the strong Fan transition. The intensity of the Fer  Fexiv lines are of particular importance for the calibration of
line has been estimated from the observed 191.05 line asgunthe LW channel and the cross-calibration between the SW and
a ratio of 0.24 (photons). LW. Significant discrepancies in the LW line ratios and in the

There are other Fat lines, but they are either weak, stronghytW/SW one were found (Del Zanna 2012). Only AR observa-
density-sensitive, or show significant disagreement vigtoty. tions are used here. In the QS, most of theufrdines are hardly
For example, it has been suggested (P.Young, priv. comat) tMisible and become severely blended. For example, a new Fe
the 249.3 A could be useful. This line was identified in Ddfansition was identified by Del Zanna (2010) as blending the
Zanna & Mason (2005) as ka, however the observed intensity264.7 Aline.
is significantly stronger than predicted. TB& M modelling for We use the atomic data of Storey et al. (2000). Liang et al.
the QS indicates a factor of two discrepancy, so this linglee (2010) performed a larger scattering calculation and forergt
blended, the identification is incorrect, or the excitatiates for similar (within a few percent) ratios, as described in that p
this line are incorrect. per, with the exception of the 289274.2 A branching ratio, for
which Liang et al. (2010) has 0.08, and Storey et al. (20009D.
26. Fexil (photons). This ratio is sensitive to the target employéduk [at-

e ter value is adopted here, because it agrees with the MHU2 val

There are several Faur lines useful for the calibration. The obtained by deblending the 274.2 A line. Note that the 274.2 A
new identifications presented in Del Zanna (2011) are adoptie blended with a Sin transition that has a strong density sensi-
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tivity. The intensity of this line has been roughly estinthteere ture lines in the SW channdDEM modelling indicates that in
as 0.2 the intensity of the 275.3 A line. quiet Sun regions this line is blended by about 30% witliFe

The 252.2/ 264.8 A and 289.1274.2 A are good branching
ratios, showing excellent agreemgnt Wlth the MH7_3 SPeCtrum 10 pata selection and processing
The Fexiv 257.4/ 270.5 A branching ratio is predicted to be ) _ )
0.68, but is often larger, a possible indication of a blenthim The above discussion has made clear that a variety of targets
weaker 257.4 A line. The ratio of the 27p(864.7+274.2) lines Were needed for the calibration. There are surprisinglydead
is predicted to be 0.26 (phot), exactly as observed by MH?@bservat_lons suitable for such calibration purposes. \fbw
The 274.2/ 211.3 A ratio does not depend much on density arﬁz‘s studies telemetred the full spectral range. Most olasiens

temperature. Good (within a relative 10%) agreement isdout]! th€ first few years were done with théslit and very low
with the MH73 data. counts in the QS are present. Upon my suggestion, spectral at

lases with the 2slit (and long exposures) have been run since
2010 for monitoring purposes (Atle80, Atlas60, Atlas120).
2.8. Fexvi, Fexvi, and Fe xxiv They have been extremely useful for the present work anddhou
Fexvi produces in active regions two strong lines, which arbee continued. : ;
not deﬁsit -sensitive andfer?n rinciple an e%celler;t calibra- A sel_e<_:t|on of QS dgta was chosen, by nspecting the spectra
. . ¥h v th IP ptth EIS lendties and avoiding observations with strong hot lines. This wée-re
tion ratio. ere are only three ines at the wavelend tively simple in the first three years of the mission, but sitien
strongesft of which is the 262.98 A line. We use the APAP aton\l)%ry few QS observations have been made. One further compli-
data of Liang et al. (2009b). The ker 265 A line appears to be cation is that the typical QS disappears at temperaturegabo
blended, while the 251263 A predicted ratio is not in very good MK (Del Zanna & Andretta 2011) when solar activity increases
agreement with the MH73 observations. A variety of EIS studies were selected. A selection of aative
Fexvu lines in the EIS channels have been identigion (AR) observations was also chosen, to use the ratiabinv
fiedlbenchmarked in Del Zanna & Ishikawa (2009). Here, theg the Fexui—Fexvr ions (avoiding saturated areas). A full list is
atomic data of Liang & Badnell (2010) are used. The two maigiven in the Appendix.
lines for this ions, at 204.7 and 254.9 A, form a branchingrat A few particular observations are worth mentioning. To
As the Fexxiv 192.0/ 255.1 A ratio, significant discrepanciesstudy the EIS sensitivity during the first month of routineeop
were found by Del Zanna (2008) and Del Zanna & Ishikawations (to limit instrument degradation), two dates weresem.
(2009), with the LW lines being much weaker than expected. A QS observation on 2006 Dec 23 was selected, with two re-
The Fexvi 204.7 A line was found by Del Zanna & Ishikawadions, one on-disk and onéfdimb. An AR on-disk observation
(2009) to be blended with a low-temperature line, identitisd Of hot core loops on 2006 Christmas day was also selected, to
partly due to Fem (Del Zanna 2009b). However, the blendind?uild ratios of the hotter lines. _
did not resolve the issue. Opacitffects would make the prob- ~ For the flare lines, a suitable observation was searched but
lem worse, so the only explanation is a problem in the EIS cafiot found. The search criteria were to find any EIS flare obser-
bration. vation within the first 8 months of at least a C-class flare and

Flare observations of the right type are needed, to useiFe Which contained the two Fen and Fexxiv line ratios. So, the
and Fexxiv lines for the calibration. Fevn and Fexxiv are Observations of 2007 Jun 2 discussed in Del Zanna (2008) are
blended in small flares, as discussed in Del Zanna et al. 20¢@nsidered here. _ , ,

In large flares (M-class), the 192.0 A line is normally sateda To increase the signal-to-noise, observations with long ex
in the EIS observations. The Kew lines are strong during the POSures have been selected. These have the drawback of in-
impulsive phase of flares, but often exhibit strong bludteti creasing the incidence of cosmic rays. The Solarsoft reutin
components which complicate the analysis. new.spike, written by P. Young, was used to automatically flag

the cosmic ray hits as missing data. The ‘hot’ and ‘warm’ [sixe

as listed within the EIS software were also flagged as missing
2.9. Silicon and sulfur lines data. Each exposure was then visually inspected with custom
hwritten software. This was necessary because occasiathally

Six lines are of particular importance for the calibration of t tomatic routine doas not detect cosmic ravs. and alsotid no
LW channel since they are among the strongest lines in qu Ic routi ; , ; Ic rays,
a dropouts or regions with high particle fluxes, a common

conditions, and there are three good ratios to use. We use Sture in EIS observations
APAP atomic data of Liang et al. (2009a) and the QS observa- The number of ‘ot and ‘warm’ pixels in the EIS CCD has

tions. . . -

The Sivii 275.7/ 272.6 A is a good branching ratio. We uséncreased to a level such that since 2009 all observatioad ne
QS observations. There are novsilines in the SW channel, SPEcial processing. The missing data were replaced withpiot
but Kamio & Mariska (2012) and Mariska (2013) suggested tIﬁ%tEd (jata, ob_tamed by Successive |nt_erpolat|on along;ami;s

e slit direction, and visual inspectimnanual corrections of

use of the Svm 275.3 A vs. Ferm 185.2 A ratio to monitor the . : :
_relativg slensitivity of the LWSW channels. We will discuss thisgsecrasi):]pgoz%el'i%h;ﬁtilnéérpma“on was necessary befotiispa
ISsué below. . . o Various geometrical corrections have been applied to the

_The Sx 257.% 264.2 ratio should in pr|nC|p_Ie be a gOOddata (see Del Zanna 2009b for details). A ‘slant’ in the spec-
ratio (0.348 photons), but the weak 257.1 A line appears Qf3 was found in Del Zanna & Ishikawa (2009). This results in
ten blended, especially in AR spectra, where at least thanFe 5 wavelength dependenffset along the slit and has been cor-
257.17 Aline produces a contribution. We use QS obsen&{iofected for by rotating each exposure and aligning the SW and
where good agreement with the ground calibration is fouh@. T|\w channels. The fiset of about 2 in the pointing of the SW
Sxi1 285.6/ 281.4 A is a good branching ratio in active regiomnd LW channels prior to 2008 Aug 24 was also taken into ac-
spectra. The Sur 198.55 A line is one of the few low tempera-count.
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Significant spatial averaging was needed to measure theResults
weaker lines, given the low signal in most exposures. Single . )
slit exposures were averaged along selected regions aheng ¥-1- SW and LW line radiances
slit (typically over more than 100, while raster observations
were first analysed to select the best regions to obtain aver-
aged spectra. QS regions were selected as those where hb brig oV 192.9 0 VI 184.1
points or any strong hot (above 2 MK) emission was present. Qn ]
the contrary, AR spectra were obtained from regions withen t 15
cores, where the Bav and Fexvi lines, needed for the calibra- '©
tion, were strong. Regions where the strongest lines aneagatl %
were avoided. @-limb regions were selected by avoiding any 2008 2010 2012 2014 2008 2010 2012 2014 2008 2010 2012 2014
particular structures.

i . Fe Vil 196 Fe Vil 194.7 Fe IX 197.8
Each of the resulting spectra was wavelength calibratex (tg = ] 5[ mme .
EIS wavelength scale varies along the orbit). All the El®éin e %‘n o ] g E“%ma
3z mm%ﬂ ] 2 o} EEE\;,EE
] 1
0

Vil (bl Fe XI) 198.5

m
0.4 %‘W
- o m@ﬂlmﬂdn

O—‘Nbl-hu)
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2 Y

o o 15F
were fitted with Gaussian profiles using ttfé package (Haugan 02 ﬂ w%] 10f @
1997), directly on the raw spectra in data numbers (DN). Orﬁ%
O_llSt:nCt ];]eagj\;\? %f the IEIﬁ spectra 'Sha va:jlagle l‘(blas’. gr'p h. 2008 2010 2012 2014 2008 2010 2012 2014 2008 2010 2012 2014
ticular, the channel shows an enhanced ‘background@n t

center, which we believe to be mostly due to a pseudo-caminu 5 Fo X 1845 EFe X1 188.2 5 Fe Xl 2502
of spectral lines. The way the background is chodéects the 4 yﬁ'ﬂ @ BRI ——
spectral fitting of the weak lines. Typical uncertaintiestlie 3 Hg Eﬂhgﬂmﬂm 10} E o d
lines are small, of the order of a few percent for the strongdi = ° s 0 @
Uncertainties were estimated by summing in quadraturetibe p © 0
2008 2010 2012 2014 2008 2010 2012 2014 2008 2010 2012 2014

ton noise in the line and in the background, and by taking into
account the spatial averaging. All the fits were checkedaligu He Il (dbl) 256.3 01v279.9 OV 2485

From the the total number of counts in a liNg(DN), the & wﬂ' | oz " | 020 dhy
calibrated observed intensity (phot cnt? st arcsec?) is ob- 4| ® “ﬁ:“‘%ﬂm 1 oas) TP @ 4,%%% ] g:: &4,
tained by (see EIS software note No.2 for details) 2 | o ‘m’ 1 008 9,
0 0.00 0.00
2008 2010 2012 2014 2008 2010 2012 2014 2008 2010 2012 2014
lO - —365 NG Mg VI 270.4 Si VIl 275.4 Mg Vil (bl Si vi) 277.0
123985 Q E(1) t 8% N 1 s

m o]

FHE SRS BT PR R IO P,
where it the wavelength in At the exposure time in sec-o16 # “‘% w“‘,bm i 05f &= 7y "’:E\ama 1 o5 ﬁ @ m;k‘ﬂmﬂ
onds,Q is the solid angle subtended by each pixel in arcsecorf$s Y 0.0
Squal’e (1 for thellslit, 2 for the 2/ Sllt), 123985 a COﬂVGI’Sion 2008 2010 2012 2014 2008 2010 2012 2014 2008 2010 2012 2014
factor, G is the gain of the CCDs, assumed to be 6.3, 3.65 titgy. 1. Averaged EIS count rates (Ddlper ') in the QS areas as a
number of eV to produce an electron-hole in the CCD (silicOfunction of time. The Ha 256.3 A line has been deblended.
based)E(1) is the gfective area, i.e. the area of the aperture mul-
tiplied by the various geometrical factors and the transiois
codficients of the optical parts of the instrument (the transmis- We first present the averaged raw count rates in the QS areas
sion of the filters, the mirror reflectivity, the grating refliwity, in Fig. 1. The large scatter is mainly due to solar variapitibw-
etc.). ever the cooler transition-region (hereafter TR) lineshia 8W

The ground end-to-end calibration at RAL (UK) (Lang et achannel do show a remarkable constancy over time, indeafiv
2006) only provided measurements at one wavelength for th@ Significant long-term degradation. The main line is thersj

SW (205.9 A) and four wavelengths for the LW (251.3, 256'%tr\;esresg;glr?nijl"l?clli%séi #?Otmheﬁpﬁzk othehe S\Fﬂéeeti;ﬁ :r:g\?v’ tggt
267.25, 283.4 A). These measurements were compared to those 9 » MEVIL FevIL FEIX,

predicted by combining all thefiéciencies of the various op- same trends. Having said that, lines short-ward of 186 A{sisc

tical components, which were also measured in the Iab(yrato@VI 184.1A, shown in the figure) do showadecrease_, indicative
Significant discrepancies between the measured and mddi&fasma" degradation at the shorter wavelengths. Thigikdu
responsivities were reported by Lang et al. (2006), botkims discussed below. . _ _

of absolute values and in terms of relative values withirheac The constancy of the TR line radiances and the direct
channel. The disagreement in the absolute values was not §YNISEIS measurements of Wang et al. (2011) suggest that the
prising, considering the large uncertainty in the quantdfin e @bsolute SW central responsivity has not decreased signific
ciency of the detectors. Scaling the predicted values (bysa PVer time This is assumed in the remainder of the paper. Note
factor) however still left a discrepancy of about 20% betwedhat this result is in stark contrast to the conclusionshieddy

the SW and the LW channel, and about 50% within the four me&@mio & Mariska (2012) and Mariska (2013). We will return to
surements in the LW channel. Lang et al. (2006) suggested Ris pointin the conclusions.

use of new &ective areas, obtained by combining the five cal- All the cool lines in the LW channel do however show a de-
ibration points with the predicted shapes of the respotisivi Crease in their QS radiances, as also shown in Fig. 1. The He
An overall uncertainty of 22% was estimated. Thefleative 256.3 A line (which is actually a self-blend) is the strortgee
areas are available vidolarSoft(files EIS EffAreaA.004 and in the channel and shows a marked decrease, by about a factor o
EIS_EffArea B.004). two within the first two years. The He256.3 A line is blended
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Fe Xll 192.4 / Fe X 1845  Fe X 184.5 / Fe IX 197.8 stead. Densities have also been measured from two among the
T e best EIS ratios, one from k& and one from Sk, using lines
ez o5 Yaf o, Ta" close in wavelength, to reduce degradatifiets. The densities
el } g i T of the two ions agree very well (with the new atomic data for
g \ } 3 : both ions), and show little variability around log Ne [ci=8.4.
6o ) The Mgvu ratio (see Del Zanna 2009a for details on blending
S — o issues) also indicates no significant changes in the deofsiie
2008 2010 2012 2014 2008 2010 2012 2014

QS upper transition region.
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Fig. 2. Ratios of a few lines (photon units, using the ground calibration), , ﬁ-ﬁm- . 6 h 100
with densities and temperatures obtained from them. § by 4 '@ 3y
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with several transitions on its long wavelength side, nyathle S VIl (bl) 198.5 Fe X 1745 Fe X 177.2
to Six, Fex (Del Zanna et al. 2004), Far (Del Zanna & Mason o R ol T
2005), and Fem (Del Zanna 2011). Careful deblending df-o 6 ) B a— T
limb observations indicates the possible presence ofdurtti- ne 80} g~ T 40 @@ n” "7
. i 60 ?m ] 4 o ?ﬂ“‘ w 0
nor blending. e, o o "o o
L . . . .2 s0f - m o il 20 w o
Estimating the blends is not simple, as the lines are density 20
Sensmve: Fortunf;-ltely, the mf:.lln Cor_-]trlb_uuon IS from the( S ° 2008 2010 2012 2014 ° 2008 2010 2012 2014 ° 2008 2010 2012 2014
256.4 A line, forming a branching ratio with the 5261 A line, Fe X 1845 Fe X (bl) 1900 Fe XiI 1955

which can be estimated quite accurately. The broad profileeof

Hen blend was fitted with two Gaussians, leaving all parameters® — ; 30 s ]
to vary. The total intensity in the blend was then obtained by | z8-a----- 10} B T o
summing the two intensities. The contributions from theeoth g Hifod o ] * %‘f'a;""
ions was then subtracted, using the measured (calibrarttgh)-i 10 @ s o T8,
sities in the Sk 261, Fex 257.2, Fexn 192.4, and Fem 252.0 A 0 0 0

2008 2010 2012 2014 2008 2010 2012 2014 2008 2010 2012 2014

lines. The result is that, in on-disk QS observations, ther He
dominates by contributing over 80% to the observed intgnAit Fig. 3. Averaged EIS QS radiances (phot @ns ! arcsec?) obtained
similar result was found by Mariska (2013), where however ttwith the ground calibration. The lines indicate the QS radiances listed
Hen 256.3 A line intensity was simply estimated by a doubli Table 2 (the dashed lines withi20%). The Her 256.3 A line has
Gaussian fit. been deblended.

As pointed out by Kamio & Mariska (2012) and Mariska

(2013), significant solar cycle changes are present in lines One question naturally arises: how do the calibrated radi-
formed above 1 MK, (such as ker), as expected (Del Zannaances compare with previously well-calibrated measurésnen
et al. 2010a; Del Zanna & Andretta 2011). Before proceedingr the stronger lines? As discussed in Del Zanna et al. (@010
further, it is then important to estimate how the solar cyels-  Del Zanna & Andretta (2011) lines formed in the transition re
ations can fiect densities and temperatures in the QS obsergion up to 1 MK have been found to have irradiances that are
tions considered here. This is shown in Fig. 2. The counsratgot significantly &fected by solar activity (presence of active
were converted_lnto calibrated radiances (photon unitspube regions), and are also expected to have radiances in quiet Su
ground calibration. regions that are approximately constant. So although salar

An estimate of temperature changes was obtained from tisility is always present, by spatially averaging over éarg-
Fexun 192.4 A/ Fex 184.5 A ratio, using CHIANTI v.6 ion- gions one should obtain EIS radiances in agreement wittr othe
ization equilibrium. Small changes within l0GK] =6-6.2 are well-calibrated measurements.
present, with decreasing temperatures toward the minimum o As discussed in Del Zanna & Andretta (2011), the best cali-
2008, and an increase. The FgFeix ratios also show a simi- brated irradiances in the EUV are those obtained by Malikypvs
lar behaviour, which is simply due to the fact that lines fedn & Heroux (1973) [MH73], Heroux et al. (1974) [H74], to-
above 1 MK increase their intensities. Therk¢ Fevin ratios gether with Manson (1976) [M76], and those we obtained from
indicate very little changes in the upper QS TR temperatore, PEVE, the prototype of the Solar Dynamics Observatory (SDO)
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Table 2. Quiet Sun historical irradiances and radiances.

log T[K] MH73 H74 M76 PEVE EUNIS07
F10.7cm 177 123 102 69 67
Hen 237 0.44 0.57 - 0.46 -
Hen 243 1.1 0.95 - 0.89 -
Hen 304 - 72(bl, 2348) - 63(bl, 2054) 55 (1784)
Hen (dbl) 256.3 24.1(?101) 3.0(Th - 2.0 (49) -
Ovi184.1 5.5 012390 - - - -
Fevm 185.21 5.6 0.44 (11) - - 0.35 (9) 0.32]8
Sivi 275.35 5.75 0.28 (7) 025 - 0.35 (9) -
Mg vn (bl) 278.40 5.8 0.34 (8) 036 - 0.33(8) -
Feix 171.06 5.85 4.4(109) 4.2(104 4.4(109) 7.0(173 -
Svm (bl) 198.53 5.9 0236 - - 0.26 (6.4) -
Fex 174.53 6.0 4.6(114)  4.1(101) 4.2 (104) 3.7(91) 4.3 ()07
Fex 177.2 6.0 2.6 (64) 2.2 (54) 2.6(64) 2.3(57) 2.2/(65
Fex 184.52 6.0 1.0 (25) 1.2 (30) 1.0(25) 1.2 (30) 1.1427
Fex (bl) 190.0 6.0 0.53(13)  0.55(14) 0.57 (14) 0.65(16) 0.51512.
Fexi 193.50 6.1 3.2 (80) 3.1(77) 2.4(59) 1.0 (25) 0.88 (2.7

Notes. The columns indicate the main ion and wavelength (A), the approximateafammtemperature (log[K]), then the MH73, H74, M76,
PEVE irradiances (Fophot cnt? s71). The values in brackets indicate the estimated QS radiances (phbscnarcsec?). The last column gives
the EUNIS07 measured QS radiances (in brackets), and the QS icasiastimated from them. The 10.7 cm radio flux in2@ m=2 Hz ' is

also shown. The values with an asterisk are those chosen as reference
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Fig. 4. Ratios of a few SW QS line radiances (photon units) using the ground daitorBars indicate the predicted values.

Extreme ultraviolet Variability Experiment (EVE), flown onThe PEVE measurement of the 256.3 A line is quite uncertain
2008 April 14 during the deep solar minimum (Woods et agiven the low resolution of the instrument.

2009; Chamberlin et al. 2009). These values are shown in
Table 2. The Ha 256.3 A line has been deblended from the
strong Sk contribution using the other Silines and theory, ances an estimate of the QS radiances at disk center, once a co
for both MH73 and H74 data, although in principle MH73 listgection factor for the limb-brightening is known. It is witiown
5.2x10° phot cn2 st as already deblended. The fact that goodhat helium lines do not show any limb-brightening, whiletlaé
agreement exists between MH73 and H74 for the othar 287 TR lines do. We have recently measured (Andretta & Del Zanna

and 243 A lines (see Table 2) suggests a mistake in MH73’s 1i3013) these limb-brightenings using the SOBOS radiances
for a range of ions, and found corrections factors close 4o 1.

It is well known that it is possible to obtain from the irradi-
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for all lines formed in the lower and upper TR, up to 1 MK. We Si VIl BR 275.7/272.6 Si VIl 275.4/272.6

also estimated the correction due th&lomb contribution (Del T : :
Zanna et al. 2010a), but this is negligible (a few percent-max Sary ‘i‘T LS
imum) for these lines. We have therefore applied a 1.4 correcz o6l Ji = WT%' Hi* B
tion factor to obtain estimated QS radiances from the iaack f; f; 3 ]
measurements. These QS radiances are also shown in Tablge20-4T g2 E
in brackets. In terms of actual QS radiances, very few olaserv & e

tions at the EIS wavelengths exist. There are the SOHO GIS ob- *?| 3

servations (for example Del Zanna 1999; Andretta et al. 2003 0.0 ‘ ‘ ‘ 0 ‘ ‘ ‘
although the GIS lines were calibrated with the line ratichte 2008 2010 2012 2008 2010 2012
nigue (Del Zanna et al. 2001). It is interesting to note traaidy Si X BR 253.8/258.4 Si X BR 277.3/272.
agreement is found between these GIS measurements and the ‘ ‘ ‘ ‘ ‘ ‘
EIS ones. The SERTS-95 rocket flight also measured QS radi-0.20} ik O-B*m mm..|,¢ 1
ances for a few of the brightest lines, but older CHIANT! atom = o015 & 2 osl o ”#H, m+m7
data were used for its calibration using again the line rtaioh- & = &

nique (Brosius et al. 1998). Then there are the recent EUNIS a.10} 2 0.4f 1
2007 rocket flight measurements of Wang et al. (2011), whic# @

were instead calibrated on the ground. These values argedpo %% 02

in Table 2. Overall, there is good agreement between the BUNI o.00 ‘ ‘ ‘ 0.0 ‘ ‘ ‘
2007 radiances and those obtained from historical irragisn 2008 2010 2012 2008 2010 2012
The values with a star in Table 2 are those adopted here for com Si X 261.1/277.3 S X (dbl) 257.1/264.2
parison with the EIS radiances. There is also good agreement ‘ ‘ ‘ ‘ ‘ ‘
among the various irradiances, with the notable exceptidineo 158 "

strong Fax 171.06 A and the deblended He56.3 A lines. 3 |¥ = il g
The variations in the He are most likely caused by theffiir- & 1.0} s il Y
ent solar activity (Del Zanna & Andretta 2011), butthefsa 2 2 i
puzzle, with PEVE providing higher irradiances. Variouscks € os} €

have been made on the EUV lines observed by PEVE, and no 0.1y
problems in the calibration have been found. So the PEVE mea- 0.0 0.0
surement has been adopted, considering the thoroughatadior
work that was done before and after that flight. Fig.5. Ratios of a few LW QS line radiances (photon units) using the
The EIS QS radiances for a selection of TR lines for whicground calibration. Bars indicate the predicted values.
we have previous measurements are shown in Fig. 3. They were
obtained with the ground calibration, and clearly show &alu
that are lower (by 20-30 %) than previous data for most wavielg applied whenever the case). Thirdly, the ratios are igdige
lengths, even at the beginning of the mission, when the Sisn via good agreement with theory, which gives confidence in both
very quiet. We recall that the EUNIS 2007 measurements wele atomic data and the accuracy of the Ef@aive area curves
done during the very low minimum, so these radiances shoultthin its stated uncertainty (22%) for many wavelengthise T
represent the lowest QS values. The only explanation for thagios indicate that the shorter wavelengths of both chiariveel
discrepancies is that at the wavelengths displayed thedtiS-s degraded, since they are consistently lower than expected.
tivity in 2007 had already decreased compared to the pritflig Clearly, some ratios show puzzling departures. A few SW ra-
values, as already suggested by Wang et al. (2011). We will @®s such as the Fe174.5184.5 A, the F& 177.2184.5 A and
turn to this issue below. the Fex1 180.4188.2 A in Fig. 4 show a decrease suggesting that
a further degradation occurred in the 170-184 A region attlea
in the first few years. Other ratios we looked at have significa
departures beginning in 2010, such as the branching ratio Fe

Figs. 4,5 show a selection of line ratios within each SW and L\R02.71188.3 A shown in Fig. 4. In this case, either thexFe
channels, again using the ground calibration. Bars inelite@ 202.71 A becomes blended or the 188.3 A decreases its itytensi
predicted values, for two fierent densities, log Ne [cti]=8 (or both). The same figure shows that thexF£88.2188.3 A is
(full lines) and log Ne [cm®] =9 (dashed lines). The line ra-relatively constant (but with large scatter), so it is pbksthat
tios from AR observations (both on-disk anfi-tmb cases have the Fexi 202.71 A lines becomes blended with a higher temper-
been considered) are shown in Fig. 6. AR spectfaranore ature line from e.g. Feun or Fexur (Fexiv lines are excluded be-
branching ratios and bettefNs cause they are comparatively weak in the QS data). Fig. 4show
These line ratios hold a lot of information. Firstly, amongn the bottom right corner that F&/Fexr and Fexm/Fexi ra-
those that are expected to be constant in time, most of themtufis increase significantly after 2010, due to the QS solsore
not show significant trends. This is a strong indication foat becoming #ected by the solar cycle.
most wavelengths the relative sensitivities within each &w As in the QS case, some AR ratios that are expected to be
LW channel have not changed over time. This supports the an@nstant are not. One example is thexfe200.0196.5 A ra-
ysis performed in the following section, where the shapdh®f tio, shown in Fig. 5. The increase could be due to a line from
effective areas are obtained for the beginning of the miss@n fr an ion with higher formation temperature such asikeln fact,
observations during the first two years. the same figure shows that the e 211 A/ Fexn 192.4 A
Secondly, the small scatter in many of them confirms the cancreases after 2010. These two lines are strong and naf-sign
rect identification and absence of blending (or correcteled icantly blended, which means that on average therF-emis-

2008 2010 2012 2008 2010 2012

3.3. SW and LW line ratios
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sion tends to increase compared to theiri the active regions Fe XI BR 178.06/182.17 Fe Xill BR 209.92/202.04
cores. ] T a
:gOJM P om @ goPE?0
) _ A # gpon | S 015 T gy o —= ¢
3.4. SW/LW ratios and long-term correction 2 + 2 0.10 ]
& 0.1 i b
We now examine the cross-calibration between the SW and LW 332
channels. A selection of ratios in lines in the LW and SW chan- 2008 2010 2012 2008 2010 2012
nels is shown in Fig. 7. The line intensities were calculaigidg Fe Xill BR 204.94/ 201.12 Fe Xill BR 201.12/197.43
the ground calibration. All the ratios, unlike the previarges, 04F g m T qaf A
show decreases over time, more marked in the first two years &  ;/ 4m a LT " 52 .
the mission (a factor of two). The kev 274.2/ 211.3 A, Fekm & ¢ M am L
. .. o 0.2 o JFE;NEWE fF @ E
251.9/201.1 A, and Fe1 257.5/ 188.2 A ratios show a similar £ 26
trend, within a relative 20%. This is a clear indication ofe&e d < °'} ® ;i
crease in the LBW relative responsivities, as already seen with  °° 2008 2010 2012 ° 2008 2010 2012
Fig.1. The Feun 201.1 and 211.3 A lines have been deblended.
The Fexiv ratio is only slightly temperature sensitive, with an Fe XIll BR 204.94/197.43 Fe Xill 200.0/196.5
expected variation of less than 10%. g ++ # o "gl =6 + P
The ratios involving lines in the 250-260 A region show ob- f., 3 ¢n:m o F# o o o f., NEAS L o
served LWSW ratios lower than expected (as already discussedsg 2 g, oo B 2 #
previously), even at the start of the mission. However, ther¥ ® ¥ € 2}
274.2/ 211.3 A ratio is close, at the start of the mission, to the ~ ° 2006 2010 2012 0 2008 2010 2012
expected value. This is another clear indication that tloeirgp
calibration should be revised, even for the start of the imiss Fe Xill 209.6/200.0 Fe XIV 211.3 / Fe Xil 192.4
This is discussed in the next section. _. 08F D omoga | :f) "
The Fex ratio shown in Fig. 7 has some temperature ands os ¥ " @ 1E e o B
density dependence, however the expected variations loesed ¢ o4: $ e 5 mg B @
the measured values are small (less than 10%), and cannot eX-o: & ;:E g, @ O
plain the diferences with the Fa ratio. One explanation could 0.0 0 % @
be a decrease in the sensitivity at 184.5 A. This would benia li 2008 2010 2012 2008 2010 2012
with the 40% decrease of thev®184.1 A radiance, but not with Fe Xlll BR 246.2/251.9 Fe XIV BR 252.2/264.8
the constancy of the 18480 A (and other) ratios. o A ¢+ [ ] ‘ ~ ]
The Ov ratio is not very reliable because the 248.5 A is 05 = #*J# == =Fv | on gt ° wog® %
very weak and because the ratio varies considerably with derg o4 13 oust " + "
sity. The Sivi 275.3 A vs. Ferm 185.2 A ratio shows a slightly < o5 i ++
smaller decrease in time, compared to the other ratioscedlye g 4, 15 010
when the Sun becomes active. This ratio was used by Kamio & Wt 005t
Mariska (2012) and Mariska (2013) to argue that both LW and
LW channels had the same decrease in sensitivity. Other simi *° 5es 2010 2012 O s 210 2012
lar ratios such as the 278196 A show a similar behaviour. On
the other hand, Mg: vs. Fevin ratios are dierent. As we have Fe XIV BR 257.4/270.5 Fe XIV BR 289.1/274.2
seen, the the density and temperature of the QS upper toansit b4 o2t ‘i’
region does not seem to change much, $@dinces in the vari- _ °-5’En'1"m,',ﬂm: o +“t e o ® 1200
ous ratios should not be expected. The situation is actgaiteg £ " me "% 008 -
complex as discussed later. 3 o 1% o.os—jf‘wm_ - o
° S ]
® o.2f & 0.041
3.5. An estimate of the in-flight SW, LW effective areas oo z-zz r
Each observed and theoretical line ratio considered pesiuc 2008 2010 2012 2008 2010 2012
a constraint to the relative values of thdfeetive areas. Fe XVI 251/263 S XI BR 285.6/281.4
Considering two lines with theoretical intensitigsand |, the ‘ ‘ ‘ ‘ ‘ ‘
ratio of the éfective areas is obtained directly from the observed °° v S ey T H
counts:Re(d1,42) = E1/Ez = 12 Ny A1/(l1 Np 25). Table 1 5 %° ! m S0 2 os + o
lists the measured count rates (BNin the pairs of lines, the & %4 & 4T
observed ratio and the derived ratio of thféeetive areafey, £ 03 o4 h ¢ o "
compared to that from the ground calibration. ® 02 ® ol
The relative constancy of the various ratios for at least the o1 |
first two years of the mission means that it is possible toiobta  °° : : ‘ 0.0 : ‘ ‘
2008 2010 2012 2008 2010 2012

one set of in-flight &ective areas that are valid for that period.

For each ratio listed in Table 1, we have considered the geer#ig. 6. Ratios of a few AR line radiances (photon units) in the SW and
over this period. For the ratios involving lower temperatlines LW channels, obtained with the ground calibration. Bars indicate the
we have considered the QS values, while for the hotter orees fiiedicted values.

AR ones as described previously. The average values araenshow

11
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Fig. 7. Ratios of a few LW vs. SW line radiances (photon units) using
the ground calibration. Bars indicate the predicted values. The top siX 0.10
plots shows the ratios from the QS observations, the lower ones are frofn
the AR observations.

e area [gn

e

in Table 1. The same table also shows the average count ratgs |
in each line forming the ratio. Considering that the expesurs
time was 90 seconds, the numbers in the table show that #ie tot i
counts in most selected lines were high, a few hundreds.é&jenc
single measurements of most lines have a small uncert&ifey.

-

have adopted as uncertainty in the ratios one standardtibevia oot ! ! ! L
from the average. These uncertainties are also listed ile Tab 180 200 220 240 260 280
Finally, for the uncertainties in the ratios of thffextive areas Wavelength [A]

Rt We have summed in quadrature the uncertainties in the aver-
aged observed ratios, and the estimated theoretical s Fig. 8. Effective areas for the EIS channels obtained from the first two
of the ratios, which are also listed in Table 1. years of QS and AR observations analysed here, and the 2007 Jun 2

; e observation (Del Zanna 2008). The full lines indicate the prapose
We have done the procedure independently for the SW ava ues, while the dashed ones indicate those from the ground calibra-

LW Ch_annels. We started with two splines "?‘t a Selectlon OEBOdtion. The two plots above show the line ratios used for the SW and LW
and with values such that the curves were identical to thergto annels separately, while the bottom plot shows the cross-channel line
calibration curves. We then adjusted the spline node vatliesatios. The asterisks show the five measurements of the ground calibra-
satisfy the observed ratios of théfective areas. The finalfec-  tion. The insets show the ratios between the measured values and those
tive areas are shown in Fig. 8 in the two top plots. Each litie ra of the ground calibration.

used is linked with dashed lines, and the combined uncertain

12
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ties for each ratio overplotted. The values of the splinessate nel, and the 274.2 A line is blended with avsiline, which can
listed in the Appendix. contribute up to 20% or so. This latter line is density sévesit

The SW dfective areas were scaled by assuming that the vaRd has additional uncertainty in its estimation. The Q®spe
ues near 195 A (the peak) are the same as those of the groli¥e less signal, and show larger scatter.
calibration. The LW €&ective areas were scaled as described in
the following section. The five ground calibration measwzata
(one for the SW and four for the LW) are also shown, with their Fe XIV (dbl) 274D / 211.3 A
20% uncertainty. : : :

The results for the SW channel are shown in logarith- 10F 1
mic scale. Overall, good agreement with the ground calimat I
(dashed line) is found, although significant departureshi t
shorter wavelengths of both channels is present. Thistresul
puzzling, but there is a significant consistency in the vagia-
tios, and in all the subsequent analysis that has been done on
several datasets. Note that the discrepancies are nonwitai
estimated uncertainties. We will return to this issue ind¢ha-
clusions.

0.8+

0.6F

LW/SW degradation
o
~
o

3.6. An estimate of the relative LW/SW effective areas

° o
RN

The LW/SW relative values in Fig. 8 (bottom plot) were obtained
from a combination of measurements. We have usedftHenb
QS of 2006 Dec 23 for the lower-temperature lines, the ok-dis
AR spectra of 2006 Dec 25 for the ke and Fexiv line ratios,
and the 2007 Jun 2 flare for the far and Fexxiv line ratios. Fig.9. Observed Ferv 274.2/ 211.3 A ratio, divided by its theoretical
The measurements of the flare lines (listed in Del Zanna 2008)ue. The observed ratio is computed with the preséatéve areas
are uncertain because of théset of about 2 in the pointing for the SW and LW channels (Fig. 8). This normalised ratio is used
of the SW and LW channels mentioned previously and the dig-infer the long-term correction for the decrease in sensitivity of the
namic nature of flares. However, the flare was very small amd thWV char_mel. The full line is the fit, while the other lines are previous
variations to be expected from the non-simultaneity of theep- Suggestions (see text).

vations cannot explain the discrepancies, which are alsod

every later observation after 2008 Aug 24, as mentionedén th

introduction. To provide an estimate for the long-term drop in sensitiv-

In combining the 2006 Dec and 2007 June datasets we i, We show the results from the kev 274.2/ 211.3 A ratio
glect the variation in the relative LY8W calibration, which is in Fig. 9. Similar results are obtained from thexr@nd Fexm
however small as described below. The L\fteetive areas are ratios. Note that this agreement is there only if the rectarha
considerably lower than measured on the ground. As we h#lgfa for Fea are used, and careful deblending of thexieand
seen, they continued to decrease over time. Fexw is done.

A detailed emission measure analysis was performed on the The trend in the Feiv 274.2/ 211.3 A ratio is easily mea-
off-limb quiet Sun observation of 2006 Dec 23. Excellent agresudred, but the absolute value of the correction dependsen th
ment between all the SW and LW lines was found, further coradiometric calibration and the predicted value for theorat/e
firming the new calibration. The results of this analysisraoe have adopted the present radiometric calibration destiibthe
presented here since they would require a lengthy disaussio previous section, and recall that we assumed a predictad w4l
all the blends and the lines. A similar line ratio study was pe0.69 for this ratio. We note that the ground calibration ues
formed with the 2007 Aug 19 AR observations discussed in deimilar values. The ratio points have been fitted with a potyn
tail in Del Zanna (2012). The newffective areas remove all themial curve, also shown in Fig. 9. This curve is assumed as our
main discrepancies. long-term correction for the degradation of the LW chandel(

tails are given in the Appendix).

The three other curves in Fig. 9 show for comparison the
(normalised to the first point) exponential decays as dvigla
We recall that the ratios shown in Fig. 7 show similar trens, within the EIS software (dashed line), as suggested by K&mio
amarked decrease in the /BIV ratios during the first two years Mariska (2012) (dot-dashed line), and by Mariska (2013)lér
of the mission, when the Sun was very quiet, hence no signfficalot-dashed line). We recall that both Kamio & Mariska (2012)
changes would be expected. To provide an estimate for tlge loAnd Mariska (2013) assumed the same decay rate for both SW
term drop in sensitivity, we have considered thexive Fexm, and LW. For the purposes of this plot these results have been
and Fex ratios. Each of them has its pros and cons. AR specirderpreted as only applying to the LW channel. Note thatethe
offer better signal, but a large number of unidentified lines apre clear dierences in the behaviour of the four corrections.
pear there (see the spectral atlas in Del Zanna 2012), spasis As afirst-order calibrationwe assume in the remainder that:
sible that additional blending occurs in the lines. Addiatly, a) the shapes of the SW and L\WWextive areas are as shown
AR spectra are normally very inhomogeneous, with largeavariin Fig. 8 and do not change over time; b) the SW sensitivity
tions in temperatures and densities which, even if slightiyld  does not change over time; c) the L\Wextive areas decrease
affect some of the ratios. The Fe XIV 211234.2 A ratio has the over time as shown by the fit in Fig. 9. The parameters for the
problem that the 211.3 A line is just at the edge of the SW chapelynomial fit are given in Appendix B.

2008 2010 2012

3.7. The long-term correction
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3.8. The first-order calibration applied to a few cases He Il (dbl) 256.3 0 VI 184.1 Fe VIl 185.2
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N Fig. 11. Averaged EIS QS radiances as in Fig. 3, but obtained with the
0 0 ‘ present calibration.

2008 2010 2012 2014 2008 2010 2012 2014

Fig. 10. Averaged EIS count rates (@dlper I') in the QS areas, cor-

rected for the LW long-term decrease in sensitivity. is observed. The increase could partly be ascribed to a afsere

in the dfective area at 184.5 A not taken into account. TheiSi
We have applied the present first-order calibration to sovel 754 A Fevin 185.2 A corrected ratio shows a residual increase

cases spread over the years. We have found good overal- agf¥&" time. We discuss this in the following section.

ment between observations and theory. Some examples are giv

beloyv. We start by showing in Fig. 10 the QS count rates _in_afegyg' The Sivil vs. Ee vin issue

LW lines, corrected for the LW long-term decrease in sevisjti

The figure shows that we obtain relatively constant valueésén We recall that the Sin 275.3 A vs. Ferm 185.2 A ratio was

cool lines, most notably the He256.3 A line (which has been used by Kamio & Mariska (2012) and Mariska (2013) to argue

deblended), but also thei® Ov, and Mgvi lines. This confirms that both LW and LW channels had a similar degradation. There

the reliability of the long-term correction. Some residvatia- are two problems in using this ratio, however. First, thenSind

tions and a large scatter are present, but they are due to sblvu are probably not formed in the same spatial regions. This

variability. We recall that the synoptic observations weseried is because the temperature of formation ofiSis different than

out on small fields of view and are therefore not ideal to carthat of Fevin (note though that the predicted fe formation

out a proper study of the solar radiances. temperature has been changing significantly over the yaars,
Fig. 11 shows the EIS QS calibrated radiances of the sagiculations and measurements of the ionisation and reicamb

lines shown in Fig. 3 (those for which we found QS historicdion rates have been improved).

values), obtained with the present first-order calibrati@n both The second problem is that some variations in the iron vs. sil

new dfective areas and long-term correction. There is clearlyi@n abundances, although not expected on a large scalel, cou

very good agreement (to with a relati#@0%) with the previous be happening. BothEects might be the reason for the large scat-

measurements, during the first two years of the mission, whien in the ratios of the Sin and Fevin lines, shown in Fig. 7.

the Sun was quiet. Note that the scatter is not limited to the two lines, becalke
Fig. 12 shows the ratios of a few QS and AR line radiancéde Fevmu lines and all the Siu lines have similar trends, i.e.

(photon units) in the SW and LW channels, obtained with tHgeir ratios are relatively constant, as shown in the previtg-

present first-order calibration. ThevCOratio shows an overall ures.

constancy. The correction based on thexveratio reproduces Itis also clear that other ratios involving the Mgand Fevin

extremely well the Fem ratio and reasonably well the ke lines behave in a dierent way, as shown in Fig. 12 with the

257.5/ 188.2 A one. The increase in the £¥€57.3184.5 A Mg vi 270.4 Fevin 196 A. There is still scatter but the ratios are

is puzzling. If density variations are neglected, the tremadild fairly constant once the present long-term correction diagd.

imply a decrease in the temperature, which is contrary totwhale have checked that all the Mglines in the LW channel be-
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0V 248.5/192.9 Si VIl 275.4 / Fe Vill 185.2 vation indicates that large departures in the shapes offtae-e
500 —3 1.2 ‘ . b tive areas have not occurred, with the exception _o_f _the short
a5h b 1’ } 4 + 1.0} . %mh“' an *“‘+m’ wavelengths of the SW channel, where the sensitivity has fur
3 20 b + | Tos H ] ther decreased. This is all consistent with the behaviodhef
s g + s o.e,w . line ratios discussed previously.
;3 ot VT ] ;3 04l 1 The 2012 Mar 9 observation is particularly important since
05 o2l it is the first and only EIS full-spectral observation of a rivea-
oot . ‘ ‘ ool . ‘ ‘ size M-class flare. A detailed description of this obseorais
2008 2010 2012 2008 2010 2012 presented in a separate paper. Here, we focus on tkerfand
Fexxv lines.

Mg VII+Si VIl 278.4 / Mg VI 270.4 Mg VI 270.4 / Fe VIl 196

° ] b 2, (1
Wi‘l ++J‘++ + £os Y, Mwﬂ

Extra care was needed to select the best spectra for either
+’ Fexvi or Fexxiv. For example, various lines were saturated in

a

many exposures. The kerv lines during the impulsive phase
have large blue-shifted components which complicate tla-an

06 # ysis. A spectrum for Fevi and one for Fexiv was obtained.

Ratio (phot)
o
Ratio (phot)

>
T

A 04 In the first spectrum, the Ben lines are so bright that signifi-
o ‘ ‘ ‘ gé ‘ ‘ ‘ cant blending should not be present. Thexiae lines are very
2008 2010 2012 T o008 2010 2012 useful to check the calibration because they fall acrosg hw's
wavelengths. Discrepancies of over a factor of two were doun
Fe X 257.3 / 1845 Fe XI 257.5 / 188.2

in the Fexvi 204.7/ 254.9 A and Fexiv 192/ 255.1 A ratios us-
ing the ground calibration. The first-order calibrationgmeted

o OO,
g sf o gl e above removes these main discrepancies.
B 8- The March and April 2012 line ratios have been combined
£ in Fig. 13 by applying the first-order correction. The lomgnh
® o5 correction indicates a decrease of about a factor of twoameh
ative LW/SW sensitivity for this period. The very reliable far
0.0 . . . 0.00 . . . . .
2008 2010 2012 2008 2010 2012 and Fexxiv ratios show very good agreement with the present
correction (see points at 254.9, 255 A). In thexks spectrum,

) Fe Xl 251.95/201.12 ] the Fexxiv 192/ 255.1 A ratio is about 4 (photon units) if the
TASE amaw gt e w e e St ground calibration is used, instead of the expected 1.88. Th
800 @ E present first-order calibration brings the ratio down to laeaf
P E 1.6, i.e. within a reasonable 15% the expected value. Theeagr
5 05¢ E ment in the ratios involving lines short-ward of 190 A canipe i

0.0t - proved if a wavelength-dependent correction for the SW ohhn
2008 2010 2012 is introduced.
Fe XIV 274.2/211.3
T T e Hinode EIS Mar—Apr 2012
G i 1 T t 'LWIrot'io ;)relsenlt/g'rou'nd' ' I
\O/ 0.4 ; | 0.5
28 0.2 4 , 0.4 \ﬂ‘
& 0.0t 1 ! 0.3
2008 2010 2012 / 0.2 -
Q.10 | 0.1 \ ]
Fig. 12. Ratios of a few QS and AR line radiances (photon units) in the 0.0 \

250 260 270 280 2907 \
’

SW and LW channels, obtained with the present first-order calibration. Wovelonath [A]

Bars indicate the predicted values.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

have in the same way. The puzzling issue is that thesMiges
are close in wavelength to the Gi lines.

The fact that the Mgr vs. Fevi ratios show less scatter and
a different trend over time, compared to thevsivs. Fevi ra- 001
tios, might be due to the fact that the TR components ofviig I T S S A SR S
and Fevmn originate from the same temperatysgstial regions. 180 200 220 240 260 280
This is further discussed in the Appendix. Wovelength [A]

Fig. 13. Effective areas for the EIS channels obtained with the first-order
3.10. Observations in 2012 calibration for the period Mar—Apr 2012. The full lines indicate the pro-

) . _ posed values, while the dashed ones indicate those from the ground cal-
Several recent observations in 2012 were then analyseeetid s jpration. The ratios of thefiective areas as obtained from th@&kmb

this first order calibration is gficient to remove the main prob- AR observation of 2012 Apr 16 and the flare observation of 2012 Mar
lems. We present here only the results of the analysis offan ® are overplotted, showing good agreement.

limb AR observation of 2012 Apr 16 and a flare observation of

2012 Mar 9. A preliminary analysis of the 2012 Apr 16 obser-
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2012 Mar 9 flare — ground cal. — Fe XVIl ~ are present if the ground calibration is adopted. All thexfe
5 1 1 G1o20087 ) amazsoo lines are very strong, but some small blending is expectéx to
3. (5-15254.88 A) 1,=1610.00 present. Further refinements will need an in-depth anatiisis
.18 Ay s e is left to a separate paper. The plot also shows that theatitie
. \ oy syl Fexvi 273.35 A line with any of the other lines can potentially
NN NG s 0%’ be used to measure electron temperatures for flares.
e 10] 10: (1Q-22,280.198 ranafzs,zz«xo.uso A) 1,,=1340.00
B 3911 1: (13-98,281.12 &) 1,,=447.00
- 12: (8-19,28395 A) (bl Fe XV) 1,=698.00
f 4. Conclusions
E This preliminary assessment of the in-flight degradatiothef
EIS instrument based on line radiances and ratios shows-a con
sistent pattern that is fundamentallyfdrent from what has been
assumed so far.
The observations show a clear degradation of the long-
0 . . . . . . wavelength channel, compared to the short-wavelengthTdree.
6.5 6.6 6.7 6.8 6.9 7.0 74 responsivity of the LW channel, at its shorter wavelengths,
Log T [K] December 2006 was already lower (by 20—30%, see inset in the
2012 Mar 9 flare — present cal. — Fe XVl midd_le plot in Fig. 8) tha_n vyhat was m_easured on the grognd. It
5 R BT Tr Y3y Ry : continued to decrease significantly until 2010, when razéarn
2 (6-18254.54 éi'lm"g%:’%% LW lines became underestimated by a factor of 2. On the other
4 (B-22.262.68 A) I=477.00 hand, QS radiances in SW lines do not show any indication of a
4 e }Séf‘jé8?”’4‘2‘2%).“}5558%80 major degradation for the SW channel, with the exceptiornsof i
& (3325759335 %)% 233500 shorter wavelengths.
o ig % 9;3};;3@#,gg)'ﬁ;gigggao_, 60 &) 1,=3510.0¢ ~ Overall, the shapes of théfective areas in their central re-
537, 1 géfiész%?,‘géz/x@(&i"?é238’?0:2780.00 gions are close to those measured on the ground. Signifieant d
2 3 ' * partures (30-50%) are present towards the edges of both 8W an
E ' LW channels, however. Such small departures are not surpris
E ing, especially considering the large discrepancies (Up0th)
“ 7 . within the ground measurements, discussed previously.
fffffffffffff ——— -7 The present LW long-term correction brings the main
= ' - 2.4 LW/SW line ratios to become constant to within a reasonable
] " & 20%, and produces relatively constant QS radiances in the LW
0 . . . . . . cool lines, most notably the strongest line, H256.3 A
6.5 6.6 6.7 6.8 6.9 7.0 7.1 The present new calibration also removes a number of pecu-

Log T [K] liar features in terms of emission measures and elemental ab
dances that we have encountered. A significant number of stud
Fig. 14. Emissivity ratio curves relative to the main ar EUV tran-  jes such as those concerning emission measures combingethe u
sitions observed by Hinode EIS on 2012 Marl, is the calibrated of E|S cooler lines (e.g. Fan — Fexm) from the SW channel
observed intensity in photons cfrs* arcsec?. The top plot shows the \yith the hotter ones (Fav—Fexvi) from the LW channel. Such
results with the current ground calibration, while the bottom one wi udies should be revised by taking into account the deetieas
the present first-order correction. -
the responsivity of the LW channel.
The EIS instrument has performed reasonably well, with

Fig. 14 shows the emissivity ratio curves relative to thermaPnly @ factor of two clear degradation in one of the channels
Fexv lines. These emissivity ratio curves are obtained by diithin the first two years of the mission. Note that significan

viding the observed intensityy, of a line by its emissivity: degradations (order of magnitude) are very common, evemin i
struments recently built, especially if they have a fronéfilFor
1w NeC 1 example, already at first light, the SDO EVE MEGS-B showed a
= N;j(Ne, Te) Aj @) factor of 10 drop in sensitivity, and significant decreasesstll

occurring at selected wavelengths. Such degradations @ae m
calculated at a fixed electron densiy and plotted as a function sured by using dierent filters, some only occasionally for cal-
of the temperaturé. (see Del Zanna et al. 2004 for details). Thébration purposes. Berent front filters show very ffierent at-
scaling constartt is chosen so that the 254.9 A curve is close tenuations. The SDO EVE ESP instrument has an Al filter, and
unity. shows similar attenuation as the MEGS-A2 instrument, which

The emissivity ratio curves show the large discrepancy éndnas an Al-Ge-C filter. The MEGS-A2 shows a clear wavelength
than a factor of two) in the Fevt 204.7/ 254.9 A branching ra- dependence, with lines at longer wavelengths more atteduat
tio, when the current ground calibration is adopted (tog)plo After two years, lines around 190 A were attenuated by 30%,
The present first-order calibration brings the ratio withinex- while those at 284 A by 50%. This is interpreted as carbon
cellent 10%. With the new calibration, there is very gooceagr deposition in the front filter. The LYRA instruments on-boar
ment (to within a relative 20%) between theory and obsermati PROBA-2 also sfiered large degradations, known to be caused
for all the Fexvm lines, a remarkable result which further conby contamination (probably molecular) on the front optifiial
firms the present calibration. The only line with a significde- ters.
parture is very close to the ke 284.1 A line and is dficult Other instruments such as the SOHO CDS performed much
to measure it accurately. On the other hand, large discoggn better, with a degradation of only a factor of 2 over 13 years
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(Del Zanna et al. 2010a), perhaps because of the rigoroas-cleDel Zanna, G. 2009b, A&A, 508, 513
liness program aridr because of the lack of an entrance filtePel Zanna, G. 2010, A&A, 514, Add

Such calibration issues were discussed at the on-orbiadagr P&l Zanna, G. 2011, A&A, 533
i kshop that took place in the Solar Terrestrial Cewofr Del Zanna, G. 2012, A&A, 537, A38
tion workshop p Del Zanna, G. & Andretta, V. 2011, A&A, 528, A139

Excellence (STCE, Royal Observatory of Belgium) in Brussebel zanna, G., Andretta, V., Chamberlin, P. C., Woods, T. N.Tompson,
on May 3, 2012. A summary is given in (BenMoussa et al. 2013). W. T. 2010a, A&A, 518, A49
As a follow-up, further meetings will be hosted by STCE, t&¢l Zanna, G., Berrington, K. A., & Mason, H. E. 2004, A&A, 42231

. . . . - Del Zanna, G., Bromage, B. J. |, Landi, E., & Landini, M. 208&A, 379, 708
check the inter-calibrations of the various instruments. | Zanna, G. & Ishikawa, Y. 2009 AZA, 508, 1517

Out-gassing and contamination of the entrance filter cou%& Zanna, G. & Mason, H. E. 2005, A&A. 433, 731
partly be responsible for the observed degradation in ti& Hbel zanna, G., Mitra-Kraev, U., Bradshaw, S. J., Mason, H&RAsai, A. 2011,
LW. Deposition of carbon compounds would cause an enhanced\&A, 526, Al+

degradation in the LW channel, compared to the SW one, as @g:%gzgg o g:g;g P oo, e ;‘igmAi“li‘i

served in the SDO EVE MEGS-A2. However, they would alsge) zanna, G., Storey, P. 3., Badnell, N. R., & Mason, H. E.20R&A, 543,
cause some degradation in the SW channel. We have seen some@so
evidence of degradation at the SW shorter wavelengths Ivatt noDel Zanna, G., Storey, P. J., Badnell, N. R., & Mason, H. E20A&A, 541,

the longer ones, which is not expected. Another possiblseay A%
R el Zanna, G., Storey, P. J., & Mason, H. E. 2010b, A&A, 514, A40
of the lower sensitivity of the LW channel could be a degrad ere, K. P, Landi, E., Mason, H. E., Monsignori Fossi, B. & Young, P. R.

tion of the M@'Si multilayer (A. Jones, priv. comm.). The present 1997 AgAS, 125, 149
calibration is a contribution to the on-goinff@t within the EIS Hara, H., Watanabe, T., Harra, L. K., Culhane, J. L., & YouRgR. 2011, ApJ,
team to understand the degradation of the instrument anato p 741, 107

1 i H Haugan, S. V. H. 1997, CDS software note, 47
vide the best possible correction. Heroux, L., Cohen, M., & Higgins, J. E. 1974, J. Geophys. R&%.5237

A preliminary comparison between EIS and EVE data sing@mio, s. & Mariska, J. T. 2012, Sol. Phys., 279, 419
May 2010 has shown very similar results to those presented heandi, E., Del Zanna, G., Young, P. R., Dere, K. P., & MasonEH2012, ApJ,
(I.Ugarte Urra and H.Warren, priv. comm.). All the resuli®an 744,99

in Mariska (2013) are also in agreement with those shown, hetéa”ngd Jé' 'ﬁ(eg'B% dJﬁéﬁaﬁsganz'ovlvﬁ eAt ;‘A 2310;5, AA&"' O, 8689

although the interpretation i; veryftirent. Mariska (2013) 8S- [jang, G. Y., Badnell, N. R., Crespodipez-Urrutia, J. R., et al. 2010, ApJS, 190,
sumes that there is something odd about the 886.3 A line, 322
and that the LJ\SW calibration can be checked using thenSi Liang, G. Y., Whiteford, A. D., & Badnell, N. R. 2009a, A&A, 49943

275.4 A vs. Ferm 185 A ratio. We have seen the various probﬁgﬂga\%g"a’vg'ﬁ';orgddxA'MD'ig‘7gadAg§"'l'g"lRi§839b' A&A, 500263

lems associated with this ratio. The suggestion from Mariskanson, J. E. 1976, J. Geophys. Res., 81, 1629
(2013) does not explain the factor of two problems with theifFe Mariska, J. T. 2013, Sol. Phys., 282, 629
Fexm, Fexiv, Fexvi, Fexxiv lines observed in the SW and LW Neupert, W. M. & Kastner, S. O. 1983, A&A, 128, 181

; ; ; Storey, P. J., Del Zanna, G., Mason, H. E., & Zeippen, C. 2088\, 433, 717
cnatﬂne(;s in the data afl;e{ |201O' The presaer:t Ca“brf‘t!(m\éﬁ Storey, P. J.. Mason, H. E., & Young, P. R. 2000, A&AS, 141, 285
all the discrepancies, but leaves somewhat unexplainelethe gy p. 38 zeippen. . J. 2010, AGA. 511, A78

havior of some lines. Further work can be done on the linelseof tstorey, P. J., Zeippen, C. J., & Le Dourneuf, M. 2002, AZA, 3983
present study, however what is needed is a calibration toltke Tayal, S. S. & Zatsarinny, O. 2011, ApJ, 743, 206
the near future, a new EUNIS rocket should be launched, whigfemas, R. J. & Neupert, W. M. 1994, ApJS, 91, 461

: : : : : . Wang, T., Thomas, R. J., Brosius, J. W., et al. 2011, ApJS, 337,
will provide important information on the current EIS calib Woods, T. N., Chamberiin, P. C.. Harder, J. W., et al. 2009 fBgs: Res. Lett.

tion. 36, 1101
Young, P. R. 2009, ApJ, 691, L77
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In what follows, we provide some IDL commands to obtain the
effective areas and the long-term correction within SolarSoft
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Table A.1. QS observations used for the EIS calibration.

File Raster Slit() Exp.(s) FOV()
20061223161013 HPWOOIFULLCCD_RAST 1 90 12&128
20070114220819 SYNOPOOZIit 1 90 1x256
20070130111912 HPWOOIFULLCCD_RAST 1 90 12&128
20070216112350 SYNOPOOZIit 1 90 1x256
20070316180127 SYNOPOOZIit 1 90 1x256
20070421000705 SYNOPOOZIit 1 90 1x256
20070517000450 SYNOPOOXIit 1 90 1x256
20070602131520 HPWOOGULLCCD_RAST 1 25 12&128
20070620180835 SYNOPOOZIit 1 90 1x256
20070720110822 SYNOPOOZIit 1 90 1x256
20070817062935 SYNOPOOXIit 1 90 1x256
20070913175836 SYNOPOOXIit 1 90 1x256
20071024061835 SYNOPOOXIit 1 90 1x256
20071125104656 SYNOPOOXIit 1 90 1x256
20071222111205 SYNOPOOXIit 1 90 1x256
20080121160213 SYNOPOQFULLCCD 1 90 12&184
20080705112034 FELDMANQSCHATLASv1 2 120 24<304
20081217110519 HPWOOIFULLCCD_RAST 1 90 12&128
20090323174230 SYNOPOOXIit 1 90 1x256
20090413175041 HPWOOIFULLCCD_RAST 1 90 12&128
20090511180929 SYNOPOOXIit 1 90 1x256
20090623182812 SYNOPOOXSIit 1 90 1x256
20090720060035 SYNOPOOXIit 1 90 1x256
20090813180429 SYNOPOOZSIit 1 90 1x256
20090919180557 SYNOPOOXIit 1 90 1x256
20091007120219 HPWOOIFFULLCCD_RAST 1 90 12&128
20091023060550 SYNOPOOQXIit 1 90 1x256
20091113180529 SYNOPOOXSIit 1 90 1x256
20091227063535 SYNOPOOXIit 1 90 1x256
20100501054013  Atlas30 2 30 12160
20101008101526  Atlas120 2 120 128160
20101220050526  Atlas120 2 120 128160
20110413132033 Atlas120 2 120 128160
20110603113020 Atlas060x51260s 1 60 66512
20110831054534  Atlas60 2 60 12160
20111226181940 Atlas120 2 120 128160
20120428151319 Atlas060x51260s 1 60 66512
20120913182534  Atlas120 2 120 128160

Notes. The columns indicate the file name (date and UT time), the EIS raster acyrtimy slit used, the exposure time and the field of view (FOV)
of the observation.

0.0316499/1.4, 0.0647319/1.35, 0.0779082/1.35,% ; the effective area at a SW wavelength (Angstroms)
0.115240/1.4, ©0.150199/1.45, 0©.194897/1.25, § ;wl is obtained as

0.255993/1.13, 0.264945/1.1, 0.279607/1.05, $ ; eff=interpol(gdz_eff_sw , gdz_sw, wl),/spline)
0.298884/1.02, 0.302737*1., 0.301859/1.05,% ; the effective area at a LW wavelength (Angstroms)
0.287675/1.15, 0.174608*1.05, 0.119586/1.0, § ; w2 is obtained as

0.0838537 /1., 0.0635698/1., 0.0332376/1.0 ,$ ; eff= interpol(gdz_eff_lw , gdz_lw, w2),/spline)
0.0189209/1., 0.0133581/1., 0.0105513/1.]

gdz_1lw=[245., 252., 255, 257., 259, $
263. , 265., 268., 270., $ Xtime_ref=ANYTIM2TAI(’22-Sept-2006 21:36:00.000°)
272. , 274. , 277., 281., 286., 292] coeff1=[1.0326230, -5.2495791e-09, 1.2055185e-17]
gdz_eff lw=$ ; date is any observation time.

[0.022673%0.8, 0.03908%0.75, 0.05065%0.78, $§
0.0588%0.8, 0.06738%0.85, 0.0861%0.9,5%

0.09551%0.95, 0.106984*%1.0, 0.110764%1.02, $
0.10944%1.03, 0.1026%1.03, 0.084775%0.9, $
0.05718%0.87, 0.0333%0.85, 0.01679%0.85]/1.1

Xtime=ANYTIM2TAI(date)

; degr gives the degradation
degr=poly(Xtime - Xtime_ref, coeffl)
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Table A.2. AR observations used for the EIS calibration.

File Raster Slit() Exp.(s) FOV{()
20061225221058 SYNOPOQZEIit 1 90 1x256
20061225225013 HPWOOIFULLCCD-RAST 1 90 12&128
20070118120435 SYNOPOQZEIit 1 90 1x256
20070210000119 SYNOPOOQHEIit 1 90 1x256
20070220054028 SYNOPOOQZEIit 1 90 1x256
20070322125559 SYNOPOOQHEIit 1 90 1x256
20070423184443 SYNOPOOZIit 1 90 1x256
20070511105544 SYNOPOOQHEIit 1 90 1x256
20070519180450 SYNOPOOZIit 1 90 1x256
20070607181319 SYNOPOOQHEIit 1 90 1x256
20070630175020 SYNOPOOZIit 1 90 1x256
20070630175235 SYNOPOOQHEIit 1 90 1x256
20070630175451 SYNOPOOZIit 1 90 1x256
20070630175706  SYNOPOOQHEIit 1 90 1x256
20070714000949 SYNOPOOZEIit 1 90 1x256
20070819133227 HPWOOIFFULLCCD-RAST 1 90 12&128
20070929102529 SYNOPOOHIit 1 90 1x256
20071020021049 SYNOPOOQHEIit 1 90 1x256
20071114000707 SYNOPOOZKIit 1 90 1x256
20071206175549 SYNOPOOQZEIit 1 90 1x256
20080107101448 SYNOPOOZKIit 1 90 1x256
20080118103435 SYNOPOOQHEIit 1 90 1x256
20080204104700 SYNOPOOZEIit 1 90 1x256
20080620230339 HPWOOIFULLCCD-RAST 1 90 12&128
20081217110519 HPWOOIFULLCCD-RAST 1 90 12&128
20090322060630 SYNOPOOHEIit 1 90 1x256
20090521180529 SYNOPOOQHEIit 1 90 1x256
20090725055049 SYNOPOOZIit 1 90 1x256
20091025214625 HPWOOSFULLCCD-RAST 1 25 12&128
20100123171532 SYNOPOOHIit 1 30 1x256
20100517135741  Atlas60 2 60 12160
20100922112633  Atlas60 2 60 12160
20110121123757 Atlas60 2 60 12160
20110522103354  Atlas60 2 60 12160
20110726175935 Atlas60 2 60 12160
20111022100543 Atlas60 2 60 12160
20111217125856 Atlas60 2 60 12160
20120416124033  Atlas60 2 60 12160
20120704223657  Atlas60 2 60 12160
20120830234044  Atlas60 2 60 12160

Note that this correction cannot be extrapolated to dates lashould have a similar response to that of Mgand not Sin. It
than September 2012. is fair to say though that for both Far and Sivi a significant
contribution is predicted to originate from the coronal @am
nent. This is of course assuming that a continuous distobut
of plasma between TR temperatures and the corona exists. The
We have calculated the contribution functigB€T) of a selec- | Sivii component accounts for almost 30% of the intensity
tion of TR lines observed by HinodelS, using CHIANTI v.7.1 of the line in the log T[K]:S'Z_S'g range, while the ker TR
data (Landi et al. 2012), in particular the new ion abundaifice component accounts for over 40%. Mgs clearly a purely TR
ionization equilibrium). They are shown in Fig. C.1 (top)nA line.
small diferences in the contribution functions of two lines in the
transition region, where there is a steep variation in teatpee,
can have a largefiect (see, for example, the largfexts on
active region loops Del Zanna 2003).

To estimate theféects that a steep variation in temperature
can have, we have taken a QS DEM obtained from the on-disk
EIS observations of 2006 Dec 23, and folded it with @(&) of
a few main EIS lines, as an example. They are shown in Fig. C.1
(bottom). It is clear that the emission in the ke and Sivit has
two main components, one coronal (1 MK) and one in the lower
transition region. Itis also clear that the TR componente{fik

Appendix C: The Sivivs. Fevin problem
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Fig. C.1. Top: contribution functiongs(T) of a selection of TR lines
observed by Hinod€&lS, using CHIANTI v.7.1 data. Bottom: the same
G(T) values multiplied for a QS DEM. Note that tkT) x DEM(T)

of Mg vi was increased by a factor of two.
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