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ABSTRACT

In the light of accurate structure and scattering calooifetifor Fexvi, we review the status of identifications in the EUV spectrum
of this ion using various experimental data, from the X-r&yshe UV. Most previous identifications are confirmed, altjio a
critical revision leads to changes in many wavelength \slireparticular for the 2p3s—23 3p and 2p 3p—2 3d transitions, which
we observed with the Hinode EUV Imaging Spectrometer (EB8\eral lines are identified here for the first time. We finddgoo
agreement between expected and measured line intengittbsa few notable exceptions. In particular, the strong lin the EIS
spectra, observed at 254.88 A, has a consistently low obdémtensity. We present two Hing@@S observations and discuss which
lines are clearly blended in these datasets, and which Bableefor diagnostic purposes.
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1. Introduction 2. Experimental data

This paper is one of a series in which atomic data and lingtider?-1. X-ray observations
fications are benchmarked against experimental data (Del&Za

et al. 2004). It is now timely for us to review the ker EUV  1pe identification of Favn lines started with the excellent work
spectrum for the following reasons. First, the R-matrixt®a f 1yren (1938) on the soft-X-ray transitions to the L shpto-
ing calculations of Loch et al. (2006) predictke line intensi- \;iging identifications and at the time excellent wavelesgive

ties that largely dter (factors of 2-3) from previous estimatesyeieyed the measurements of X-ray wavelengths found in the
Hence, previous identifications need to be reassessedioig |iierature, and found that Hutcheon et al. (1976a) and Hdoh
these new data. Second, new accurate ab-initio theoreatal & 5 (1976b) provide very accurate values. There is excell

culations of level energies for Ne-like ions are now avdéab ,, o0ment within 1 m A, between the Hutcheon et al. measure-
(Ishikawa et al. 2009). These theoretical energies are @Aigr o5 and the most accurate measurements in the X-rays, from
help in the line identification process. Third, accurate evav boratory spectra (Boiko et al. 1978) to solar SNRGS oneé
lengths and intensities of some EUV lines are now measura&%n”"pS etal. 1982) '

by the Hinode EUV Imaging Spectrometer (EIS, see Culhane ' '

etal. 2007). Fourth, the Bem EUV lines observed by EIS aré 1 st of observed wavelengthss that we consider most
of particular importance because they are among the very fey

X . curate are provided in Table 1. We used them, as described
lines formed at temperatures (4-10 MK) that provide usetul ij 1o Appendiy, in conjunction with the EUV wavelengths to
formation about the nature of the heating in the solar carona

obtain a consistent set of experimental energies for this io

In this paper we focus on the EUV lines, principally the
2p° 3s—2p 3p and 2p 3p-2p 3d transitions that occur at EUV o
wavelengths (200-500 A) and for which we can provide accé-2- EUV observations in the 30-150 A range
rate EUV wavelengths based on EIS observations [a preliyina
assessment of the most prominenkke lines was published in The 30-150 A range is rich in (weaker) Fein = 4 — 3 and
Del Zanna 2008]. The weaker= 4 z 3andn=3 - 3lan- , _ 3 _, 3 yansitions. Fawcett et al. (1979) provided many
sitions, which occur in the 30-150 A range are also consilerg, 5 eength measurements and identifications using laiyrat
as well as wavelength measurements in the X-rays. spectra. We adopted their wavelengths as shown in Table 2.
) ) ) Finkenthal et al. (1985) provided a few additional measeneis
Section 2 describes the experimental data we have ggd identifications again based on laboratory spectra,hwhie
lected, with particular emphasis on the analysis of Hinot# Ea|so considered. The highest quality solar flare spectritheat
data. Section 3 briefly describes the benchmark method usggvelengths is probably that obtained during a rocket flight
Section 4 discusses the lines observed in the 30-150 A rangeton et al. (1985). Wavelengths were not accurate, butgbe-s
while Sect. 5 discusses those observed in the 171-630 A rangem was radiometrically calibrated, so we could use thag |
In Section 6, we draw our conclusions. intensities for the benchmark.



Table 1. List of wavelengths and identifications for the X-ray lines.

Table 2. List of wavelengths and identifications for the EUV lines.

i- obs(A) ID Diff. ID
i- 2 Aobs(A ID Diff. ID
1-131  11.023(4) Br77 2H76 ! ep  Aobs()
1-129  ?11.043(4) Br77 (11.051B98)  Br77 19-96 41.370  41.37(20) F79 F79
1-118  11.129(1) H76a ? S71, H76b 3-47 46.300 46.30(20) (bl) AB5 N
1-93  11.250(1) H76a (bl) ? S71, H76b 5-56 46.307 46.30(20) (b)) AB5 N
1-85  11.287(2) H76b ? H76b 2-44 46.400  46.40(20) (bl) AB5 N
1-77  11.420(3) H76b (bl) H76b 7-55 49.870 49.87(20) (b) F79  F79
1-71  12.124(2) H76a (bl ?) H76a 8-53 50.260 50.26(20) F79 (bl)  F79
1-59  12.264(2) H76a (bl ?) H76a 2738 33-135  50.690 50.69(20) (bl) A85 N
1-52  ?12.322(4) Br78 (bl Fe XXI) S71 8-38 57.320  57.320(20) F79 F79
1-42  12.521(2) H76a (bl Fe XXI) 2871 33-119  57.710 57.71(20) A85 N
1-39  12.680(2) H76a (bl Fe XXI) ?S71 B98 18-64 58.621 58.62(20) F79 (bl)  F79
1-37  13.159(2) (bl) N LPO5 24-72 58.752 58.76(20) F79 (bl) N F79
1-33  13.825(2) H76a T38 19-62 58.760 58.76(20) F79 (bl)  F79
1-31  13.890(3) H76a T38 25-74 58.980 58.98(20) F79 (bl)  F79
1-27  15.013(2) H76a T38 20-61 58.980 58.98(20) F79 F79
1-23  15.262(2) H76a (bl mr) T38 26-73 59.259 59.26(20) F79 (bl)  F79
1-17  15.453(2) H76b (bl ?) T38 21-66 59.260 59.26(20) F79 (bl)  F79
1-14  16.004(2) (bl Fe XVII,OVII) N 22-67 59.590 59.59(20) F79 F79
1-10  16.238(2) (bl Fe XVIII) N 27-56 68.510  68.51(20) A85 N
1-7 16.335(2) (bl Fe XVIII) N 3-29 89.760  89.76(20) A85 N Fig5 (87.30)
1-5 16.775(2) H76b T38 3-15 204.668 204.668(10) N (bl) D78
1-3 17.051(2) H76b T38 6-18 254,536 254.536(10) N (bl)  J84,B85(254.48)
1-2 17.096(2) H76b P73 5-15 254.885 254.885(10) N (bl)  D78(254.87)
— — 7-21 259.705 259.722(10)N (bl) N
Table 1. i-j are level indiceslqps the observed wavelengths-22 262.699 262.699(10) N (bl) N
with the uncertainty (last digit) and the source. (bl) iradés 6-17 264.785 (bl Fe XIV) N
the presence of a blend, mr in medium-resolution spectra. %34 ggg-;% ggg-i%%g)&' 332'385(266-43) BES(269.61
indicates the original identification (N is a new identifioat 269886 269'886510§N(bl) 184 ?B85(269.61)
proposed here), while Bi ID indicates a dfering identifica- 33.37 273.347 273.347(10)N(bl) N
tions. References: T38: Tyrén (1938); S71: Swartz et &r); 7-18 274.210 (bl Fe XIV) N
P73: Parkinson (1973); H76a: Hutcheon et al. (1976a); H76h21 275.550  275.550(10) N J84,B85(275.60)
Hutcheon et al. (1976b); Br77: Bromage et al. (1977); 89%12_(2)6 %g'i‘ég %g'igg(égmggn ’\508 184(279.21)
Brown et al. (1998); LP05: Landi & Phillips (2005). ' ' B85(279.1)
10-22  280.160 280.160(10) N (shl)  J84,B85, D08
13-25  281.120 281.120(10) N J84(281.09), B85
8-19 283.942  283.945(10) N N B85(284.01)
; ; _ J84(284.17)
2.3. EUV observations in the 171-630 A range 1494 288.945  288.960(10) weak N
The Skylab NRL slitless spectrograph produced spectra-of sotl ~ 295.981  295.98(20) D78 F85 Bsg?;ggzé;"‘)
|<':'1I' flares in the 171—630 A range. For this benchmark, we COftr18 304.971 304.971(10)EN B85(304.93) .
sidered the calibrated intensities of a solar flare repobyed (bl MnXIV,FeXV)
Doschek et al. (1991). We also adopted some of the wavel0 323.572  323.57(20) D78 J84, B85(323.65)
lengths measured by Dere (1978), listed in Table 2. We r&13 340122 340.12(20) D78 F85 184(337.23)
; - 340.391  340.40(20) D78 J84,B85(340.47)
placed the Skylab wavelengths with the more accurate SERy$, 347.816  347.814(4) TN94 84 B85(347.96)
and Hinod¢EIS values, whenever available. The intensities of ag 350.478  350.477(5) TN94 J84,B85(350.58)
few lines recorded during the 1989 SERTS rocket flight (The@ma-13 351.533 351.58(20) D78 F85, B85(351.69)
& Neupert 1994) were also used for the benchmark. Thomas3& gg?-gg; ggg-gg;g mgi '3288‘é B85(367.37) ?;'52365 62)
Neupert (1994) proylded very accurate wavelengths whlt.‘xltizweﬁ_12 373.430 2373, 41(20) F85 Fet : 885(372..93)
adopted, as shown in Table 2. 512 387.231 387.23(20) D78 F85, B85(387.36)
3-7 389.111  389.11(20) (bl) F85, B85(389.25)  J84(387.23)
] ) 2-6 409.705  409.705(6) TN94 F85 J84(410.46)
2.4. Hinode/EIS observations B85(409.91)
1153.16  1153.16(20) F98 F85

3-4
The EIS instrument covers two wavelength bands (SW: 165

211 A; LW: 245-291 A, approximately). We analysed manyable 2. See Table 1 for a description of the columasq (A)
HinodegEIS observations containing ken lines, although only is the experimental wavelength obtained from the experteden
the results from two observations are presented here. Téte f@nergies. The estimated uncertaintylis in parentheses is in
observation is a full spectrum recorded on 2007 June 2. A preA. N in the Aoss column indicates a new measurement based
liminary analysis of this observation was presented in elia on the Hinode EIS observations presented here. (sbl) itegica
(2008). Here, the same observation is reanalysed in varasusthe presence of a self-blend. Some of the literature wagéhsn
spects. First, by including a treatment of ‘warm’, ‘hot’,dan (A) are indicated in parentheses. References: D78: Def&8)19
‘dust’ pixels (in the sense that these pixels are excludeohfr F79: Fawcett et al. (1979); J84: Jupén (1984); F85:Feldzhah
the analysis). Second, by applying a geometrical corredbo (1985); B85: Buchet et al. (1985); Fi85: Finkenthal et ab&41);
the spectra. It has been known that there digets in both N-S A85: Acton et al. (1985); TN94:Thomas & Neupert (1994); F98:
(18”) and E-W (2) directions between the two EIS channelsteldman et al. (1998); D08:Del Zanna (2008).

The dfset in the E-W direction means that observations in the
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Fig. 1. Monochromatic images (negative) of a selection of EIS linesi the 2007 May 21 observation. lon and wavelength in A adichted,
as well as the logarithm of the temperature (K) of line forimain collisional ionisation equilibrium. We note that #hle identified Fevn lines
have the same morphology.

two channels are neither simultaneous nor cospatial. Adurt (formed around 1 MK) in each channel and a quadratic wave-
significant éfect found during the course of this work is a slanength calibration. The adopted rest-frame wavelengthgi-or
in the spectra relative to the axes of the CCD. The interssitiated in various laboratory and solar observations, andbean
of lines emitted by the same ion within each channel wereseroound e.g., in the CHIANTI atomic package (Dere et al. 1997,
correlated to measure the slant. We found the presencer#fax li Landi et al. 2006). Very good agreement (to within 5 mA) be-
slant in both channels, equivalent to a displacement in ## Nween observed and rest-frame wavelengths was found across
direction of about 3.6&0.2) pixels end-to-end (each pixel alongyoth EIS spectral ranges. A conservative uncertainty of Adsm
the slit corresponding to”). The slant has a significant impactadopted. We found no measurable Dopplershifts in the s&sing
on the data analysis, and was corrected by rotating therspegtexvu lines, and therefore believe that thexsa wavelengths
We note that a similar slant in the SW channel was indepelyderthat we measured are to be considered as being at rest.
reported by Young et al. (2009).

The location of the brightest kern emission considered in
Del Zanna (2008) is an area where lines are broadened and veryThe second EIS observation is a full spectrum recorded on
strong emission of cooler features is present. For thisystr 2007 May 21 with the 2 slit and a long exposure of 40s. The
average spectrum was obtained from three consecutive exjomg exposure allowed the measurement of the line intexsdibir
sures in two locations where the far emission was less af- each 2x2” area in the field of view. The observation was pro-
fected by blending. cessed in the same way as the previous one. Figure 1 shows the

The EIS instrument isfiected by a strong (75 kifs) or- resulting monochromatic images for a selection of linesnien
bital variation in the wavelength scale. This was removed, aover a range of temperatures. We note that the bulk of thevire
a wavelength calibration obtained by using the bottorfi 60 emission is concentrated within a loop structure, whicly tel-
the field of view as the reference. The locations chosen @imbtcomes visible in Fevi. We also note that the Rem 263.765 A
an averaged spectrum are places where Dopplershifts in cdioe is dominated by two unidentified coronal lines (at 2633y
nal lines are smaller thagb knys. The averaged spectrum washat have a formation temperature similar toxkeFigure 1 is
calibrated in wavelength, using a set of about 30 coronaklinimportant because it clearly shows that all thex#elines iden-



tified in this paper have the same morphology, although mény o, ] 250

them are blended. 400 > 200
We selected two averaged spectra, one from the lower paﬁgo 100
of the flare loop, where blending should be at a minimum, and®) 50

one from a transition-region brightening located at thetdomt =~ 204.0 204.2 204.4 204.6 204.8 205.0 205.2  254.0 254.2 254.4 254.6 254.8 255.0 255.2
left of the field of view. The averaged spectra were wavelengt
calibrated to an accuracy of 5 mA. With this calibration, we sg
found the same Fevit wavelengths (to within a few mA) as in 200
the 2007 June 2 observation. No Dopplershifts inkfelines 150
were observed. Portions of the spectra wherevidines are %
present are Shown in Flg 2 For Comparison, the SpeCtrmOf th 259.2 259.4 259.6 259.8 260.0 260.2 262.2 262.4 262.6 262.8 263.0 263.2 263.4
transition-region brightening are also shown on the samgeZi

It is quite clear which Fevu lines can be blended with lines 14
formed at transition-region temperatures (wheffisient plasma 19
atthose temperatures is present along the line of sighg) nidst &0
notable case is the 204.66 A line, which is blended, on its red®
Wing, by a Strong (Unldentmed) transition_region IInecMBd 266.2 266.4 266.6 266.8 267.0 268.6 268.8 269.0 269.2 269.4 269.6 269.8
at 204.72 A. This line has the same morphology asiréor
Sivi) and becomes much stronger than thecfeline at all lo-
cations where Fem is bright. Another notable feature is that the
283.93 A line still clearly shows some residual blendingwtfte

far blue wing of the very bright Fev 284.15 A resonance line. ;5 2754 2756 2738 2752

XVil (bl)

XVl (bl)

XVil (bl)
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XVII

N
8
XVII

N
N
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275.6 275.8

We note, however, that in the flare loop regionxke lines are =~ >
strong and not severely blended. i_b, -
2 g s .
40 80 i
3. The benchmark method % gg

As descnbed |n Del Zanna et al (2004), the benchmark pmces 2788 279.0 279.2 279.4 279.6 279.8 2795 280.0 280.5 281.0 281.5

starts with an assessment of the observed wavelengghdg-or =

Fexvu, we reviewed all previous measurements from the X-raysso z 80 5

to the UV, as briefly described in the previous section. Theség < &0 -

observed wavelengthigps are provided in Tables 1 and 2. 100 ;g <
From the observed wavelengths,s a set of experimental % 0

IeVeI energieEeXp iS Obtained (See the Appendix and Tab|es Al 283.6 283.8 2B4.0 284.2 284.4 2846 288.6 288.8 289.0 289.2 289.4 289.6
and A.2).

From the level energieSe,,, experimental wavelengthisyp,  Fig. 2. Hinode EIS spectra (ordinates are averaged counts per, pixel
are derived. We note that there can be cases when lines Witile abscissae are wavelengths in A) over an area whexerFemis-
experimental wavelengthi,, have not been observed yet, andion was more clearly isolated (black line) and over a ttarsiegion
cases wheney, andAgps are not exactly the same. brightening (red thick line).

As an aid to the identification process, relativistic multi-
reference many-body perturbation theory calculationsevper- o . ) L.
formed along the Ne-like sequence (see Ishikawa et al. 2009) Line intensities were calculated with the rates and traonsit
these, state-averaged multiconfiguration Dirac-Fockt®edf- Probabilities provided by Loch et al. (2006), at the tempena
consistent field (MCDFB SCF) and multi-reference configur&f Peak ion abundance for ke in ionisation equilibrium (log
tion interaction (MR-CI) calculations are followed by atsta 'Kl = 6.6). Table 4 shows the relative line intensities calcu-
specific multi-reference Maller- Plesset perturbatiomtireent. lated at an electron density of Focm, which is typical of
This procedure (hereafter referred to as MR-MP) yields lyighsolar flares but still in the low-density regime for this idrhe
accurate level energies, the average deviation betweeeTiexp"”es are ordered by their intensities. It is reassuringe that
mental and theoretical values being 0.01%. For details ef tf!l the lines expected to be brightest have now been observed
procedure, we refer to Ishikawa & Vilkas (2008). Wavelersgth-n€ intensities, whenever available, were compared tdigon
obtained from the energies of the MR-MP calculations are al§lentifications and assess the possible presence of bigridirs
shown in Table 4, together with those from the NIST databas¥/as achieved using the ‘emissivity ratio’ technique, wherine
The NIST wavelengths were obtained from the published fist goServed intensity of a line is divided by its emissivity (s
energies. Table 4 clearly shows excellent agreement batthee PaPper, as a function of density). In one single plot, thisva#i us
MR-MP wavelengths and the experimental ones, with deviatio!® compare at once for a group of lines observed and theoreti-
of only about 0.1 A (the only notable exception being the tW%aI_mtensmes (see D.el Za”ﬂa.eF .al' 2004 for tha”S)' ax_gdss
decays from the 3pS, level). We note that typical deviations Ofwhlch of the respective emissivities have #elient sensitivity
other ab-initio calculations are of the order of 5-10 A, asve, to electron density.

e.g., by the theoretical wavelengthg: obtained from the scat-
tering target energies and also shown in Table 4. The MR-MP Benchmark in the 30-150 A range

wavelengths were used to identify additional weaker lines. o
Fawcett et al. (1979) performed an excellent analysis totifje

1 httpy/physics.nist.ggPhysRefDatgASD/index.html the transitions that become strong at high densities, ale Tab




Table 3. List of strongest Fevr lines in the 30150 A range.

i-j Transition Int Int Aexp (A) ﬂcc(A) /zNIST(A) /zMR—MP(A)
1.016* 1.010°
3-29 282p°3s 1P —2P3s1Sy 0.38 0.19 89.760 87.52 87.319 89.79
5-56 282p°3s3P;—282p°4p 1Sy 0.15 7.210%  46.307 46.19 - -
5-29 282p°3s3P;—2pP3s1Sy 0.23 0.11 98.249 95.78 95.317 98.28
3-47 282p°3s1P—282p°4p3Py 8.4102 43102  46.300 46.12 - -
8-53 282p°3p3D3-282p°4d3F, 6.4 102 0.33 50.260 50.32 50.280 -
22-37  242p°3d3D3-2(P3d D, 0.11 0.11 92.283 90.34 - 92.35
2-44 282p°3s3P,—282p°4p3D; 4.6 102 0.16 46.400 46.64 - -
33-119  2f3plP-2pP4sls, 54102 29102 57.710 57.79 - -
33-135 283plP-2pP4d D, 46102 4.0102 50.690 50.75 - -
26-37  242p°3d'F3-20°3d 1D, 89102 8.9102 100.640 98.53 - 100.71
20-37  282p°3d3F;-20°3d 1D, 7.8102 79102  90.401 88.51 - 90.47
3-83 282p°3s1P—282p°5plsy 29102 7.110° - 3373 - -
14-70  222p°3plDy—282pP4dF;  4.210°? 0.14 - 50.46 - -
13-69  282p°3p3P1-2€2p°4d3D,  4.1102 0.11 - 50.44 - -
27-56  282p°3dlP-2€2p°4pls, 55102 2.6102  68.510 68.66 - -
7-55 282p°3p3D,-282p°4d3F;  3.910°2 0.18 49.870  49.93 49.897 -
19-36  222p°3d 3F;—-2p°3d D3 711072 0.25 - 91.29 - 93.20
2-28 282p°3s3P,—2P3s3S; 6.4 102 0.21 - 90.52 - 92.50
21-37  282p°3d'D,—2pP3d 1D, 6.2102 6.2102 91550 89.60 - 91.62
8-32 282p°3p 3D3-2°3p 3P, 6.0 102 0.27 - 90.40 - 92.40
6-52 282p°3p 35 —282p°4d3P;  3.1102 6.6102  49.456  49.38 49.443 -
10-54  282p°3p3P,-282p°4d3P, 25102 7.31072 - 50.89 - -
23-47  282p°3d3D;—282p°4p3Py  3.2102 1.6102  67.918 67.78 - -
9-57 282p°3p P —292p°4d D,  2.3102 8.4 107 - 50.37 49.805 -
20-35  282p°3d3F3-2°3d 3D, 42102 0.11 - 9203 - 93.91
8-38 282p°3p3D3-282p°4s3P,  2.1102 84102  57.320 57.40 57.331 -
14-42  282p°3plDy—282pP4s%P;  1.9102 3.7102 57.536 57.68 57.646 -
11-59  282p°3p3Py—-282p°4d3D;  1.6102 1.7102  51.247 51.29 51.236 -
25-37  242p°3d3D,—2pP3d 1D, 31102 3.110%2 100.211 98.06 - 100.29
24-37  282p°3d3F,-20°3d 1D, 3.0102 3.0102 99553 97.45 - 99.63
9-59 282p°3p P —2€2p°4d3D; 1.5102 1.6102  49.750 49.75 49.748 -
15-71  282p°3plp-2€2pP4diP; 15102 1.7102 52,780 53.25 52.754 -
19-62  282p°3d3F;-282p°4f3Gs 1.4 102 0.69 58.760 58.93 58.783 -
7-57 282p°3p3D,—282pP4d 1D,  1.1102  4.01072 - 49.80 49.261 -
21-34  242p°3d'D,—2pP3d %D, 1.9102 47102 - 93.34 - 95.25
25-74  282p°3d3D,-292p°4f 3D 1.2102 0.25 58.980 59.23 59.240 -
17-63  282p°3d3pP—282p°4f 3D,  1.2102 0.11 - 5833 58.268 -
26-73  282p°3dlF3-282p°4f 3G,  1.2102 0.30 59.258 59.43 - -
9-39 282pP3p P —282p°4sP; 11102 21102  57.388 57.53 57.407 -
20-61  222p°3d3F3;-282pP4f1G,  1.11072 0.41 58.980 59.15 59.278 -
7-39 282p°3p3D,—282pP4stP; 1.1102 2.0102  56.668 56.79 56.686 -
18-37  282p°3d3P,-20°3d 1D, 1.6102 1.6102 89.874 87.92 - 89.95
10-39  282p°3p3P,-282pP4s'P; 1.0102 1.9102 57.874 58.01 57.893 -
27-37  282p°3diP—2%3d 1D, 1.8102 1.8102 106.585 104.77 - 106.66
7-31 282p°3p 3D-2(P3p 3P, 15102 65102 92.793 90.86 92.832 92.89
18-64  282p°3d3P,-282pP4f3F; 8.710° 0.27 58.621 58.76 - -
24-72  282p°3d3F,—282pP4f3G; 8.210°° 0.22 58.751 59.07 59.010 -
22-67  222p°3d3D3-282pP4f%F,  7.910° 0.40 59.590 59.79 59.607 -
21-66  282p°3dD,—282pP4Af IR 7.410° 0.25 59.260 59.48 59.337 -

Table 3. Lines are ordered by decreasing intensity. The first columdicates the level indices as given in Loch et al. (2006). The
second column provides the transition description. Thatike intensities (photongnt were calculated at electron densities of
10 and 13° cm3, typical of solar flares and laboratory specttgq, are our experimental wavelengtiigc are the wavelengths
obtained from the scattering target energies (Loch et &62@vhile Ay st are those from NIST v.3 antlyr_mp are those obtained
from the MR-MP calculations.

shows (see the intensities calculated a®1Bn3). We confirm whole sequence, so doubt should be cast upon the reliability
all their identifications, but note that in various otheetfidture previous identifications. We studied thexia 2s 2iF 3s,p,d lev-
and databases (e.g., NIST, CHIANTI) some incorrect idematifi els closely and propose that all previous identificatiampairtic-
tions are present. ular those of Finkenthal et al. (1985), are incorrect. Firikal
et al. (1985) studied the 22p° 3s - 2s 2f 3s transitions in

As mentioned in Ishikawa et al. (2009), there are large dig Fe and Nixx alona the sequence and identified a
crepancies between the reported (e.g., NIST) and Calwla%r?t’)ero)li‘;IrIz’ansition:.ux 9 qu ' m

MR-MP energies for a number of 2s®28s,p,d levels along the



Table 4. List of the Fexvn strongest lines in the 200-450 A range.

i-j Transition Int Int(B84)  Aexp Acc ANIST AMR-MP
3-15  232p°3s1P—282p°3plsy 1.0 1 204.668 196.38 204.650 205.34
5-15  222p°3s%P—282p°3p 1Sy 1.1 1.1 254.885 243.47 254.751 255.93
2-8 222p°3s%P,—282p°3p °Ds 1.2 0.54 350.478 348.22 350.582 350.30
5-14  222p°3s%P—282p°3p 1D, 0.78 0.28 347.816 34598 347.959 347.69
2-6 222p°3s%P,—282p°3p %S, 0.77 0.4 409.705 408.70 409.903  409.30
8-19  222p°3p3D3-282p°3d 3F, 0.42 0.27 283.942 282.86 284.010 283.97
2-10  232p°3s3P,—282p°3p 3P, 0.47 0.17 323,572 321.97 323.646 323.50
3-9 222p°3s1P—282p°3p 1Py 0.48 0.16 358.247 356.33 358.320 358.05
7-20  222p°3p3D,—28°2p°3d 3F3 0.35 0.16 269.420 267.82 269.295 269.44
14-26  282p°3plD,—282p°3d 1F3 0.37 0.14 280.160 278.64 280.198 280.24
2-7 222p°3s%P,—282p°3p 3D, 0.44 0.18 367.288 365.48 367.377 367.16
3-7 222p°3s1P—282p°3p 3D, 0.43 0.17 389.111 387.50 389.226 388.93
10-22  222p°3p3P,—282p°3d 3D3 0.29 0.092 280.160 278.32 280.206 280.17
3-10  222p°3s'P—282p°3p 3P, 0.34 0.14 340.391 338.93 340.483 340.28
4-13  282p°3s3Py-282p°3p 3Py 0.34 0.13 340.122 338.42 340.136  339.97
3-11  232p°3s1P—282p°3p 3Py 0.27 0.1 295.981 293.43 296.314 295.77
13-25 282p°3p°3P;—282p°3d 3D, 0.24 0.14 281.120 279.65 281.104 281.16
12-24  282p°3p3D;-282p°3d 3F, 0.21 0.11 266.417 26520 266.432 266.45
6-18  222p°3p 335, -282p°3d 3P, 0.20 0.13 254,536 253.32 254.485 254.60
5-12  282p°3s3P—282p°3p 3D, 0.29 0.11 387.231 38526 387.357 387.02
9-21  222p°3plP—282p°3d 1D, 0.17 0.067 275.550 27428 275.596 275.60
4-12  222p°3s%Py—282p°3p 3Dy 0.22 0.084  373.430 370.93 373.385 373.25
5-13  222p°3s3P—282p°3p 3P 0.19 0.074  351.533 350.31 351.692 351.36
10-18  222p°3p3P,—282p°3d 3P, 0.13 0.098  304.971 304.09 304.943 304.91
721 222p°3p°3D,—282p°3d 1D, 0.10 0.039 259.705 258.29 259.734 259.72
6-16  282p°3p35-282p°3d3Py 9.6102  0.072  269.886 269.62 269.884 269.98
8-22  222p°3p®D3—282p°3d3D; 7.8 107 - 262.699 261.29 262.729 262.76
2-13  222p°3s8P,—282p°3peP;  7.21072 - 252,525 250.31 252.704 252.44
8-20  222p°3p°3D3—282p°3d3F; 5.8 107 - 279.245 277.91 279.096 279.31
33-37  2§3plPi-2p°3d 1D, 49102 - 273.347 27173 - 273.52
9-18  222p°3plP—282p°3d3P, 3.6 107 - 291.934 291.33 291.928 291.93
7-18  222p°3pS3D,—282p°3d3P,  3.31072 - 274210 273.35 274190 274.18
6-17  222p°3p35,-28€2p°3d%P; 2.8 107 - 264.785 263.63 264.306 264.47
14-25 282p°3plD,-282p°3d3D, 3.0 102 - 283.543 282.48 283.535 283.56
5-11  232p°3s3P—282p°3p3Py 4.0 1072 - 413.911 412.69 414.285 413.52
14-24  282p°3p'D,—282p°3d3F, 2.5102 - 288.945 287.69 288.934 288.95
2-9 232p°3s%P,—282p°3p P, 2.8107 - 339.666 337.62 339.720 339.51
10-25 282p°3p3P,—282p°3d3D, 1.6 1072 - 225.902 223.97 225999 225.90
3-6 222p°3s1P—282p°3p3S; 2.6 1072 - 437.048 436.43 437.292 436.55
2-14  222p°3s3P,—282p°3p1D,  1.3107? - 250.601 248.09 250.771 250.54
8-18  222p°3p°3D3—282p°3d3P,  1.2107? - 284.394 283.87 284.357 284.40
32-36  2(93p3P,—2p°3d 3D3 1.11072 - - 291.82 - 291.71
3-14  222p°3s'P-2€2p°3p'D,  1.0107? - 260.573 258.05 260.763 260.49
6-21  222p°3p35,-28€2p°3d1D, 7.310° - 241.990 240.33 241.984 242.09
31-35  2§3p3P;-2p°3d 3D, 6.910° - - 278.22 - 278.19
7-25  232p°3p3D,-2¢2p°3d3D,  5.110° - 208.571 206.84 208.655 208.58
31-37  2§53p3P—2(#3d D, 6.1103 - 250.198 248.34 - 250.01
13-24 282p°3p°P—282p°3d%F, 5.110° - 286.429 284.76 286.410 286.47
28-32  2§3s35,-2(#3p 3P, 5.4 103 - - 346.41 - 348.84

Table 4. For a description of the columns see Table 3. The relativensities (photonshnt = NjAji/Ne were calculated at an
electron density of 18 cm™3. The fourth column provides the relative intensities clitad by Bhatia et al. (1985) as reported in
Feldman et al. (1985).

The strongest Fevn 2p° 3s - 2§ 3s transitions are reports an unidentified line at 89.76 A, in excellent agregme
the branching ratiosP,—Sy (3-29) and®P,—1S, (5-29). The with our predicted wavelength. Its intensity is within arcebent
strongest of them is the 3-29, and Finkenthal et al. (1985) &0% agreement with theory, together with various othersiran
signs this transition to a line observed in their laboratgpgc- tions that we believe to have identified for the first time ie th
tra at 87.30 A. There are two problems with this identificatio Same spectrum, as shown in Fig. 3 and Tables 2,3.

First, our MR-MP calculations predict a wavelength of 89479
Second, this line, in solar flare conditions, ought to be Hirig
enough to be observed.

A second assignment given by Finkenthal et al. (1985) is the
level 2P 3s3S; (28). They identify the decays from this level to
those of 2p 3s1P; (3) and 2 3s°P;, (4) with lines observed at

In the rocket flight spectrum of Acton et al. (1985), no line i90.77 and 98.38 A. There are three problems with this identifi
reported around 87.30 A. On the other hand, Acton et al. (198%5tion. First, the wavelengthféérence between those two lines



““““““““ Acton et al. (1985) 5 Benchmark in the 171-630 A range
(bl Si XI) 1,,=45 \,=46.3 A (5-56+3-47)

5.1. Previous identifications

1
2: (bl Si XI) 1,,=10 A,,=46.4 A (2-44)
3: (bl) 0.7xl,,=8.4 \,,=49.88 A (7-55 .
" Eb‘)N‘, XYY 054114 Aab:tié-ze /&)(5753) The SI_<yIab NRL slitless spectrograph produced spectralaf SO
5: (bl) 0.2x1,,=14.8 A,=50.69 A (33—135) flares in the 171-630 A range, which allowed a number of iden-
5] 6: ly=11 Ay=57.71 A (33-119) tifications to be made (cf. Sandlin et al. 1976 and Dere 1978).
j 5 7: 1,,=14 \,=68.51 A (27-56) It was, however, a spectral analysis along the Ne isoeleictro
7 8: 1, =63 X,,=89.76 A (3-29) sequence that allowed Jupén (1984) to suggest a more cemple

list of identifications in the Skylab spectra. Readers sthoolte
that Jupén (1984) labelled levels based onltBecoupling of
ions in the lower part of the sequence. Thi labelling difers
from the correct labelling, which takes into account the d@mt
percentage contribution for mixed levels, and changesioa
isoelectronic sequence.
The key to the interpretation of the Jupén (1984) identifica

] tions is given in the energies listed in Jupén & Litzén (4p8
ol e Soon after, Feldman et al. (1985) analysed Skylab specthein
6.6 6.7 6.8 6.9 7.0 7.1290-410 A wavelength range and revised a number of identi-
fications proposed by Jupén (1984). The labelling of leuels

: v ; : : Feldman et al. (1985) follows the conventions used in Jupén
Fig. 3. The emissivity ratio curves of a few lines observed duringueefl = =™, . e .
byga rocket (Acton eyt al. 1985),dindicates the observed intens%& Litzeén (1984), but the identifications are based on theodisd-
the observed wavelength. The indices of the transition mengbl in- Wave structure calculations presented by Bhatia et al. §),98
dicates a blend. Lines number 4,5 had their observed ityermirected ~ calculations that have since been improved by adding mare co
as indicated. figurations. Feldman et al. (1985) used the morphology of the
observed lines as an analysis tool, and used estimatedsinten
ties from the calculations as an aid in the identificatiorcpss.
However, these line intensities (listed within Table 4) aegy
different from those obtained on the basis of the calculations by
Loch et al. (2006), by factors of 2-3 for the strongest lingsto
a factor of 10 for the weaker ones.

does not match the energyfidirence between thé; and3p;. At about the same time, Buchet et al. (1985) published a list
Indeed, those two wavelengths provide an energy f61333S,; of line identifications from laboratory spectra obtainedfby

of 6 966 446 and 6 967 945 c) respectively (i.e., with a large excitation of fast ion beams. The beam-foil wavelength_ldete
difference of 1500 cnt). Second, our predicted intensities iniMinations were much less accurate than the correspondiag so
dicate that these two transitions should be weak, and thaydegPServations, and the line intensities are rathedint, because

to 2p® 3s3P, is much stronger and should have been observdhe b_eam—fon light source relies on excitation at high #lac
Third, the energy is very @ierent from our MR-MP calculated 9€NSIty-

one.

It is therefore likely that all the decays from®pslS,, 35, °-2 Line intensities and wavelengths

in Crxv and Nixix were also incorrectly identified in Finkenthalthe first check was done on the EUV lines in the longer wave-
et al. (1985). In support of our £8s identifications, we note |ength range observed by Skylab. Figure 4 [left] shows thisem
that the energies of two of the observed 3p levels (obtained siyity ratio curves based on the measurements of Doschek et a
from X-ray lines) are in excellenti agreement with those fror(rlggl)_ The agreement between observed and predictedinten
our MR-MP calculations. Concerning the’23d levels, the only e for the two strongest lines (observed at 204.65, 254)8§
level that produces observable lines is tie (I_eve_l 37)'. NIST excellent (within 10%), although large departures areqrefor
does not report any observed value. The first identificaon d,mg of the weaker lines. The observed intensities of thes354
given by Landi & Phillips (2005), who identified the decay t9gg gg 266.42, and 275.55A lines can be explained with the
the ground state with a blend observed in an SEBE spec- resence of blends. However, the 351.55, 358.24, and 4@9.69
trum at 13.142 A. There are two problemsi with this id?ntific ines are too weak by a factor of about 2, which could be due to
tion. First, this would mean that the 28p Py - 2p°3d'D; 4 problem with either the measurements or the calculation.
(33-37) transition should correspond to 266.22 A whereaefl " The second check (see Fig. 4 right) was completed with the
line is observed by HinodEIS. Second, theD, energy would jntensities observed during the SERTS-89 rocket flight (ias

be quite diferent from the MR-MP predicted one. Instead, it ig, Neupert 1994). Intensities are weak overall since therinst
quite obvious that the 2pBp P, - 2p° 3d *D, (33-37) transi- ment observed a non-flaring active region, and possibledirign
tion is the previously unidentified flare line that we obser@e \yiih [ower-temperature lines becomes more likely. The 284.
273.347 A. The 2p3p 'Py level energy is known from the de- and 389.11 A lines appear to be significantly blended in this o
cay to the ground state observed at 13.825 A, which providesgryation. The 389.11 A line has a known biend withodr but
energy for the 2p3d*D; level of 7 599 108 cm. This energy  the intensity of the former line is puzzling.

is in excellent agreement with the MR-MP predicted one, and |, \hat follows, we discuss identifications based on Hinode
provides a decay to the ground state at 13.159 A, where a-preujs data. We used three key new features to identify a nunfber o
ously unidentified line is present (13.161 A by Landi & Pipi#li new lines and revise many wavelengths, as listed in Tablesl2 a
2005, 13.159 A by Bromage et al. 1977). 4. First, we used the morphology of the lines to assess wimeh |
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Fig. 4. The emissivity ratio curves (at I09[K] =6.6) relative to the transitions observed by the Skylab NRecsrometer during a flare (Doschek
et al. 1991) [left] and the 1989 SERTS rocket flight (Thomas &upert 1994) [right].
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Fig. 5. The emissivity ratio curves (at I0Q[K] =6.6) relative to the transitions observed by Hintl8. Left: 2007 June 2 observation; right: 2007
May 21.

could be due to Fevn (cf. Fig. 1). Second, we used the accuratengths for the decays from 28p 'S, provide an energy split-
EIS wavelengths that we measured (see Table 2). Third, wk usieg for the 3s>'P; levels of 96 262 cm', in excellent agree-
the measured intensities. We note that in many cases our wawent with the energy flierence of 96 495 cm obtained from
lengths difer significantly from those from the NIST databasehe X-ray wavelengths of 17.051 and 16.775 A. One problem
The high spectral resolution of the Hinode EIS spectra, comith these lines, as already mentioned in Del Zanna (2088), i
bined with most lines being either blended or having othedi that the observed intensity of the 254.885 A line is almo8650
very close-by, means that many lines would be misidentified jyeaker than it should be. This is consistently true for bdih o
the EIS spectra, if the NIST wavelengths are used. Somef&pediervations. The two lines form a branching ratio, so théitiee
examples are given below. intensity should be accurate to within 10% or so.

Figure 5 shows the emissivity ratio curves obtained from the During the assessment, we studied the possibility that the
Hinode EIS spectra of 2007 June 2 and May 21. The results fr&4.668 A and 254.885 A lines are not due taxFe. The mor-
the two observations are similar. For most lines, agreertwentphology of the 204.66 A and 254.88 A lines clearly indicates
within 20% is found. The strongest transitions are the decdy that these two strong lines must be due either tevkeor an ion
2p° 3p1S, to the 3s%1P; levels (5-15 and 3—15, see Table 4). Wéormed at the same temperature. There are no other streegy lin
provide new accurate wavelengths for these decays at 254.88within a few A of the same morphology. For example, there are
and 204.668 A. We note that the NIST wavelengths are very difo strong flare lines within a few A of the 254.885 A line. In
ferent. The 204.668 A line has a strong transition-regine In  theory, the decay of the 2{8p 'S, to the 3P, level could be
its red wing, as Fig. 2 shows, and accurate wavelength ealibblended with the group of lines around 256.3-256.4 A, altffou
tion and deblending are required to obtain a reliable measuthis would require the decay ¥ to be placed around 205.6 A,
ment of this line. The 254.885 A line has also to be carefullyhere no flare lines are present.
measured, since it has other transitions nearby, as Figo\#ssh We note that Trabert & Jupén (1987) identified the decays of
The NIST wavelength for this line is incorrect. The new wavehe 29 3p 1S, in Ti xm and discussed the identifications along



the Neon-like sequence. As shown in Ishikawa et al. (200@), tbe underestimated in HinoeS data. The brightest unblended
MR-MP energies areftset along the entire Neon-like sequencgansition is the 3pD, - 3d 3F; 269.42 A, and we recommend
by similarly small amounts. For Fe, itis 0.04%, one to twoesed that future EIS 'studies’ include this line.

of magnitude less than typical inaccuracies in most calicuia
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reported by NIST at 284.010 A. The 283.945 A line has the ap-
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calculations are in excellent agreement with the observed,0 Landi, E., Del Zanna, G., Young, P. R., et al. 2006, ApJS, 262,

to a few hundredths of an A in the 30-150 A range and to a fe@ndi E. & Phillips, K. J. H. 2005, ApJS, 160, 286
hs of Ainth A his qi fi Loch, S. D., Pindzola, M. S., Ballance, C. P., & f&ri, D. C. 2006, Journal of
tenths of an A in the 200450 A range. This gives us confidenCeppysics B Atomic Molecular Physics, 39, 85

in using them to assess the line identifications along thelése  Parkinson, J. H. 1973, A&A, 24, 215
tronic sequence. Phillips, K. J. H., Fawcett, B. C., Kent, B. J., et al. 1982,JAR56, 774
We have confirmed most previous Far identifications, Sandlin, G. D., Brueckner, G. E., Scherrer, V. E., & Touseyl®6, ApJ, 205,
bl_Jt revised a significant numb,er,Of Wave',engths’, mostly & ﬂ%wartz, M., Kastner, S., Rothe, E., & Neupert, W. 1971, Jauof Physics B
HinodgEIS spectral range. This is a particularly important re- atomic Molecular Physics, 4, 1747
sult, considering the high spectral resolution of EIS, amat t Thomas, R. J. & Neupert, W. M. 1994, ApJS, 91, 461
many Fexvu lines are either blended or have other nearby Iine%?é’ﬁ“lv: El'ggé é]uggirt]é(%ri]%tgfsuzlIfhh;ssil.(slc{’f%liss
We have obtained level energies that do ndfedimuch from o X B
the NIST compilation (see Tagles A.1, A.2), although in salve Young. P R., Watanabe, T., Hara, H., & Mariska, J. T. 2009495, 587
cases NIST wavelengths are incorrect and would lead to agvron
identification in the EIS spectra, as shown in Table 4.
We have also identified several lines for the first time, somgppendix A: Details about the energies of the n=3
of which are visible in the HinodEIS spectra. We find excellent  |oyels
agreement overall between the observed and theoretieallin
tensities, the latter being calculated with the atomic dataoch  The energy of level 2 is obtained from the 1-2 17.096 Aline and
et al. (2006). However, we have noted a large number of casedy taking into account the wavelengths of the 2-10, 3-10 and 2
which line blending occurs. 7, 3—7 transitions. The energy of level 3 is obtained fromith@
We note that most HinodEIS ‘studies’ of active regions do 17.051 A line. The energy of level 4 relates to the 3-4 1158.16
not include Fexvi lines. Of those that do, the majority includdine. The energy of level 5 is obtained from the energy oflléve
only the two brightest Fevi transitions. However, both of theseand the measured splitting of the 3—-15 and 5-15 transitithmes.
lines are problematic. The 204.66 A line is a close blend withresulting wavelength of the 1-5 transition is 16.776 A, ohly
strong cool line, and careful deblending is needed. The884. mA different from the measured 16.775 A value, and well within
line does not appear to be blended but consistently appearshie uncertainties. The energy of level 6 is obtained fron2th@



409.705 A line. The energy of level 7 is from the 367.287 A lineTable A.1. List of energies for the = 3 levels.

The 37 line was observed at 389.11 A, and the 1-7 is predicted

to be blended at 16.335 A. The energy of level 8 is from the 2—-8 i ng Il_so gexp ENIST 'SMR—MP
?50"%7 Aline. Th? F”erlgfoof I‘?’el 9 'ﬁ frgmlghe 3d_93 3?3 247A 7 2P3s 3P, 5849490 5849490 (0) 5848891 (599)
ine. The energy of level 10 is from the 2-10 and 3-10 transi- 3 5535 1p,  5gea760 5864770 (-10) 5864138 (622)
tions, observed at 323.57, 340.40 A. The energy of level 11 is 4 2P3s 3P, 5951478 5951210 (268) 5950877 (601)
from the stronger 3-11 295.98 A line. The energy of level 12is 5 2p3s 2P1 5961022 5960870 (152) 5960410 (612)
from the 5-12 387.23 A line. The 4-12 is then predicted to be § 2730 (S 6093568 6093450 (118) 6093209 (359)
. 2
at 373.43 A, close_to the line observed by F85 at 373.41 A. The 8 2p3p 3D; 6134815 6134730 (85) 6134360 (455)
energy of level 13 is from the stronger decay, the 4-13348.12 o 2F3p 1p, 6143897 6143850 (47) 6143431 (466)
line. The weaker 5-13 line is then predicted to be at 351.53 A, 10 2§3p iPz 6158540 6158470 (70) 6158010 (530)
in slight disagreement with the observed 351.55, 351.58 A-me 11 2P3p “Po 6202620 6202250 (370) 6202238 (382)
sure% ents fogun din the literature 12 2p3p °D; 6219266 6219030 (236) 6218795 (471)
; : Ali h 13 2p3p S3P; 6245490 6245210 (280) 6245018 (472)
The energy of !evel 14 is from the 5-14 347.814 Aline. The ;, 2P3p D, 6248530 6248260 (270) 6248024 (506)
energy of level 15 is from the 3-15 and 515 204.668, 254.885A 15 2$3p !s, 6353356 6353410 (-54) 6351136 (2220)
lines. The energy of level 16 is from the 6-16 269.886 A line. 16 2223(1 2Po 6464095 6463980 (115) 6463611 (484)
; _ ; _ 17 2P3d 3Py 6471233 6471800 (-567) 6471317 (-84)
The energy of Ie_vel 17 is from the 1-17 15.453 A I|n.e. The.en 18 253d P, 6486440 6486400 (40) 6485977 (463)
ergy of level 18 is from the 6-18 254.536 A line. This predicts g 23d 3F, 6487000 6486830 (170) 6486514 (486)
that the 10-18 line is at 304.971 A, in slight disagreemetitwi 20 2$3d 3F; 6492924 6493030 (-106) 6492387 (537)
the B85 measurement; we note however that this latter line is21 2p3d D, 6506808 6506700 (108) 6506276 (532)
blended. The energy of level 19 is from the strongest debay, t 22 ;ggg 283 ggéggi ggégggg gi?) gg;gﬁgf ((524733)
- . . . .
8-19 283.94,&.\5,_& I|n_e. The energyof_level 20is frqmthe strong'Y& 24 2530 SF, 6594617 6594360 (257) 6594009 (518)
20 269.420 Aline, in agreement with the 8-20 line at 279.2A'r .25 23d 3D, 6601210 6600950 (260) 6600688 (522)
The energy of level 21 is from the 9-21 275.55 A line, which 26 2p3d 1F; 6605469 6605150 (319) 6604858 (611)
provides a wavelength of 259.705 A for the weaker and blended27? ;ggd ;:i 6660894 6660000 (894) 692%%%332 (662)
7-21line, observed at 259.722 A. The energy of level 22 imfro s ~ )
’ " 29 23 1 6978842 7010000 6977876 (966
the 8-22 and 10-22 transitions, observed at 262.699, 2#0.16 F3s % (-31158) (966)
The energy of level 23 is from the 1-23 15.262 A line. The en- 30 2$3p 3p, - - 7194137
ergy of level 24 is from the 12—-24 266.417 A line. The energy 31 2g3p §P1 7199424 7198900 (524) 7197788 (1636)
of level 25 is from the 13-25 281.12 A line, a new measurement 32 2030 "P> - . 7216629
close to the J84 one (281.09). The energy of level 26 is from 3 203 P 7233273 (_712032473)'00 7232164 (1109)
the 14-26 280.16 A line, which is a self-blend. The energy of 34 2F3d  %D; - ) 7556104
level 27 is from the 1-27 15.013 A line. The energy of level 28 35 2¢3d zDz - - 7557249
is uncertain, considering that Finkenthal et al. (1985y qmb- 36 2p3d D3 - - 7559441
posed a value, and that the energy of level 29 suggested by thd7__2#3d_ D> 7509108 - 7597767 (1341)

same authors is incorrect (see main text). The energy of3dve Table A.1. We list our exper_imental energiﬁ‘exp_ (in_ cmh),
is from the 1-31 13.890 A line. The energy of level 33 is frorAompared with the values in the NIST compilatioBn(st)
the 1-33 13.825 A line. The energy of level 37 is from the ne@d those calculated with the many-body perturbation theor

measurement of the 33-37 273.347 A line (see main text). ((jlizf'\f/l:r_eMnPc)Jg:Nti?rsgurzogslgyveeltsj. e\aaehrjgeisé Sin parentheses indicate



Table A.2. List of energies for a selection af= 4,5 levels.

i C L Eexp Enist
38 2p4s 3P, 7879407 7879000 (407)
39 2p4s 1P, 7886435 7885800 (635)
42 2p4s 3P 7986583 7983000 (3583)
44 2p4p 3Dz 8004662 -
47 2p4p 5Py 8024587 -
52 2p4d 3P; 8115566 8116000 (-434)
53 2p4d  S°F, 8124469 8123600 (869)
55 2p4d  S3F3 8126969 8125800 (1169)
56 2p4p 1S 8120535 -
57 2p4d Dy - 8151700
59 2p4d 3D; 8153947 8154000 (-53)
61 2p4f 1G4 8188413 8180000 (8413)
62 2p4f 3Gs 8188838 8188000 (838)
63 2p4f 3D, - 8188000
64 2p4f  SF3 8192312 -
66 2p4f  lF3 8194279 8192000 (2279)
67 2p4f SF, 8193611 8193000 (611)
71 2p4d  1Pp 8248013 8249000 (-987)
72 2p4Af 3Gg 8296708 8289000 (7708)
73 2p4af 3G, 8293013 -
74 2p4f 3D3 8296700 8289000 (7700)
77 2P5s Pp 8756567 8757000 (-433)
85 2p5s S3P; 8859750 8860000 (-250)
87 2p5d %P - 8860000
93 2p5d P, 8888888 8887000 (1888)
96 2p5f S3Gs 8904210 8903000 (1210)
118 2P55d °D; 8985533 8982000 (3533)
119 2%4s 1, 8966075 -
129 2%4p 3Pp 9055510 9056000 (-490)
131 2%4p 'Pp 9071940 9072000 (-60)
135 254d D, 9206049 -

Table A.2. See TableA.1 for a description of the columns



