Astronomy & Astrophysics manuscript no. MS10571 June 4, 2004

(DOI: will be inserted by hand later)

The SUMER Spectral Atlas of Solar-Disk Features

W. Curdt,' P. Brekke,?3 U. Feldman,* K. Wilhelm," B. N. Dwivedi,""® U. Schiihle,! and P. Lemaire®

Max-Planck-Institut fiir Aeronomie, 37191 Katlenburg-Lindau, Germany

Institute of Theoretical Astrophysics, University of Oslo, Blindern, N-0315 Oslo 3, Norway

ESA Space Science Department / NASA Goddard Space Flight Center, Greenbelt, Md. 20771, USA
E. O. Hulburt Center for Space Research, Naval Research Laboratory, Washington D.C., 20375, USA
Department of Applied Physics, Banaras Hindu University, Varanasi 221005, India

Institut d’Astrophysique Spatiale, Unité Mixte CNRS - Université de Paris XI, F-91405 Orsay, France

[ I L

published as A&A 375, 591 (2001); updated: December 15, 2003

Abstract. A far-ultraviolet and extreme-ultraviolet (FUV, EUV) spectral atlas of the Sun between 670 A and
1609 A in first order of diffraction has been derived from observations obtained with the SUMER (Solar Ultraviolet
Measurements of Emitted Radiation) spectrograph on the spacecraft SOHO (Solar and Heliospheric Observatory).
The atlas contains spectra of the average quiet Sun, a coronal hole and a sunspot on disk. Different physical
parameters prevalent in the bright network (BN) and in the cell interior (CI) — contributing in a distinct manner
to the average quiet-Sun emission — have their imprint on the BN/CI ratio, which is also shown for almost the
entire spectral range. With a few exceptions, all major lines are given with their identifications and wavelengths.
Lines that appear in second order are superimposed on the first order spectra. These lines are clearly marked
in the atlas. The spectra include emissions from atoms and ions in the temperature range 6 10° K to 2 10° K,
i.e., continua and emission lines emitted from the lower chromosphere to the corona. This spectral atlas, with its
broad wavelength coverage, provides a rich source of new diagnostic tools for studying the physical parameters
in the chromosphere, the transition region and the corona. In particular, the wavelength range below 1100 A as
observed by SUMER represents a significant improvement over the spectra produced in the past. In view of the
manifold appearance and temporal variation of the solar atmosphere it is obvious that our atlas can only be a -
hopefully typical - snapshot. Brief descriptions of the data reduction and calibration procedures are given. The
spectral radiances are determined with a relative uncertainty of 0.15 to 0.30 (1) and the wavelength scale is
accurate to typically 10 mA. The atlas is also available in a machine readable form.
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1. Introduction tion to lines from the chromosphere and lower transition

region (Curdt et al. 1997).

In this paper we present a spectral atlas representa-
tive of various solar features observed with SUMER on

The EUV portion of the electromagnetic spectrum ex-
tends from 100 A to 1000 A, whereas the wavelength

range from 1000 A to 2000 A is commonly referred to
as FUV portion in the literature. The solar spectrum in
these ranges contains not only a large number of bright
emission lines, mainly from the chromospheric and lower
transition region plasmas, i.e., formed at electron tem-
peratures T, < 2.5 10° K, but also many coronal lines
formed at temperatures of one million kelvin and above.
However, above 1216 A no allowed lines from the up-
per transition region have previously been observed. Only
a few forbidden lines that originate at coronal temper-
atures in plages had been reported in limb spectra (e.g.,
Brueckner 1981). In comparison, the solar spectrum in the
range from 660 A to 1200 A includes a large number of
lines from the upper transition region and corona, in addi-

SOHO. SUMER is a high-resolution telescope and spec-
trograph designed to obtain stigmatic slit images with spa-
tial and spectral resolution elements of ~1" and ~40 mA
(in first order) as well as high temporal resolution over the
wavelength range from 465 A to 1610 A. The accessible
range depends on which of the detectors is used. While
detector A’ can in principle record spectra from 780 A
to 1610 A in first order of diffraction, the range of detec-
tor "B’ reaches from 660 A to 1500 A. The gradual lower
wavelength limit (for lines observed in second order) re-
sults from the steep fall-off of the reflectivity of the sili-
con carbide optics below 500 A. The Ne viI line at 465 A
represents the shortest wavelength identified so far with
this instrument. The range from 660 A to 805 A can be



2 Curdt et al.: EUV Spectral Atlas of the Quiet Sun

covered in both orders. More than 1100 emission lines are
available in the SUMER spectral range. These include res-
onance lines as well as previously unobserved faint inter-
system lines, which can be detected by SUMER because
of its more efficient low-noise detectors compared to pre-
vious instruments, as discussed by Feldman et al. (1997)
and Curdt et al. (1997). Thus, the SUMER spectral atlas
provides a rich source of new diagnostic tools for probing
essential physical properties of the emitting plasma and
studying electron densities, electron temperatures and el-
emental abundances throughout the solar atmosphere.

Earlier EUV/FUV high-resolution instruments made
use of UV-sensitive photographic plates (or film) as de-
tectors. Because of the fairly low efficiency of the pho-
tographic plates used, few (if any) spectra were obtained
from regions that extended more than 20" above the limb.
In comparison, SUMER has recorded line intensities ex-
tending out to 600" (Feldman et al. 1999). Off-limb fea-
tures are, however, excluded here and will be covered by
a separate communication.

Given the radiometric calibration of SUMER be-
fore and during the mission (Hollandt et al. 1996;
Wilhelm et al. 1997a; Schiihle et al. 1998, 2000), we are
able to present the absolute spectral radiances of differ-
ent solar features in the wavelength range from 660 A to
1485 A in first order of diffraction using the detector ’B’.
For the sake of completeness, we have added the spectral
range from 1485 A to 1609 A taken from a ’A’-detector
spectrum of the quiet Sun. The calibrated radiance spec-
tra have been compared to well-calibrated full disk irra-
diance measurements and reasonable agreement is found.
(Dammasch et al. 1999a). The absolute value of the radi-
ation in the EUV/FUV region is important for studying
not only the solar transition region and corona, but also
the atmosphere of the Earth. This radiation is an impor-
tant source of energy in the upper atmosphere of the Earth
and changes the temperature, chemistry and dynamics in
these layers.

In Sect. 1, a brief summary is given of the most im-
portant EUV/FUV instruments and previously published
solar spectral catalogues and line lists. In Sect. 2 we de-
scribe the instrument and the observation, while Sect. 3
deals with data reduction and calibration. The actual at-
las is presented in Sect. 4. A list of all observed lines is
added as annex to this atlas.

2. Earlier Spectral Atlases

Space astronomy started in 1946 in the United States
when W. von Braun’s A4 rocket engines (during war
named V-2 missile) became available to scientists for
launching free-flying, high-altitude observatories. It
was not surprising, under these circumstances, that a
group from the US Naval Research Laboratory (NRL)
became the first to observe the ultraviolet radiation
of the Sun with a spectrograph mounted on the tail

fin of a A4 rocket. Since then much progress has been
made in solar high-resolution spectroscopy from space
(see Feldman et al. 1988). A large number of experi-
ments have been launched to observe the EUV and
FUV portions of the solar spectrum. High spectral and
spatial resolutions were achieved by several instruments
at wavelengths above 1150 A. At shorter wavelengths,
however, the spectral and spatial resolution were mod-
erate and only strong lines could be observed and/or
identified. Spectral catalogues and line lists covering
the FUV and EUV portions of the spectrum have
previously been published by Burton et al. (1967),
Burton & Ridgeley (1970)*, Dupree & Reeves (1971),
Gabriel et al. (1971), Huber et al. (1973)!, Malinovsky
& Heroux (1973), Kjeldseth-Moe et al. (1976),
Doschek et al. (1976)',  Feldman et al. (1976a,
1976b)!,  Vernazza & Reeves (1978),  Dere (1978)%,
Feldman & Doschek (1978), Cohen et al. (1978)!, Cohen
(1981),  Sandlin et al. (1986)',  Brekke et al. (1991),
Feldman & Doschek (1991)!, Brekke (1993), Thomas &
Neupert (1994), Brooks et al. (1999).

In particular, two instruments made a significant
impact on solar spectroscopy: The NRL/S082B EUV
spectrograph on the Skylab ATM (Apollo Telescope
Mount) and the NRL/High Resolution Telescope and
Spectrograph (HRTS). The S082B instrument operated
in the 970 A to 3940 A range, but due to the coat-
ing (Al + MgF5) of the optical surfaces, the instrument
was very inefficient below 1100 A (Bartoe et al. 1977).
A spectral atlas covering the 1175 A to 1950 A wave-
length range based on the S082B spectrometer was pub-
lished by Cohen (1981). The 2" x 60" slit defined the
spatial resolution element. Line lists based on the S082B
data include those of Doschek et al. (1976), Feldman
et al. (1976a, 1976b), Feldman & Doschek (1978), and
Cohen et al. (1978), the latter being the most comprehen-
sive. A few very long exposures of bright solar features re-
sulted in useful spectra at wavelengths as short as 970 A.
A line list compiled from these observations was published
by Feldman & Doschek (1991).

During the Skylab mission, several calibration rocket
(CALROC) flights were carried out as part of a pro-
gramme for calibration of the S082B spectrograph. A FUV
spectral atlas in the wavelength range from 1170 A to
2100 A was prepared by Kjeldseth-Moe et al. (1976). The
CALROC atlas contains the absolute intensity of an av-
eraged quiet region located 300" inside the solar limb.
During the observations the slit was rastered across its
linear extension, thus averaging over an area of about 60"
x 60" on the solar disk. In addition the atlas contains a
quiet region 50" inside the solar limb while an active region
is presented for wavelengths above 1680 A. During these
observations the full spatial resolution of the instrument
was used. The spectral resolution of the data is ~70 mA

! References contain line lists with line identification, line
strengths, etc., but no detailed spectral scans.
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and the radiance measurements have estimated relative
uncertainties of £25% (1 o) (Kjeldseth-Moe et al. 1976).
This atlas was used as a reference calibration source for
other FUV spectra for many years.

HRTS, which operated at wavelengths longer than
1150 A, was the first spectrometer to combine both high
spectral resolution (50 mA) and good angular resolu-
tion (1") with extensive wavelength and spatial coverage
(Bartoe & Brueckner 1975). It was launched several times
on sounding rockets and was part of the 5 day Spacelab
2 mission. Spectral catalogues based on the HRTS ma-
terial covering the wavelength range from 1190 A to
1710 A have been published by Brekke et al. (1991) and
Brekke (1993). These atlases represented different solar
features that intercepted the 950" long slit extending from
disk centre to the limb. The features included quiet Sun,
plages, a sunspot (including a lightbridge), and an ex-
plosive event. A very comprehensive line list based on
the HRTS material (and to some extent on the Skylab
data) was published by Sandlin et al. (1986). The HRTS
instrument has provided very important information on
the properties of the solar chromosphere and transition
region. Excellent reviews of some of the HRTS results
can be found in the book ”The Solar Transition Region”
(Mariska 1992), and in Cook & Brueckner (1979).

The LASP (Laboratory of Atmospheric and Space
Physics) EUV spectrometer has been flown on sounding
rockets (Hassler et al. 1991). This instrument has been
the only solar instrument with an onboard wavelength cal-
ibration lamp to provide an absolute wavelength reference
with high spectral resolution. During the first flight the
wavelength range was 1520 A to 1600 A (760 A to 800 A
in second order). During a later rocket flight on March
12, 1998 the spectrometer was tuned to cover the spectral
ranges from 1200 A to 1280 A in the first order and 600 A
to 640 A in the second order.

Before the SOHO mission, the wavelength region be-
tween 660 A and 1175 A remained poorly observed.
Spectra, covering the 300 A to 2950 A wavelength range
with a spectral resolution of about 0.4 A were obtained
during a series of rocket flights in the late 1960s and early
1970s by Burton et al. (1967), Burton & Ridgeley (1970),
and Gabriel et al. (1971). Due to low spectral resolution,
line shapes could not be obtained. However, many in-
tense solar lines were identified. Improved observations
of the EUV solar spectrum in the range from 280 A
to 1340 A were obtained with the Harvard College
Observatory (HCO) spectroheliometer S055 on Skylab
(Reeves et al. 1977) and smaller instruments flown earlier
on Orbiting Solar Observatories OSO-4 and OSO-6 (cf.,
Huber et al. 1973).

The S082A on Skylab was a slitless objective-type
grating spectrograph covering the wavelength range from
170 A to 630 A (Tousey et al. 1977). Each exposure in-
cluded numerous images of the entire solar disk with a
spatial resolution of 2" x 2”. An atlas of EUV spectrohe-

liograms from 170 A to 625 A has been made available by
Feldman et al. (1987).

Spectral  catalogues at  shorter  wavelengths
are  those  of  Vernazza & Reeves (1978) and
Malinovsky & Heroux (1973). Based on  obser-
vations with the S055 spectrometer on Skylab,

Vernazza & Reeves (1978) presented a spectral atlas
of different solar features in the wavelength range from
280 A to 1350 A with a spectral resolution of 1.6 A.
Until now this atlas represented the most complete set
of quiet-Sun spectra in this wavelength range. But due
to poor spectral resolution of this spectrometer, many
lines reported in this atlas are incorrectly identified. More
recently an active region EUV atlas in the range from
230 A to 450 A was obtained with the SERTS (Solar EUV
Rocket Telescope and Spectrometer) rocket experiment
(Thomas & Neupert 1994). Emission lines of molecular
hydrogen, which are present in sunspot spectra, have
been measured and/or predicted by Bartoe et al. (1979).
Brooks et al. (1999) have presented a spectral line list
in the ranges 308 A to 381 A and 513 A to 633 A
based on measurements of the normal incidence channel
(NIS) of the SOHO/CDS instrument (Coronal Diagnostic
Spectrometer, Harrison et al. 1995). A calibrated solar
EUV spectrum in the same wavelength range has also
been presented by Brekke et al. (2000).

3. Instrumentation and Observations

SUMER is part of the SOHO mission of ESA and NASA.
SOHO was launched on December 2, 1995 by an Atlas
II-AS Centaur into a transfer trajectory to the first
Lagrangian point, L1. It was injected into a halo orbit
around L1 on February 14, 1996 where, in continuous view
of the Sun, it accompanies the Earth at a sunward distance
of 1.5 10% km. SOHO lost its attitude control on June 25,
1998, but was subsequently recovered later in 1998.

This section describes details of the instrument and
the data acquisition which are relevant for the interpre-
tation of the data. A comprehensive description of the
instrument is given by Wilhelm et al. (1995), and first re-
sults and inflight performance characteristics are given by
Wilhelm et al. (1997b) and Lemaire et al. (1997).

3.1. Instrument

SUMER is a stigmatic normal-incidence spectrograph op-
erating in the range from 465 A to 1610 A with optical
elements made of silicon carbide (SiC) and three normal-
incidence reflections. Only few lines below 500 A have so
far been observed with SUMER. The off-axis parabola
telescope mirror has a plate scale in the slit plane of
6.3 pm/arcsec. It can be moved to obtain disk and off-
limb spectra in the lower corona. Four slits with angular
dimensions of 4” x 300", 1 x 300", 1" x 120", and 0.3"
x 120" are available, the two short slits can be placed at
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three different spatial positions with respect to the detec-
tor. We have used the 1" x 300" slit (slit #2) during the
coronal-hole and quiet-Sun observations given in this at-
las. The sunspot was observed using the narrow 0.3"” x
120" slit (slit #7).

Two diffraction orders can be observed by SUMER;
first order lines and second order lines appear superim-
posed in the spectrum. A few lines could also be observed
in third order (Feldman et al. 1997). The dispersion of
the instrument is slightly wavelength dependent. For de-
tector 'B’, it varies from 44.7 mA /pixel (first order) and
22.3 mA /pixel (second order) at 660 A to 41.2 mA /pixel
and 20.6 mA /pixel at 1500 A.

The instrument is equipped with two photon-
counting detectors (A’ and ’B’) with image encod-
ing in cross-delay-line technique (XDL), for details see
Siegmund et al. (1994). Only one detector can be oper-
ated at a time. Each detector has 1024 spectral and 360
spatial pixels. The pixel size of approximately 26.5 pm
X 26.5 pm is defined by the analogue electronics. The
plate scale in the focal plane of the spectrometer is
~1 pixel/arcsec resulting in an effective focal length of
the instrument of 5.5 m. By centroiding, wavelength mea-
surements can be performed with a precision of 5 mA and
better if sufficient lines are available for this purpose (cf.,
Dammasch et al. 1999b). The central area of the detector
is coated with KBr (potassium bromide). This coating in-
creases the detection quantum efficiency (DQE) mainly in
the range from 900 A to 1500 A. Fig. 1 shows a detec-
tor readout as raw data in the spectral range from 746 A
to 791 A in the bottom panel. Observations of lines on
both sections of the photocathode can be used to discrim-
inate second order lines from first order lines, since the
photocathode responsivity changes differently for lines in
different orders. Approximately 50 spectral pixels at the
extreme ends of the detectors are covered by a mesh pro-
viding a 1:10 attenuation for H1 Ly« observations.

During the radiometric laboratory calibration
(Hollandt et al. 1996), the responsivity of SUMER, was
determined for both detectors with a transfer standard
light source. In-flight calibration refinements indicate that
this calibration has been valid and stable until the SOHO
accident in June 1998. The dark signal of the detectors is
extremely low, and for disk observation, scattered light
can be neglected.

Both detectors show non-uniformity effects typical
for micro-channel-plate (MCP) intensifiers. These effects
stem from the MCP structure, the inhomogeneity of
the electric field, electronic non-linearities, and individual
pixel deficiencies. These effects, which are very worrisome
for the purpose of imaging, can be compensated to some
extent by flat-field and geometric corrections. SUMER
regularly generates a flat-field matrix, which can be ap-
plied either on board or on the ground.

3.2. Data Acquisition

The standard observing sequence for the ”reference spec-
trum” consists of a series of full detector readouts at differ-
ent wavelengths. To cover the wavelength range of detector
"B’ from 670 A to 1500 A, a set of 61 spectral sections, each
offset by ~12.8 A (in first order), were obtained sequen-
tially. This offset was used to record the entire spectral
range on both the bare and the KBr-coated part of the
MCP, which allows us to discriminate second order lines
from first order lines. For this exercise, it was extremely
helpful that the range from 670 A to 750 A was recorded
in both orders on this detector. The spectral catalogues,
presented here, have been extracted from the KBr-coated
portion of the detector, except for the wavelength region
around a telemetry gap (see below) and around H1 Lya
where only the bare part is available. Note that we have
to place this strong line on the attenuator section located
at the extreme pixel positions of the detector. Also, the
extreme sections of our spectral range can only be recor-
ded on the bare part of the detector. The sunspot spec-
trum was obtained using a modified observing sequence for
faster data acquisition, which was composed of 37 spectral
windows, displaced by larger increments of ~20.8 A each.

Whenever possible, the reference spectrum was pre-
ceded by a raster sequence where the spectrometer slit
moves perpendicular to the slit direction to map an area
of 120" width. This raster contains 157 slit positions with
a step size of 0.75"”. With an exposure time of 10 s at each
spatial position the complete raster scan takes 26 min.
Three spectral windows centred on selected emission lines
were extracted from the detector at each slit position.
Monochromatic images at different wavelengths can be
constructed from the raster sequence by summing up the
counts in the line profiles at each spatial location. Images
of the Extreme-Ultraviolet Imaging Telescope (EIT) on-
board SOHO (Delaboudiniere et al. 1995) were also taken
as context images and used to find the exact slit position
during the observation as well as to co-align the SUMER
observations with those obtained with other instruments.
After the raster sequence, the pointing returns to the tar-
get position at the centre of the raster image where the
reference spectrum is to be acquired. This solar position
is maintained if the solar-rotation tracker is activated.

About 300 SUMER reference spectra have been recor-
ded from different locations of the Sun so far. We have se-
lected the reference spectrum obtained on April 20, 1997
as a good choice for the quiet Sun, because neither erup-
tive phenomena are found in this data set nor telemetry
gaps deteriorate the data quality. From 1485 A onwards,
we have added quiet-Sun ’A’-detector spectra taken on
August 12, 1996 in order to present the entire SUMER
spectrum of the quiet Sun up to 1609 A.

The criteria for typical coronal-hole spectra provide
ground for debate. There seems to be a gradual scale of
the strengths of coronal holes. While our spectrum, recor-
ded near disk centre on October 12, 1996, is characterized
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Fig. 1. The SUMER spectral window centred around the Ne viir 770 A line, with an exposure time of 300 s, obtained near disk
centre of the quiet Sun. The entire detector readout is shown in the lower panel as raw data and after flat-field correction and
geometrical distortion correction in the central panel. The spectral profile in the upper panel, integrated from spatial pixels 35
to 174, provides some line identifications. The changes in the continuum counts at 758 A and 780 A, which are caused by the
different responsivity of the KBr photocathode compared to the bare MCP, are much more prominent at longer wavelengths.

by a depression of approximately a factor of two through
the entire wavelength range, this difference is only found
at wavelengths below 1000 A in a polar coronal-hole spec-
trum (cf., Schiihle et al. 1999). This aspect is not yet un-
derstood and needs further investigation.

We have selected the sunspot spectrum obtained on
March 18, 1999 for our atlas, because this spot was one of
the largest observed by SUMER so far and also because
the slit seems to have been placed right through the cen-
tral umbral part. However, we lost a small portion of this
spectrum (2 A) during a telemetry gap. A spectroscopic
analysis of this spectrum has been published in more de-
tail by Curdt et al. (2000a). Context images showing the
position of the slit during data acquisition are presented

in Fig. 2. All observational parameters are summarized in
Table 1.

4. Data Reduction

The spectra presented here have been recorded with de-
tector 'B’ and compressed during downlink. After de-
compression, the data set has been flat-field corrected
and the geometric distortion of the detector has been
removed. Finally, spectral pixels have been converted to
wavelengths and the intensity has been given in physical
units. Standard procedures have been applied for the basic
data processing.

4.1. Correction for Flat-Field and Geometric
Distortions

As mentioned in Sect. 3.1, the responsivity of the detector
is nonuniform on scales of about 20 pixels or less. Several
flat-field matrices have been acquired by long exposures
of three hours in the HI Lyman continuum at 880 A while
the spectrometer was defocussed. This provides a deep, al-
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Fig. 2. Context images showing the position of the SUMER slit during data acquisition. The field of view is 937" x 320"
in all three cases. Top: The equatorial coronal hole seen as a dark structure in the Fexir/195 A channel (also seen in other
EIT channels, courtesy: EIT consortium). Centre: A quiet-Sun area near disk centre in the He11/304 A channel (courtesy EIT
consortium). Bottom: The leading sunspot of active region NOAA 8487 as seen on a H1 Ha filtergram (courtesy: Big Bear Solar

Observatory).

Table 1. Observational parameters of the data sets presented in this atlas. The pointing in  and y is given in seconds of arc
(SOHO co-ordinates) and refers to slit centre at the start of the observation, to. T' is the exposure time in seconds and d is the
total duration of the spectral scan in hours. np, gives the number of pixels which have been used for averaging along the slit.

The solar rotation tracking was active in all cases.

target detector date to d x y T Npa slit  rotcomp
uT h " " s pixel #

coronal hole B October 12, 1996 20:45 5:15 -66  -26 300 171 2 on

quiet Sun B April 20, 1997 00:03  5:09 0 0 300 300 2 on

sunspot B March 18, 1999 17:36  2:51 468 360 90 17 7 on

quiet Sun A August 12, 1996 01:13  2:07 0 0 113 115 4 on

though not entirely uniform exposure which the SUMER
processor compares against a median-20 filtered array in
order to extract all non-uniformities smaller than 20 pix-
els. The small-scale variation amounts to as much as 50%.
This includes a pixel-to-pixel variation of approximately
20% in the spatial dimension caused by an analogue-to-
digital converter differential non-linearity.

The properties of the detector vary as a function of
the extracted charge as the detector is being ’scrubbed’
by the accumulated counts. Thus, the flat-field data need
to be updated quite frequently. In all cases, we selected
the latest flat-field image obtained before the considered
observation for this process.
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The fringe fields in the detector MCP-anode gap lead
to a geometric distortion which makes the image of the
slit shorter at the centre of the detector compared to ar-
eas closer to the edges. As a result, the spectral lines are
curved (cf., Fig. 1). An artificial ’'rectangular grid’ has
been produced using averaged stable solar spectral lines
and continuum data, from which the distortion has been
parametrized. This correction is then applied to the data
in order to overcome this shortcoming. The SUMER stan-
dard ”destretching procedure” (Moran 1996), also con-
tains a compensation for the small inclination of the slit
image relative to the detector pixel direction, which is
caused by a residual alignment error between detector an-
ode and spectrometer grating.

Fig. 1 shows a full-detector image centred at ~769 A
before and after the corrections for flat-field and geomet-
ric distortions are made. As seen in the central panel, the
continuum features appear to be horizontal in the disper-
sion direction and the emission lines are straight to within
one spectral pixel after this correction.

4.2. Wavelength Calibration

Since there is no absolute wavelength reference available in
the spectrometer, a wavelength scale can only be derived
using solar chromospheric lines. The dispersion changes
as a function of wavelength, and so each exposure needs
an individual calibration. The wavelength calibration is
based on identifying the position of chromospheric lines on
the detector and the assumption of negligible net Doppler
flows for these lines. In quiet regions atomic lines and
lines from singly ionized species are formed over a limited
range in temperature and other physical conditions, and
are known to show relatively small average absolute shifts
(e.g., Samain 1991). Also, the observed small velocity vari-
ations along the slit in these lines indicate that these lines
are very useful for establishing an absolute wavelength
scale.

The pixel-to-wavelength relation is achieved by a cor-
relation of the line centroids in the entire 43 A win-
dow with all known reference wavelengths in this window,
preferably emission lines from neutrals and singly ionized
species, which are fairly strong and unblended in the so-
lar spectrum and for which the absolute wavelengths are
known with high accuracy. Since the non-linear dispersion
is known very accurately from the optical design, this cor-
relation leads to a constant offset for each exposure. In
an iterative process, we inspected the preliminary wave-
length calibration of each individual exposure for inconsis-
tencies and deviations. This exercise has been very useful
in eliminating misidentifications or finding problems with
literature values for some of the reference lines.

The identification of reference lines is sometimes dif-
ficult due to the presence of many overlapping lines and
also due to the presence of prominent lines both in first
and second order in the SUMER spectrum. Except for a

few close blends, the line centroids could be determined by
multi-Gauss fits with estimated uncertainties of the order
of 0.1 pixel (& 5 mA in first order). The accuracy of the
laboratory wavelengths of atomic lines is generally better
than 2 mA. Most of the laboratory wavelengths used for
the wavelength calibration were taken from Kelly (1987).

After the spectra have been calibrated, the wave-
lengths should be accurate to typically 10 mA or 2 to
5 km/s on a velocity scale which is relative to quiet-Sun
chromospheric layers. We do not claim this accuracy for
the sunspot spectra, where this value can easily reach
40 mA in cases where either the measured line or the ref-
erence lines or both are shifted by net Doppler flows. It is
also evident that the sunspot spectrum is more noisy, due
to an accumulative effect of the narrow slit, the shorter ex-
posure time, and the reduced number of averaged pixels,
which amounts to a factor of ~100 less counts.

In several cases our measured wavelength values, which
are reported in the annexed line list, suggest that the
literature values have to be revised, in particular, this
is the case for wavelengths of forbidden transitions in
highly-ionized species, which are difficult to measure in
the laboratory. Examples of more accurate measurements,
which are beyond the scope of this atlas, are reported by
Dammasch et al. (1999b) and Peter & Judge (1999).

4.3. Radiometric Calibration

The calibration of the spectral response of the SUMER
instrument is based on a comparison with a radiomet-
ric transfer standard source, which had been calibrated
against the Berlin Electron-Storage ring for SYnchrotron
radiation (BESSY I) as primary radiometric standard
(Hollandt et al. 1996). The transfer source provided 16
emission lines with known photon fluxes of rare gases in
the SUMER wavelength range. These have been used as
the basis for establishing the spectral responsitivity curves
of the instrument in first and second order for both detec-
tors.

Based on the experience with previous solar UV mis-
sions the stability of the calibration was a major concern.
The combined effects of molecular organic contamination
and solar irradiation was known to cause degradation of
the optical performance in space. Therefore, a comprehen-
sive cleanliness control programme was made part of the
SUMER. project, which successfully avoided this type of
contamination. This could be verified by monitoring the
sensitivity during the mission (Schiihle et al. 1998). The
responsivity of the instrument has been monitored from
the moment when first light was received on the telescope.
The count rates for well known solar lines at quiet solar
conditions were measured and found to be the same as
predicted by the calibration made on the ground. During
the entire mission, calibration measurements have been
carried out at regular time intervals to track the respon-
sivity of the instrument. The radiance at selected wave-
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lengths of a quiet-Sun area was monitored to detect pos-
sible changes in the response. Despite the high variabil-
ity of the Sun as a source, these measurements confirmed
the stability of the calibration within uncertainty limits
of £ 15 % (1 o) for detector A’ (Wilhelm et al. 1997a)
and + 20 % for detector 'B’, in the range from 537 A
to 1250 A (Schiihle et al. 2000). In addition, the spectral
calibration curves could be refined during flight by mea-
suring solar line ratios and by observation of standard UV
stars (Wilhelm et al. 1997a).

Thus we believe that in the wavelength range from
537 A t0 1250 A the radiometric calibration has been valid
until June 1998, the time when the loss of the SOHO
attitude control occurred. Our spectrum of the sunspot
was taken after recovery of the spacecraft when a change
of sensitivity of the SUMER instrument was discovered.
Data after the recovery are treated with a correction fac-
tor of 43 % to account for the average loss of sensitivity
attributable to the loss of SOHO. The uncertainty in the
determination of this change affects also the overall uncer-
tainty of the radiometric calibration after recovery which
we estimate to 30 %. At wavelengths longer than 1250 A
the uncertainties are 30 % before and 40 % after the SOHO
recovery.

However, some corrections are necessary for bright
lines. The count-rate capabilities of the detectors are
slightly exceeded if bright lines are placed onto the KBr
part of the photocathode, leading to a local-gain depres-
sion of the detector channel plates and dead-time effects
of the electronics (Wilhelm et al. 2000). As a result the in-
tensities of the lines affected (C 11 977 A, H1 Ly3 1026 A,
Ovi 1032 A, Ov1 1037 A, H1 Lya 1216 A, O1 1302-
1306 A, C11 1335/1336 A) are underestimated in the raw
data. The corrections, which amount to as much as 30%
for the C 111 line and about 17% for the O vi, H1, O1, and
C 11 lines have been applied in our atlas. The given inten-
sity of the H1 Lya 1216 A line is only an approximation,
since this bright line could only be observed with the at-
tenuator. Since the brightness of structures observed on
the Sun may have changed while the spectral range was
covered, the intensities of lines may become less compara-
ble with increasing difference in wavelength.

In the sunspot spectrum, the photon rate of some emis-
sion lines heavily exceeded the detector capabilities. Then,
in addition to dead-time losses, some pulses are registered
at a displaced position and appear in both dimensions
as ghosts in an image. These electronic ghosts have been
eliminated and appear as gaps in our spectrum. This cor-
rection was needed for H1 Lyy 973 A, Cr 977 A, Ovr
1032 A, Ovi 1037 A, Hi Lya 1216 A, Ov 1218 A & Mgx
1219 A/2, Nv 1238 A, and Nv 1242 A,

To confirm the consistency of the radiometric results
further, we compared our calibration and checked it with
other solar spectral instruments which measure the irra-
diance from the full solar disk. In using the spectral ra-
diance of this atlas for a comparison with irradiance data

from the full Sun, one has to take into account contri-
butions from different features on the disk, such as ac-
tive regions and coronal holes, and center-to-limb varia-
tion (limb brightening), which are not resolved in full-disk
measurements. Full-disk irradiances have been reported
for a number of selected emission lines for which full-Sun
raster scans have been made with the SUMER instrument
(Wilhelm et al. 1998). From these measurements the ef-
fects of active regions, coronal hole deficiencies, and de-
tailed center-to-limb radiance variations have been deter-
mined. Most lines of the solar transition region are from
optically thin plasmas and show substantial limb bright-
ening, which leads to an average radiance of the solar
disk of approximately twice the radiance at disk centre.
Therefore, the irradiance from the full Sun will be higher
than from the disk centre for most of the lines in this
spectral range. Work has been done to compare the ir-
radiances of the quiet Sun measured with SUMER with
previous results in the literature, and whenever a compar-
ison could be made we found agreement within the uncer-
tainty margins (Dammasch et al. 1999a). A comparison of
the SUMER radiance spectrum has also been made with
the irradiance spectrum of the Solar-Stellar Irradiance
Comparison Experiment (SOLSTICE) on the Upper
Atmospheric Research Satellite (above 1150 A) and the
EUV Grating Spectrograph (EGS) (below 1190 A), which
was flown on sounding rockets (Woods et al. 1998a). The
latter two instruments have been calibrated against the
Synchrotron Ultraviolet Radiation Facility (SURF) of
the US National Institute of Standards and Technology
(NIST) as primary radiometric standard. The compar-
ison between the SOLSTICE/EGS irradiance spectrum
and the SUMER quiet-Sun radiance spectrum was made
between 800 A and 1600 A at a spectral resolution of 3 A
(Schiihle et al. 1998). For most parts of the spectrum the
agreement was found to be very good, except where we
have dominating second-order lines in the SUMER spec-
trum and a spectral region around 950 A, which could
be attributed to an instrumental effect (Woods 1998b).
A detailed comparison between SOLSTICE and SUMER
in the range from 1200 A to 1560 A was given by
Wilhelm et al. (1999). The comparison of stellar FUV
spectra with the spatially resolved spectra of the Sun is
also of great interest. Fig. 3 compares the average quiet-
Sun radiance spectrum in the range from 1287 A to 1307 A
to the irradiance spectrum of the solar twin G2 V star
a Cen A (for details, cf., Ayres 2000) as measured by
the Hubble Space Telescope Imaging Spectrograph (HST-
STIS). Both spectra are very similar, except for second
order lines, which are not present in STIS spectra. Faint
lines can be easier seen in the SUMER spectrum, which
has a better photon statistic. The STIS spectrum with its
better spectral resolution is very useful for studying line
blends and line reversals due to optical thickness effects. A
more detailed analysis and a radiometric comparison are
beyond the scope of this atlas.
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Fig. 3. Comparison of the FUV irradiance spectrum of a-Cen A and of the quiet Sun radiance spectrum at disk centre in

the range from 1270 A to 1310 A. The stellar spectrum (courtesy

: HST-STIS consortium) has been degraded to the SUMER,

resolution by a convolution with a Gaussian of standard deviation c=60 mA.

5. Description of the Atlas

The spectra presented in this atlas are composites of in-
dividual exposures, most of them on the KBr photocath-
ode. The separation wavelengths are indicated by broken
vertical lines at the bottom. Although we have used the
onboard solar rotation tracker for all spectra presented
here, there are clear indications of evolution in the net-
work structures observed. This has to be taken into ac-
count, if radiances of lines from different exposures are
compared. The variability of the solar atmosphere on all
temporal and spatial scales is amazing. These include
periodic phenomena (cf., e.g., Curdt & Heinzel 1998 and
references therein) and explosive phenomena (cf., e.g.,
Innes et al. 1997 and references therein). To give an exam-
ple, the emission measure of some lines increased by a fac-
tor of =5 during the sunspot observation as derived from
a comparison of lines recorded in both orders of diffraction
(i.e., at the beginning of the sequence and at the end of
the sequence).

The spectra are displayed as profiles in different
colours, the quiet-Sun spectrum as black line, the coronal-
hole spectrum as blue line, and the sunspot spectrum as
red line. In the sunspot profile the continuum background
has been moderately noise-filtered. The BN/CI ratio of the

quiet-Sun spectrum is overlayed as green, solid line using
a separate axis scale. In Fig. 4 the spectrum is presented
in portions of 42 A per page with 2 A of overlap. The
atlas is also available in machine readable form via ftp or
the internet?. This atlas represents our most up-to-date
knowledge of the solar-disk spectrum in the given spectral
range. Coronal and flare spectra have also been analyzed
(Curdt et al. 2000b; Feldman et al. 2000), but are not the
subject of this communication.

5.1. Line Identification

Each resolved emission line is indicated by a mark, the
measured wavelength in angstrom (A), and the identifica-
tion, if available. For the sake of a concise presentation,
the wavelength values are restricted to three digits, one
digit before and two rounded digits after the decimal point
(e.g., the Ne viiI line observed at 770.423 A reads 0.42 in
first order and 0.85 in second order). The mark can be
used as a cross-reference to line lists available in the litera-
ture, where additional spectroscopic information is found.
Squares and circles point to line lists published on SUMER,

2 Profiles and line list available via http://cdsweb.u-
strasbg.fr/Simbad.html or http://www.linmpi.mpg.de/ curdt
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observations, circles to Curdt et al. (1997) and squares
to Feldman et al. (1997), respectively. Diamonds point
to the older lists of Kelly (1987), Cohen et al. (1978),
Sandlin et al. (1986), and Bartoe et al. (1979). We have
checked the line lists in this order and emphasize that
marks are not meant in a sense of ’first identification by’,
but, on the contrary, in general are pointing to the most
recent list. Triangles denote lines observed for the first
time or new identifications, these are mainly found in the
sunspot spectrum. Open marks represent lines which are
observed in second order of diffraction. Questionable iden-
tifications are marked by a question mark (7). Only 4%
of the lines in the quiet-Sun spectrum remain unidentified
at this stage, most of them being faint. This percentage
increases to 12%, if we also consider the sunspot spec-
trum, which seems to be dominated by 3- to 6-fold ionized
species and is more difficult to interpret. In these cases we
have given the temperature classification of Feldman et al.
(1997), if available (cf., Fig. 4). A list of all lines observed
in the SUMER spectral range is given electronically in the
Annex.

5.2. Bright Network/Cell Interior Ratio

In the quiet-Sun spectrum, the SUMER slit cuts five
partly sub-structured supergranular cells. We have sep-
arated 21 pixels representative of bright network and 71
pixels of cell interior, respectively. The BN/CI ratio, thus
derived from the same exposures, is >1 at all wavelengths.
It shows an interesting variation, depending on the par-
ticular emission line under consideration. This feature is
a direct consequence of the plasma temperature and den-
sity of the emitting source. For lines with high formation
temperature, the BN/CI ratios are not far from 1, while
they can reach values > 10 for transition region lines.

6. Summary

The spatially resolved solar EUV/FUV spectra studied
in this atlas, cover a wide spectral range from 670 A
to 1609 A and provide a wealth of information on solar
plasma structures from the upper chromosphere through
the transition region to the corona. This information has,
therefore, a tremendous diagnostic value for the emitting
source. Together with the high spatial resolution of the
SUMER spectrograph, compared to other solar EUV spec-
trometers flown during the last decades, plasma parame-
ters of small solar features can be investigated. The atlas
also provides an excellent reference for astrophysical appli-
cations. The SUMER spectrograph combines better spec-
tral and spatial resolutions as well as coverage than any
previous observations in the same wavelength range, and
permits the extensive use of spectroscopic techniques in
determining temperatures, pressures, densities and veloc-
ities in the upper solar atmosphere. The atlas also presents
a powerful tool for the planning of future observations, i.e.,
to determine adequate integration times, to identify pos-
sible blends, and to select proper data extraction windows
in upcoming solar studies.
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Fig. 4. The SUMER solar-disk spectral atlas includes profiles of the average quiet Sun (black), an equatorial coronal hole
(blue), and a sunspot (red). Resolved emission lines are indicated by a mark, the measured wavelength in angstrom (A), and the
identification, if available. The marks point to line lists available in the literature, where additional information about a specific
line can be found. Squares (O) point to Feldman et al. (1997), circles (o) to Curdt et al. (1997), diamonds (<) to Kelly (1987),
Cohen et al. (1978), or Sandlin et al. (1986). Triangles (A) are new lines or identifications. Filled symbols denote lines observed
in first order of diffraction, open symbols are second-order lines. Only the three least-significant digits of the wavelength values
are given. If available, unidentified lines are characterized by the temperature classification of Feldman et al. (1997) (a: T. <
3105 b: T, =~310% c: T. =410, d: 6 10° < T, < 910%; e: T, ~ 1.4 10%; f: T. ~ 1.8 10°. The profiles have been radiometrically
calibrated assuming first order of diffraction and the radiance axis is scaled to mW sr™! m~2 A~!. We have taken care of the
type of photocathode (bare or KBr) when applying the radiometric calibration to different sections of the spectrum. For lines
observed in second order, the right vertical axis is applicable. Note, that the sensitivity ratio between both orders, which is
wavelength dependent, has been chosen for (and is only correct for) the central wavelength. Also note, that second order lines
are always superimposed on a first order background. We also display in green the BN/CI ratio, which is a useful parameter for
electron temperature classification.



HIS6Z0+ HA IV 220 B —rraoarn e ——

1Y 2 W s AW/ (J9pJo 1ST) 8oueIpel

0
8 1S 1.8 Wm B
L L i
O
L n_u 1A8d $T2 = i
& AST99 & —— ==
[ — \
<
= =} () 900G m ——= ‘ -
T XIS 0Ly W ———————=— -
L M YENEE 8 ————— =————— B
5] cllined e W e
L o i
S '
- © e — .
X180 0y'T ™ ———— 1IN 0F —
r E—— B
11D €50 & —
— 600 e r —]
HIABW T96 = a——
L o e swl B
i me"
e ‘Mr'
= 43 &7 .\L-.\ -
L IIARAPPO + 1IN €89 @ ——— — B
X .
HINBLG & s = _
- 1IN 6617 & —=—=— B
X T o~
[ o_u ©) vor m =——= i
5 IS €5 & =———
-S s soe .M N
| o
9 XIeN 89T = A
-9 1S 60 @ —————— B
S s 08118 —
& XIVeeo s ————— =
S I R R e —
L » IS TT6 NM;‘! -
S o8 & ==
r == —
sy e ——r_
L == B
©, " -
X11S 679 <L T89 Aﬂ
L ON.\<>M vy e
110 28 ® —=—_ ———
e
F 110 162 & e — n
[ E—
L . —
& iNeoT+ 1IN .N..m —
| IINGET+IINZYT+IAID LET € — —— I.kf,\‘l\\/
— rnnv IINTOT @ — _ —————— -
— A_n ) X1V 200 ® —]
I B
FoN o () 006 = B
= c 2 e <
2] S 9
B 5 8§ g
L Q ~ O Q ” |
=1 o x £
L O = @ m 5 i
=82 2
L S 3%F @ i
2383 c 2B
L S m 5 M o© i
= = )
=] =) =
L ofs e £ i
L o m ¢ « < 7
<
L © < o~ [l i
[}
TTTT 1 1 1 [T T [T T 1T [T T
g S - 2
— o

680 690 700
wavelength / A

670

660

HIAIVITO+1IASH €00 o —————— & = -

740

\
730

1S v56 ®

11s 0.8 o
lIN®H 018 A o—= —

() 185+ 111S 986G
AV ITG ® \|.’ -

IS 9y o
1IA®4 GL€ = 'I‘

A €2T @ ————————— — ——=————

70 ° —
XIS 6€6 =

720
wavelength / A

110958+ 110 6v8 ®

®) €8 ¥ -
¢IlIAed 697, =

LAS 00L «

ANIVSIS+A IV T9G @

IIA IV 08 ®

INS06C+ INS 89C

SIS ¥60 ®

(e) 810
o
— — = —
N~
NIV 126 ® i
©) vwg =
@) zz2 w
INS 059 —
XIbNZ09 = w B
1110 8¢ ® n
—

111028ec+1110 68C ® 7
1o €T ®

o 3i=—

< N

1000

A [T T T [T
o o
=} — A

—
1Y 2-W s AW/ (J8pao IST) soueipel

13



810 820

800
wavelength / A

14

790

780

IIASN 0E0 © ——— 5 Q N
- X q — _om — ¢ ]
L i L 4 i
) o
[ - [ AIS GT8 & —=< \
i (@) 299 = I [ 5 b
L XS €29 m B L ] 79«3 i
TIN'G6G ® NS 6 & ———=__
L N - AIS S0G & —= E
| AO ST ® | | medvey ¢+~ 3 _ ]
¢'
\\\\\ 11134 8 * <5
- B + HAID 00E ® = B
INABN TEZ = =
r 1IN 06T 7 r IAUN SST < hlw 7
L B L D B
lINSN 2v0 @ —————— m '
X X e
HIABW 866 = ~ 110896 + AIS 996 ® =
L B L o B
L i L 7 i
r INIV L0, = b r ) 110989+ 11D £89 @ & N
110899+ 110859+ 1107469 & <=
L _ L 11D 1e9 ® |
)3
-
L AN STS e _ - [ x' -
. —— 2>
L NN 9EY @ — i L XSVTD + 11N 9TY « ———"" & 4
3>
L 1IN €€€ @ B oL L @) ore W — < |
HIABW g9z ® 3~
\\\\\ — y
—
L 5T o ] L 2> .
AO 66T < 1IN9d 69T « ———— _ ¢
L AOEIT o |4 2 L . ¥ o - - —
— — — © © — 11D 966« = —
AISYEG+ A O EV6._® ~ =2 10006 « =
L _ g L 1IN8] TT6 « — 4
AO 895 ® '
L b - i= b
L 1IN GTL w _ L S B
CIIAIY 029 = 110 999 & ——=
‘ ‘ \ =N
e, 4 " —=35
[ INIV €67 = B - (e) €z's i
B AIS b2 ® ] [ 3 ]
L e « _ L S = |
9. AR |
11184 162 Hined e
®) orT =
. (e) 850 = o
L AIS 220 ® 13 AOTID+ ATO 6T0 & —— e |
) XIBWN pg @ ——— = ~
| m - | -
c .
| o = 5 AIS OV ® S i | |
O © O —= AOZLL ®
o S o . &=
> & B €L —
- e2e e N 669 & —=— = . - — g
33 & P0TF =— AS.v9 ® —
- N8 o mv \ r 7
1A®4 mmm‘mM'\w S
r AIS T67 & ——== b r UN 8%, < 7
e —— MLy 4
| IaN T/ @ ————— r \
F = IXS T0€ = B
L L INABW veZ = B
- © < N 1184 $TT < L © < o~ |
mw
T TTTT T 1T [T 1T [T T X B [ITTT T [T T T
o o o o —
S S = A — Py =
o .
— o

—
1Y 2 W s AW/ (J9pJo 1ST) 8oueIpel Y 2-W IS A/ (49pJo 1ST) 8oueIpel



11194€96 + 11194 2,6 *.

11D €58 ®

me.ou
NS08+ IINBN T2y = — W

AS T2 m —

3

1110 825 ® —— o 0% _
—
1o sry o
——— _
110 vLg & ———
110 ZEe o
o ¥6e 955z v—u ]
® ]
(@] -
Is
2 3 O b
o < o
2 o 2 AV L m=d —3— — —
> O 3
»n O O _
7 7 7 1S Sv'e
hom.N. ‘e
AV BTT - _
XIeD €zT W =—— _
680 ©
L A [TTTT T 1T [T T 1 TTT T T 1
o — -
- )
— s S
o

Y W S A/ (J9pJ0 1ST) sourIpel

840 850 860
wavelength / A

830

820

[IASN /TG ™ —— ——

(@ eeg =
IINBN €€0 =
1AV 26, ™ ———

(@ sre =

|

IIABN 2TZ ™ —_

HIABW €T @ ———

11184 €07 ®

\_a/\t

1194 €8T+ 11194 9LT ®

NNV

o — —
— o

Y 2-W IS A/ (49pJo 1ST) 8oueIpel

900

890

870

860

wavelength / A

15



10¢q

\k24

8+ 10V8L+G ATIH 08L © —

P+ 100ZE+8 ATIH STE

Sunspot

10 86 ®
10 ¥26 ®
10 298 ®

lISoy'L+119H 6eL =
10 €99 ©

10 6TS
1ed oLy e

I10€9T+10 8Y'T ©

10680+9 ATIH G0 & =— —
10920+ 118H 2€0

N33 800 ——_
11184 .16 ®
l1ed v'g o

10256 ®

11oH o8 ®
61z !0
10069+10 189 _*

ows s

10629+, A1 H €90 ————=——
II8H ¢85 *

10 %67 ®

IIBHVV'E+ INS OVE ®

AIN 827 ®
AINBIE+ 10 6L€ @

109¥CT+AIN €5C ®
10 L00+AINBET+ 10 T0C ®

10 85T ® —
6 ATITH60 -
y ) B —
£y ol @4sgr 10 ———
OT ATIH SE6 ®
IIAISt88+ 0 E/8 e 2
TTATHH €18 © —

2T ATPH 8TL ®

YT ATIH
SUAT |

Coronal Hole
Quiet Sun

IIASS 206 =
110 vy e
O 9% gsg=
11 65¢ o

o
—

1000

—

920 930 940
wavelength / A

910

900

wavelength (2nd order) / A

490

€A1

485

480

475

470

Y 2 W s A/ (J9pdo pug) soueipel

o
—

100

—

oro «
IHHINVB6+ IIIN T66 ®

11124 €06 @

10 ¢98
.

INS S5 & —

10 9%6°L
10 79 & ==

(p) s8G =
IIAS 857 <«
10 68€ ®

l18H ¢Tc =

10 2T & ———

e ———

899 « ————— 5

g —_—
() 825 = SFo5 _
IN €97 ®

o4 /97 ==
IO e & ——— =
11194 06T ® ——=

OH 0L & ———— =

10820+ 11124 2r0 o/ Q680

_ Xl
v ATIH v16 @
1IIAIS 226+ [19H 9€'6 ™

10+ 10 110

looLg e

11BN G99 ®
191565 <

106TS 4 mUmm%m .

118H 15 *

HoeoL & ——=

o

!
o
o —

1000

—
1Y 2-W s AW/ (J8pao IST) soueipel

960 970 980
wavelength / A

950

940

16



510

505

500

495

490

100

Hl«@« Nl_.C

o
—
7

1S M\ / (13pJo pug) soueipel
—

Sunspot

Coronal Hole
Quiet Sun

INSN L2

HINTST+HIN-6ST ®

1N

IAN3N 620 ®

INSN 6L'G =

6 m

118H

80 2 .
1S 290 o =

s

__m wt%u.wa‘.h

il

111°4 68 ® —=
1194 6L & ——=——
1ed v, & ——=

—

111S 2L'S
1S 056 ®

==

IS 6EV @
g8E « —— % 7

etz F1 ....i‘
197 « “
I..ll-l.ln\

1184700+ 11D m@_ﬁu mwm ~

___wmu_N.dewo = -

M

€95 <
1124 ET'S + 11184 ¢S
ned LL'v ® N

118492 + 9T " /

IS ¢Ge o
11194 80"
_mw.mZmn.N+__m 89¢C

Z ®

194 £QT 4

IOET0+10 610 ®

286

INBNG98+ |10 GL'8 ® —=———

11e4 €T @
10 6,0 ®

11194 TG9 + 11184 299 ® ——=
1ed ¥8G e

1194 TE'E + 11194 /8E ® —=—

1ed ov'T & ————=

1000

1-¥Y W

o
o
—

o
—

—

1-4S MW/ (JapJo 1sT) 8oueIpel

1020

1000 1010
wavelength / A

990

980

wavelength (2nd order) / A

530

525

520

515

-4 M/ (49pJo pug) soueipel

o
—

Hl«@« NlE

100

HIAIY 6LL = l‘
i $i=

= IN6TY+ 1IN 80F

~ INLTE+IN 80€ ®

r 10 ¥60 ®

r 11000,

L () s68 =
L 10 618 ®

L Ied ocy o

IS99+ 1INV 189 = |A

frefs
@.

r IIAIV /8€ = ‘l
. INGOE+ IN 8T'E

IN mwN *
IN80C+IN cCeT ®
2110 09T 0

g0

IS 0g'0

lINS 526 =

M

C/19H ep

e6e «

10 69T ©

10¢2c6 ®

112:

1o ve9 *

11194 8.5 o

INZre+ 11184 OEE ®

11S 280+ 11134 260

10 ¥, e

[ 1ied E.m&v.

_oﬁmﬁa

[_‘m._.. TG o

91
s eLe o

1S 0gT

[ 1S 80°

o
o
i
-5 MW/ (J9pJo 1sT) 8oueIpel

o

o
o —
o
—

1-Y W

1050 1060

1040
wavelength / A

17

1030

1020



o
o
—

.Y 2-W s A/ (JapJo pug) soueipel
o

— —

0.1

550
\

545
\

540
\

535
\

Sunspot

Coronal Hole
Quiet Sun

¢AIS SV <
%68 «

INO9Z8+ I1184%28+ IN S08 ®

IS8EL+INOCL
11S 259+ 11184 199

lIN®d LES

ore «
1o €LC

1IN8498'L +2/A18N 982

P ———
N TS » —Sec—
119H v6 o
IINOSY +IIN 85y o
1IN 66€ ®

HIS ¥TL & ———=

11194 806

[ 8.
wo el Ak
INTEL+ 1N BEL

IV +AI'S 599 <
1133 ¥T'9+ 11 DET'9 + 11194 8T'9 e

AIS 92 @ ——— — =
11194 g¢¢

1194 €8T+ 11184 TLT ®
1ied 2T o

—

1159g5 e & —=% b
756 « 2

1ied 5o s b

lied 1g: b

Il _m%mwm.m‘ .‘W

530

o
—

i T T T i T T 1T
- —
o
Y W S A/ (J9pJ0 1ST) sourIpel

1080 1090 1100
wavelength / A

1070

1060

wavelength (2nd order) / A

100

Y 2 W s A/ (J9pdo pug) soueipel
o

— — o
j:,,,,

570
\

565
\

560
\

1153852 +10 78 N e ect

°H 016 #

190 +mumwv. 3. ® s =

w Vs .

_ ISy I
1IAR48S L +2/INRDYC L+ 2/INON vZ'L < 0 = _

HISSTE+ IS €2€ ®

CIN®N ¢/'6 O

10706+ 110768+ 1D S68_®
10 9578

ASN 959 e

IN 867

GeeZ «
s WP pT L=

INSTOT+ 11194 0TT & =——=— =

12266 *
194664 157164 1. 01g 8/ 2 090 & ——=
w\3>w7____®. N%w..llj
AIS GER @
IX 508 + 11194 908 ® -
NISS89+ 11184 219 ® \“AW\
T s

C/IN3N 99§ ©
11194 88 o —=

£ty 4
2/IABN 9v'E O ‘w

1066C+ 10 TTE ®
ASN.Q m!

10682+ 10 €T ——
1D T+10 P s

 EXFUES ——
1021 AR —
+_uw“.vr..;‘\\"|“
IDXE 68V o =< =
10 007 & —=

19287+ 12 082
10957 § >
1066T+10 96T o &=
10 09} 5% T+
10 10T @

o PWO+ZIAIOZE0+ 890 I = =
o 10%86+ 11115 000! I/LQELIBL0 oo ——
L LR I — s e B A
L NSSTEHNE 6E§ & ==T42
[ 12089 +2/A10 09 ©
s gz ® <L
r =
o =Y
re}
BT AR [T T T AR
o — —
1 -
=1 S 3

Y W IS A/ (J9pJoIST) douelpes

1130 1140

1120
wavelength / A

18

1110

1100



100

.Y 2-W s A/ (JapJo pug) soueipel

=] —

i — o

| i I | | i I I | | | i

T

o
S
2 g
L 'S y08 ¢ M
NG Y=
-~ -
D 89 & ———=—————
r - . 111D_g6" ——
596+ L o 10869 & ——
L 1382 19 b2
HIo 88y ®
Lo
0
Ire)
Cl1®H 898 0| 3 G5 g+ INEEBF TN 158
r 1IA®406°€ +°H S8E & ——
+ 2IXs T o 15 2 1S #E
L 198
o —_ _ _ ]
SL
Irs)
r 1929819
10288412 078 ¢
- 10€T8+ 10761 +10 208 oy
(Posz+1
Is 29
- 10809+ 1S 003
+ lIA24 005 *
o4 oy #
+ 0% <
| o4 sz *
11o3 887 +
L locrz o
L led GTT ¢
O 080 & =
re) 1od 1y &
M~ ¢1S 966 ¢
5 o ITod 666 ¢ —2=—=
L S 1194 068 ¢ St —
T s g i
-8 E a ZX®D 908 O |53 05 + =2
Ll 2 ¢ & e e =
S 5 S 1194669+ 1194 €89 & <= ]
L ® O O i
ASN 99G =
L ——=—
2INON vy O =0V
| ZAON g2y O ——= i
mad soe s —
= 1193°%0% % R
1194547 +¢ 097 =
g " L) =—
| nsezz+ IINEHE » —— i
| HAed o1 <« BEEE= i
2
S I [T T [T T T [T T T
o — -
1 —
=1 S s
o

Y W S A/ (J9pJ0 1ST) sourIpel

1160 1170 1180
wavelength / A

1150

1140

wavelength (2nd order) / A

610

605

600

595

590

Y 2 W s A/ (J9pdo pug) soueipel
= “
i I | |

100

0.1

| AO €8 & —— =

TATIH99G =

r 002
s 159 =

IS /96 ¢

ISEEY+AS 0EY ® <

e < AIW
697 <
L 00z <
*
ns el HMI m

L 0 6 ————
s mmﬂwz 70 ¢
— IN 220 ¢

IN _GS56 & —=——7——
. 2/ O6T6+AS 026 O

s ovse ¢

INSOP 7+ 11S0SY+ 10 6VYy & —————

L b+ ®; ‘e 0
1S 20 +2/11IA®D 86 _o%

. . .0A
\ _UQNT_UQNT__mmNm_oS.m. !
INBW 89T =

L INBW 0TO =

IIADW ¥8'6

15696 % 5 o
L 15006 o 1278

=g
10 €88 w -
lad ev,

1ed TLSG *

184 €8¢
114 sv'e

€S

*
*

IS 65T ¢

> i

rTrr 11T i:,,,, i:,,,,
o — —
— o
Y 2-W IS A/ (49pJo 1ST) 8oueIpel

)
o
=)

1210 1220

1200
wavelength / A

19

1190

1180



1Y WIS
o

—

Lo

M / (J8pJo pug) aouelpel
- 3
i I L i

630

625

620

615

Hl«@« NlE

= 100

-4 M/ (49pJo pug) soueipel

1_
l 0
| j:,,, | | j:,,, |

1290 1300

1280
wavelength / A

20

1270

610

Te ==
1124650+ 1S t70 o | 3 o
— ro}
— ~
\/[ anows 0| N ]
[ 1588 ¢ 7 1S %68 =
ey < i
1085, &1 BMNN =
7 K L]
10050+ 155 679 * s 2o -
IS 609 * i IS 9T9
IS 595 *
VeSS 825 *
> > b
10157 * s ssy =
YTy < — i
S s o
ISZEE+10 Ve & — 2N ¥TE <
= i
2
T led 2z *
10127 ¢ ————== i
LB Y F‘ >
_umlﬁ/m&meF i 15 ot $3EL
10270+ 11S 850 ¢ ———=——— o o
ZIXBW 06'6 O .A.* — En/_.v AAD.. 10686+ 10 866 ¢
_Uavm+w\xmwﬁmv% _Do 06 Q‘WYII‘L’ — 5 s o__wu_ TE6 ¢
'8+ X — - -
—_— | 08y ————
\ = > e e MESAS
i gy p—
woom_\m_m_ﬁomﬁ e Ty
1043 %= b 1D 122 *
13 19 ;ln" ZND0Z9+7H £V © L
10 65 b '
< o 10855 ¢ — oL B89 =
10157 * — -
__WWMv Mwﬁu'rb - \nr” ZIIneD z6€ < ‘l.
! e =
NTEE N-8T" | o
AN 087 = oL S 1194 90
* ~
o T 1 3 -
>
- ——Jos& S 3R ="
11BN 680 ¢ B c O 100V0+ 1D £E0. ¢ : —
1124686 + 116N €66 * — & S 53 _wm%o,,__%mmm E——
' —— -
- |1 s < 1o eze o O 056 ¢
AN 288 W ——— = < 10 906 e
= [ Z/IIARD 988 O ll*
b 3 XS g 3!
s 94p97 +10 55 ¢ Ilw
0L < = i IITL S
> 1194089+ 19 5.9 # ==
* i 10229+ 10 629 ¢ —=—ldiZ ——
. 1124 185 ¢ ——
IS z95 * ———
113456+ 1D 625 & ===
R A IV S6T + 1D 867 < e
D oLF
—
IS vTY * i 10 Ty & —=
] 1154 997 ¢ I.MI{M
CAIN BIZ <o s
b 21086T +HEET + 119386 + (16N V6T o IS 802 ‘\'Ix'
\\\\\ 11BN €2T & ~
) IS 810 *
IS r0 I Lo 1520H0 o°
@ IS 196 * 1o 8 .
o i IS o) TS
= oo = -
.W.W ) 908 « m b1 ENFLL 1l g e
-« -
&5 3 Y i 10092 + INBW G572
] nnw %\ ! INBIN 269 « < —
i L S—
11848 + 1194 59 & —=—
R = 115005 ¢
7 7 7 IS 05y ¢ NSy «
7 [ IS 982 ¢
i L ] ) 1184 12Z_*
10U WA PTe
1o H ZIIARD TIT O | 557
o
N
I AR [T T I N 3 I [TTrT T T T 1 AR L
o — — o — —
i - i -
= o o - o =

Y W ;IS A/ (JBpJO IST) 8dueIpe) e Y W IS A/ (J9pJ0 IST) 8oueIpe) e

1260



100

1Y W (IS A/ (J8pao pug) souelpes
=t
i Y | |

—
— o
j:,,, | | j:,,, |

670

665

660

655

1D TS ¢

Sunspot

Coronal Hole
Quiet Sun

T «
IIIN 6E0 ¢
156 «
AIOT98+°H .58 *
8L ¢

110 €Sy ¢

10 €09 ¢

ISVEZT+10 LTT ¢

MN 025 & —— _

10096+ 1D 856 ¢
10216+ 10606 + _uw%ﬁmw.mo

C¢INS OF9 ©

ABW 65V ®

OTEE+ 11D 568 ¢ ==
IS 258 ¢ ——

UNSBZ O ——— < =
SIXUN 2T <

IN896 +2/AS 926 0 =

IN 868 ¢ 7

ININ 22, ¢
1S299+ 1S ¥59 ¢
10 266G ¢ 7

C¢INIS L9F ©

106EE+1D ovE ¢

1D 9T ¢
o e -
INYS0+ 10 ¥90 ¢ LN /60

€rg « 4

IS 826 ¢

10 987 ¢

({e]

T

s gV &

s zee =

<

650

o
—

i:,,,, T
—

i, FT T T I
—

oS

Y W S A/ (J9pJ0 1ST) sourIpel

1320 1330 1340
wavelength / A

1310

1300

wavelength (2nd order) / A

690

685

680

675

670

100

1Y 2-W IS M/ (48pJo pug) souelpel
S —
- — o
i I | i I | | | i

21D SOT
€20 <

I1IN 656 * |jaq /55
ZIABW 8T6 O

IIIN 958 #

1134 299 &

[IEERVAEE 4
¢/Io 69Y ©
IIIN 807 ¢

znnN o€
1104 622 ¢

v
NO T Z/IIINOOT + 113 0 S

Z/IINOOO+ 1IN 2T0 < “
1194 1.6 *ceg -

1194258+ Sv'8
1194 608 ¢ =

1194 689 & <9

94 88y o
10 9Ty ¢

2¢/X1eN 8ye O
1184 6LC *

¢nisorT+ 1194 LET ©
2¢/IX1Iv 80 O
11ed LT0

1O¥'6+10 826 ¢
| 168 ¢
o 8 1D 618 ¢
", *
1o 99 ——

10 1L *
NI@

1D ¥8G_¢
10 09G ¢

gy « W

1062V ¢

110 99T ¢

IIXed €v'6 =

0L «

WW

10

i:,,,,
—

i, FT T 17
—

(=)

Y 2-W IS A/ (49pJo 1ST) 8oueIpel

1370 1380

1360
wavelength / A

21

1350

1340



710

705

700

695

690

.Y 2-W s A/ (JapJo pug) soueipel
S 1_
— — o

Sunspot

1194 680 *

1124 588 ¢
CIN IV 888 O

ININOL'L+ 1194 €EL°L *

AIS €69 *\i55¢rg v o= \

134 LLG+ 11N ELG

IS9EV+ 1IN 0EV ¢
S9€ «
>

1S 287+ 1IN 282+ 194 87 m:>..J‘ b

UXIBN OTZ O ————~—. __— -
IN 6T & =

1IN 20T ¢ I B

5
_wjmm 106 ¢ —
o —_—
R —— |
. } AIS 709 ® q\ |
Ho4T9G+2/111O¥9S+2/1110 086 ©

AlIOZBY+AIS 6L7 =

AlIS L n

AIS 8L'E W ——

ITIN €€ # ——

IEE] Nm.wmomm.m
l1ed s1C -

IIX X956 +2/X1S w6 O

IS¥Y'8 +2/XIeN 288 07~
¢/X1bW 862 OB

ceL+119d 2TL *

Coronal Hole
Quiet Sun

IS 195 ¢

. IS G¢
WIN-GET ¢ 211D S0t © MM
I TTTT T T I i:,,, I i:,,, I i:,
= - p g
Y W ;IS A/ (JBpJO IST) 8dueIpe) e

1420

1400 1410
wavelength / A

1390

1380

wavelength (2nd order) / A

Y 2 W s A/ (J9pdo pug) soueipel
S 4
- — o
i Y | i I | | i

730
\

725
\

720
\

715
\

10 670 ¢

1194 T€6_*
10 €06 ¢ =

g <
106FL+2/11IS 88, <

€29+ 1D ET9 *

1IN S8V ¢

80t «

I1IN 700

IS €28 ¢

11ed sz,
I1IN 659 +
‘H 419
___>m 1[G m — e
IIIN 0TS &

IS oev *
annN8d g2 &

IEEEY

=

1134 €T'8 ¢

2/11000L+1S 169 ©

26) 259 0 ———=

1124 967 *

1194 /8¢C ¢
10 €5¢C ¢
10 112 ¢

1134 8T0 *

2NN Y 892 O
1184 8T'L ¢

_mNm.mw\__mw. S
1246,y + 118 2Ly &
1134 07 <

IS €0'S
AIS 98¢ ¢

IIIN TCE *
1134 ¥SC ¢

114 680 ¢

— —

i:,,, I i
H —
S S

o

Y 2-W IS A/ (49pJo 1ST) 8oueIpel

1450 1460

1440
wavelength / A

22

1430

1420



100

.Y 2-W s A/ (JapJo pug) soueipel
o

—
— — o

o ININVPO+Z/AIS #70 O
oy _
~
L ® _
=]
L o _
<
=
L ] _
73 o
o
F=]
L \w 5 — — — —
10 €57 * <=
= 118496 +2/1I N ‘l..w o E
o)
S
= .. . - ‘\‘ —
INGRFeb £ Ph%c” AW Q
% —
~ S ZIAIS 286 ©
L o _
o}
I
@
L 3 _
L < IS sTL * i
AINESY ®
L — 1S poe '3 ELE o <5} |
o 1027 ¢ =—— o
5 I1IN6EZ +2/1INed 987 < ————— ”U o
L B - <=
Q ZINABHZIT+ISBIT+ 1D OULT O = ——— =]
3} . TS ]
L 3 1200T+10 ¢IT ¢ —— S A
AO.. | m TUNAPH00+EININ IV 220 I ——— & S
== <
~ S5 [=%
L p o -
o
L —— o |
2NN 08, < — o
L N V2L * M\L B
N IS, 85 _¢ 1D
IS 88 ®
- IS 66 ¢
= . 1D i7Zg P..U P |
IS 62 ——
L 10622 * —
IS €8T * P—
[ D
Yo} _1DGr0 e - —
™ — 10 600 ¢ — |
~ 2
- S 10216 * =
- I s DWW ¢ —=——r—=—— |
r @ @ ® I1INQLL+ 1D 8872 # —_ ]
25 5 WINLZLH 1D 07L& e
L 2 2 2 DEER: —
S O =2 |
L o O O 129 « —
—
+ 118450°G + 1D 00G * _—
657 « =
L I
=
| X948EE+ 10 VYEE ¢ ———= — ]
|
[ NIMM
o —]
=4 —
QRrrrrrToT [Trrrr T [T 1T [T
o — —
1 —
— o 3
o

Y W S A/ (J9pJ0 1ST) sourIpel

1500

1490

1480
wavelength / A

1470

1460

wavelength (2nd order) / A

770

765

760

755

750

1Y W s A/ (J9po pug) mocm_cmﬁ

— o
j:,,,,

IS 02-F
gy, 30, 8 7o —
IS+56+ 115 06 ¢
618 *
IS b6 ¢

1S29L+1SWL+ _._m NmNN 00
1STOL+ _W@NH: *

1S 1.y ¢
IIS8TYEST+ IS TTY ¢
ISTVE+ IS EV'E ¢
YR 4
R %
1S 09T ¢
11S€60+11S 880 ¢
C¢/ININ 0£0 ©
1SES6+11S 9v'6

C/IIIN ¢.'8 ©
I1S9€E8+11S 88 ¢

1ISOV'/eST+ 1S GEL @
IS 1.9 ¢

isav+ |8 E8F ¢
¢/INO 86 ©
1'S9ze+ l18d g€ @

2¢INO 980 ©
¢/INO 2v0 O

2INO 988 ©

C¢INO 9€'L ©

10860+ 11N 980 ¢

100

o —
—

Y 2-W IS A/ (49pJo 1ST) 8oueIpel

b
o

1530 1540

1520
wavelength / A

23

1510

1500



790

785

780

775

770

.Y 2-W s A/ (JapJo pug) soueipel
-
— o

i I | | i I |

10

1'S0E0+2/AIO OF0 ©

1S 8rg ¢

ISYOL+ 1194 LT, ¢
1S €89 ¢

C¢INIO 9P'S ©

1184 v0v+ 1S 88¢E &
IS €9¢ ¢
1134 00€ +2/AS 86C ©

*

8

_ 15087
ISZTET+ IS TR §
1od vzo ¢
1124 296

I's z€6 *
15 298 ¢

I _mu_‘ MWWOMMMN ry

1134 289 ¢

i

0 &

* >

1S8EG+1S TES ¢
1STOY +2/IIIABW 89y O

1134 6L€
IS €ee ¢

s 6TT .

IS 00T ¢ |'s zg7
IOVPT+10 vET o -

10890 +2/I1IASN 890 © o ©

12866 e 00
2INOTEELZINLO 196 O
TE=] m%\w% 6*
1194 898 =
194558+ | 5 55

IS ¥59 ¢
11S9T9+ 1S Y09 ¢
1S99G+1S 196 *

1S0LYy+ 118D 97
1S g€ &
1194 18T+ 1S 96C ¢
1S T¢C ¢
IS 98T ¢

IS CT ¢
AID LLO ¢
1134 920 ¢

123802
AID 128 ¢

__wmv.n+__m_mmﬁma&h -
1S659+ 1S 99 ¢

Quiet Sun

IISSLS+1ST9G+ 1S 855 ¢
_me.m+_MwH.m+__wwo.m *
_mkw.v+__mmw_m.m 0.v +
_Um% *
1S 2L¢ &

1o gt FE2

1S.GT+1D ¢ST @
L) S0

2N 9L

C/IlINSN S80 ©

o —
—

Y W S A/ (J9pJ0 1ST) sourIpel

100

—
o

1580

1560 1570
wavelength / A

1550

1540

wavelength (2nd order) / A

810

805

800

795

790

10

1Y W s A/ (J9po pug) wmcm_cﬁ
— o

0.01

10€r8+ 1194 9r'g ¢

%9 ¢

IS ¥85 ¢
1134 2e5 *

|IS G617 ¢
IS /S ¢

¢/noecee ©

IS 2ve ¢

010 *

S98 ¢
1194 628 ¢

ISYT9+ 1194 66G ¢

124 s6v ¢
6V + 1S GEV

1ed 2T *

o —
—

Y 2-W IS A/ (49pJo 1ST) 8oueIpel

100

1620

1610

1600
wavelength / A

24

1590

1580



- 1=

Table 1. Line List - List of spectral lines in the wavelength range from 668 A to 1611 A
identified in SUMER spectra of the average quiet Sun (QS), a coronal hole (CH) and a
sunspot on disk (SS). Spectral lines observed in second order of diffraction which are also
given here, extend the lower wavelength limit to below 500 A. For each entry we give the
observed wavelengths in angstrgm, the identification, the transition, the peak of spectral
radiance, LP*®* in mW (st m? A)~! (incl. background), and a cross-reference to other line
lists available in the literature (cf., Sect. 5.1). For second-order lines radiance entries are
generally not provided, since the background separation in both orders of diffraction is a
non-trivial task, which can not be automated. Only a few radiance values of strong
second-order lines with negligible first-order contribution are given, which are marked by
an asterisk (*). References in last column: (0) Curdt et al. (1997), (1) Feldman et al.
(1997), (3) new line or new identification, (4) Kelly (1987) or Cohen (1978) or Sandlin
(1986). This line list complements Fig.4 of the SUMER Spectral Atlas.

Aops  Line Transition LIPS e LP58 Ref.
A mW (sr m? A)~*
668.41 1.8 3
669.00 () 10 0
670.02 Alx  2s2p'P, 221D, 12 0
671.01 NI 2522p% 3P, — 25°2p 35 3Py 1.1 02 1
[671.37 Clvi 35218, ~ 3s3p tP; 2.5 9.9 3
671.39 N1 25°2p% 3Py  — 25°2p 35 3P, 1
1671.42 NI 2522 3Py — 2s*2p 3s 3Py 1
[671.63 NII 25 2p2 3P, — 2s%2p 3s 3Py 1
1671.77 NII 25 2p% 3P, — 252p 3s 3P, 1.1 0.2 0.3 1
672.01 NI 25 2p2 3Py — 2s*2p 3s 3Py 1.0 0.2 0.7 1
672.55 14 3
672.97 O11 25°2p® 2Py — 25°2p*3s 2 P39 1.5 1.1 02 1
673.82 O11 25%2p® 2Py g — 25°2p*3s 2Py o 1.1 0.8 04 1
674.20 0.7 1.6 3
674.41 Sv7? 0.9 0.8 06 4
676.49 Sitx 2227 3P, — 2525858, 2.0 1.0 540
676.81 (e) 1.5 0.5 2.6 0
677.74 Siu 3523p% 3Py — 35°3p 3d 3D, 2.0 1.3 1.2 1
678.46 SiII 32 3p* 3P, — 35*3p 3d 3D, 2.7 2.0 1.5 1
679.11 Siir 32 3p* 3P, — 35*3p 3d 3D, 1.6 1.1 0.9 1
679.75 Mgvin 2s2p% 2Py — 2p° 2Dy 1.0 0.5 30 0
680.39 AlIx 25°2p 2Pyjg — 252p® *P3)9 4.2 1.0 85 0
680.70 S1Ir 3523p? 3Py — 35°3p 3d 3D 7.7 3.6 28 1
680.97 Sul 9232 3Py, — 3829p 3d 2Dy 4.4 2.2 14 1
681.51 Si1iI 32 3p* 3Py — 35°3p 4s 3P, 3.5 2.0 6.7 1
681.68 Naix 15*2s 251/2 — 15*2p 2P3/2 11 3.9 58 0
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Table 1—Continued

Aobs Line Transition L? fgg ? %lﬁ L? esask Ref.
A mW (sr m? A)~?

683.05 S1II 3232 3P, — 35*3p 4s 3P, 1.7 1.1 06 1
683.53 SImI 3232 3P, — 329p 4s P, 5.7 3.7 16 1
684.04  (c) 1.8 1.1 20 0
684.71 2.1 1.3 0.7 1
684.99 NIII 25* 2p 2P1/2 — 25 2p? 2P3/2 12 7.9 4.4 1
685.50 NI1II 25*2p 2P1/2 — 25 2p? 2P1/2 23 15 8.9 1
685.79 NI 25%2p 2P3/2 — 25 2p? 2P3/2 54 37 20 1
686.33 NIII 25*2p 2P3/2 — 25 2p? 2P1/2 12 8.4 9.7 1
686.43 Fevir  3p53d 2Py — 3p°4d 2Dy 5
686.77 1.7 1.0 1
687.05 Cu 2829p 2Py jy — 2523d 2Dy 76 5.7 21 1
687.35 Cu 2829p 2Py — 2523d 2D 13 8.5 28 1
688.68 Fevir  3p°3d2 2Py — 3p°4d Dy 5
688.99 2.0 14 0.8 1
689.61 Mgvir  2s2p* 2Py — 2p° 2Ds) 2.9 1.3 48 0
690.09 2.0 14 1.0 1
690.53 C1II 2s9p 1P, — 253518, 8.8 6.0 14 1
691.21 NI 2s 2p? 2D5/2 — 2s%3p 2P3/2 2.5 1.6 2.9 1
691.40 NI 2s 2p? 2D3/2 — 25°3p 2P1/2 3.9 2.8 29 1
691.40 CaIx 35218, — 3s3p 3P, 3.9 2.8 29 0
693.33 Fevir ? 3p%4p 2Py — 3p%4d *Ds)s 1.8 1.2 1.6 0
693.98 Mgix 25218, — 252p 3P, 4.3 1.9 28 0
694.13 Naix 15?25 251/2 — 15%2p 2P1/2 8.0 3.6 28 0
694.70 SiIix 252 2p* 3Py — 2s2p® 55, 7.9 2.7 18 0
695.06  (c) 2.5 1.5 37 0
696.61 Sv 353p 1P — 358d ' D, 5.0 3.1 9.7 1
697.14 Fevir  3p54p 2Py — 3p54d ?D;)53.1 2.4 25 5

698.71 Si1ir 3s23p? 3Py  — 35°3p 3d 3Py 2.9 1.8 0.9 1
700.11 St 3232 3P, — 35*3p 8d 3P, 6.0 9.7 17 1
[700.22 Arviil 2p° 3s 251/2 — 2p53p 2P3/2 13 9.7 51 0
1700.29 STI1 35232 3P, — 35*3p 3d 3P, 1
702.33 O1l 252202 3Py — 2s2p% 3P, 35 24 23 1
(702.82 O11r 282202 3P, — 2s2p° 3P, 1
1702.89 O111 22 2p2 3P, — 252p3 3P, 92 63 64 1
703.87 O111 252 2p2 3Py — 252p3 3P, 154 101 108 1
706.02 MgIx 18228218y, — 15225 2p 3P, 27 10 87 0
706.50 SV 2053p 2P1jy — 2p°3d 2Dy 3.7 2.5 13 1
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Table 1—Continued

Aobs Line Transition L? glsc L? ecafl L? esask Ref.
A mW (sr m? A)~!

707.72 () 1.9 1.4 14 0
708.44  (c) 2.2 1.3 1.3 0
709.21 Arv 3823p? 3P,  — 3s3p® 3P, 2.2 1.5 20 1
71078 (a) 2.6 15 52 5
710.94 Si1ir ? 6.5 3.5 2.3 1
712.68 SvI 2p93p %P3y — 293d 2Dy n 32 5.1 3.9 21 1
713.80 Arvir 299852810 — 20°3p 2Py 6.9 4.8 24 1
714.79 2.4 14 1.2 3
715.61 Arv 35232 3Py,  — 35 3p? 3P1,2 2.7 1.7 4.9 1
717.00 Sv? 2.7 14 2.6 3
T17.69 Fevii? 8p54p 2Py — 3p54d 2Dy 2.6 1.5 21 0
718.23  (e) 3.7 2.0 41 0
71849 Ot 2820p% 2Dy — 252p" 2Ds ) AT 29 79 1
718.56 O11 25> 2p> 2D3/2 — 25 2p* 2D5/2 1
719.35 SIX 282003 9p 3F, — 2522p3d 3 Gy 2.4 1.4 14 0
720.11 2.6 1.5 0.8 1
72123 Fevim  8p%4p 2Py — 3p54d 2Dyppdd 3.2 44 5

72168 Su 323 25y — 352392 4d 1 Fy ) 3.6 2.1 111
723.75 Fevir  3p%4p *Pspn — 3p°4d *Ds)o 29 5
724.26 S1II 3823p2 3Py — 3s3p3 38, 3.0 2.0 2.2 1
725.11 Arv 3823 YDy — 3s3p® 1D, 3.0 2.0 3.5 1
725.86 SiiI 3823p* 3P,  — 3s3p® 38, 4.1 2.6 14 1
725.87 (c) 1
79810 Fevil  3d4p Dy, - 3d4d3Fy 25 5
72870 St 92302 3Py — 3539p° 38, 5.2 3.4 20 1
729.54 St 3292 1Dy — 383p4s P 3.7 2.4 111
735.24  (c) 3.4 2.4 1.2 0
73542 Fevil  3d4p 3P, — 3d4d 3P, 17 5
735.86 Ner 2518, ~ 2935 1P, 48 3.2 25 1
736.71 34 3
738.87 Fevil  3d4p 3P,  — 3d4d 3P, 50 5
740.03 Fev 3d4p 'F3  — 3d4d G, 5
740.03 Arviin - 2p%4d 2D5/2 — 29%5p 2P3/2 3.5 2.5 16 3
740.79 Fevil  3d4p Dy — 3d4d3F, 46 5
74114 Fevi  3d4p 3P, — 3d4d 3P, 46 5
74371 Ner 2518, 235 3P, 5.9 4.0 11
744.91 STV 329p 2Pyjy — 95 9p% 2Py 8.6 5.6 13 1
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Table 1—Continued

Aobs Line Transition Lr fgg Lr eél]lfl L? eSaSk Ref.
A mW (st m? A)~?
74538 Fevil  3d4p3F, - 3d4dPF, 58 5
745.55 5.3 3
745.84 N 2290215, — 2s2p° ' P, 4.2 2.7 32 1
746.65 3.5 3
746.99 N1 28220 1Dy, — 28°2p3s 1Py 6.8 4.2 25 1
747.37 53 3
748.40 S1V 35°3p 2P1jy — 8s8p* 2Pyjo 13 8.4 32 1
74901 Fevil  8dfp*Fy - 3d4d *F; 81 5
749.54 MgiIx 15225 2p 'Py, — 1522p* ' D, 7.6 3.5 38 0
750.22 S1v 35*3p 2P3/2 — 35 3p? 2P3/2 27 18 73 1
750.58  (a) 6.7 0
751.46  (a) 57 0
752.51 Fevil  3p°3d® 2Pyjs — 3p°4d 2Dy 5
753.22 9.0 3
75374 SV 9529p 2Py;y — 353p® 2Py 8.3 5.3 141
754.93 Arvi 85°3p 2Pyjy — 3s3p® 2Dy 4.7 2.8 27 0
756.70 Alvin ? 252202 3P, — 2s2p% 55, 4.1 2.8 5.3 0
75715 Fevil  8d4p3F, - 3d4d *F, 15 5
758.68 OV 25 2p 3Py — 2p% 3P, 21 16 603 1
759.34 S1v 1
75943 Ov 2529 3Py — 2% 3P 18 12 A74 1
760.21 OV 2s2p 3P, - 2% P 19 1 362 1
760.43 Ov 25 2p 3Py — 2p% 3P, 59 41 1865 1
761.13 Ov 25 2p 3Py — 2p% 3P, 6.2 3.9 89 1
761.99 OV 259p3P, 22 3P 21 15 547 1
762.65 Mgvil  28°2p 2Py — 2s2p* “ Py 5.2 3.3 12 0
763.33 NI 25°2p 2Pyjg — 252p® 251 )9 14 9.6 14 1
764.36 N I111 25*2p 2P3/2 — 25 2p? 251/2 25 16 22 1
765.15 N1v 252 185, ~2s2p 1P, 247 157 970 1
767.07 Arvi 85°3p P39 — 35 3p® 2Dy )9 6.5 4.4 45 0
769.38 MgVl 25°2p 2P1/2 — 25 2p? 4P1/2 6.6 4.3 25 0
770.42 NeVIII 15*2s 251/2 — 15%2p 2P3/2 241 174 1950 1
771.90 N 25902 1Pyy — 2p° 1S 6.8 4.4 14 1
772.31 Mgvill 2522 2Py — 252 4Py 13 9.3 190 0
772.34 NI11I 2s 2p* 4P5/2 — 2p3 453/2 13 9.3 190 1
77254 AlvIT 282297 3P, - 2s2p° 55, 6.6 41 32 0
772.80 NI 2522 2Dsjy — 2 2Py 6.2 3.8 73 1
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Table 1—Continued

Aobs Line Transition L? gé L? ’élfl L? esask Ref.
A mW (sr m? At
77451 OV 252 P, - 2218, 10 6.8 120 1
775.35 7.7 5.0 7.9 1
775.95 Ni11 252p> 1Dy — 25 2p% 1D, 11 7.5 7.9 1
776.23 SX 252 2p3 4S50 — 25°2p° 2Py 7.6 3.7 14 0
776.62  (b) 16 0
777.94 7.1 5.1 7.6 3
77973 OV 25292 2Dss — 2 2Dy 1
77982 O1v 25257 2Dy — 2% 2Dy 11 7.6 51
77991 O 252p® 2Dsjy — 29° 2Dy 1 7.4 51
780.00 OV 252p® 2Dy — 29° 2Dy 1
780.30 Neviin  1s*2s 251/2 — 15*2p 2P1/2 127 90 982 1
782.34 Mgvin  2s*2p 2P3/2 — 25 2p? 4P3/2 10 6.8 81 0
783.01 SXI 2822p% 3P, — 25°2p* 1S, 7.1 4.4 88 0
784.52 Fevil  S8d4p3F,  — 3d4d3S, 10 3
784.81 Mnvir  3p%4p 2Pyjn — 3p°4d 2Dy 1 5
786.47 Sv 35218, ~ 3s3p 1P, 92 64 895 1
787.72 O1v 2s*2p 2P1/2 — 25 2p? 2D3/2 164 105 1676 1
789.43 MgVl 25°2p *Pyy — 25 2p* * Py 8.3 5.9 28 0
789.78 Navir 25215, ~ 2s2p 3P, 9.0 6.5 35 0
790.11 O1v 25%2p 2P3jo — 25 2p® 2Dy )y 1
790.19 O1v 2s*2p 2P3/2 — 25 2p? 2D5/2 305 215 3623 1
79277 Fevil  3dip 3F, - 3d4d ®Gs 20 5
79523 (a) 10 0
796.66 O11 2s* 2p3 2P3/2 — 25 2p* 2D5/2 15 9.0 12 1
79911 Fevii  3d4p 3Dy — 3d4d 3Dy 12 5
799.66 Ci11 25 2p? 2D5/2 — 2s2p 3d 2F7/2 10 6.4 10 3
799.94 C 25 2% 2Dy — 252p 3d 2Fy )y 9.9 6.2 113
800.69 Clvit 20 3s 281/2 — 2p53p 2P3/2 20 0
801.60 Fevil  3dfp3Fy — 3d4d Gy 2%5 5
803.46  (e) 18 0
[804.14 Sx 28235 “ Dy — 2023p *Fy 5
80416 Fevit  3djp*F, - 3d4d 3Gy 475
806.31 Cu 252 Py — 252p 35 * Py 10 6.5 s1 1
806.53 C11 2s2p® *Pyjp — 252p 3s “ Py 1
806.57 C11 2s2p® *P5/0 — 252p 3s “ Py )9 12 8.6 11 1
806.68 Cu 25 2p? 4P3/2 — 25 2p 3s 4P3/2 1
(806.83 C1 2s2p® *P3jp — 252p 3s “ Py )y 11 7.3 11 1
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Table 1—Continued

Aobs Line Transition L? %ﬂé L? %lllfl rL? eSaSk Ref.
A mW (sr m? A)~?

1806.86 C11 252p> *Psjy — 252p3s “ Py 1
809.66 S1v 323 2Py — 353?25y 13 8.7 2 1
809.68 Cu 252y 2Dy — 252p 3d 2Dy 1
81155 Mnvir 3p°4p 2Py — 3p°4d 2Ds )y 14 5
813.00 Clvit 235 2S5 — 2°3p 2Py 16 0
813.38 Feril 3d° 5D, — 3d%4p °D, 12 7.5 11 4
814.24 Felil 3d% ° D, — 3d%4p ° Py 12 7.0 12 4
815.05 Si1v 2p°3p 2P1/2 — 2p%4s 281/2 14 8.5 17 1
815.95 Si1v 35*3p 2P3/2 ~ 35 3p? 25'1/2 18 10 33 1
816.45 13 8.6 13 3
818.15 Si1v 2p%3p 2P3j5 — 2p%4s 251 )2 18 11 29 1
820.89 15 9.5 16 1
82123 Carx 3s3p ‘P, — 32Dy 29 0
822.19 Arv 35232 3Py — 3s3p® 3Dy 14 9.1 17 0
822.56 18 11 18 1
823.45 SiIil 3s3p ‘P, — 3s4d'D, 16 9.8 19 4
827.06 Arv 35232 3P, — 3s53p® 3D, 15 10 19 0
832.75 O1 25> 2p3 453/2 — 25 2p* 4P1/2 72 49 59 1
832.94 O1n 25220 3Py — 2s2p® 3D 87 5%) 153 1
833.32 O 25> 2p3 453/2 — 2s 2p* 4P3/2 110 69 84 1
833.74 Om 2222 3P, — 2s2p° 3D, 204 126 383 1
834.45 O11 25> 2p> 453/2 — 2s 2p* 4P5/2 151 96 100 1
835.09 O1m 252 2p% 3Py — 252p° 3D, 89 65 127 1
835.28 O111 252 2p 3Py — 252p 3Dy 290 179 589 1
849.29 Sv 3s3p 3P, — 3p* 3P, 24 15 38 0
852.17 SV 3s3p3P, — 32 °P 23 15 M40
854.71 Mgvil 2822p% 3P, — 2528 55, 31 18 140 0
854.80 SV 353 3P, 3PP 0
856.73  (f) 450
857.82 Sv 3s3p 3P, — 3p? 3P, 28 16 40 0
858.04 CI 2822p 2Py — 2535 2Si 35 20 36 1
858.563 Ci11 2% 2p 2P3/2 — 25%3s 251/2 43 26 40 1
(859.63 Ferr  5dS°D,  — 8d%4p S Dy 1
859.72 Fernr  3d°5D, - 3d%/p °F; 35 21 34 1
860.48 SV 353p 3Py,  — 3p* 3P, 29 17 50 0
(861.76 Fernr  8d%°D,  — 3d°p °F, 34 20 38 1
861.83 Femr 945Dy 3d°4p °F, 1
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Table 1—Continued

Aobs Line Transition Lr %ﬂg Lr %lﬁ L? esask Ref.
A mW (sr m?
864.03 Feril 3d% 5D, — 3d°4p °Fy 31 19 45 1
868.13 Mg VIl 25222 3Py — 252p3 59, 33 21 226 0
872.12 Nawvil 2522]7 2P3/2 — 25 2]72 4P5/2 59 0
873.78 (b) 520
877.92 Arvil 352 18, ~ 353p 3Py 7% 0
880.33 NaviI 25%2p 2Py o — 25 2p* * Py o 570
885.33 (b) 63 0
895.17 NeviIl 25 15, ~ 2s2p 3P, 49 35 396 0
903.59 Cr1I 25%2p 2Py g — 25 2p* 2Ps)9 74 44 80 1
903.99 CiI 25%2p 2Py g — 25 2p* 2Py )9 82 60 83 1
904.14 Cu 2% 2p 2P3/2 — 25 2p? 2P3/2 120 74 101 1
904.46 C11 25°2p 2 P30 — 25 2p* 2Py )9 63 39 7| 1
905.02 Sivil 2033p °Py  — 2p°3d 5Dy 3 103 0
914.29 H1 Ly 18 1Is 2S1/2 - Jgp 2P3/2 43 25 73 1
914.58 Hi1 Ly 17 1Is 251/2 — 18p 2P3/2 41 25 72 1
91492 HiLyl6 Is 251/2 —17p 2P3/2 43 24 73 1
915.33 HiLylb Is 251/2 - 16p 2P3/2 43 24 77 1
915.60 NI 25 2p% 3Py — 25 2p3 3P, 25 16 36 1
915.82 HiLy1l4 1s25 — 15p 2 P39 43 26 84 1
916.00 N1 28°2p° 3Py — 252p° 3Py 15 48 25 69 1
91643 HiLy13 1s2S,, — 14p 2Py 45 25 80 1
916.70 NI 282 2p* 3Py — 25 2p® 3Py 5 49 28 66 1
91718 HiLy12 1Is 251/2 - 13p 2P3/2 44 26 &9 1
918.13 HiLyll 1s25 — 12p 2 Py)s 45 24 92 1
918.73 O1 25 2p* 3Py — 2s22p®12d 3Dy 3.9 2.4 42 1
918.84 Sivil 233p 3F, — 2p°3d 3Gy 1
919.35 Hi1Lyl1l0 Is 251/2 - 11p 2P3/2 49 26 91 1
919.65 O1 252 2p* 3Py — 2522p310d 3 D; 10 6.4 11 1
919.91 Or1 25 2p* 3P, — 2822p°11s 39, 4.8 2.6 4.2 1
919.97 Or1 2s22p* 3Py — 2s%2p311d 3D, 1
92097 HiLy9 1s2Si) — 10p P39 49 31 99 1
921.58 O1 25 2p* 3Py — 2s22p®10d 3Dy 5.2 2.9 11 1
[922.01 O1 2822 YDy — 2522p33d ' Fy 17 10 ] 1
921.99 Ni1v 2s2p 3Py — 2p* 3P, 1
1922.07 O1 25 2p* 1Dy — 2522p%3d ' D, 1
[922.53 NIV 2s2p 3Py — 2p* 3P, 7.3 4.1 57 1
1922.46 O1 2822 YDy — 2522p33d ' Py 1
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Table 1—Continued

Aobs Line Transition L? gg Lr %lfl Lr esask Ref.
A mW (sr m? A)~!
(02315 HiLy8 1s2Si,  — 9p 2Py 64 41 230 1
923.20 Or1 2822p* 3Py — 2522p39d 3D, 1
02322 N1v  252p3P, 2% 3P, |
[023.68 NIV 2s2p %P, - 2p% 3P, |
1923.79 O1 252 2p* 3Py — 25°2p39d 3D, 5.9 3.3 39 1
924.08 SvII 2535 3P, — 2p°3p 3Dy 4.2 2.3 98 5
924.28 N1v 25 2p 3Py — %3P 7.8 4.2 76 1
924.96 OT1 220 3Py — 2522p38d 3 Ds 10 5.9 91 1
92544 O 220p1 3P, — 2820p395 38, 47 2.8 36 1
025.82 Heu  2p2Py, - 16d%Ds 5.7 3.1 14 4
02623 Hi1Ly7 1528,  — 8p 2Py 64 39 130 1
{926.29 01 220" 3P, — 2822584 3D, |
926.81 Or1 2228 3P, — 25°2p39s 35, 5.7 3.7 3.9 1
{926.90 O1 252 2p* 3Py — 25°2p38d 3D, 1
927.19 2.2 1.3 4.7 1
927.39 O1 25228 3Py — 25°2p39s 35, 2.0 1.3 21 1
027.85 Heul  2p 2Py, - 15d%Ds) 35 1.7 15 1
928.01 Felil 3d5 1Fy — 3d°4p ' Fy 1.8 1.0 4.8 1
928.47 Femr 843Gy - 3d°4p ®Hy 2.2 1.1 43 1
929.17 Ferrl 3d°% 3Gy — 3d°4p > Hs 1.9 1.1 2.9 1
929.52 Or1 25 2p 3Py, — 25*2p37d 3Dy 12 7.6 11 1
930.00 Fermr 843Gy - 3d°4p *H, 2.6 15 2.7 1
(03032 Hem 29 2Py — 14d D 8.6 5.4 24 1
1930.26 Ot 282 3Py,  — 2522p38s 35, 1
[930.75 HiLy6 1Is 2S1/2 - 7p 2P3/2 77 48 164 1
1930.89 Ot 2522 3P, — 25*2p37d 3D, 1
[031.48 O1 252 2p 3Py — 2522p37d 3D, 6.8 4.1 5.0 1
1931.63 Ot 252 2p* 3P, — 25°2p38s 38, 1
932.22 Ot 2820 3Py — 2522p38s 38, 2.7 1.5 1.6 1
1033.40  SVI 20535 2815 — 253p 2Py 57 31 1586 1
93344 Heu  2p 2Py - 13d2Ds) 1
03470 Fern  8dS3P,  — 8d%4p3S, 1.7 1.1 65 1
935.19 Or1 252 2p* 1Dy — 25220345 ' D, 4.3 2.4 54 1
936.63 OrT1 252 2p* 3P,  — 25°2p36d 3 Dj 14 8.6 14 1
937.39 Her1l 2p 2P3/2 — 12d 2D5/2 10 5.6 34 0
937.40 S1I 852 8p® 2 D39 — 35°3p* 4s 2Dy 0
03780 HiLy5 1528,  — 6p°Pyp 107 68 210 1
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Table 1—Continued

Xobs Line Transition L? Z‘;g L? %Lﬁ L esask Ref.
A mW (sr m? A)~?
937.84 O1 252 2p 3Py — 25°2p37s 35, 1
938.02 O1 2s2p* 3P, — 2522p°6d 3D, 1
938.62 OrI1 25 2p* 3Py — 25*2p36d 3D, 8.3 4.9 8.3 1
939.24 Or1 252 2p* 3P, — 25°2p37s 35, 6.2 3.9 9.1 1
939.84 Or1 252 2p* 3Py — 25°2p37s 35, 3.6 2.3 35 1
941.47 2.4 14 1
942.39 Ferrl 3d% 1Fy — 3d°4p Gy 2.5 1.5 8.0 1
942.51 He1r 2p 2P3/2 — 11d 2D5/2 5.5 2.8 32 1
943.03 1.8 1.1 5.8 1
943.89 2.2 1.3 2.7 1
944.34  SivIIl 25> 2p> 45’3/2 — 28 2p3 2P3/2 14 8.7 17 0
044.55 SV 9535 281, — 295 3p 2P 29 18 841
945.19 C1 25222 3Py — 2s2p® 38, 1
04533 C1 22202 3P, — 25 2% 38, 3.6 2.0 54 1
945.59 Ci1 252 2p% 3P, — 2s2p® 38, 3.7 2.2 5.8 1
045.99 Cu  252° 281, — 252p3d 2Py 2.2 1.3 65 1
946.19 Cir 25 2p° 2819 — 25 2p 8d * Py 2.7 1.4 8.6 1
946.65 Mg11 2p%3s 28170 — 2p°6p 2 P01 1.8 1.0 6.9 1
04831 Femm  3dS3P,  — 3d%Jp 3Dy 2.1 11 21 1
94870 O 2294 3P, — 22935d 3Dy 9 11 18 1
(949.22  SiviIl 25°2p® 1539 — 25°2p° 2Py o 0
1949.36 He1r 2p 2P3/2 - 10d 2D5/2 16 9.7 111 0
949.74 HiLy4 Is 251/2 - op 2P3/2 177 109 348 1
[950.11 O1 252 2p* 3Py — 25°2p35d 3D, 31 16 67 1
1950.14  SiIx 25220 3P, — 25°2p% 18, 1
950.34 Felil 3d5 I, — 3d°4p ° Gy 7.7 3.8 24 1
[950.72 Fe1mn 3d% 3P, — 3d°4p 35, 15 9.2 30 1
1950.73 O1 25 2p* 3Py — 25*2p35d 3D, 1
950.89 Or1 252 2p 3P, — 25°2p365 35, 9.4 6.1 9.9 1
952.34 O1 252 2p* 3P, — 25°2p365 35, 5.8 3.6 41 1
952.95 O1 252 2p* 3Py — 25°2p365 35, 3.9 2.5 1.8 1
95342 NI 282058 4855 — 2522023 1 Py 3.0 18 1.6 1
953.66 NI 98227 45y — 259p%3 4 Py 3.6 2.0 31 1
953.98 NI 25> 2p3 453/2 — 2s*2p%3d 4P5/2 3.3 1.8 3.7 1
05452 /2 3
95534 N1V 2s2p'P, 22 1S, 2.4 14 76 1
955.45 2.4 14 7.6 3
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Table 1—Continued

Aobs  Line Transition LPgs LG LPG8 Ref.
A mW (sr m? A)~*
955.88 1.9 3
957.11 1.4 0.8 7.0 3
957.75  (a) 1.6 0.9 26 0
958.70 Heml  2p2Psp  — 9d 2Ds) 8.5 4.2 51
959.57 Ferr  3d3P,  — 3d54p 3D, 2.2 1.2 24 1
961.90 FeIil 3d% ' D, — 3d°4p ' D, 2.0 1.1 2.9 1
962.44 2.3 1.3 5.7 1
962.67 FeIil 3d° 1S, — 8d°4p Py 1.9 1.0 1.6 1
963.88 FelIr 3d% 3Py — 3d%4p 3D, 1
963.99 NI 25°2p® 41839 — 25°2p°4s “ Ps o 4.3 2.4 39 1
964.63 N1 222p% 1S3y — 2522p* 4s *Py)y 3.6 2.0 22 1
965.04 NI 280D 4y sy — 252 2p%4s “Pyj 2.8 1.7 20 1
965.28  (d) 1.8 1.1 56 0
966.68 4.7 3
967.20 Femr  3dS3F,  — 3d°/p 3Dy 2.9 1.7 6.7 1
968.95 Felil 3d5 3Fy — 3d°4p 3D, 2.5 1.6 2.9 1
970.00 Ferir 3d% 3F, — 3d°4p 3D, 2.2 1.5 2.9 1
971.45 10 6.4 8.0 1
971.72  O1 282052 3Py — 2822p%4d 3Dy 28 17 25 1
972.12 Hen 2p 2P3/2 - 8d 2D5/2 27 16 75 0
972.54 Hi1Ly3 15285  — 4p 2P 266 196 815 1
973.24 Or 282 0p4 3P, — 222p°4d ® D, 24 15 57 1
973.35 Newvil 2s9p 1Py — 2p? 1Dy 11 15 57 0
973.89 Or1 25 2p* 3Py — 25*2p34d 3D 15 9.1 20 1
974.58 Sivil  2p*3p *Fr;p — 2p*3d %Gy s 3.4 2.3 5
975.85  (d) 60 0
976.44 O1 282 2p* 3Py — 25822p355 38, 12 8.3 11 1
977.03 Ciir 252 18, ~ 2s2p P, 2412 1878 6713 1
97796 Or1 252 2p 3P, — 25°2p355 35, 9.8 6.6 10 1
978.62 O1 252 2p* 3Py — 25°2p355 35, 7.2 4.7 12 1
979.03 Femr  3dS'Fy, - 3d°/p \Fy 5.7 3.1 0 1
979.84 N 25 2p% 2Dyjy — 2p° 2Dy 1
979.91 Nut 252 *Dsjy — 2p° 2Ds)s 4.0 2.5 63 1
980.40 3.5 3
981.40 Feril 3d54s 5Py — 3d55p 5P, 6.6 3.9 11 1
982.14 2.1 14 2.1 3
983.51 FeIil 3d° G, — 8d°4p 3H; 2.2 1.4 1.9 4
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Table 1—Continued

Aobs Line Transition rL? gg rL? %zllfl L? eSaE? Ref.
A mW (st m? A)~!
083.87 Fermn 3dS3H, - 3d°4p 3G, 7.1 3.5 11
{983.91 Ferr  3dS 'L, 3d%4p 'K; 1
984.97 2.2 1.4 2.2 3
985.40 2.2 1.4 1.8 3
985.84 Ferrr  3d°3H, — 3d°4p 3Gy 9.9 2.9 8.8 1
986.51 Fern 3dS3F, - 3d°/p °D; 1
{986.62 Fernm  3d° ', - 3d°4p 'Hy 2.7 1.7 40 1
987.91 (a) 310
088.17 Fernn  3d°3F,  — 3d°4p 3Dy 2.4 1.6 25 1
988.75 Or1 252 2p 3Py — 2522p33s 3Dy 61 35 81 1
{988.65 Navi  2822p% 3P, — 2s2p° 55, 1
989.82 NIII 25*2p 2P1/2 — 25 2p? 2D3/2 81 37 219 1
990.19 O1 289" 3P, - 252935 * Dy, 42 24 411
990.79 Or1 25 2p* 3Py — 25°2p33s 3D, 21 12 21 1
991.23 Ferrr  3d%3F, — 3d°4p 3Ds 9.5 4.4 13 1
99159 Nt 2822 2Py, — 252p* 2Dz 152 66 410 1
991.83 Ferr 3d°'G, — 3d°4p ‘Hs 18 9.2 23 3
992.36 Henr 2p 2P3/2 - 7d 2D5/2 15 7.7 76 1
092.68 Sit  85°3p 2Py — 8524d 2Dy 11 6.7 24 1
{992.73 Nevi 25°2p 2P1/2 — 25 2p? 4P3/2 1
993.08 Ferrr 3d°3G, — 3d°4p 3Fy 5.0 2.9 8.8 1
99352 Sitm  3s9p 3Py 3s4s3S, 43 2.3 80 1
994.16 8.1 9.2 6.3 3
{994.26 Ferir  3d% 3P, — 3d°4p 3Py 3
994.59 KX 2s22p* 4S5, — 25°2p® 2Dy )9 3.2 2.1 59 3
{994.59 Siviir  2p*3p *Drjp — 2p*3d “Fy)s 4
094.77 Femr 3d53G,  — 3d%4p F, 6.6 3.4 14 1
095.22 Femr 3dS3F,  — 3d%JpGus 49 2.4 45 1
995.63 4.6 3
996.00 Si11 35%3p? 2D5/2 — 3523p? 3d 2F7/2 6.6 3.5 15 1
997.09 Ferrr 3d° 3P, — 3d°4p 3P, 6.4 3.9 46 1
997.18 Nevl 2s*2p 2P1/2 — 25 2p? 4P1/2 6.4 3.9 46 0
997.40 Simn  3s3p 3Py  — 3s4s 39 8.0 4.1 20 1
997.64 Fern 3d°3F,  — 3d°4p 3G, 4.0 2.6 0 1
998.05 10 3
999.27 Nevi 2522p 2Py — 252p* 1P5) 9.8 6.1 2%1 0
(999.38 Ferir  3d% 3F, — 3d54p 3Gy 1
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Table 1—Continued

Aobs Line Transition L? fgg L? eC“IIfI L? %ask Ref.
A mW (st m? A)~?

199950 O1 2225 'D, — 222p%3s ' Py 31 19 0 1
999.85 19 3
1000.18 Arvi 3s°3p 2P3/2 — 35 3p? 4P5/2 7.6 4.9 19 0
1000.49 S1I 3523p> 2Ds3 o — 352 3p*3d 2 Fs 5.7 3.4 14 1
1000.85 Su  329p° 2Dy — 32 9p%3d 2Fy ) 3.3 2.2 65 1
1005.12 Fertr  3d°4p "Ps — 3d°55°Gy 3.8 2.4 4.1 1
1005.33 Simr 8s3d 3Dy - 3s 6’f3F473 3.2 2.2 3.9 4
1005.79 Nevi 2s*°2p 2P3/2 — 25 2p* 4P3/2 6.6 4.6 147 0
1006.01 N1 2s2p? 251/2 - 2p3 2P3/2 1

{1006.11 SI 3582897 2Dy — 3233 * Dr s 6.9 3.9 0 1
1006.33 Ferr  3d° Gy — 8d°4p 315 4.6 2.8 2.9 1
1006.92 St 35> 3p? 2D3/2 — 3829p?3d 4D1/2 4.0 2.5 4.5 1
1007.11 Ferr 3d% 3P, — 3d%4p 3P, 3.8 2.5 4.2 1
1008.93 10 6.6 5.7 1
1009.85 C1r 25202 *Pyjy — 25° Sy 10 3.9 82 1
1010.01 Ferr 3dS3P,  — 3d°/p 3P, 1

{1010.03 Cu 229 *Pyjn — 2p° * S50 16 7.8 14 1
1010.29 Nevi 2s*°2p 2P3/2 — 25 2p* 4P1/2 21 5.8 63 0
101037 Crr 2529 *Psjp — 2 4S50 21 10 63 1
1011.61 7.6 3
101241 Fernn 8dS3P,  — 3d%4p 3P, 1

{1012.45 S 111 323p* 3Py — 3s3p® 3P, 6.4 3.7 12 1
1012.65 4.1 2.4 10 3
1013.88 3.5 2.3 6.8 3
1014.39 S11 3s% 3p? 2D5/2 — 3823p*4s 2P3/2 5.6 3.0 5.9 1
101550 St 323p* 3P, — 3s3p® 3P, 8.8 4.5 15 1
1015.77 S11 3s23p* 3P, — 3s53p 3P, 6.7 4.0 13 1
1016.40 4.1 2.5 3.3 3
1017.24 Fernn 3dS3Hy  — 3d°4p 3H, 10 5.7 15 1
1017.75 Fern 3dS3H,  — 3d°4p *Hs 8.0 45 0 1
1018.29 Ferrr  3d° 3H, — 8d°4p 3H, 7.5 4.1 9.0 1
1019.48 S11 852 3p® 2Dy jy — 35*3p*4s Py 4.8 3.0 92 1
1019.78 Fernn  3d% 3Dy 3d°4p 3P, 5.0 2.9 56 1
1020.67 Siu 9523p 2Py, — 35255 281 4.8 3.2 65 1
1021.08 St 38292 3P, — 3s3p° 3P, 7.8 48 14 1
1021.30 St 352 3p* 3Py — 8s53p> 3P, 14 8.0 29 1
1021.56 Ferrr  3d° 3D, — 3d°4p 3P, 5.3 3.6 4.8 1
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Table 1—Continued

Aobs Line Transition L? gg L? eCaI’fI L? gask Ref.
A mW (sr m? A)_l
1023.73 Sin 3% 3p 2133/2 — 35?55 251/2 7.9 5.2 8.8 1
1024.20 Fer1r 3d% 3D, — 3d°4p 3P, 9.7 6.6 12 1
1024.62 19 3
1025.27 Herr  2p 2Py — 4d %Dy 120 86 283 1
1025.72 HiLy2 1s2%S ~ 8p * Py 1092 692 3392 1
1025.76  OT 28201 3P, — 222p73d 3 D, 1
1026.76 Ferr  3dS3Gs  — 3d%4p 3Gy 19 13 21 1
1027.44 O1 252 2p* 3P, — 2522p%3d 3D, 124 73 187 1
1028.15 O1 25228 3Py — 2522p°3d 3Dy 55 36 146 1
1028.95 (e) 6.4 3.6 15 0
1030.05 6.5 4.1 3
1030.87 S11 35> 3p3 2P1/2 — 3528p? s 2D3/2 1
1030.92 Femn  3d°3G, - 3d%4p 3G, 7.2 44 13 1
1031.39 S 85°3p® 2P3jo — 35°3p%4s * Dy o 9.3 6.3 38 1
1031.93 Owv1 2s 251/2 - 2p 2P3/2 1140 602 70382 1
1033.30 Fern  3d°3Gs  — 3d°4p 3G, 6.4 45 18 1
1033.42 N1 25228 2 D5y — 2522p*9d 2 Ds o 1
1035.78  Ferrr 3d6 3 Fy — 3d5fp 3Fy 9.1 5.8 17 1
1036.34 C11 25°2p 2Pyjy  — 25 2p* 251 206 110 223 1
1037.00 C11 25°2p 2P3jo  — 25 2p* 251 239 130 242 1
1037.64 Ovi 2s 251/2 - 2p 2P1/2 045 303 25689 1
1038.36 Ferr  3dS3F,  — 3d%p3F, 9.4 6.0 27 1
1039.22 O1 2228 3Py, — 2822p°4s 39, 29 19 36 1
1040.94 Ot 2822 3P, — 25%2p34s 39, 29 19 21 1
1041.69 Ot 282 3Py — 25%2p34s 39, 27 16 22 1
(1043.08 N1 2s* 2p> 2D5/2 — 252 2p?7d 4D7/2 7.1 4.5 6.7 1
11043.17 N1 25228 2 D5y — 2522p*7d 2 F s 1
1043.52 8.1 3
(1044.08 N1 2s* 2p3 2D3/2 — 2s%2p*7d 2P1/2 6.9 4.4 6.3 1
11044.19 N1 2s* 2p® 2D5/2 — 2s%2p7d 2P3/2 1
1044.43 Her/2 152 1S, ~1s4p 'P, 0
1045.75  Al1v? 2s*2p°3s 3P — 2522p°3p 1S, 8.6 5.9 5.2 1
1048.22  Art 95 18, ~PUs Py 8.1 5.5 5
1049.07 St 323y 2Dy — 3523p*3d 4 Fy) 7.3 4.9 771
1049.25 Sivir 282 3P, — 25822p* 1S, 7.8 5.6 58 0
1049.86 S1 32 3p* 3Py — 3523p355 3Py 7.2 5.1 48 1
1050.30 ST 923" 3Py — 32955 3P, 11 8.2 41 1
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Aobs Line Transition L? ‘Zglsc L? eélfl L? esask Ref.
A mW (st m? A)~?
1050.51 8.4 5.5 3.7 1
1051.60 O11/2 28220° 'Dy — 2525° ' Py 4
[1052.08 N1 252 2p° 2 D59 — 25*2p*6d * Dy 1
11052.22 N1 25°2p® 2Dy o — 25°2p°6d 2 Fy 9.0 6.2 50 1
1052.83 N1 25> 2p® 2D5/2 — 2522 7s 2P3/2 7.8 5.1 4.9 4
(1053.00 N1 2522 2Dy — 25225264 * Py 4
11053.18 NI 25> 2p3 2D3/2 — 2s*2p26d 2P1/2 9.2 6.0 4.5 4
1053.87 Alvir  25°2p3 453/2 — 25 2p3 2P3/2 7.6 5.1 19 0
1054.65 9.4 6.0 5.3 3
1054.90 9.6 6.8 48 3
1056.67 S1 3523p* 3Py — 3523p35s 3Py 0
1056.81 Alvir  2s*2p3 45’3/2 — 25 2p3 2P1/2 9.9 6.6 12 0
1057.79 Alviin  2822p% 3P, — 2822p* 1S, 7.5 5.2 13 0
1059.02 9.9 6.7 6.5 3
1059.44 14 9.0 7.2 3
1061.27 Felir 3d% 3D, — 3d°4p 3Dy 9.7 5.9 7.2 1
1061.71 Fe11n 3d% 3D, — 3d%4p 3D, 10 6.6 7.7 1
1061.83 Fert  3d°3D,  — 3d°4p 3D, |
1062.25 Fern  3d°%D,  — 3d°4p *Dy 9.3 6.4 75 1
1062.66 S1v 35%3p 2P1/2 — 35 3p? 2D3/2 33 17 135 1
1063.29 Fe1ir 3d® 3D, — 3d°4p 3Dy 10 7.4 9.3 1
1063.58 10 6.9 12 3
1063.87 Fern 343Dy 3d%4p 3Dy 12 8.4 0 1
1064.65 Ferr  3d53F, - 3d°4p 3Gy 12 8.1 0 1
1065.52 11 8.3 8.3 3
106586 C1 2527 2Dy — 2% 2Py 12 8.0 96 1
1066.13 Ci1 25 2p? 2D3/2 — 2p? 2P1/2 4
1066.14 Ferr  3dS3Gs  — 3d°4p 3H, 1
1066.18 Fe11l 3d% 1S, — 3d°4p 3Py 15 9.3 12 1
1066.65 Si1v 2p°3d 2D5/2 - 2p64f2F7/2 22 14 33 1
1066.66 Ar1 3p® 1S, — 3p°4s 1Py 5
1067.31 N1 25°2p® 2 D39 — 25°2p°5d 2Dy 4
1067.38 N1 25*2p° 2 D59 — 25*2p*5d * Dy o 11 7.5 81 4
1067.62 N1 2820p% 2Dy — 252 2p%5d 2 Fy 12 8.0 81 4
1067.83 O1v 2s%3d 2D5/2 — 2% 4f 2F7/2 10 6.9 18 0
1068.19 Fern  3d°3G,  — 3d°4p 3H; 1 6.9 10 1
1068.48 N1 252298 2Dy — 2522925 * Py 13 9.1 84 4
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Table 1—Continued

Aobs Line Transition L? gg L? %II’fI L? esask Ref.
A mW (st m? A)~?
1069.08 Fe1ir 3d% 3Gy — 3d°4p 3H, 11 7.9 9.0 1
1071.44 N1 7? 25> 2p3 2D3/2 — 25%2p?6s 4P1/2 12 7.3 5)
107176 Fern  3d%3G, - 3d°4p 3F; 12 8.1 94 1
107299 SIv  893p 2Py — 353p% 2Dy 16 27 237 1
1073.53 S1v 85°3p 2P3jy — 35 3p* 2Dy 13 9.0 28 1
1074.01 Fevit  3d4s'Dy — 3d4p 'Py 5
1074.06 He1/2 1s* 15, —1s3p P, 0
1074.97 Fern  3d%3Gs - 3d°4p 3F, 12 8.2 13 1
1077.14 S 3523p* 1Dy — 353p 1D, 26 16 42 1
1083.99 Ni11 2s°2p? 3Py — 25 2p3 3D, 59 34 95 1
1084.56 NI 252202 3P, — 252p® 3D, 1
1084.58 NI 2222 3P — 252p° 3D, 116 69 181 1
1084.94 He11 2p 2P3/2 - 5d 2D5/2 64 31 202 1
1085.54 NI 2s°2p2 3Py — 252p° 3D, 83 53 105 1
1085.71 N1I 2s°2p% 3Py — 252p° 3Dy 211 121 353 1
1087.80 mnelv/2 2s%2p® 3555 — 2s2p* *P5)o 22 5
1087.86 Fevil 3d4s 3Dy — 3d4p 3P, 5)
1092.73 Cu 25 2p? 2P3/2 — 2s2p 3d 2P3/2 20 15 20 4
1093.10 18 12 19 3
1095.37 Fevil  8d4s*Ds  — 3dip °P; % 5
(1096.57 S1I 352 3p® 2 D30 — 35 3p* 2Py o 1
1096.61 Ferr  3d°3E,  — 3d%4p *Dy 20 12 18 1
1109720 N1 282298 2Dy — 252224 d 2 Fy o 22 14 21 1
11097.38 St 323t 3P, — 3523p>4d 3P, 1
11098.05 N1 9820p% 2Dy — 25229 4d *Py o 29 9 21 1
109824 Fern  3d°3P,  — 3d°p 3Dy 1
11098.26 N1 25°2p® 2Dy o — 25°2p°4d *F 1
1098.92 20 12 32 3
1099.45 S1v ? 18 11 26 5
1102.38  Sir 323p° 2 D53 — 35 3p* 2Py 23 14 20 1
1103.60 Ci1 252 2p% 3Py,  — 25°2p 22d ' Fy 18 12 24 4
1103.86 Ci1 252 2p% 3P, — 25°2p 21d ' Fy 19 13 23 4
1104.16 Ci1 252 2p% 3P, — 25°2p 20d ' P, 19 13 26 4
1104.55 C1 2222 3P, — 2829 194 ' Fy 20 12 2 4
1104.96 Ci1 25222 3Py,  — 25°2p 18d ' P, 19 12 26 4
1105.14 Cr1 252 2p% 3P, — 25°2p17d ' Py 15 10 15 4
1105.47 Ci1 2522 3Py,  — 25°2p 17d ' Fy 20 13 25 4
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Aobs Line Transition Lr fgg Lr eél]lfl L? eSaSk Ref.
A mW (sr m? A)*l
1105.75 C1 2522p? 3Py — 25*2p 16d ' P, 16 11 21 4
1106.07 C1 252 2p> 3Py — 25*2p 16d ' P, 20 12 25 4
1106.29 C1 2522p2 3Py — 2s*2p 15d ' P, 16 11 17 4
1106.50 C1 2522p? 3Py — 2s*2p 15d ' P, 20 13 27 4
1106.70 O1v/2  2522p 2Pyjy — 252p* 2Py 4
{1106.80 C1 252 2p? 3Py — 25*2p 15d ' P, 24 15 63 4
1107.34 C1 2522p? 3Py — 2s*2p 14d ' P, 18 13 21 4
1107.70 C1 252 2p> 3Py — 25*2p 1/d ' Fy 24 15 32 4
1108.10 Cr1 2s22p? 3Py — 25*2p 14d 3D, 22 15 81 4
1108.16 O1v/2  25%2p 2Pyj5 — 252p® 2Py s 1
1108.37 Sitmr  3s3p 3Py — 3s3d 3Dy 32 18 78 1
{1108.48 S1v 85 3p® 2819 — 35°4p 2Ps)o 1
1108.44 C1 2522p2 3Py — 25*2p 13d ' P, 32 18 78 4
1108.80 Cr1 2522p? 3Py — 25*2p 13d ' Fy 26 17 41 4
1109.03 Cr1 252 2p> 3Py — 25*2p 13d 3D, 27 15 210 4
1109.12 O1v/2 25°2p *Pyjp — 25 2p* Py 1
1109.24 C1 2522p> 3Py — 25*2p 13d 3Dy 19 12 90 1
1109.60 C1 2522p? 3Py — 2s*2p 12d ' P, 18 12 20 4
(1109.84 C1 2522p? 3Py — 25*2p 12d ' P, 1
11110.00 Simm  3s8p 3P, — 8s3d 3D, 41 23 134 1
(1110.17 C1 2522p° 3Py — 2s%2p 12d ' P, 1
11110.19 Cr 2522p> 3Py — 25*2p 12d ' Fy 32 19 40 1
(1110.44 3
1110.52 O1v/2  25°2p 2P3j5 — 25 2p* 2Py )9 0
11110.67 3
1111.01 C1 2522 3Py — 25*2p 12d 3 Fy 15 10 17 1
1111.42 Cr 2s22p? 3Py — 2s*2p 11d ' P, 12 9.0 15 1
1111.60 Cr1 2520p? 3P, — 2s8*2p 11d ' P, 19 13 24 1
1111.96 C1 2822p° 3Py — 2s8%2p11d ' P, 30 18 39 1
{1111.99 C1 2522p> 3Py — 25*2p 11d ' Fy 1
1112.22 C1 252 2p? 3Py — 2s*2p 11d ' D, 18 11 18 1
1112.47 Cr1 2s22p? 3Py — 2s*2p 11d 3D, 19 12 30 1
1112.80 C1 252 2p> 3Py — 2s*2p 11d 3D, 16 10 16 1
{1112.82 C1 2520p? 3Py — 25*2p 11d 3 Fy 1
1113.15 Si1x 1
{1113.23 Simt 3s3p 3P, — 358d 3D 71 36 207 1
1114.00 Cr 2s22p° 3P, — 2s%2p 10d ' P, 21 14 26 1
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Table 1—Continued

Aobs Line Transition L? gg L? félllfl L? esask Ref.
A mW (sr m? A)~!
1114.39 C1 9292 3P, — 9829 10d ' Fy 32 21 501
1114.64 Ci1 2s*2p 3Py — 25°2p 10d 3D, 19 13 21 1
1114.86 Ci1 2s°2p? 3P, — 25°2p 10d 3Dy 21 14 28 1
1115.17 C1 2s*2p 3Py, — 25°2p 10d 3D, 1
1115.21 Ci1 25 2p2 3Py — 2522p 10d 3F3 17 11 26 1
111552 Cax/2  2p°3s 2512 — 2p°3p 2P o 0
1117.20 C1 22002 3P, — 222p 9d P, 22 15 5 1
[1117.24 Nevi/2  25°2p *Pyjo — 25 2p* Dy o 0
111724 Cav/2 32354 'D, — 3s3p° 3P, 5
(111758 C1 2522 3Py — 2522p 9d 3 P, 33 20 64 1
1117.58 FevIr 3d4s Dy — 3d4p 3P, 5
11117.72  C1 252 2p? 3Py — 25°2p 9d 3Ds 1
[1117.88 C1 25 2p? 3Py — 25?2p 9d 3D 23 15 37 1
11117.98 Pv 2p%3s 2815 — 2p°3p 2Py 1
(1118.07 Ci1 25 2p2 3P, — 25*2p 9d 3D, 1
11118.18 C1 25°2p2 3P, — 25°2p 9d 3F, 23 15 43 1
(1118.41 C1 252 2p2 3Py — 25°2p 9d 3D, 1
11118.49 C1 2522p* 3Py — 25°2p 9d 3F3 18 12 25 1
1118.90 16 9.4 3
1119.10 H, 1-3Q3 (C-X) 11 8.0 764 4
[1121.47 C1 2s°2p% 3Py — 28*2p 8d 3P, 1
11121.65 C1 25 2p? 3P, — 25°2p 8d 3P, 21 14 29 1
112191 Ci1 252 2p® 3Py — 25°2p 8d 3P, 18 11 22 1
[1122.13 C1 2522 3Py — 2522p 8d 3P, 30 18 48 1
11122.33 Cr1 25222 3Py — 25°2p 8d 3Dy 1
(1122.44 C1 2s*2p? 3Py — 25*2p 8d 3D, 1
1122.52  Sitv 2053p 2Py jy — 253d 2Dy 105 61 189 1
112253 Fern 355D, — 3d%4p P 1
(112265 Cr 28222 3P, — 222p 8d D, 0
1122.76 Nevii/2 2s2p 3P, - 2p* 3P, 0
11122.79 Cr1 2522p2 3P, — 25°2p 8d 3 F, 0
[1122.99 Cr 28222 3P, — 22p 8d D, 1
11123.11 C1 25 2p> 3Py — 25°2p 8d 3F; 21 13 32 1
112346 Nevi/2 2s2p 3P, — 22 P, 1
1124.13 8.7 9.5 10 3
1124.88 Fe1Ir 3d% ° D — 3d°4p PP,y 38 23 41 1
112566 Nevi/2  2522p 2Py — 2529 2Dy 0511 1
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Table 1—Continued

Aobs Line Transition L? fsg L? ecallfl L? g“sk Ref.
A mW (sr m? A)~!
1126.72 Fe1nn 3d° 5D, —~ 3d°4p ° Py 17 10 17 1
{1126.85 S 111 3s3p3 3Dy — 3523p 4p 3Py 1
1128.04 Six1 282 18, ~ 25 2p 3P, 1
{1128.06 Fe I 945Dy — 3d%/p OPy 39 924 55 1
1128.35 Sitv 2p%3p 2Py — 2p53d 2 Ds o 48 2 240 1
1128.72 Fern 345D,  — 3d%4p Py 49 30 2 1
1129.04 Nevil/2 2s2p 3P, - 2p*3P 0
1129.14 C1 2822p° 3Py — 28*2p 7d 3 D3y 55 34 9% 1
1129.19 Fern 945D,  — 3d%4p P, 1
1129.60 Ci1 252> 3P, — 25%2p 7d 3 F, 21 14 36 1
1129.92 Ci1 252 2p2 3Py — 25%2p 7d 3 Fy 22 14 38 1
1130.40 Fei1ir 3d° 5D, — 3d°4p ° Py 15 9.1 18 1
1131.01 Sivr 2p*8s 4 Psy — 2p*3p * D7 )9 3
1131.20 Fern 945D,  — 3d%/p °Py 10 6.9 18 1
1131.62 St 3235 2Pyjy — 8523p*4s 2Py o 12 8.1 4 1
1131.92 Fe1ir 3d° 5D, — 8d°4p ° Py 9.4 6.3 9.2 1
1132.35 6.7 4.5 7.8 3
1132.88 7.1 4.7 8.8 3
1133.68 Alvi?  2s22p* 3P, — 2822p* 1S, 35 21 70 1
1134.16 NI 2s% 2p3 453/2 — 25 2p* 4P1/2 24 16 15 1
1134.40 N1 2s% 2p3 453/2 — 25 2p* 4P3/2 38 25 27 1
1134.98 NI 2s% 2p3 45’3/2 — 2s 2p* 4P5/2 46 31 37 1
113540 Sivii 283558, — 2p33p O P 10 6.8 16 3
1135.55 1 6.4 16 3
1136.56 Nev 252> 3P, — 2s2p% 58, 8.3 5.4 89 1
1136.82 Nev/2 282202 3Py — 252p° 3D, 0
113723 Sivit  20%39s3D, - 2p33p *F, 8.6 5.7 12 0
1138.00 8.4 5.6 5.9 3
1138.38 Ci1 252 2p? 3Py — 2s*2p 6d 3P, 15 9.8 16 1
1138.56 Cr1 282002 3P, — 2522p 6d 3P, 2% 16 43 4
[1138.94 Cur 2s2p® 2Py sy — 252p 3d 2Dy 1
1138.95 Ci1 25 2p2 3Py — 25*2p 6d 3P, 30 18 49 1
11139.09 C1 2522p* 3Py — 25°2p 6d 3Py 1
1139.38 Cu 2s 2p? 2P3/2 — 25 2p 3d 2D5/2 23 14 28 4
[11390.72 Nev/2  2822p° 3P, — 252p° 3Dy 0
1139.77 C1 252 2p2 3P, — 25%2p Ts 3Py 1
11139.81 C1 282002 3Py — 2529p 6d 3Dy 49 25 11 1
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Table 1—Continued

Aobs Line Transition L? 35 L? egﬁ Lr esask Ref.
A mW (sr m? A)~!
1140.35 C1 2222 3P, — 29p 6d 3 F, 25 15 33 1
1140.62  C1 2292 3P, — 22 6d 3y 24 16 34 1
1141.29 Fe1nn 3d% 1 Gy — 3d°4p ' Hs 10 7.1 10 1
1141.45 Fevil  3d4s3Ds  — 3d4p 3F4 25 5
1141.68 C1r 2s 2p* 2D5/2 — 25%4p 2P3/2 10 6.6 1 1
1142.29 Sitn 3 3P,  — 9p3d 3D, 0
{1142.36 Sivit  20%3s58,  — 2p%9p ° P, 16 10 16 0
1142.45 3
{1142.60 Fe1ir 3d% 3D, — 3d°4p Iy 9.1 6.6 10 3
1143.00 FerIn 3d5 3D; — 3d°4p 3F, 10 7.2 5.6 1
114322 Feur  8d5/s Dy — 3d54s 4p ® Fos 9.2 6.2 59 4
1143.67 Fe1Ir 3d% 3D, — 8d°4p 3F, 13 8.9 9.2 1
1144.28 Nev/2 2s°2p* 3Py — 252p® 3D, 0
1144.74 Nev/2 282 3Py — 2s2p3 3Dy 0
114494 Ferr  3d4s Dy — 3d5/s p OFyy o 1 7.2 18 4
1145.66 Nev 2222 3Py — 2s2p® 55, 13 8.6 143 0
(1146.83 Fe1r 3d% /s 6D3/2 — 3d%4s 4p 6D5/2 9.9 6.6 84 4
114695 Femr  3d%4s 8Dy — 3d54s 4p SF 4
114741 Femn 8d°4s °D7jo — 3d°4s4p *Fr o 9.2 6.3 5.6 4
[1148.06 Cax/2 2p°3s2Si,, — 2p%3p 2Py )9 0
[1148.08 Ferr  8d%4s 5Dy — 3d%4s4p ®Dy s 8.9 5.9 19 4
1148.28 Fe1r 8d°4s O D7jo — 8d°4s 4p O Fy)o 9.4 6.5 76 4
1148.60 Sivi  2p*3s Py — 2p3p 1Dy 9.9 7.0 81 4
114896 Ferr  3d54s Dy — 9d°4s 4p OF, ) 8.5 5.9 9.6 4
114959 Ferr  3d4s D, — 3d%/s p O Dy 8.3 6.0 10 4
114996 S17? 3823p* 1Dy — 352 3p39s 1 Dy 9.9 6.9 4.1 4
115047 Ferr  3d4s Dy, — 34545 4p OFy 8.7 6.5 5.7 4
1150.80 Omr 25238, — 2p* 3P, 14 10 50 1
1151.15 Ferr  8d5/s % Dsjp — 3d%4s 4p *Fy ) 9.6 6.8 55 4
1152.15 O1 2s°2p* 1Dy — 25°2p33s 1 Dy 104 69 57 1
1152.88 Ferr  3d%4s *Dyjp — 3d°4s 4p O F3) 10 6.9 6.6 4
115327 Ferr  3d5/s Dy — 3d%4s {p OFy ) 9.8 6.8 42 4
1154.00 10 7.4 3
1154.40 Fe1r 3d% /s 6D1/2 — 3d°4s 4p 6F3/2 9.7 6.9 3.7 4
1155.00 Fevil  8d4s 3Dy — 3d4p *F 9.2 6.6 52 5
1155.82 Ci1 28°2p% 3Py — 25°2p5d 3Py 20 13 14 4
(1156.00 ST 3523p* 3Py — 3523p33d 3P, 38 24 31 1
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Table 1—Continued

Ref.

Aobs Line Transition L? gg L? cgﬁ L esask
A mW (sr m? A)~?
[1156.03 C1 252002 3P, — 2822p 5d 3P, 1
1156.27 S1 3s23p* 3Py,  — 3823p>3d 3P, 39 26 17 1
1156.56 C1 252202 3Py, — 2822p 5d 3P, 23 13 25 4
[1157.40 C1 28222 3P, 2829 65 ' Py 21 14 18 1
1157.50  (d) 1
1157.79 C1 02202 3P, — 2829 5d * D, 23 16 24 4
(115791 C1 2822p° 3Py — 2s*2p 5d 3D 4
1158.02 Cr 2220 3P, 2829p 5d 3 Dy 35 22 45 4
1158.13 C1 22202 3P,  — 2822 5d 3D, 4
[1158.32 C1 2822p° 3Py — 25*2p 6s 3P, 4
11158.40 C1 25220 3Py,  — 25°2p 65 3Py 25 16 40 4
(1158.67 C1 25202 3P, — 25°2p 65 3Py 4
1158.73 C1 2222 3P, 252p 5d 3 F, 24 17 23 4
1158.97 Ci1 252202 3Py, — 25°2p 5d 3F; 26 17 23 4
1159.51 Nir 3445 *Fys — 34745 4p *Goy 1 8.6 6.0 4
1160.51 13 9.0 59 3
1160.79 S1 323p*t 1Dy — 3523p38s 1D, 14 9.5 52 4
1161.35 S1 323 3P, — 3823p33d 3P, 32 23 11 1
1161.58 S1 323t 3P, — 3823p33d 3P, 28 19 10 1
[1161.72 S1 3823]34 3P, — 35*3p33d 3Py 31 21 16 1
| 1161.76  Six1/2 25 15, — 2s2p 3P, 0
1161.97 St 3294 1Dy — 382376 ' Dy 20 13 9.0 1
[1163.85 H, 1-4Q3 (C-X) 18 14 1267 4
11163.90 Fevir 3d4s 3D, — 3d4p 3Ds 5
(1163.88 N1 25°2p° 2Dy o — 25 2p*3d * Dy o 1
1163.98 S1 3s23p* 3Py — 38°3p>3d 3P, 30 21 1267 1
1164.00 N1 2822p° 2Dy — 2822p%9d 2 Dy 1
1165.74 Cavi/2 3s°3p 2Py — 3s3p® 2Dy 3
1166.18 Fevil 3d4s 3D, — 3d4p 3F, 22 )
1167.45 NI 25> 2p3 2D5/2 — 252 2p* 3d 2F7/2 30 21 17 4
1168.06 St 323t 3Py, — 3523p33d ' D, 17 12 10 4
1168.33 NI 25°2p° 2D3/2 — 2s*2p23d 4P5/2 1
1168.54 NI 25* 2p3 2D3/2 — 25%2p%3d 2F5/2 82 39 204 1
1168.55 Fetr 34545 *Hyy o — 3d°4s 4p  Hoys 1
1168.68 Her/2 15215, C1sop Py ¥2606  *1443  *10617 1
1169.69 N17? 2829p° 2Dy )y — 252293 *Fy )y 18 13 71 4
1170.18 24 18 3
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Table 1—Continued

Aobs Line Transition L? gg L? eCaIlfI L? es(gk Ref.
A mW (sr m? A)~?
1171.60 Arvi/2 35215, ~ 3s8p 1Py 0
1171.95  (d) 37 25 21 0
1174.88 C1ir 25 2p 3P, — 2p? 3P, 184 112 389 1
1175.24 Cur 25 2p 3Py — 2% 3P 150 96 319 1
1175.59 Cri 2599 3P, 2% 3P 334 319 1218 1
1175.74 Cr 22 5P, 22 3P, 559 319 1218 1
1175.98 Ciur 25 2p 3P, — 2p% 3P, 166 98 289 1
1176.37 Crir 293P, 22 3P, 178 105 346 1
1177.67 NI 282008 2Dy — 25229245 2Py 21 13 17 4
1178.04 Siiir 3p? 3P, — 3s5p 3P, 24 16 15 4
1181.59 ST 9234 1D, — 8823p35d ' D, 21 14 11 4
1183.45 Ni17? 25> 2p> 2D3/2 — 25%9p s 4P5/2 19 12 11 4
1183.83 Ferl 3d%4s " Dyn — 34545 4p *Foys 20 13 10 4
1185.31 12 3
118571 Fem? 847 4F,  — 9d%4p *Ds 19 13 79 4
1187.42 Fetr 3d%4s *D7jo — 3d°4s 4p > Gy)o 18 11 11 4
1188.83 Crt 22902 3Py 2829p Jd 3P, 24 16 30 4
1189.00 Cr 222p% 3P, — 2829 4d 3P, 26 17 42 4
1189.24 Crt 22002 3P, — 2829p d 3P, 2 16 36 4
1189.45 C1 02002 3P, — 2829p 4d 3P, 25 16 34 4
1189.63 Ci1 252202 3Py,  — 25°2p 4d 2P, 27 17 55 4
1189.84 Mgvil 28220 3P, — 282252 'S, 21 14 129 0
119010 Mgvi 282258 4S5 — 2522 2Py 25 18 526 0
1190.17 St 3292 3P, — 35358 3D, 28 19 526 4
119042  Sim 329p 2P1jy — 959p° 2Py 98 55 183 4
1190.92 23 14 18 3
1191.68 Mgvi  2822p% 1Sy, — 2522p° 2Py 29 14 135 0
1191.84 Crt 02002 3P, — 2829p Jd L Fy 25 16 65 4
1193.00 C1 9202 3P, 282p 4d 3D, 39 25 74
1193.24 C1 2822p° 3Py  — 25°2p 4d 3Ds 4
1193.26 C1 2822p° 3P, — 25°2p 4d 3D, 4
11193.29 Si1 35*3p 2P1/2 — 35 3p? 2P1/2 67 42 136 4
1193.68 Ci1 252202 3P, — 25°2p 55 3P, 32 20 59 0
[1193.98 Cavil/2 3s°3p 2P3jn — 3s3p* 2Ds o 0
1194.04 St 323 3P, — 353p° 3D, 44 30 17 0
(119449 C1 22202 3P, 2829p Jd 3 Fy 115 68 231 4
1194.40 St 323p* 3Py — 3s8p3 3D, 4




— 22 —

Table 1—Continued

Aobs Line Transition L? gg L? eCaIIfI L? es(gk Ref.
A mW (sr m? A)~?

[1194.50  Sim 383p 2Pyyy — 35 3p® 2Py 4
1196.22 SX 2s* 2p3 453/2 ~ 252 2p3 2D5/2 27 15 25 0
1197.40  Sitr 3529p 2Py — 3532 2Py 65 41 18 4
1199.19 Om/2 282252 'Dy — 252 ' Dy 0
1199.20 Sv 35 1S, — 353p 3P, 65 43 551 0
1199.55 NI 2% 2p? 453/2 — 25°2p%3s 4P5/2 117 75 124 4
1200.22 N1 2520p% 1855 — 25229235 1Py )y 103 64 110 4
1200.71 N1 2s* 2p® 453/2 — 2522p* 3s 4P1/2 84 56 81 4
1200.99 Siir 3523p% 3Py — 353p® 3Dy 67 45 140 4
1201.47 40 26 44 3
1201.73 S1ir 32 3p* 3Py — 353p® 3Dy 32 21 56 4
1202.00 42 27 53 3
1202.69 43 30 45 3
1203.41 50 31 69 3
1204.30 Sv 352 1S, ~ 3s3p 3P 70 45 63 0

{1204.33 St 32354 3P, — 3£3p°15d 3 Dy 0
1205.57 S1 3234 3P, 323p°14d 3 Dy 60 33 65 4
1206.51  Si1ir 35218, ~ 3s3p 1P, 2391 1318 8487 0
1207.00 77 52 72 3
1207.76 St 3s23p* 3Py, — 3523p>13d 35, 55 41 62 4
1208.32 SixI 2s2p 'Py 2 'D, 5

{1208.39 Fevil  8d4s D, - 8d4p 3Dy 62 40 87 5
1208.88 S1 352 3p* 3Py — 35*3p312d 3Dy 78 58 813 4
1208.94 H, 1-503 (C-X) 78 58 813 4
1209.20 70 49 80 3
1210.18  S1 3234 3P, 982355 15d 3Dy 78 55 81 3
1211.22 St 32354 3P, — 3£3p°11d 3Dy 117 87 109 3
1213.00 Sx 2s* 2p3 453/2 — 25*2p3 2D3/2 269 171 264 0
1215.66 HiLyl 1528, - 2p >Pynyp 73012 36042 147300 0
121834 Ov 2518, — 2s2p 3Py 464 395 5667 0
121959 MgX/2 2525, - 2p 2Py 0
1224.50 S1 352 3p* 3Py — 35*3p38d 3D; 60 43 57 4
1228.06 44 31 38 3
1229.61 S1 352 3p* 3Py  — 35°3p39s 38, 33 22 30 4
1230.47 St 3s23p* 3P, — 3523p38d 3D, 28 20 24 4
123414 St 3529p° 2Py — 35 3p1 2Py 23 15 20 4
1235.62 S1 32 3p* 3P, — 3523p39s 38, 21 15 15 4



— 923 —

Table 1—Continued

Aobs Line Transition L? gg rL? %Lllfl L? esask Ref.
A mW (st m? A)~!
1237.02 23 16 16 3
1238.82 Nv 2s 2512 — 2p 2 P39 218 134 2356 0
1239.89 Fern 3d%4s 2Hy;y — 3d°4s 4p *Hy ) 4
1239.93 Mg11 2p%3s 281, — 2p%4p 2P o 18 13 14 4
1240.39 Mg 2p%3s 281, — 2p%p 2P1/2 19 13 4
1241.95 FeXiI 35* 3p3 453/2 — 352 3p3 2P3/2 31 17 46 0
1242.24 C1 282202 'Dy  — 2822p 24d ' Fy 20 12 17 4
1242.80 Nv 2s 2812 — 2p 2Py s 137 68 1211 0
1243.18 NI 25°2p° 2Dy )9 — 257 2p*3s 2 Dy o 39 24 23 4
1243.31 N1 25°2p® 2 D3jg — 257 2p*3s 2D3/2 4
1243.52 Ci1 28202 1Dy — 2522p 20d ' Fs 24 15 15 4
1243.78 Ci1 28202 1Dy — 2522p 22d 3F3 14 9.2 13 4
1244.00 C1 2202 1Dy — 2522p 19d ' Fy 23 15 25 4
1244.51 Ci1 28220 YDy — 25%2p 18d 'Fy 28 17 4
124499 Ci1 22202 1Dy — 2822p 19d 3F; 18 11 4
1245.18 Ci1 28202 1Dy — 2822p 17d ' F3 25 16 4
124553 Ci1 28202 1Dy — 2522p 18d 3F3 17 11 4
124594 Ci1 2202 1Dy — 2822p 16d ' F; 30 19 16 4
1246.17 C1 252202 1Dy — 2822p 17d 3F; 17 11 11 4
1246.87 Ci1 282202 1Dy — 2822p 15d ' Fy 37 23 39 4
1247.16 St 32954 3Py — 3823p°6d 3 Ds 28 19 11 4
124741 Cmr 252 ‘P, - 202 1S, 15 9.4 230
124786 Ci1 22202 1Dy — 2822p 15d 3F; 31 21 34 4
1248.00 Ci1 28220 YDy — 25%2p 14d 'F3 35 24 38 4
1248.88 4
1249.00 Cr 282202 \Dy  — 2822p 14d 3 Fy 26 16 31 4
1249.40 Six/2  2s*2p 2P3/2 — 25 2p? 4P5/2 0
1249.41 Cr1 282202 'Dy  — 2822p 13d ' Fy 4
1249.90 Mgx/2 2s 251/2 - 2p 2P1/2 *1880 0
1250.09 Sit 358p 2Dy — Sp° 2Dy 17 6.7 86 4
11250.41 Sim 3582 2Ds;y — 3p® 2Dy 4
1250.42 Ci1 28202 1Dy — 2522p 13d 3F3 4
11250.58 STI 3523p> 4S50 — 35 3p* 4Py 49 28 24 4
[1251.16 SiIr 3s3p® *P55  — 3p® 1552 48 30 69 4
11251.17 Cr1 28202 1Dy — 2822p 12d ' F3 4
125148 Siv ? 25%2p°3p 3Py — 252 2p°3p 3Dy 9.6 6.1 41 5
1251.76 Siv ? 252207 3p 1Py — 252 2p°3p 3Py 8.6 5.1 28 5
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Aobs Line Transition LPgs LG L7y Ref.
A mW (sr m? A)~!
1252.21 Ci1 2822p2 1Dy — 2522p 12d 3 Fy 32 20 38 4
1253.32 S1 323pt 3P, — 35°3p*6d 3D, 4
1253.47 Ci1 28202 1Dy — 2s%2p 11d ' Fy 48 32 8 4
1253.80 Si11 352 3p® 1939 — 35 3p* 1 P39 81 47 48 4
1254.11 H, 1-6Q3 (C-X) 9.3 6.5 137 3
1254.51 Ci1 2822p* 1Dy — 2822p 11d 3 Fy 33 21 45 4
[1255.28 Si1 3823p? 3Py — 353p3 38, 35 24 18 4
11255.34 4
1256.09 S1 323pt 3Py — 35°3p°6d 3D, 15 10 6.8 4
(1256.49 Si1 3823p* 3P, — 3s3p3 38, 97 63 109 4
11256.50 C1 252202 1Dy — 25%2p 10d ' F 4
1257.24 21 3
125758 C1 2822p° 1Dy — 25°2p 10d 3 Fy 41 26 53 4
1257.87 Hy ? 1-3R3 (X-B) 13 9.6 24 3
1258.78 Sit 3823p? 3Py — 353p3 38, 104 68 61 4
[1259.53 St 352 3p> 4S55 — 35 3p* * Py 4
11259.54 Ov/2 282 15, — 2s2p 1Py *3657 *2086  *122284 0
[1260.44 Si1n 35°3p 2Pyjg — 3523d * Dy )9 193 110 303 4
11260.53 Fer 3d%4s 5Dy, — 3d°4s 4p O Py ) 4
1260.61 Cr1 2220 1Dy — 25°2p 9d 1 Fy 84 56 155 4
[1260.94 C1 2822p° 3P, — 25°2p 9d 3P, 26 18 8 4
1261.11 Cavii/2 3s23p* 3P, — 3s3p® 3D, 0
11261.12 Cr1 25 2p2 3P, — 25*2p 3d 3 P, 4
[1261.43 C1 2822p° 3Py — 25°2p 3d 3P, 4
11261.55 C1 28202 3Py — 2522p 8d 3P, 31 20 93 4
[1261.64 Mg VI 2p°3p “ Dy o — 2p*3d *Fy )9 46 30 123 3
11261.72 C1 28220 1Dy — 25°2p 9d 3 Fy 4
1262.21 Fer1r 8d" *P3j — 3d54p *Ds o 10 6.5 79 4
1262.86 S1 323 3Py, — 3823p% 75 39, 20 14 96 4
1264.74 Si1n 85°8p 2 Pyjy — 35*3d *Ds o 479 262 665 4
1265.00 Si1r 85°3p 2P3jo — 3523d * Dy o 206 133 256 4
1265.65 Fer1r 3d%4s *Gojo — 3d°4s4p *Hir o 14 9.8 15 4
1265.78 Fer1r 8d" *Hy;p  — 3d%4p 2Gyp 4
1266.27 Ci1 2220 1Dy — 25°2p8d 1Py 46 31 60 4
1266.37 Mgvi 20*3p * D7y — 2p*3d *Fr o 78 49 157 3
1266.42 C1 282 2p* 1Dy — 25*2p 8d ' Iy 78 49 157 4
1266.67 Fetl 3d%4s 5Dy jy — 3d°4s 4p O Py ) 21 13 17 4
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Table 1—Continued

Aobs Line Transition L? 3186 L? eCaIIfI L eSCfSk Ref.
A mW (sr m? A)~?
1267.55 MgVI 2p*3p * D3y — 2p*3d *F3)9 63 3
1267.60 C1 25°2p% 1Dy — 25°2p 8d 3F; 50 32 4
1267.76 Cavi/2 3823p° 453/2 — 35 3p* * Py 3
1268.12  Ferl 3d7 1Py~ 3d%4s {p ‘Fs 11 8.2 49 4
1269.06  (a)/2 3
1269.21 S1 323t 3P, — 3523p37s 38, 10 7.3 76 4
1270.14 Ci1 252 2p* 3Py — 25°2p 3d ' P, 13 8.8 58 4
127041 Ci1 2522 3P, — 25°2p 3d ' P, 12 9.0 6.7 4
1270.78 S1 3523p* 3Py, — 3523p>5d 3Dy 57 38 23 4
127123 Mgu  2p°3p 2Py — 2°8d 2Dy ) 10 7.2 70 4
1271.93 H, 1-3P5 (X-B) 4
1271.94 Mgu  2)53p 2Py — 25595 25, s 13 10 23 4
1271.98 Fetr 34545 S Ds 5 — 3d°4s 4p 5Py 4
127198 Cu/2  2822p 2Py — 2545 25y 1
1272.08 S1 3823t 3Py — 3523p37s 35, 14 10 25 4
127218 N1v?  23p3P,  2p3p 3D, 14 10 25 3
1272.66  Fetr 3d%4s 9Dy — 3d°4s 4p OP3» 16 11 87 4
1274.11 Ci1 252 2p% 3Py — 25°2p 3d ' Fy 23 16 20 4
127476  C1 28220 1Dy — 25°2p 7d ' Py 43 27 47 4
(1274.95 Arvii/2  3s38p 3Py - 82 3P; 3
1127498 C1 25220 1Dy — 25°2p 7d ' Fy 85 53 175 4
(127529 C1 252 2p* 1Dy — 25%2p 7d 3Dy 23 16 17 4
11275.35 Felr 3d" 4P1/2 — 3d%5p 4P1/2 4
1275.81  Ferl 3d7 2Dsjy  — 3d%)p 2F: 19 12 10 4
(1276.22 C1 25220 1Dy — 25°2p 85 3P, 4
11276.29 C1 252 2p* 1Dy — 25°2p 7d 3F4 56 36 67 4
127648 C1 282212 3P, — 2822p 4s ' P, 21 14 15 4
[1276.75 C1 282207 3P, — 25°2p4s ' Py 24 16 22 4
11276.80 Fe1r 3d" 4P1/2 — 3d%5p 4P3/2 4
(127724 C1 9222 3P, — 2829p 3d 3D, 4
1277.28 C1 2222 3P, 9829 3d °D, 43 27 79 4
(127755 C1 2s°2p% 3Py, — 25%2p 3d 3 D; 46 29 82 4
1277.64 Fer 34545 S Dy 5 — 3d°4s 4p OPs)s 4
1277.72 C1 2s% 2p? 3Py — 25%2p 3d 3D, 41 26 57 4
[1277.88 Six/2 25°2p 2P3jo — 25 2p® 1 P39 0
11277.95 C1 25 2p* 3Py — 25°2p 3d 3D, 35 23 37 4
1278.36  Cavii/2 352 3p? 3Py, — 353p® 3Dy *535 0
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Table 1—Continued

Aobs Line Transition LPgS LG L7 Ref.
A mW (sr m? A)~*
1279.06 Cr1 2820p2 3Py — 28°2p 3d 3 F, 35 23 37 4
1279.23 Ci1 25°2p% 3Py — 25%2p 3d 3Fy 38 24 50 4
1279.50 Ci1 25222 3Py — 25%2p 83d 3 F, 35 24 33 4
1279.89 Cr1 282202 3P, — 229p s 3P, 37 24 37 4
1280.10 St 92394 3P, — 329pP5d ¥ Dy 38 26 31 4
1280.13 Ci1 2820p° 3Py — 25°2p s 3Py 4
1280.33 C1 282202 3P, — 229p 4s 3P, 39 2% 56 4
1280.40 Ci1 2822p° 3P, — 25°2p s 3Py 4
1280.60 Cr 282202 3P, — 2529p 4s 3P, 34 23 31 4
1280.85 CT1 252 2p% 3Py, — 25%2p 4s 3Py 31 21 34 4
1283.06 Felr 3d" 2H11/2 — 3d%4p 2H11/2 15 10 77 4
1283.92 Cavi/2 35*3p* 4555 — 35 3p* *P5 o *343 3
1285.49 12 3
1285.69 H, 1-3P7 (X-B) 11 8.1 10 4
643.10 Cav/2 323p* 3P, — 3s3p° 3P, 3
1286.43 H, 3-4P5 (X-B) 12 9.3 9.1 4
128721 Can  3d 2Dy, — 10f2Fs) 11 8.0 8.6 4
1287.61 Ci1 2s22p2 3P, — 2s%2p 3d 1 Dy 17 11 0.6 4
1288.04 Ci1 2822p* 1Dy — 25%2p 6d 1 P, 44 31 37 4
1288.27 O11/2  25°2p® P39 — 2p 2p* 2512 0
1288.42 Ci1 25220 'Dy  — 25°2p 6d 1 Fy 96 63 182 4
1288.71 CI1 282 2p* 1Dy — 25%2p 7s 1Py 35 22 21 4
1288.92 Ci1 2522p* 1Dy — 25%2p 6d 3Dy 31 20 21 4
1280.31 Ferr 3d%4s *Psjy — 3d°4s 4p *Dss 12 8.4 52 4
1289.89 Ci1 28220 1Dy — 28°2p 15 3Py 4
1289.98 C1 2822p* 1Dy — 2522p 6d 3 Fy 56 39 62 4
1291.30 Ci1 25°2p* YDy — 2522p 6d ' D, 29 20 18 4
1291.58 FeIr 3d" 4P5/2 — 3d%4p 4P3/2 14 9.8 7.9 4
1292.42 Felr 3d" 4P3/2 — 3d%5p 4D3/2 12 9.3 4.6 4
1293.14 Cav/2 88231 3Py, — 3s3p° 3P, *149 0
1293.88 Mgv ?  2822p* 3P, — 2822p* 1S, 7.2 )
1294.58  SiIn 353p 3P, —~ 3p% 3P, 22 11 88 0
129491 Fenr 3d7 “Py;y  — 3d%4p 1Py 12 78 47 4
1295.65 S1 923" 3Py — 3293 4s 3P, 57 40 % 4
1296.16 S1 323 3Py, — 3523p%4s 3P, 42 28 21 4
1296.77 Si1n 3s3p 3Py — 3p? 3P, 20 11 78 0
1298.96 Sitm  3s3p PPy - 3% P, 50 25 23 0
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Table 1—Continued

Aobs Line Transition L? fgg L? eC“I]fI L? esasf“ Ref.
A mW (sr m? A)_l
1299.43 Ferr  5d7 4Py — 3d%4p 1Sy 16 1 12 4
1299.83 13 8.7 73 3
1300.91 S1 323p* 'Dy  — 352 3p®5s 1Dy 167 125 104 4
1301.16  Si1x 35 3p 3P, — 3% 3P, 17 10 44 4
1302.17 O1 252 2p* 3P,  — 2522p33s 38, 2234 1318 3650 4
1302.34 S1 3s23p* 3P, — 353p3 s 3P, 4
1302.87 S1 3s23p* 3P, — 35°3p34s 3P, 45 29 18 4
1303.11 St 92394 3P, — 3829p%4s 3Py 38 27 23 4
1303.32 Sitn 3s9p 3P, 32 3P, 38 16 99 0
1303.43 S1 3523t 3Py, — 3523p365 39, 38 25 99 4
1304.37  Sim 9523p 2Py — 859p% 281 204 139 222 4
1304.86 O1 252 2p* 3P, — 2522p33s 38, 2331 1432 3862 4
130559 Sitn  3s3p2 2Dy — 953p 3d 2Fs 23 16 27 4
1306.03 O1 228 3Py — 25%2p335 38, 2524 1698 4284 4
1308.13 16 10 3
130028 Sin 923p 2Py — 5% 25y 325 213 273 4
1310.19 Ci1 2202 1Dy — 25%2p 5d 3Py 26 18 10 4
{1310.19 S1 323p* 3P, — 3523p%6s 39, 4
131054 N1 2522p° 2Py — 2522p%3d 2Ds s 4
{1310.64 C1 28202 1Dy — 25%2p 5d 1Py 48 31 50 4
1310.94 NI 2s* 2p3 2P1/2 — 2s22p?3d 2D3/2 17 11 7.0 4
1311.36 Ci1 25°2p* 1Dy — 25%2p 5d 1 Fy 92 57 190 4
1311.93 C1 2820 1Dy — 25%2p 6s 1Py 39 27 36 4
1312.25 Ci1 25 2p* 1Dy — 25%2p 5d 3Dy 32 21 30 4
1312.59 Siiin 3s3p 1P, — 3s4s 1S, 17 10 29 4
1312.85 Cr1 25 20> 1Dy — 25%2p 5d 3Dy 13 9.2 46 4
1313.25 S1 3s23p* 3Py — 3s23p36s 39, 22 15 9.7 4
1313.39 C1 25202 1Dy — 25%2p 65 3Py 4
{1313.46 C1 25220 1Dy — 25%2p 5d 3y 54 37 T4
1314.67 S1v/2 35*3p 2P1/2 — 3523d 2D3/2 *275 1
131592 Ci1 25202 1Dy — 25%2p 5d ' D, 47 29 57 4
1316.54 ST 92954 3P, — 382355 4d ® Dy 109 73 61 4
{1316.62 St 323p* 3Py,  — 35°3p®4d 3D, 4
1317.22 Nitt 84 2Dsjy  — 3d5/p 2Fs s 56 37 17 4
1317.84 10 3
1318.98 NI 2s* 2p3 2P1/2 — 2s22p?3d 2P1/2 154 120 105 4
(1319.68 N1 2825° 2Py — 292p°3d * Py 4
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Table 1—Continued

Aobs Line Transition L? fgg rL? %llk{ L? esask Ref.
A mW (sr m? A)~!

[1319.76 Sv/2  8s8p 3P, — 3s3d 3D, 0
132224 Mnxi 3292 3P, — 38292 1S, 14 9.7 79 5
1322.84 S1v/2 35*3p 2P3/2 — 35%3d 2D5/2 *419 1
1323.52 S1 3823pt 3P, — 88°3p3(1S)4d 3 D, 71 48 30 4
132391 Cu 252p% 2Dy — 2p° 2Dy 4
1323.95 Cu 252p% 2D — 2% 2Dy ) 12 14 4
132459 Mgv  28°2p* 3P, — 2822p* 1S, 13 9.7 121 0
1326.40 Sv/2 35 3p 3Py — 353d 3Dy *235 1
1326.63 S1 3234 3P, — 382355 4d 3D, 53 35 19 4
1327.92 N1 2820p% 2P,y — 252297 s Py )y 15 10 29 4
1328.83 C1 2520 3Py — 2s2p° 3P, 79 49 109 4
1329.10 Ci1 25220 3P, — 25 2p° 3P2,1,0 81 50 127 4
1329.58 Ci1 252 2p% 3Py,  — 25 2p° 3P271 74 49 110 4
133095 Feur  3d%4s 2Frp — 3d°4s{p *Ds)s 17 11 99 4
1333.47 16 11 13 3
1333.79  S1 3231 3P, — 8523p°4d ° Dy 92 15 15 4
1334.53 C1r 2% 2p 2P1/2 — 25 2p? 2D3/2 2957 1430 3150 4
1335.20 Ni1r 3d° 2D3/2 — 3d%4p 2F5/2 46 32 18 4
1335.71 Cu 25*2p 2P3/2 — 25 2p? 2D5/2 3530 1759 4600 4
1337.84 20 13 12 4
1338.57 M, 0-4P2 (X-B) 18 13 25 4
1338.61 O1v 25 2p* 2Py — 2p® 2Dy 4
1339.57 17 11 93 3
1340.39 Ni1r 3d® 4p 2F7/2 — 3d%6d 2H9/2 17 11 4.6 4
1341.20 21 15 8.7 3
1342.28 23 16 16 3
1342.90 16 12 21 3
1343.64 16 10 21 3
1345.16 17 12 99 3
1345.51 9.8 3
1345.95 Niu?  3d° D5y — 9d%4p “Ss)s 17 12 16 4
1347.06 21 13 23 3
1348.79 19 12 11 3
1349.43 Fexir  3s*3p3 453/2 — 352 3p3 2P1/2 20 12 39 0
1350.12 8.0 3
1351.66 Clt  3829p° 2Py — 3523p*4s 2Py )y 313 194 130 4
1353.02 Si1x/2 2s%2p* 3P, — 2s2p® 55, 3
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Table 1—Continued

Aobs Line Transition L? fgg L? ecallfl L? gask Ref.
A mW (sr m? A)_l
1354.29 Ci1 28202 1Dy — 2822p 4d ' P, 55 36 53 4
1354.80 23 14 9.9 3
1355.60 O1 2220 3Py, — 2829p33s5 09, 345 199 297 4
1355.84 C1 282902 1Dy — 922p 4d ' Fy 114 69 2%2 4
1356.47 H, 0-4RT (X-B) 12 3
1357.13 Ci1 2820 1Dy — 2822p5s 1Py 58 37 58 4
1357.66 C1 92202 1Dy — 2822 4d *Ds 55 34 37 4
1358.19 C1 282202 1Dy — 2829p 4d 3D, 34 20 12 4
1358.51 O1 282 3P, — 25%2p335 29, 126 75 82 4
1358.77 40 25 3
1359.28 Ci1 220> 1Dy — 2522p 4d 3F; 83 52 86 4
{1359.44 C1 22202 1Dy — 2522p 55 3P, 4
1360.17 Ferr  3d%s Dy — 8d°Jp 2Dy 31 19 33 4
1360.78 AlIX/2  25°2p 2Pijs — 2s2p* * Py 0
1361.37 Ferr 347 Py — 3d%4p *Dajy 78 15 14
{1361.40 Sti/2  3528p* 3P,  — 35°3p3d 3Ds 1
1362.75 Ferr  3d%s *Psy — 9d°4s4p *Ps)s 24 15 12 4
1363.48 Naix/2 2s 25'1/2 - 2p 2P3/2 *284 0
1364.16 C1 28200 'Dy  — 2822p 4d ' Dy 101 62 142 4
1364.38 Fert  3d7 Py, — 3d%4p D5 34 22 93 4
1364.87 Nav 25°2p® 1539 — 252 2p* 2Py 22 13 11 3
1365.51 Nav 25°2p® 1559 — 252 2p* 2Py 22 13 11 3
1366.30 Ferr  3d%s ‘Fyn — 8d%4sip *Ps)s 28 17 4
1366.43 16 3
1367.23 10 3
1368.09 Fe1r 3d" 4P3/2 — 3d%4p 4D5/2 53 32 10 4
1368.45 3
{1368.57 Ferr  3d%4s Py — 3d%4sip 1Py 24 17 15 4
1369.55 17 3
1369.71 Feir 3d" 4P5/2 — 3d%4p 2F7/2 29 18 6.3 4
1370.00 Nm1/2  25%2p 2P1/2 — 25 2p? 2P3/2 1
{1370.12 Ni1r 3d° 2D5/2 — 3d%4p 2P3/2 70 42 21 4
1371.00 Ni/2  2822p 2Pyjs — 25 2p* Py 1
{1371.02 Felr 3d%4s *Hyso — 5d°4s 4p Gy o 37 22 37 4
137132 Ov 22 'P, 22D, 46 25 889 0
1371.58 N11/2  28°2p 2P3js  — 25 2p* Py 1
137220 Ferr  3d7 *Py,  — 8d%{p *Ds 49 29 89 4
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Ref.

Aobs Line Transition L? fgg L? %lﬁ L? esask
A mW (sr m? A)~!

1372.70 N111/2 25°2p 2P3jo  — 25 2p® 2Py o
1372.92 Fevii/2  3p°3d* *Pyjp — 3p°4d *Ds o 17
1374.06 Cr11/2
1374.08 Nitl 349 2Dy — 3d%4p 28 45 28 13
1374.69 Cr11/2 25°2p 2P3jo  — 2523d * D59
1375.20 Fetr 345 4s *Hyy o — 3445 4p Gy 33 20 9.3
1376.67 Fer 347 4Py, - 8d%)p *Dy 42 25 8.4
1378.56 Ni1r 3d%Jp 2F5/2 — 3d%6d 2D5/2 30 19 9.2
1379.18 Mgvii/2 2522 2Pyn — 2p° 2Dso
1379.47 Ferr 3d s YHypy — 3d54s4p 1 Gro 32 19 12
1379.59 Ni 34545 *Pyjy — 3d74s 4p *Ds s 55 34 12
1380.23 31 18 8.3
1381.05 Cr111/2 2s2p ' Py ~ 2583518,
1381.30 Ni1r 3d° 2D3/2 — 3d84p 2P1/2 59 39 10
1381.55 S1 3294 3P, — 9s3p° 3P, 38 24 14
1382.88 Ca1x/2 35218, — 3s3p 3P, *137
1384.71 28 16 9.7
1385.51 S1 323p* 3P, — 353p° 3P, 34 20 5.8
1385.74 14
1386.79 10
1387.22 Fen 347 2Hyy s — 3d%4s4p *Fops 45 28 10
1387.32
1387.98 Mgix/2 2515, — 252p 3P,
1388.32 NalIx/2 2525, — 2p 2Py
1388.44 S1 382 3p* 3Py — 353p° 3P,
138944 SiIX/2 282202 3Py — 252p3 S,
1389.56 K xiIr1 ?
1392.15  Ferr 347 2Hyy s — 3d54p 2o 39 24 10
1392.59 S1 323p* 3Py,  — 3s3p° 3P, 38 24 6.8
1392.82  Fer 3d7 2Hyyy  — 3d%4p 2 G 58 34 12
1393.33 Ni1r 3d° 2D5/2 — 3d%4p 2D5/2 67 39 51
1393.78 Si1v 3s 251/2 - 3p 2P3/2 809 405 9943
139428 Fevi/2  9p54p 2Prjs — 3p°4d 2Dy
1396.11 St 323" 3P, — 35 3p° 3Py 48 31 20
139722 O1v 2% 2p 2P1/2 — 25 2p? 4P3/2 34 23 83
1398.06 STV 3529p 2Py — 3532 1Py 12
1398.78 42 26 8.1
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Ref.

Aobs Line Transition L? fsg L? %lllfl L? esask
A mW (sr m? A)~*

1398.95 H, 0-5P2 (X-B)
{1399.03 Nitr 34° 2Dy — 3d%4p 2Py 50 32 21
1399.77 O1v 25°2p 2Pyjy  — 25 2p* * Py A7 29 428
{1399.97 FeTr 34545 *Pyjy — 34545 4p ® Dy 38 99 92
1400.52  Arvir/2  2p°3s 2S5 — 2p°3p Py

1401.16 O1v 25°2p 2P3/2 — 25 2p? 4P5/2 117 69 2162
1401.51 S1 3523t 3P,  — 35°3p355 38, 66 42 56
140277 Sitv 3528, - 9p 2Py 375 220 4016
[1404.64 O111/2 2822p° 3Py — 2s2p3 3P,

11404.79  S1v 35283p 2Py — 3s3p* *Py o 85 56 622
1404.82 O1v 25°2p 2P3j5  — 25 2p* * Py

(1405.61 Fer 347 Fyy - 3d%4p 2Frp 79 51 89
1405.64 Omr/2 2822 3P, — 25258 3P,

11405.80 O11/2  25°2p* 3P, — 2s2p 3Py

1406.04 S1v 35%3p 2P3/2 — 35 3p? 4P5/2 54 32 186
1407.39 O1v 25*2p 2P3/2 — 25 2p? 4P1/2 51 35 394
1407.70  Omr/2 2822p° 3Py — 25 2p3 3P,

1409.07 Sin 35 3p? 2D3/2 — 35 3p 3d 2P1/2 40 24 11
1409.34 S1 323pt 3P, — 35°3p355 38, 65 42 17
1411.07 Nin 349 2Dyjy  — 3d%4p 2Dy 83 53 16
1411.30 45 26 12
1411.95 N1 25> 2p3 2P3/2 — 252 2p? 3s 2D5/2 63 39 62
1412.10 Mgix/2 2815, — 2s2p 3P, *317
1412.85 Fe11 3d" 4F9/2 — 3d%p 4D7/2 93 58 13
141287 Nin 349 2Ds;,  — 3d%4p *Dyjs

1412.87 S1 3823t 3Py — 3523p35s5 35

1413.02  Svi/2 2p%3p 2Pyjy — 2p°3d 2 D3 o

1413.65 16
1414.30 Nin 349 2Dsjy  — 3d%4p * Dy 42 27 6.3
{1414.36 S1 323t 3Py — 3523p355 59,

141573 Nim 34° D5 — 3d%4p *Ds)o 53 33 6.6
{1415.77 Fe1r 8d%4s *Grij2 — 3d°4s 4p 2Hy o

1416.73  Ferr 34T Fry  — 3dS4p 2Fr 46 29 9.1
1416.93 S1v 35%3p 2P3/2 — 35 3p? 4P3/2 48 29 110
1417.70 Ni1 3d%4s *Ps;y — 3d74s 4p * Gy

{1417.73 Fer 34545 *Hypy — 3d°4s 4p *Hop 43 29 10
1418.38 Arv/2 3523p2 3P, — 353p® 3P,

Ll N = T = s T A S S e e =R e R N e I e R an R e B e R =R SN
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Aobs Line Transition L? fgg L? e&’fl L? gask Ref.
A mW (sr m? A)~!
1418.85 Fell 3d7 4F9/2 — 3d%4p 4F7/2 57 38 12 4
1420.89 Fe1n 3d% /s 4H7/2 — 3d%4s 4p 4H7/2 42 24 86 4
1421.44 Fenn 3d7 4F5/2 - 3d64p 2P3/2 41 25 7.6 4
1421.62 (a)/2 0
1422.54 Fell 3d%4s 4F3/2 — 3d%4p 4F3/2 44 27 10 4
1423.21 Nin 3d° 2D3/2 — 3d%4p 2D5/2 49 32 8.2 4
1423.86 S1v 3823]7 2P3/2 — 3s 3])2 4P1/2 34 4
1424.07 Fenn 3d7 4F7/2 — 3d%4p 4F9/2 47 29 90 4
1424.72 Feln 3d" 4F7/2 — 3d%4p 4D5/2 90 99 13 4
1424.79 Fe1r 3d648 4D5/2 - 3d5454p 4P3/2 4
1425.03 S1 352 3pt 3Py, — 3523p33d 3Dy 222 147 110 4
1425.19 S1 3523p* 3P,  — 35°3p33d 3D2,1 160 108 55 4
1425.42 SVI/2 2p63p 2P3/2 - Qpﬁgd 2D5/273/2 1
1426.49 H, 0-5P7 (X-B) 260 5
1427.18 Feln 3d7 4F3/2 — 3d%4p 2P1/2 48 30 96 4
1427.68 Arvir/2  2p°3s 2S5 — 2p%3p 2Py o *134 0
1430.18 Fe1n 3d" 4F7/2 — 3d%4p 4F7/2 55 34 12 4
1431.03 24 3
1431.32 Arv/2 3823p* 3Py — 3s3p 3Py, 3
1431.60 Ci1 2s2p% Sy — 252p*3s O Py 90 54 31 4
1432.11 Ci1 2s2p2 Sy — 252p*3s O P, 102 64 52 4
1432.53 Ci1 2s90p° 58Sy — 2s2p*3s° Py 89 54 44 4
1432.87 Feln 3d%/s 4F9/2 — 3d54s 4p 4F9/2 50 35 11 4
143329 S1 323p* 3P, — 3523p33d 3D, 175 136 79 4
1434.96 Fe1n 3d7 4F5/2 - 3d64p 4D3/2 74 49 23 4
1436.52  (e)/2 *215 0
1436.97 S1 323p* 3Py — 35?3p>3d 3D, 150 95 41 4
1437.00 OH/Q 2822]?3 2D5/2 — 2s 2]94 2D5/2 1
1438.13 Feln 3d7 4F7/2 —~ 3d%4p 4P5/2 54 37 16 4
1439.11 46 32 23 3
1439.86 21 3
1440.79 Fe1n 3d7 4F3/2 — 3d%4p 4D3/2 56 39 13 4
144091 Fenn 3d7 4F5/2 — 3d%4p 4F5/2 56 36 11 4
1441.12 Fe1r 3d%4s 4F5/2 — 3d°4s 4p 4F5/2 52 32 11 4
144256  Fevir/2  8p%4p *P3j — 3p°4d *Ds s *208 5
1442.75 Fell 3d" 4F3/2 — 3d%4p 4D1/2 74 49 4
1444.09 26 3
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Aops  Line Transition LPgs LG L7§%  Ref.
A mW (sr m? A)~*
1444.30 S1 32 3p* 3Py ~ 3823p34s 1Dy 83 57 25 4
1445.10 Ni1r 8d? Dy o — 3d%4p *Dy)s 58 39 13 4
144577 Sivir  2s8°2p® 1550  — 25°2p° 2Ds5 60 38 113 0
1446.12 H, 1-6P5 (X-B) 53 34 30 5
1446.59 Ni1r 3d° 2Dy s — 3d%4p *Ds 62 39 11 4
1447.27  Fe1r 3d7 1 F3) — 3d54p Py s 57 37 11 4
1448.23 S1 352 3p* 1D,y — 35°3p%4s 1P 66 45 15 4
1450.01 Ni1r 3d? ?Ds o — 3d%4p *Ps)s 60 41 11 4
1453.08 59 39 3
1454.85 Ni1r 8d® 2 D59 — 3d%4p 2Ds 96 63 0 4
1456.13 C1 252 2p° 1S, ~ 28?2 14d ' P, 63 41 14 4
{1456.23 3
1457.38 St1/2  8523p® 3Py ~ 353p® 39, 1
{1457.49 Cr 252 2p° 1S, ~ 28°2p 14d 3D, 60 40 22 4
1458.14 60 43 23 3
1459.03 Ci1 22 2p? 1D, — 28%2p 3d ' Py 98 63 60 4
1459.31 Fer1r 8d°4s* 0S5 — 3d%5p O Py 60 39 25 4
1460.45 C1 252 2p° 1S, ~ 25°2p12d ' P, 59 41 18 4
1461.85 Cr1 252 2p° 1S, ~ 2§°2p 12d 3D, 60 43 13 4
1463.34 C1 252 2p° 1D, — 25°2p 3d 1 Fy 168 107 337 4
{1463.38 Fex 352 3p*3d *Fy )y — 352 3p*3d 2Fy o 0
1463.55 Ci1 252 2p° 1S, ~ 2s°2p11d ' P, 69 47 38 4
1464.59 62 45 13 3
1465.00 C1 252 2p° 1S, — 28°2p11d 3D, 63 42 21 4
{1465.05 Fe1r 3d°4s* 685 — 3d%5p O P59 4
1466.21 68 45 123
1467.09 Fexi  3s23p* 3P, — 3823p* 1S, 35 5
1467.27 Nin 8d® 2 D59 — 3d%4p 2Dy 4
{1467.40 Cr 252 2p° 1D, ~ 25°2p 4s 1P, 120 7 100 4
1467.76  Ni1r 8d? ?Ds o — 3d%4p *Fy ) 4
{1467.88 Cr 22 2p* 1D, — 28%2p 3d 3Ds 110 78 26 4
1468.41 Ci1 2s°2p° 1Dy — 25°2p 3d 3D, 136 93 41 4
1469.12 Ci1 252 2p° 1S, — 2§°2p 10d 3D, 55 39 10 4
1470.09 Cr1 252 2p° 1D, — 25°2p 3d 3 Fy 134 94 49 4
1470.45 Ci1 252 2p° 1D, — 25°2p 3d 3 F, 60 44 9.8 4
1471.83 S1 352 3p* 1Dy — 8823p34s 3Py 71 49 20 4
1472.23 Ci1 252 2p° 1Dy — 25°2p 4s 3Py 115 73 27 4
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Table 1—Continued

Aobs Line Transition L? gg L fgﬁ L? gask Ref.
A mW (sr m? A)_l
1472.97 S1 3523p* 3Py, — 3523p33d 5 Dy 563 361 212 4
1473.24 Cr1 22202 18y — 25°2p 9d ' Py 85 61 33 4
1473.99 S1 3523p* 3Py,  — 3523p34s 3Dy 430 305 187 4
1474.38 S1 323t 3Py, — 3523p3 s 3D, 239 173 63 4
147458 S1 329" 3P, — 329 4s 3D, 130 91 20 4
1474.75 C1 282202 1Sy — 25°2p 9d 3D, 7 516) 16 4
1476.77 74 51 4
147724 Nim 349 2Dssy  — 9d%4p *Fs)s 81 60 48 4
1477.84 Fevil/2  3d4p 3Py — 3d4d *P 825 5
[1480.06 Fevir 3d4p ' Fy — 3d4d Gy )
11480.22  Arvir/2  2p°4d 2Dsj — 2p%5p 2Ps)o *3630 3
[1481.00 Ct 222215, 2829p8d 3P, 4
148112 C1 2222 18, — 2822p 8d ' P, 101 69 39 4
1481.45 C1 282202 1Sy — 25°2p 9s ' Py 78 56 4 4
[1481.68 ST1 3s23p* 3P, — 3523p33d 5D, 4
1481.62 Feviy/2  3djp Dy — 3d4d 3F, 5
11481.76  C1 2820 1Dy — 25°2p 3d ' D, 407 297 4
(1482.36 Fevil/2  3djp P, — 3d4d P, 361 5
1148239 Nin 3d9 2Dy — 3d5/p 2Py 82 56 4
148272 C1 920218, — 222p 843D, 79 58 33 4
1483.04 S1 323p* 3P, — 3523p34s 3D, 272 193 131 4
148323 S1 329" 3P, 329 4s 3D, 153 107 50 4
1485.62 S1 323t 3Py — 3523p33d 5D 249 133 36 4
1486.53 N1v 25218, — 2s2p 3P, 148 79 0
1487.15 S1 3s23p* 3Py — 35°3p34s 3D 227 124 4
1480.82 S1v/2  329p 2Py - 35352 2Py 1
11492.58 C1 22202 18, — 25°2p 7d 3Py 118 129 4
11492.63 N1 25°2p° 2Dy 5 — 25°2p* 3s Py 4
1492.74 C1 2820p* 1Sy — 2s*2p 7d ' Py 152 143 4
11492.82 N1 25°2p® 2Dy o — 25°2p*3s 2Py )9 4
[1493.96  FeTr 347 2Gry  — 3d%4p G 4
11493.98 Ni1/2 2820 1Dy — 25°2p 3s 1Py 1
149453 C1 282002 1S, — 222 7d 3D, 115 118 4
1496.80 S1v/2  823p 2Py — 95352 2Py 1
1500.44 S1v/2 85°3p 2P3jy — 35 3p* 2Py)o 1
1500.44 NiTr 349 2Dy, — 9d%4p D 4
1510.86 Nin 3d9 2Dy — 3d34p 2Fs)s 221 4
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Table 1—Continued

Aobs Line Transition L? fsg L? %lﬁ L? esask Ref.
A mW (sr m? A)~!

[1510.98 C1 282002 1S, — 2822p 6d 1 P, 4
1517.36 OVv/2 2s2p 3P, — 2p* 3P, 1
151886 Ov/2  2s2p %P, - 2p° 3P, |
152042 Ov/2 2s2p3P; - 2p* 3P, 1
1520.86 OV/2 2s2p 3P, — 2p% 3P, 1
1523.26  Si1 352 3p% 3Py — 3s23p 26d 3Ds 4

{1523.37 Fe1n 3d7 4F9/2 — 3d%4p 2H11/2 140 4
1523.98 OV/2  2s2p %P, - 2p° 3P, 1
1524.72  Sit I3 3Py — 9529p 22d PPy 4 135 4
1524.83 Si1 3523p% 3P, — 38*3p 17d 3P0,1 135 4
1526.71 Sin 552 3p 2Py jo — 35°4s 219 767 4
1527.35 SiI 3523p* 3Py — 35°3p 15d * Py 5 165 4
1528.28 SiI 3523p% 3Py — 3s°3p 17d 3P, 137 4

{1528.36 Sil 3523p% 3Py — 3823p 17d 3Ds 4
152872 NI/2  2522p 2Py — 252p% 2 1
1529.46  SiT 323p% 3Py — 3523p 16d ® Py 5 149 4
1530.30 Ni1v/2 2¢ 1S, —~ 2s2p 1Py *276 1
1530.88 SiI 3523p% 3Py — 3s°3p 15d 3P, 161 4

{1530.93 Sil 352 3p% 3Py — 3823p 15d 3Dy 4
1531.60  Si1 3292 3P, — 3823p 17d 3 D, 142 4
1532.45 Si1 3523p? 3Py — 35*3p 14d 3P, 160 4
1532.63 Si1 3523p® 3Py — 3s23p 20d ' F 166 4
1533.41  Sir 3292 3P, — 3823p 14s ' P, 4

{1533.43 Sin 35%3p 2P3/2 — 35%4s 251/2 696 4
1534.11 Sir 353p? 3P, — 3s*3p 12d 3D, 184 4

{1534.18 Sil 3523p% 3P, — 38?3p 15d 3D, 4
1534.71 Si1 3523p% 3Py, — 3s*3p 13d 3P2,3 185 4
1537.01 Sir 32 3p* 3P, — 38*3p 11d 3P071 171 4
1537.29 SiI 352 3p% 3Py — 3s23p 12d 3P, 178 4
1537.47 Sit 3523p? 3Py — 35*3p 12d 3Dy 4
1537.52 SiI 3523p 3P, — 38*8p11d 3D, 191 4
1537.62 Si1 352 3p% 3Py — 3s*3p 15d 1 Fy 4
1537.94 Si1 352 3p% 3Py — 3s23p 12d 3 Fy 188 4
1538.79 172 4
1539.54  Si 32902 3P, — 3523p 14d 3D, 4
1539.70 Si1 352 3p® 3Py — 3s*3p 14d 1 Fy 158 4

[1540.71 Si1 32992 3P, — 3523p 12d 3 D, 1206 4
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Table 1—Continued

Aobs Line Transition LPgs LG L7 Ref.
A mW (sr m? A)~!

[1540.78  Si1 329p2 3P, — 323p11d 3P, 4
1540.85 Newviir/2 15*2s 23’1/2 ~ 15*2p 2P3/2 *479 1
1541.20 Si1 38232 3P, — 35°3p 125 3P, 205 4

{1541.32 Sil 3523p* 3P, — 35°3p 13d ' Iy 4
1541.52 Ci1 2822p* 1Sy — 25%2p 5d 3Py 190 4

{1541.57 Si1 3292 3P, — 3523p 10d P, 4
1542.18 Ci1 282202 1Sy — 2s*2p 5d TPy 262 4
1542.43  Si1 3523p* 3Py, — 35°3p 13d ' D, 170 4
1543.72  Si1 3523p* 3P, — 35°3p 11d 3D, 190 4
1543.96 C1 2s°2p* 1Sy — 25*2p 6s ' Py 185 4
1544.18 Si1 352 3p* 3Py — 35°3p 12d 3D, 164 4

1544.59 Si1 3523p 3P, — 35°3p 12d ' Fy 241 4

11544.67 Sit 3523p 3Py — 35°3p 125 3P, 4
154476 N1m/2  252p% “Psj — 2p° 1S3 1

[1545.06 SiI 3523p* 3Py, — 35°3p 10d 3Py 215 4
1545.16  Sir 3232 3P, — 3823p 11d ' Dy 4

11545.25 C1 222 1Sy — 25°2p 5d 3Dy 4

[1545.58  SiT 3232 3P, — 3523p 10d * Dy 244 4
1545.61  Sir 3292 3Py — 3523p 9d 3P, 4

11545.75  SiI 323p? 3Py — 3523p 10d 3P, 4

[1546.59 SiI 3523p* 3Py, — 35°3p 10d 3 Fy 4

1546.67  Sit 3232 3P, — 9523p 9d *D; 198 4
1547.13 Si1 3232 3P, — 35°3p 115 3P, 168 4
1547.36  SiI 3523p* 3P, — 35°3p 9d 3P071 222 4
154821 C1v 2528, 2p %Py 1449 4
1548.72  Si1 3s23p? 3P — 3s*3p 10d 3 D, 328 4
1549.02 Ov/2  2s2p P, — 22 1S, 1
1550.26 Fer 347 4 Fy;y  — 3d54p *Fy) 282 4
1550.77  C1v 2521, — 2p %Py 889 4
1551.24  Si 3232 3P, — 3823p 9d 3P, 285 4
1551.86  Si 3292 3P, — 323p 9d ® Dy 331 4
1552.21  Si1 352 3p* 3Py, — 35°3p 10d ' Fy 280 4

(1552.81 Fenl 3d%4s 1Dy p — 3d°4s 4p Dy ) 4

11552.96 Sirt 3523p* 3Py — 35°3p 9d ' P, 216 4
1553.37 Si1 323p? 3Py — 35°3p10s ' Py 210 4

[1554.64 Car1 3d 2D5/2 — 5f2F7/2 243 4

11554.70  Sit 323p? 3P, — 85*°3p 9d 3D, 4
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Table 1—Continued

Aobs Line Transition L? fsg L? eélllfl L? ‘é“sk Ref.
A mW (sr m? A)~?
1555.51 SiI 352 3p* 3Py — 35*3p8d 3D 4
{1555.66 Sil 32 3p? 3P, — 35*3p8d 3P, 231 4
1556.04 Si1t 3523p? 3Py — 35*3p 9d 3 F, 4
{1556.16 Sil 323 3P, — 3823p 8d 3P, 265 4
1556.54  SiI 323p? 3P, — 3s3p® 1Dy 265 4
1558.24  SiI 3523p? 3Py — 35°3p 9d 3D, 264 4
1558.45 SiI 3523p* 3P, — 3823p 9d ' D, 353 4
{1558.55 Fel 347 1Py, — 3dJp * Dy 4
1558.68 Ferl 347 *Fyy  — 3d%4p ® Dy 17 4
1559.08 Ferr 347 Yy, 3d%4p *Fy 655 4
[1559.36 SiI 352 3p% 3Py — 3s°3p 9d ' Fy 335 4
1559.49 4
(1550.64 O1v/2 25292 2Dsyjn — 2% *Dayy 1
155081 O1v/2 25292 Dsjp — 25° 2Ds o 1
(1550.99 O1v/2 2529 2Dy — 25° 2Ds o 1
11560.07 Sirt 3523p? 3Py, — 3523p8d 3P, 368 4
1560.31 Ci1 2522p* 3Py — 25 2p% 3Dy 1045 4
[1560.68 Nevil/2 1s*°2s %Sy, — 1s*2p 2Py o *9297 1
11560.68 Cr1 2s22p2 3P, — 252p° 3Dy 4
11560.93 SiI 353p? 3Py — 35°3p 8d 3D, 396 4
156106 Ferr 547 *Fy;,  — 3d%4p *Grjo 4
1561.34 Ci1 25 2p% 3P, — 2822p° 3D372’1 1258 4
1561.82 SiI 32 3p* 3P, — 3s23p 8d 3D, 263 4
1562.00 SiI 352 3p* 3Py — 3s°3p 9d ' D, 305 4
1562.29 Si1 3523 3P, — 3523p 10s 3P, 280 4
1563.33  Si1 3232 3P, — 329p8d ' Fy 324 4
1563.79  Fetr 347 A Fry  — 3d54p *Fy s 647 1
1564.61 Si1 3523p2 3P, — 38°3p 8d 3F, 4
{1564.68 MgVIl/2  25°2p %P3y — 25 2p* * Py 0
1565.31 SiI 3s23p? 3Py — 35°3p 9s ' P, 306 4
{1565.38 Si1 3523p? 3Py — 35*3p 8d 3D, 4
1566.82  Ferr 347 oy — 3d%4p Gy 540 4
1567.73 SiI 382 3p* 3P, — 3523p 95 3P, 305 4
1568.02 Ferr 347 Fyy  — 3d%4p Py 415 4
1568.20 Si1 3232 3P, — 3823p 7d 3P, 361 4
1568.62 Si1 3523p? 3Py — 3s*3p 7d 3D, 299 4
1569.32  SiI 3523p% 3Py — 35°3p 8d 3 F4 335 4
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Aobs Line Transition L? %”S“ L? egﬁ L? esask Ref.
A mW (st m? A)_l
1569.67 Felr 3d" 4Fg/2 — 3d%4p 4G11/2 525 4
1570.24 Fer1r 3d" *Fs;p = 3d54p *F5 581 4
1570.52 Sir 3s23p? 3P, — 3s°3p 7d 3D, 274 4
157114 Ferr  3d7*Fry  — 3d%4p 4Gy 383 4
1571.32 SiI 35232 3Py,  — 353p 9s 3 P, 4
157141 Si1 3232 3P, — 323p7d °D, 387 4
1571.80 Si1 323 3P, — 3823p7d *P, 347 4
1572.72 SiI 35232 3Py — 35°3p 9s 3Py 466 4
[1572.98 Sv/2 35218, — 3s3p 1P, *174 1
1573.00 Feur  3d%4s *Dsjn — 3d%4p *Ps s 4
1573.63 Si1 3523p? 3Py — 35*3p 7d 3 P, 428 4
[1573.88 SiI 3523p2 3Py  — 35*3p 7d 3Dy 603 4
1574.04 Feu  3d7 2Hyy — 3d%4p Gop 4
[1574.81 SiI 3523p? 3P, — 35*3p 9s 3P, 785 4
157492 Ferr  3d7 'Fy, - 3d%4p 'Fy) 785 4
[1574.99 Sx/2  25*2p° 453/2 — 252 2p% 2Py 5
11575.11  Sirt 35232 3Py — 3s*3p 7d ' Py 582 4
1575.46  O1v/2 25°2p 2Pyjy — 25 2p* 2Dy *296 1
1576.83  Si1 3232 3Py — 35°3p 7d ' Fy 396 4
[1577.04 Si1 35232 3P, — 3s*3p 7d ' Py 4
157717 Feu  8d7 ‘Fyy - 3d%4p Fyp 477 4
157848 Sit 92392 3P, — 3823 7d 3D, 402 4
(1580.30 Sit 322 3P, 389p 7d *F, 4
11580.40 O1v/2 25*2p 2P3/2 — 25 2p? 2D5/2 *526 1
1580.63 Ferr  3d7 Py, - 3d5)p *Gaso 2782 4
1581.27 Feur 847 Fsn  — 3d%p 4G 481 4
[1584.29 4
11584.35 Sirt 35232 3Py,  — 35%3p 7d 3 Iy 469 4
1584.95 Fe11 3d" 4F5/2 — 3d%4p 4G7/2 625 4
(1585.99 Fenr  3d7 2Dy — 3d4p 2Dy 492 4
11586.14  Sit 323p* 3P, — 35°3p6d 3P, 4
1588.29 Fe1r 3d" 4F3/2 — 3d%4p 4G5/2 891 4
1588.65 522 4
1590.10 529 4
1592.42 SiI 352 3p? 3Py — 35*3p 6d 3Py 619 4
159332 O1/2  2822p° 2Py — 25 2p" 2Ds)s 1
1594.57 Si1 3523p? 3Py,  — 35*3p 6d 3Dy 687 4
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Aobs Line Transition L? gg L? félllfl L? gask Ref.
A mW (sr m? A)~!
1594.95 Si1 3523p* 3Py  — 38°3p 6d 3P, 638 4
1595.76  Si1 3523p? 3Py  — 35°3p6d ' P, 606 4
1597.96 Si1 323p? 3Py — 35*3p 6d ' Fy 592 4
1602.21 Ferr 847 4Fy  — 3d%4p 2Fs 716 4
1602.58 Fe11 3d64p 6F11/2 — 3d%5d 6G13/2 826 4
1602.97 C1 2822p% 1Sy — 28°2p 4d ' Py 848 4
1605.32 Feir  3d7 Gy, — 3d%4p 2Fy) 712 4
1605.84 Si1 323p? 3P, — 35*3p 6d 3 F, 705 4
1606.96 C1 282202 1Sy — 2829 5s 1Py 745 4
1608.43 C1 28220 1Sy — 2s%2p 4d 3D, 4
1608.46 Feir  8d%4s ®Dgjp — 3d%4p ® Py )y 1092 4
1610.93 Fe1n 3d7 4F9/2 - 3d64p 409/2 4
1611.20 Feur  3d%4s ®Dgjp — 3d°4p *Fr) 4




