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ABSTRACT

We release fully reduced spectra obtained with NIRSpec onboard JWST as part of the GLASS-JWST Early Release Science Program
and a follow-up Director’s Discretionary Time program 2756. From these 263 spectra of 245 unique sources, acquired with low
(R = 30–300) and high dispersion (R ∼ 2700) gratings, we derive redshifts for 200 unique sources in the redshift range z = 0–10. We
describe the sample selection and characterize its high completeness as a function of redshift and apparent magnitude. Comparison
with independent estimates based on different methods and instruments shows that the redshifts are accurate, with 80% differing less
than 0.005. We stack the GLASS-JWST spectra to produce the first high-resolution (R ∼ 2700) JWST spectral template extending
in the rest frame wavelength from 2000 Å to 20 000 Å. Catalogs, reduced spectra, and template are made publicly available to the
community.
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1. Introduction

The commissioning of the Near InfraRed Spectrograph (NIR-
Spec, Jakobsen et al. 2022) aboard the James Webb Space
Telescope (JWST, Gardner et al. 2023) heralds a new era in
our quest to explore the cosmos at near-infrared (NIR) wave-
lengths. With its operational range spanning from 0.6 to 5.3 µm,
NIRSpec is redefining our understanding of the Universe’s ori-
gins, evolution, and composition. NIRSpec’s capabilities are as
diverse as they are powerful, offering astronomers the ability
to capture spectra across a wide range of wavelengths with
exceptional resolution and sensitivity. Equipped with three dis-
tinct spectral resolutions – a low-dispersion prism (R = 30–300)
and medium- (R ∼ 1000) and high-resolution (R ∼ 2700) grat-
ings – NIRSpec provides an unprecedented opportunity to study
celestial objects with unparalleled precision.

Central to NIRSpec’s groundbreaking capabilities is its inno-
vative Micro-Shutter Assembly (MSA), which enables multi-
object spectroscopy of many tens of objects simultaneously
within a field of view of 3.6′ × 3.4′ (Ferruit et al. 2022). This
revolutionary feature empowers astronomers to conduct surveys
with incomparable efficiency, assembling statistical samples of
sources.

Recent observations with NIRSpec have already demon-
strated its transformative potential, first by securing the spectro-
scopic redshift of extremely distant sources (e.g., Curtis-Lake
et al. 2023; Bunker et al. 2023; Roberts-Borsani et al. 2023,
2024; Arrabal Haro et al. 2023a,b; Williams et al. 2023;
Castellano et al. 2024; Wang et al. 2023; Carniani et al. 2024)
either by the presence of previously inaccessible optical rest
⋆ Corresponding author; sara.mascia@inaf.it

frame emission (e.g., Bunker et al. 2023; Williams et al. 2023;
Arrabal Haro et al. 2023b; Zavala et al. 2024) or by the solid
detection of the Lyman break in the continuum (e.g., Curtis-Lake
et al. 2023; Roberts-Borsani et al. 2023; Arrabal Haro et al.
2023a). Additionally, the ability to detect multiple emission lines
from these distant galaxies has provided invaluable insights into
their physical properties and evolutionary histories by allow-
ing us to determine the conditions of the interstellar medium
such as metallicity (e.g., Sanders et al. 2024; Harikane et al.
2024; Stiavelli et al. 2023; Jones et al. 2023; Curti et al. 2023;
Nakajima et al. 2023), electron temperature (e.g., Tang et al.
2023; Laseter et al. 2024), ionization parameters (e.g., Cameron
et al. 2023; Reddy et al. 2023), and density (e.g., Isobe et al.
2023; Boyett et al. 2024). Moreover, NIRSpec observations have
been crucial in distinguishing between active galactic nuclei
(AGN) and star formation activities within galaxies (e.g., Bunker
et al. 2023; Castellano et al. 2024; Chisholm et al. 2024), and
in constraining the AGN contribution to galaxy evolution (e.g.,
Maiolino et al. 2024; Larson et al. 2023). The role of NIR-
Spec in studying the re-ionization era has also been significant,
providing new insights into the sources and processes driving
cosmic re-ionization (e.g., Witstok et al. 2024; Saxena et al.
2024; Napolitano et al. 2024).

The JWST Early Release Science Program (ERS), exempli-
fied by the GLASS-JWST ERS program (PID 1324, PI Treu;
Treu et al. 2022), was designed to expedite scientific progress
by providing early access to datasets that enable groundbreaking
investigations. Leveraging the power of NIRSpec in combina-
tion with the other JWST instruments NIRCam and NIRISS,
the GLASS-JWST ERS program has obtained deep observa-
tions of galaxies in the Hubble Frontier Field (HFF) cluster,
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Abell 2744 (A2744). By combining JWST’s capabilities with
gravitational lensing magnification (Bergamini et al. 2023), this
program produced breakthrough discoveries across a broad spec-
trum of extragalactic and high-redshift astronomical research.
These include identifying high-redshift sources (e.g., Castellano
et al. 2022, 2023; Roberts-Borsani et al. 2022; Morishita et al.
2023), examining their morphology (e.g., Yang et al. 2022; Treu
et al. 2023), ionizing properties (e.g., Boyett et al. 2022; Jones
et al. 2023; Mascia et al. 2023; Prieto-Lyon et al. 2023; Roy
et al. 2023; Nanayakkara et al. 2023), and exploring the gen-
eral properties (e.g., Wang et al. 2022; Leethochawalit et al.
2023; Santini et al. 2023; Glazebrook et al. 2023; Dressler
et al. 2023) of different galaxy populations across various red-
shift ranges. Additionally, it has facilitated the characterization
of intermediate- and low-redshift sources (e.g., Vanzella et al.
2022; Marchesini et al. 2023; Jacobs et al. 2023; Vulcani et al.
2023; Chen et al. 2022; Nonino et al. 2023), and the discovery
of distant supernovae (Chen et al. 2022).

To complement the GLASS-JWST ERS program, the JWST
Director’s Discretionary Time (DDT) program (PID 2756, PI. W.
Chen; Roberts-Borsani et al. 2023) on A2744 also contributed to
the comprehensive exploration of the early Universe’s properties
and evolution.

In this work, we present the release of 263 spectra from the
GLASS-JWST and the JWST-DD-2756 programs. This dataset
represents a treasure trove of information, offering unprece-
dented insights into the spectral characteristics of high-redshift
sources and their evolution over cosmic time.

The paper is organized as follows: in Sect. 2, we charac-
terize the sample selection, acquisition, reduction, and redshift
estimation; in Sect. 3, we present the general properties of the
sources; in Sect. 4, we show the first JWST high-resolution
spectral template of high-redshift galaxies and its general charac-
teristics. Finally, in Sect. 5, we summarize our key conclusions.
Throughout this work, we assume a flat Λ cold dark matter cos-
mology with H0 = 67.7 km s−1 Mpc−1 and Ωm = 0.307 (Planck
Collaboration VI 2020) and the Chabrier (2003) initial mass
function. All magnitudes are expressed in the AB system (Oke
& Gunn 1983).

2. Data

2.1. Sample selection

NIRSpec target selection for the GLASS-JWST ERS program
has been described in detail by Treu et al. (2022). Here, we pro-
vide an updated account of the observed sources within various
redshift ranges and populations outlined in the aforementioned
survey paper. We managed to place in the MSA the following
targets:

– z > 5 spectroscopically confirmed galaxies (6)
– z > 5 extremely high Spitzer/IRAC-inferred EW(H³) and

EW([O III]) galaxies (2)
– 1 < z < 2 spectroscopically selected emission line galaxies

from GLASS (17)
– 1 < z < 5 spectroscopically confirmed galaxies (10)
– z > 6 photometrically selected galaxies, including a z ∼ 8

protocluster (7)
– 5 < z < 6 photometrically selected galaxies (4)
– 3 < z < 5 photometrically selected galaxies inside the HFF

WFC3 footprint (21)
– z > 3 photometrically selected galaxies outside the HFF

WFC3 footprint (13)
– 1.7 < z < 4 expected continuum sources from HFF imaging

and GLASS spectroscopy (2)

– 53 photometrically selected sources at lower redshift, as well
as those located outside of the WFC3-IR coverage but within
the ACS footprint, as fillers

– four compact sources or alignment stars
– 13 serendipitously selected sources (BCG galaxies, candi-

date star clusters, passive galaxies, and supernovae).
In total, our observations within the GLASS-JWST program
encompassed a diverse sample of 152 sources across a range
of redshifts and a variety of galaxy populations. NIRSpec target
selection for the DDT program was based on NIRCam photo-
metric calalogs, prioritizing high-redshift galaxy candidates as
“fillers” to the supernova spectrum (Roberts-Borsani et al. 2023).

Following the selection for the GLASS-JWST ERS MSA
configuration, we selected 111 sources in total, chosen to be:

– z > 5 spectroscopically confirmed galaxies (4)
– z > 5 extremely high Spitzer/IRAC-inferred EW(H³) and

EW([O III]) galaxies (1)
– 1 < z < 2 spectroscopically selected emission line galaxies

from GLASS (1)
– 1 < z < 5 spectroscopically confirmed galaxies (12)
– z > 6 photometrically selected galaxies, including a z ∼ 8

protocluster (5)
– 5 < z < 6 photometrically selected galaxies (3)
– 3 < z < 5 photometrically selected galaxies (18)
– z > 3 photometrically selected galaxies outside the HFF

WFC3 footprint (32)
– four compact sources or alignment stars
– 31 peculiar objects at different redshifts
– 31 serendipitously selected sources.

The spatial distribution of the selected sources, color-coded by
their respective programs, can be visualized in Fig. 1.

2.2. Data acquisition

Spectra were acquired through NIRSpec MSA observations in
two distinct programs: the GLASS-JWST ERS program and the
JWST DDT program PID 2756. In the GLASS-JWST observa-
tions, conducted on November 10, 2022, three spectral configu-
rations (G140H/F100LP, G235H/F170LP, and G395H/F290LP)
were employed, covering a wavelength range from 1 to 5.14
µm with a spectral resolution of approximately 2000–3000
(Jakobsen et al. 2022). An NRSIRS2 readout pattern was
adopted. Each NIRSpec band was given 20 Groups, one inte-
gration, and two exposures. The choice was in part motivated by
the need to observe NIRCam in parallel with seven bands (Treu
et al. 2022). Each dither or nod point takes 1473.5 seconds; with
three nods, two sub-shutter dithers, and two separate exposures,
the total time per band is 1473.5 seconds times 12, or 4.9 hours.

On October 23, 2022, the DDT NIRSpec observations were
conducted using the CLEAR filter+PRISM configuration, which
provided continuous wavelength coverage from 0.6 to 5.3 µm at
a spectral resolution of approximately 30–300 (Jakobsen et al.
2022). An NRS readout pattern was adopted, with 17 Groups
and one integration. Each dither or nod point takes 741 seconds;
with three nods, and two separate exposures, the total exposure
time per MSA configuration is 2222s. Some objects are observed
in both MSA configurations, resulting in an on-source exposure
time for these observations of 1.23 hours.

2.3. Data reduction

The data reduction was carried out using the official STScI
JWST pipeline (ver.1.8.2)1 for Level 1 data products, and the

1 https://github.com/spacetelescope/jwst
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Fig. 1. Spatial distribution of the 245 observed sources overlaid on the UNCOVER program (PID 2561, PI I. Labbé) image obtained with the
NIRCam filter F200W. The observed sources are color-coded based on their program: GLASS-JWST ERS sources are marked in red, and JWST
DDT sources (PID 2756) in green.

msaexp2 code for Level 2 and 3 data products, which is based
on the STScI pipeline but also includes additional correction
routines. In summary, we initially reduced the uncalibrated data
using the Detector1Pipeline routine and the latest set of
reference files (jwst_1023.pmap) to correct for detector-level
artifacts and convert them to count-rate images. Then, we applied
custom preprocessing routines from msaexp to remove residual
1/ f noise that is not corrected by the IRS2 readout, identify
and remove snowballs, and remove bias exposure by expo-
sure before running STScI routines from Spec2Pipeline for
the final 2D cutout images. To perform WCS registration, flat-
fielding, path-loss corrections, and flux calibration, these rou-
tines include AssignWcs, Extract2dStep, FlatFieldStep,
PathLossStep, and PhotomStep. Of note, our chosen refer-
ence files include an in-flight flux calibration, accounting for
NIRSpec’s better-than-expected throughput at blue wavelengths.

2 https://github.com/gbrammer/msaexp

Local background subtraction was performed using a three-
shutter nod pattern before the resulting images were drizzled
onto a common grid. We optimally extracted the spectra using
an inverse-variance weighted kernel, which was derived by sum-
ming the 2D spectrum along the dispersion axis and fitting the
signal along the spatial axis to a Gaussian profile. We visu-
ally inspected all kernels to make sure spurious events were
not included. As a result, the kernel extracts the 1D spec-
trum along the dispersion axis. The final step was to verify the
default wavelength calibration for the gratings, which is accurate
within 1 Å.

Examples of the final products from the data reduction pro-
cess are shown in Fig. 2, in which we present spectra of the same
source observed with both programs. As can be observed, the
prism can detect lines in addition to the continuum; however,
in order to spectrally resolve and split doublets, higher resolu-
tions are needed, such as those achieved with the GLASS-JWST
program.
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Fig. 2. Example of GLASS-JWST and JWST-DD-2756 spectra of the same source (MSA ID: 40202). Upper panel: 2D spectrum obtained with the
GLASS-JWST program (R ∼ 2700). Middle panel: 1D extracted spectra for both the GLASS-JWST program (in black) and the JWST-DD-2756
program (in red). Lower panel: 2D spectrum obtained with the JWST-DD-2756 program (R ∼ 100).

2.4. Redshift estimation, reliability flags, and confidence
levels

In most cases, the redshift of each spectrum was determined
through emission line measurements, without any prior knowl-
edge of photometric redshifts. For sources displaying multiple
distinct emission lines, identifying the [O III] and/or H³ emis-
sion lines was straightforward. Spectroscopic redshifts were
determined by comparing the observed emission lines with their
corresponding theoretical vacuum transitions. To establish the
transition wavelength for each spectral line, we applied a Gaus-
sian profile fitting. In the case of the H´ + [O III] emission lines,
we anticipated that they would all share the systemic redshift.
Consequently, we performed a collective fit for these lines and
utilized the Gaussian centroids to calculate the mean redshifts.
For objects featuring only a single emission line, we employed
spectral line fitting to determine the transition wavelength and
estimate a possible redshift. For this part of our analysis, we used
MPFIT3 (Markwardt 2009).

For all other sources, for which no obvious emission lines
were apparent, we fit for the redshift of the sources using msaexp
and assuming their photometric redshift with an uncertainty of
∆z ± 0.1.

The redshift values determined using this approach under-
went independent verification. Several authors conducted visual

3 http://purl.com/net/mpfit

inspections of the spectra, either for all of them or for a subsam-
ple, and consistently obtained the same results.

Redshift measurements are categorized as follows:
– Flag 4: Represents a secure redshift, with an estimated accu-

racy of above 99%, based on multiple spectral emission
features (119).

– Flag 3: Denotes a very reliable redshift, comparable in con-
fidence to Flag 4, and supported by a single clear spectral
emission feature (15).

– Flag 2: Signifies a fairly reliable redshift, with confidence
level just below that of Flags 3 and 4. It is supported by cross-
correlation results and photometric redshift data (8).

– Flag 1: Indicates no reliable spectroscopic redshift measure-
ment due to the lack of any emission line (51).

– Flag 14: Defines a spectrum with no emission lines; the
redshift estimate is based on fitting the continuum (70).

We utilized LiMe4 (Fernández et al. 2024) to compile the
line catalog for each source using the spectroscopic redshift
information. Ensuring reliability, we established a minimum
signal-to-noise ratio (S/N) threshold of five for line identifica-
tion, assuming a Gaussian profile. This approach was applied
to both the DDT and GLASS-JWST spectra, and illustrative
examples are presented in Figs. 3 and 4. The complete list
of all detected emission lines across all spectra is provided in
Table A.1.

4 https://lime-stable.readthedocs.io/en/latest/
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Fig. 3. Examples of GLASS-JWST spectra at different redshifts. A zoom into the spectra is shown around the region containing the most prominent
lines, according to the galaxy redshift. The redshift and reliability flag for each galaxy are indicated in each panel.

2.5. Comparison with independent measurements

Among the GLASS-JWST + JWST-DD-2756 targets with avail-
able redshift measurements, 96 (with repetitions) objects pre-
viously had their redshifts published in the literature (e.g.,
Roberts-Borsani et al. 2023; Morishita et al. 2023; Prieto-Lyon
et al. 2023; Mascia et al. 2023; Vulcani et al. 2023; Roy et al.
2023; Nakajima et al. 2023). These published redshift measure-
ments were derived from the same publicly available data, albeit
in some cases reduced based on earlier versions of the pipeline
and calibration files. When comparing with published values,
one needs to take into account these differences, as well dif-
ferences in measurement technique. For example, our redshift
estimation relies on emission line measurements, whereas others
use template fitting, which may result in minor discrepancies.

Moreover, some of the objects were also observed with other
instruments, such as VLT-MUSE (Richard et al. 2021).

We compared all published values to our measurements,
regardless of their quality.The results are shown in Fig. 5. The
distribution exhibits a sharp peak at zero, with approximately
80% of the measurements differing by less than 0.005. We cut
the x axis at ±0.05, noting that there are only three sources out-
side this range. These outliers were selected from the Richard
et al. (2021) catalog and are flagged as 14 (no emission lines) or
3 (one single clear spectral emission feature).

3. The final sample

There is a small overlap between the JWST-DD-2756 and the
GLASS-JWST catalogs, with a total of 18 sources appearing in
both datasets. Among these dual-listed sources, a detailed exam-
ination reveals that 12 sources have reliable redshift estimates
in both low- and high-resolution spectra. Three of the sources

A2, page 5 of 12
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Fig. 4. Examples of JWST-DD-2756 spectra at different redshifts. The redshift and reliability flag for each galaxy are indicated in each panel.
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Fig. 5. Comparison of redshift measurements between our study and
previously published values for the GLASS-JWST + JWST-DD-2756
targets.

Fig. 6. Redshift distribution of the final GLASS-JWST + JWST-DD-
2756 sample.
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have a reliable redshift estimate exclusively in the GLASS-JWST
data, two sources get a redshift solution solely in the JWST-DD-
2756 data, and one source did not yield any viable solution in
either catalog.

This analysis underscores the subtleties of redshift deter-
mination and highlights the importance of cross-referencing
multiple datasets to obtain comprehensive insights into the
properties of astronomical objects.

Figure 6 shows the redshift distribution of the final GLASS-
JWST + JWST-DD-2756 spectroscopic sample. In orange, yel-
low, green, and blue, the distributions for flags 2, 3, 4, and 14 are
shown, respectively. Overall, we have determined the redshift for
200 unique sources, with a median redshift of z = 2.61.

Fifty-one spectra lack redshift confirmation and were flagged
as 1. Of these targets, 37 were initially chosen with a photometric
redshift higher than 3, implying detectability through emission
lines. However, in the updated version of the photometric cata-
log (Merlin et al., in prep.), their redshifts are now below 0.5. For
these redshifts, we cannot detect the breaks as they fall outside
of the observed range, and sources are expected to have modest
emission lines, especially if they are not actively star-forming.
Therefore, the fact that we detect only featureless continua is
consistent with their low-redshift nature, but prevents us from
determining spectroscopic redshifts. In addition, eight sources
were initially selected from the MUSE catalog within the red-
shift range from 3 to 6. Among these, four have a confidence
level of 3 according to the Richard et al. (2021) catalog, suggest-
ing redshift determination based on multiple spectral features
or additional information on a high S/N emission line, while
the remaining four have a confidence level of 2, indicating that
their redshifts are derived from a single emission line without
supplementary data.

Out of the 51 spectra lacking redshift confirmation and
flagged as 1, five sources have a redshift determination in one of
the two programs. Only one source, observed in both programs,
does not exhibit any spectral features. Thus, in the end, there are
45 unique sources with no redshift estimate.

In Fig. 7, we illustrate the redshift distribution relative to the
F160W magnitude for both programs, alongside the complete-
ness in redshift and the F160W magnitude. Notably, a significant

portion of sources lacking redshift determination are photomet-
rically identified as low-redshift sources; hence, the absence of
spectral features. Conversely, we do not observe any discernible
trend between completeness and the F160W magnitude, even
though, as was expected, the faintest sources tend to lack redshift
determination.

4. Spectral stacking

In order to produce the first high-resolution JWST spectral
template of high-redshift galaxies, we stacked all the sources
from the GLASS-JWST program with spectra flagged as qual-
ity 3 or 4. In total, we used 74 sources, spanning redshifts
from 0.3 to 9.3. The median redshift of the stacked spectra
is 2.813.

The stacking was performed by first converting each spec-
trum to the rest-frame, using the spectroscopic redshift. The
rest-frame spectra were first normalized using the mean flux den-
sity value in the rest-frame wavelength range of 10 000 Å < λ <
11000 Å and the AB magnitude in the F160W filter. The spec-
tra were then resampled to a wavelength grid ranging from 0
to 27 000 Å, with a step size of 0.6 Å (the wavelength resolu-
tion obtained at a redshift of 3.3, which is the mean redshift
of sources in this selection). The errors on the stacked spectra
were calculated using bootstrapping: we randomly sampled and
stacked the same number of galaxies from the sample 500 times,
and the dispersion on fluxes thus obtained gives the errors
(Fig. 8).

5. Summary

This study presents the spectroscopic data release from the
GLASS-JWST and JWST-DD-2756 programs conducted on the
Abell2744 cluster field, derived from a comprehensive investi-
gation with the JWST’s NIRSpec employing different dispersion
gratings, with low (R = 30–300) and high dispersion (R ∼ 2700).
The objective is to address fundamental questions on the high-
redshift Universe such as the sources responsible for ionizing
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Fig. 8. Stacked spectrum derived from 74 sources identified with flags 3 and 4 from the GLASS-JWST program. These sources span redshifts
ranging from z ∼ 0 to z ∼ 9. Noise is shown in grey. The flux is color-coded based on the number of contributing sources.

A2, page 8 of 12



Mascia, S., et al.: A&A, 690, A2 (2024)

the universe and understanding the cycling of baryons through
galaxies, which are the key drivers of this investigation.

We examined a total of 263 targets, successfully achiev-
ing robust redshift determinations for 206 of them spanning a
range from z = 0 to z = 9.793, with a F160W AB magnitude
range from 19 to 30. Notable discoveries include the identifi-
cation of 16 galaxies at redshifts greater than 6. Approximately
80% of the targeted galaxies have been spectroscopically con-
firmed within the expected redshift range. The study’s success
can be attributed to the meticulous process of target selection,
utilizing spectrophotometric catalogs from our team and existing
literature on the A2744 cluster.

For all of the galaxies, we release the full 2D and 1D spec-
tra, the redshift and its quality flag, and the list of the detected
emission lines with an S/N higher than 5.

Additionally, we present the first high-resolution stacked
spectrum from JWST observations, spanning the rest-frame
range from 1200 to 20 000 Å, showcasing JWST’s capability to
capture signals from multiple optical and NIR emission lines in
star-forming galaxies.

In terms of scientific significance, the study underscores the
effectiveness of NIRSpec observations in achieving the goals set
forth by the GLASS-JWST ERS program. By prioritizing the
observation of rarer, high-redshift galaxies while also including
numerous lower-redshift galaxies, the study supports a com-
prehensive exploration of cosmic evolution from the epoch of
cosmic noon (z ∼ 2) to the era of reionization (z ≥ 5). The cat-
alog, spectra, and stacked spectrum, have been made publicly
available5 to facilitate the exploitation of this dataset.

Data availability

The public data release, available from the Mikulski Archive for
Space Telescopes6, includes the following components:
1. A catalog: this contains MSA ID, RA, and Dec coordinates,

the program, spectroscopic redshift, accuracy flag, and a list
of detected emission lines with an S/N higher than 5 for all
of the 263 detected sources. The complete list of emission
lines is presented in Table A.1.

2. Reduced and calibrated 1D and 2D spectra.
3. Spectral template of high-redshift galaxies: this is a single

FITS file containing extensions for flux, wave, and noise,
which represent flux, wavelength, and noise information
computed in the manner described in Sect. 4.
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Appendix A: Spectroscopic catalog

This appendix includes the list of the detected emission lines
(Table A.1).

Table A.1: Observed spectral emission lines for the GLASS-JWST and the JWST-DD-2756 spectra. Doublets are marked by (1), (2).

Ion Notation Rest-frame ¼ (Å)
Ly³ H1[1216] 1215.670
C IV C4[1548] 1548.187
He II He2[1640] 1640.391
O III] O3[1666] 1666.150
C III] C3[1909] 1908.734
Mg II Mg2[2803] 2803.531
[Ne V] Ne5[3426] 3425.881
H16 H1[3704] 3704.913
[O II] (1) O2[3727] 3727.100
[O II] (2) O2[3729] 3729.860
H12 H1[3750] 3751.224
H11 H1[3771] 3771.708
H10 H1[3798] 3798.982
H9 H1[3835] 3836.479
[Ne III] Ne3[3869] 3869.860
H8 H1[3889] 3890.158
Hϵ H1[3970] 3971.202
He I He1[4026] 4027.335
[S II] S2[4069] 4069.749
H¶ H1[4102] 4102.899
Hµ H1[4340] 4341.691
[O III] O3[4363] 4364.436
He I He1[4471] 4472.740
He II He2[4685] 4686.879
[Fe III] Fe3[4658] 4659.400
[Ar IV] (1) Ar4[4711] 4712.580
[Ar IV] (2) Ar4[4740] 4741.450
H´ H1[4861] 4862.691
He I He1[4922] 4923.305
[O III] (1) O3[4959] 4960.295
[O III] (2) O3[5007] 5008.240
[N II] N2[5755] 5755.000
He I He1[5876] 5877.243
[O I] O1[6300] 6302.046
[S III] S3[6312] 6313.810
H³ H1[6563] 6564.632
He I He1[6678] 6679.996
[S II] (1) S2[6716] 6718.295
[S II] (2) S2[6731] 6732.674
He I He1[7065] 7067.163
[Ar III] (1) Ar3[7136] 7137.760
[O II] (1) O2[7319] 7320.940
[O II] (2) O2[7330] 7331.680
[Ar III] (2) ]r3[7751] 7753.240
Pa20 H1[8392] 8394.703
Pa19 H1[8413] 8415.630
Pa18 H1[8438] 8440.274
Pa17 H1[8467] 8469.581
Pa16 H1[8502] 8504.819
Pa15 H1[8545] 8547.731
Pa14 H1[8598] 8600.754
Pa13 H1[8665] 8667.398
Pa12 H1[8750] 8752.876
Pa11 H1[8863] 8865.216
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Table A.1: continued.

Ion Notation Rest-frame ¼ (Å)
Pa10 H1[9015] 9017.384
[S III] (1) S3[9068] 9071.100
Pa9 H1[9229] 9231.546
[S III] (2) S3[9530] 9533.200
Paϵ H1[9546] 9548.588
Pa¶ H1[10049] 10052.123
He I He1[10830] 10833.306
Paµ H1[10938] 10941.082
[O I] O1[11287] 11287.000
Pa´ H1[12818] 12821.576
Fe II Fe2[16443] 16447.955
Pa³ H1[18751] 18756.096
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