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A B S T R A C T 

Broad absorption line (BAL) quasars are characterized by gas clouds that absorb flux at the wavelength of common quasar 
spectral features, although blueshifted by velocities that can exceed 0 . 1 c. BAL features are interesting as signatures of significant 
feedback, yet they can also compromise cosmological studies with quasars by distorting the shape of the most prominent quasar 
emission lines, impacting redshift accuracy and measurements of the matter density distribution traced by the Lyman α forest. 
We present a catalogue of BAL quasars disco v ered in the Dark Energy Spectroscopic Instrument (DESI) surv e y Early Data 
Release, which were observed as part of DESI Surv e y Validation, as well as the first two months of the main surv e y. We describe 
our method to automatically identify BAL quasars in DESI data, the quantities we measure for each BAL, and investigate the 
completeness and purity of this method with mock DESI observations. We mask the wavelengths of the BAL features and 

re-e v aluate each BAL quasar redshift, finding new redshifts which are 243 km s −1 smaller on average for the BAL quasar sample. 
These new, more accurate redshifts are important to obtain the best measurements of quasar clustering, especially at small scales. 
Finally, we present some spectra of rarer classes of BALs that illustrate the potential of DESI data to identify such populations 
for further study. 

K ey words: galaxies: acti ve – galaxies: nuclei – galaxies: quasars: absorption lines – galaxies: quasars: emission lines –

catalogues. 
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 I N T RO D U C T I O N  

uasars have been a valuable cosmological tool since the realization 
y Schmidt ( 1963 ) that they were outside the local Universe, and
herefore had the potential to probe early into cosmic history. In
he intervening decades, quasars have become a standard tool for 
osmology at redshifts abo v e z ∼ 1 . 5. At these redshifts, the space
ensity of luminous quasars is much higher than in the local Universe
e.g. Hopkins, Richards & Hernquist 2007 ). Their higher space 
ensity combined with their high luminosity make quasars a valuable 
robe of large-scale structure. 
The Sloan Digital Sk y Surv e y (SDSS; York et al. 2000 ) and

specially its extensions to SDSS-III (Eisenstein et al. 2011 ) and 
DSS-IV (Blanton et al. 2017 ) have targeted large numbers of
 E-mail: u1477296@umail.utah.edu 
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uasars to study their physical properties, their evolution, and 
se them as probes of large-scale structure. The SDSS-III Baryon 
scillation Spectroscopic Surv e y (BOSS; Dawson et al. 2013 ) and

ts SDSS-IV successor eBOSS (Dawson et al. 2016 ) measured the
aryon acoustic oscillation feature with quasars as point tracers of the
atter-density field (Neveux et al. 2020 ; Hou et al. 2021 ), through

tudies of the matter distribution in the Lyman α (Ly α) forest (Busca
t al. 2013 ; Bautista et al. 2017 ; de Sainte Agathe et al. 2019 ; du Mas
es Bourboux et al. 2020 ), and by cross-correlating quasars with Ly α
orest absorption (Font-Ribera et al. 2014 ; Blomqvist et al. 2019 ). 

A complication to these studies is that 10–30 per cent of quasars
xhibit BAL troughs (Foltz et al. 1990 ; Trump et al. 2006 ). The
AL class of quasars was first defined by Weymann et al. ( 1991 )
s quasars with troughs blueshifted by at least 3000 km s −1 and
bsorption velocity widths of at least 2000 km s −1 . BAL troughs
re most commonly observed associated with the prominent C IV 

mission line, although are also observed associated with many 
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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ther high-ionization features, such as Si IV and N V . Quasars
ith absorption associated with high-ionization features are dubbed
iBALs. Quasars more rarely exhibit absorption associated with

ower ionization features such as Mg II and Fe II , in which case they
re called LoBALs, and FeLoBALs when absorption from excited
tates of Fe II and Fe III are present (Hall et al. 2002 ; Trump et al.
006 ). 
BAL features are a complication for cosmological studies for two

easons. The first is that BAL features can significantly distort the
hape of the main emission features that are used to determine the
edshift of the quasar, such as the C IV emission line. This can
onfuse and bias algorithms that automatically determine quasar
edshifts for large surv e ys. Specifically, BAL troughs can to lead to
n o v erestimate of the quasar redshift because the absorption can
epress the blue wing of one or more spectral features. Secondly,
AL features may also be associated with many of the emission

eatures in the Ly α forest region used for cosmological studies.
ighly blueshifted BAL features associated with prominent lines

ike Ly α and N V , as well as weaker lines such as P V and S IV

Mas-Ribas & Mauland 2019 ), can produce absorption that is
ften indistinguishable from the neutral hydrogen absorption that
omprises the Ly α forest. 

These complications have made it critically important to identify
ALs for large-scale structure studies using quasars. With large
urv e ys such as SDSS and now DESI, the use of automated methods
o identify and classify BAL quasars is more important than ever.
eichard et al. ( 2003 ) were the first to use an automated method to

dentify BAL quasars in the SDSS early data, presenting 224 visually
onfirmed BAL quasars. The SDSS DR12 quasar catalogue contains
97 301 quasars, 29 580 of which exhibited BAL features (P ̂ aris
t al. 2017 ). This is 13 per cent of all quasars abo v e z = 1 . 57, as it is
nly abo v e this redshift that BAL features could be unambiguously
dentified on the blue side of the C IV emission line. Given the size of
hese quasar samples, subsequent quasar samples from SDSS DR14
P ̂ aris et al. 2018 ) and DR16 (Lyke et al. 2020 ) used a variety of
utomated algorithms, including machine-learning methods (Guo &
artini 2019 ). 
The Dark Energy Spectroscopic Instrument (DESI) surv e y plans

o measure about 2.8 million quasars, including o v er 800 000 at
 > 2 . 1 that will probe the Ly α forest (Chaussidon et al. 2023 ). This
urther increases the importance of developing automated methods
o identify BALs, quantify their impact on quasar redshift errors, and
urther study how to optimally include BAL quasars in cosmological
nalyses. This is important because BAL quasars had historically
een excluded from Ly α studies (e.g. Bautista et al. 2017 ; Bourboux
t al. 2020 ), which remo v es 10–15 per cent of the sample. Ennesser
t al. ( 2022 ) recently studied the impact of BALs on Ly α forest
tudies in detail and developed criteria to maintain the vast majority
f BAL quasars in Ly α cosmology measurements. They showed
hat after masking the expected locations of BAL features in the
y α forest continuum re gion, the y could obtain cosmological results

hat were consistent with non-BAL quasars. Including BALs after
asking absorption features produced a pronounced impro v ement

n the fractional errors in the correlation function both by increasing
he total number of sightlines with Ly α measurements and because
he BAL quasar spectra had on average higher signal-to-noise ratio
SNR). 

In this paper, we describe the algorithm that we plan to use
o identify BAL quasars in the DESI surv e y, as well as present
 catalogue of the BAL quasars from Early Data Release (EDR)
bservations and the first two months of main surv e y operations
M2). Section 2 has a description of the DESI observ ations, ho w we
NRAS 532, 3669–3681 (2024) 
dentify BALs, and how we add BALs to mock DESI data sets. In
ection 3 , we investigate the completeness and purity of the BAL

dentification algorithm with DESI mock data. We then present the
ESI EDR + M2 BAL catalogue in Section 4 . This section includes
 description of the catalogue data model as well as statistical
roperties of the BAL quasars. The catalogue contains information
bout individual BALs, including the locations of all of the absorption
roughs associated with C IV , as the velocity offsets of these troughs
re critical to masking the features that impact both redshifts and
he forest. We then study the impact of BAL features on quasar
edshift measurements in Section 5 . We quantify the difference in
edshifts with and without masking the BAL features, and present
ew redshifts for the BAL quasars based on our masking approach.
n Section 6 , we mention some unusual BALs and we conclude in
ection 7 with a summary of our main results. 

 DATA  

he BALs in this paper were disco v ered in observations during DESI
urv e y Validation (SV), which are described in DESI Collaboration
 2023a ), and the first two months of the main surv e y (M2). SV
xtended from 2020 December through 2021 mid-May and M2 from
021 mid-May to mid-July. The purposes of SV were to test the
ata quality, optimize target selection, and e x ercise the operational
nd analysis programs. The two specific periods of SV included here
re Target Selection Validation (also referred to as SV1) and the
ne-Percent Surv e y (also referred to as SV3). The SV observations

re publicly available as part of the DESI EDR, which is described
n DESI Collaboration ( 2023b ). In this section, we briefly present
ome background information about DESI observations, describe
ur procedure to identify BALs in these data, and finally describe
he mock data sets we use to verify our approach. We constructed
eparate BAL catalogues for SV1, SV3, and M2. Unless otherwise
pecified, we perform our analysis with the combination of all three
f these catalogues. 

.1 DESI obser v ations 

he goal of DESI is to study cosmic acceleration with a spectroscopic
urv e y of 40 million galaxies and quasars in just 5 yr (DESI
ollaboration 2016a ). The DESI Collaboration plans to use these data

o measure distances from the nearby Universe to beyond z > 3 . 5
ith the baryon acoustic oscillation method, as well as employ

edshift-space distortions to measure the growth of cosmic structures
nd test potential modifications to general relativity. The DESI
ollaboration is conducting this surv e y with a highly multiple x ed
bre-fed spectrograph at the Mayall 4 m telescope of the Kitt Peak
ational Observatory (DESI Collaboration 2022 ). This instrument
as a 3 deg diameter field of view that was designed to observe
000 targets in a single observation. The light from each target is
ed into one of 10 bench-mounted spectrographs that are located
n a climate-controlled room. Each of these spectrographs records
ight from 360 to 980 nm split among three distinct wavelength
hannels. The blue channel is especially important for the quasars
t z > 2 . 1 that are used to study the Ly α forest. This channel
xtends from 360 to 593 nm and ranges in resolution from about
000 − 3500. The neighbouring red channel co v ers 560 − 772 nm
ith a resolution of about 3500 − 4500 and the near-infrared channel

o v ers 747 − 980 nm with a resolution of about 4000 − 5000. More
etails of the instrumentation are described in DESI Collaboration
 2016b ) for the technical design, Silber et al. ( 2023 ) for the focal
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lane system, and Miller et al. ( 2023 ) for the optical corrector and
upport system. 

DESI target selection (Myers et al. 2023 ) includes both quasars at
 > 0 . 9 that are used as direct tracers of the dark matter distribution
nd z > 2 . 1 quasars that are used to trace the matter distribution in
he Ly α forest (Chaussidon et al. 2023 ). This selection is based on
ignificant imaging from the DESI Le gac y Imaging Surv e ys (Zou
t al. 2017 ; Dey et al. 2019 ). DESI observes 310 quasar targets per
eg 2 and successfully identifies more than 200 quasars per deg 2 , 
ncluding o v er 60 per deg 2 at z > 2 . 1 (Chaussidon et al. 2023 ). As
hey are lower surface density than other targets, the quasars are 
ssigned higher priority for fiber assignment during dark time than 
he other dark time targets (Luminous Red Galaxies and Emission 
ine Galaxies). Some fibres are devoted to standard stars for flux 
alibration and to empty regions to measure and subtract the spectrum 

f the night sky. DESI is able to achieve superb sky subtraction
nd flux calibration due to a combination of excellent stability and 
ophisticated data processing algorithms. One-dimensional spectral 
xtractions, redshifts, and spectral classifications are typically avail- 
ble the morning after the observations. Guy et al. ( 2023 ) describe
he DESI data processing pipeline in detail and Schlafly et al. ( 2023 )
escribe surv e y operations. The software for target selection, the 
pectroscopic pipeline, and surv e y operations is publicly available. 1 

The DESI collaboration constructs quasar catalogues from a 
ombination of three classification routines: Redrock 2 (Bailey et al., 
n preparation), QuasarNET (Busca & Balland 2018 ; F arr, F ont-
ibera & Pontzen 2020b ), and the Mg II afterburner. Redrock 
erforms a χ2 analysis as a function of redshift for a range of spectral
emplates developed by Brodzeller et al. ( 2023 ) to identify the best
edshift and spectral classification and correctly classifies the vast 
ajority of quasars (Alexander et al. 2023 ). Both QuasarNET and 

he Mg II afterburner are used to check quasar targets that were
ot classified as quasars by Redrock. QuasarNET is a machine 
earning algorithm that employs convolutional neural networks for 
oth classification and redshift estimation. The Mg II afterburner 
earches for broad Mg II emission at the best-fitting Redrock redshift
nd reclassifies the object as a quasar if Mg II emission is signifi-
ant, regardless of the spectral type initially provided by Redrock 
Chaussidon et al. 2022 ). Chaussidon et al. ( 2023 ) further describe
he quasar target selection procedure and Alexander et al. ( 2023 )
escribe the visual inspection process that we employed to quantify 
he performance of the redshift and classification algorithms. The 
uasar catalogues for SV1, SV3, and M2 include all objects classified 
s quasars by these algorithms. 

.2 BAL identification 

here are several methods used to quantify the strength of absorption 
roughs in the spectra of BAL quasars. The first, and in some
ense the strictest definition, is the Balnicity Index (BI) proposed 
y Weymann et al. ( 1991 ). This definition is especially useful for
haracterizing quasars that have strong, broad absorption from one 
r more continuous high column density clouds with a large velocity 
 > 3000 km s −1 ) relative to the quasar. The equation for BI is 

I = −
∫ 3000 

25000 

[
1 − f ( v) 

0 . 9 

]
C( v) dv . (1) 
 https:// github.com/ desihub 
 https:// github.com/ desihub/ redrock

a  

e  

i

i  
The term f ( v) is the normalized flux density of the quasar, which is
he observed quasar spectral energy distribution divided by a model 
t to the quasar that does not have BAL features. The integration
ariable v is the velocity displacement blueward of the line centroid,
hich is usually C IV . In some cases, BI is also calculated relative

o Si IV , Mg II , and other lines. C is a constant that is zero unless
he term [1 − f ( v) 

0 . 9 ] is greater than zero for more than 2000 km s −1 ,
n which case it is set to one. The result is that a trough will have a
I value greater than zero only after the quasar flux is more than 10
er cent below the estimated continuum flux for a contiguous span
f at least 2000 km s −1 . 
We estimate the error in BI for each BAL quasar classified using

he method introduced by Trump et al. ( 2006 ), although modified by
uo & Martini ( 2019 ) to include the uncertainty in the continuum
tting from principal component analysis (PCA). The equation used 
or the error in BI is 

2 
BI = −

∫ 3000 

25000 

( 

σ 2 
f ( v) + σ 2 

PCA 

(0 . 9) 2 

) 

C( v) dv , (2) 

here σ 2 
f ( v) is the variance in the normalized flux density and σ 2 

PCA 

s the variance of the PCA fit. 
Although BI is a robust estimator of absorption, it misses many

AL features because it starts 3000 km s −1 blueward of the line centre 
nd is insensitive to features that are narrower than 2000 km s −1 .
he absorption index (AI), introduced by Hall et al. ( 2002 ), is an
lternate estimator of the absorption strength. Unlike BI, the presence 
f absorption is e v aluated up to the line centroid. Additionally, C( v)
s set to one after the trough extends more than 450 km s −1 , rather
han 2000 km s −1 for BI. The equations for AI and the corresponding
ncertainty are 

I = −
∫ 0 

25000 

[
1 − f ( v) 

0 . 9 

]
C( v ) dv (3) 

nd 

2 
AI = −

∫ 0 

25000 

( 

σ 2 
f ( v) + σ 2 

PCA 

(0 . 9) 2 

) 

C( v) dv . (4) 

The AI criterion captures about 4 − 5 times more BALs than
he BI criterion, and most importantly it captures BAL features 
hat could compromise precise cosmological measurements. We 
herefore consider any object with AI > 0 to be a BAL quasar,
lthough we also calculate BI for comparison with previous work. 
urthermore, we only consider absorption from C IV to classify a
uasar as a BAL quasar. We consequently only search for BALs in
uasars where the observed spectra extend to 25 000 km s −1 blueward 
f the C IV line. We also require that the spectra extend redward of
 IV to at least 1633 Å in order to accurately fit the quasar spectra
ith PCA components, which ef fecti vely sets an upper limit in

edshift. Because of these two constraints, we only look for BALs
n quasar spectra between 1 . 57 < z < 5 . 0. This differs slightly from
he implementation used by Guo & Martini ( 2019 ) which searched
or absorption in the redshift range between 1.57 and 5.56. As we
nly conduct our search around the high ionization C IV line, all of
he BALs appear to be high-ionization BALs or HiBALs; ho we ver, as
e only search in this wavelength range we do not classify the BALs

nto categories such as HiB ALs, LoB ALs (low ionization BALs),
nd FeLoB ALs (LoB ALs with Fe emission; Hall et al. 2002 ; Trump
t al. 2006 ; Gibson et al. 2009 ). We briefly discuss the prospects for
dentifying other types of BALs in Section 6 . 

We calculate AI and BI, and other BAL-specific quantities (as 
n Table 1 ) with software in the baltools 3 repository. We refer
MNRAS 532, 3669–3681 (2024) 

https://github.com/desihub
https://github.com/desihub/redrock
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M

Table 1. Information about all of the BAL measurements included in the BAL catalogue. More information about the columns is in the DESI EDR documentation 
for this Value Added Catalog and Section 4.1 . 

DESI BAL catalogue columns 
Column Name Data type Description 

65 PCA COEFFS FLOAT[5] Coefficients on PCA eigenbasis for spectrum fit 
66 PCA CHI2 FLOAT Goodness of fit from PCA components 
67 BAL PROB FLOAT Likelihood of BAL (not populated in this catalogue) 
68 BI CIV FLOAT Equi v alent width of C IV absorption by Balnicity index definition [ km s −1 ] 
69 ERR BI CIV FLOAT Uncertainty in BI from C IV absorption [km s −1 ] 
70 NCIV 2000 INT32 Number of absorption troughs from C IV extending > 2000 km s −1 

71 VMIN CIV 2000 FLOAT[5] Minimum velocity of BI absorption troughs blueward of C IV [ km s −1 ] 
72 VMAX CIV 2000 FLOAT[5] Maximum velocity of BI absorption troughs blueward of C IV [ km s −1 ] 
73 POSMIN CIV 2000 FLOAT[5] Velocity displacement from C IV of normalized flux minimum for each AI absorption trough [ km s −1 ] 
74 FMIN CIV 2000 FLOAT[5] Value of normalized flux minimum for each BI absorption trough from C IV 

75 AI CIV FLOAT Equi v alent width of C IV absorption by absorption index definition [ km s −1 ] 
76 ERR AI CIV FLOAT Uncertainty in AI from C IV absorption [km s −1 ] 
77 NCIV 450 INT32 Number of absorption troughs from C IV extending > 450 km s −1 

78 VMIN CIV 450 FLOAT[17] Minimum velocity of AI absorption troughs blueward of C IV [ km s −1 ] 
79 VMAX CIV 450 FLOAT[17] Maximum velocity of AI absorption troughs blueward of C IV [ km s −1 ] 
80 POSMIN CIV 450 FLOAT[17] Velocity displacement from C IV of normalized flux minimum for each AI absorption trough [ km s −1 ] 
81 FMIN CIV 450 FLOAT[17] Value of normalized flux minimum for each AI absorption trough from C IV 

82 BI SIIV FLOAT Equi v alent width of SI IV absorption by Balnicity index definition [ km s −1 ] 
83 ERR BI SIIV FLOAT Uncertainty in BI from Si IV absorption [ km s −1 ] 
84 NSIIV 2000 INT32 Number of absorption troughs from Si IV extending > 2000 km s −1 

85 VMIN SIIV 2000 FLOAT[5] Minimum velocity of BI absorption troughs blueward of Si IV [ km s −1 ] 
86 VMAX SIIV 2000 FLOAT[5] Maximum velocity of BI absorption troughs blueward of Si IV [ km s −1 ] 
87 POSMIN SIIV 2000 FLOAT[5] Velocity displacement from Si IV of normalized flux minimum for each BI absorption trough [ km s −1 ] 
88 FMIN SIIV 2000 FLOAT[5] Value of normalized flux minimum for each BI absorption trough from Si IV 

89 AI SIIV FLOAT Equi v alent width of Si IV absorption by absorption index definition [ km s −1 ] 
90 ERR AI SIIV FLOAT Uncertainty in AI from Si IV absorption [km s −1 ] 
91 NSIIV 450 INT32 Number of absorption troughs from Si IV extending > 450 km s −1 

92 VMIN SIIV 450 FLOAT[17] Minimum velocity of AI absorption troughs blueward of Si IV [ km s −1 ] 
93 VMAX SIIV 450 FLOAT[17] Maximum velocity of AI absorption troughs blueward of Si IV [ km s −1 ] 
94 POSMIN SIIV 450 FLOAT[17] Velocity displacement from Si IV of normalized flux minimum for each AI absorption trough [ km s −1 ] 
95 FMIN SIIV 450 FLOAT[17] Value of normalized flux minimum for each AI absorption trough from Si IV 

96 BALMASK BYTE Bitmask specifying whether BAL information was e v aluated (see Section 4.1 ) 
103 SNR CIV DOUBLE SNR in region extending from the C IV emission feature to 25 000 km s −1 bluewards 
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o the code that identifies BALs and measures their properties as
he BALFINDER . The BALFINDER code was originally developed for
DSS and used a convolution neural network (CNN), as described

n Guo & Martini ( 2019 ). The implementation of the BALFINDER for
ESI does not use a CNN, and instead relies on PCA to fit spectra

or a given quasar from the five eigenspectra in Guo & Martini
 2019 ). This PCA fit to each spectrum is iterative, in that any regions
f the spectrum with BAL features according to equation ( 3 ) are
asked before the next iteration. This continues for 10 iterations of
tting and masking. Fig. 1 shows an example PCA fit for a DESI
uasar. 
The best-fitting PCA representation is used to estimate the quasar

ontinuum if no absorption were present, and is used to compute
he normalized flux density f ( v) in the equations for AI and BI.
ach quasar may have multiple troughs that satisfy the AI and/or BI
riteria, and we refer to the number of such troughs as N 450 and N 2000 ,
espectively. The code also records the minimum and maximum
elocity for each trough. The sum of the absorption troughs that
eet the AI and BI criteria are the AI and BI values for the quasar.
ll of these data are stored for each BAL quasar, as well as other
roperties such as the coefficients for each of the eigenspectra used
NRAS 532, 3669–3681 (2024) 

 https:// github.com/ paulmartini/ baltools 

o  

t  

c

n the PCA fits, the errors σAI and σBI , and the χ2 of the PCA fit. The
AL properties included in the catalogue are summarized in Table 1 .
In some rare cases the PCA fitting leads to misidentifications.

ased on our visual inspection of hundreds of BAL quasars, this
ccurs because the PCA components are unable to fit the full range
f quasar diversity. Approximately 15 per cent of objects identified
s BALs by the BALFINDER which have bad χ2 

PCA fits were not
nitially classified as quasars by Redrock, suggesting that these
bjects already have strange spectra, and were re-classified as quasars
y the afterburners discussed at the end of Section 2.1 . In any case,
hould the initial PCA fit be relatively poor, the BALFINDER may
ncorrectly identify and mask non-BAL regions, and this masking
ay compound the misclassification. Based on visual inspection, fits
ith χ2 

PCA > 10 are suspect. These high χ2 
PCA values are uncommon,

omprising only about 2 per cent of the entire BAL catalogue. The
2 
PCA quantity is in the BAL catalogue as ‘PCA CHI2’. 
The presence of high χ2 

PCA fits hint at a failure of the templates
iscussed in Section 2.3 to reproduce quasar spectral diversity. This
s one limitation of using mock spectra created using these PCA
emplates to estimate completeness and purity of the BAL quasar
ample as it is unclear whether these templates span the diversity
f BAL quasars observed by DESI. Section 2.3 further details
he creation of the mock spectra used to estimate the purity and
ompleteness of the BAL quasar sample. 

https://github.com/paulmartini/baltools
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Figure 1. Spectrum of a BAL quasar from early DESI data. The χ2 
P represents the goodness of fit of the PCA fit to the data with rms flux uncertainty. The 

dotted lines delimit multiple absorption troughs meeting the AI criterion, whereas the thicker dashed lines correspond to BI absorption. The values of AI and BI 
absorption are shown in the legend, along with their corresponding errors. These absorption definitions and their errors are in equations ( 1 )–( 4 ). 
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.3 Mock spectra 

e test our BAL identification method using a set of simulated or
ock quasar spectra. These mock spectra are generated with QUICK- 

UASARS , which is part of the DESI simulation package DESISIM 

4 

see also Herrera-Alcantar et al. 2023 ). The Q UICKQ UASARS code was
esigned to produce realistic DESI spectra in the DESI footprint with 
he same magnitude and redshift distribution as DESI quasars, as well
s add realistic instrument noise and astrophysical systematics, such 
s BAL features. For quasars at sufficiently high redshift, the mock 
pectra also include Ly α forest absorption, damped Ly α absorbers, 
ther high column density systems, and metal lines. The Ly α forest
bsorption is added with model transmission data generated with the 
YACOLORE code described by Farr et al. ( 2020a ). 5 

BALs are added into Q UICKQ UASARS with a series of empirical
AL templates developed by Niu ( 2020 ). The templates were 
eveloped from a subset of about 1500 BAL quasars from SDSS 

R14 catalogues during tests of a convolutional neural network 
AL classifier by Guo & Martini ( 2019 ). Each template consists
f the normalized absorption features as a function of velocity for
 C IV BAL detected in high SNR data after removal of the quasar
ontinuum variations. The complete set of templates were selected 
o have the same AI and BI distributions as the complete DR14 BAL
atalog. Each mock quasar has some probability of being a BAL (the
efault is 16 per cent) and if a quasar is a BAL, one of the templates
s randomly assigned to that quasar. The BAL absorption features are 
dded before the addition of noise or any Ly α and other absorption.
 https:// github.com/ desihub/ desisim 

 https:// github.com/ igmhub/ LyaCoLoRe 

p  

i  

s  

A

he BAL absorption is applied to other lines with the same absorption 
rofile as a function of velocity as the C IV emission line. For each
uasar that is assigned BAL absorption, Q UICKQ UASARS outputs a
able of the BAL properties including the BAL template ID, the BAL
edshift, and AI and BI v alues. We describe ho w we used these data
o test the performance of the BALFINDER in Section 3 . 

 COMPLETENESS  A N D  PURI TY  

he completeness and purity of BAL catalogues are important to 
 v aluate the impact of BALs on cosmological analysis. It is difficult
o reliably quantify the completeness and purity of BAL identification 
lgorithms on real BALs due to the challenge of constructing a useful
ruth catalogue. Two previous studies by Busca & Balland ( 2018 ) and
uo & Martini ( 2019 ) relied on human-classified BALs for truth in
rder to test the performance of their classifiers and estimate what
hey referred to as the pseudo-completeness and pseudo-purity. The 
hallenge of this approach is the reliability of human classification, 
hich may have biases towards specific classes of BALs, redshifts, 

nd/or SNR. In this paper, we instead quantify the performance with
he DESI mocks described in Section 2.3 that include simulated BAL
pectra in 16 per cent of the quasars. We compare the BALFINDER

utput with the truth catalogues to determine the completeness and 
urity based on the AI > 0 criterion. 
Table 2 contains estimates of the average completeness and purity 

f the AI > 0 BAL quasar sample. The average completeness and
urity for SV1, meant to be representative of the full DESI data,
s 56 per cent and 96 per cent respectively, with completeness being
lightly lower for the lower average SNR catalogues (SV3 and M2).
lthough relatively low completeness is not detrimental to cosmo- 
MNRAS 532, 3669–3681 (2024) 
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Table 2. Statistical properties and numerical characteristics of each of the BAL catalogues. AI > 0 and BI > 0 refer to the number of objects identified with at 
least one absorption trough for each definition. 

DESI BAL catalogue properties 
Catalog Total QSOs QSOs in z range AI > 0 AI % BI > 0 BI % avg(SNR CIV) Completeness Purity 

DESI SV1 37 903 21 486 4282 19.93 1001 4.66 4.41 0.56 0.96 
DESI SV3 50 993 28 641 5439 18.99 1338 4.67 3.99 0.51 0.97 
DESI-M2 280 485 159 772 20 264 12.68 5058 3.17 2.44 0.42 0.99 
All 369 381 209 899 29 985 14.29 7397 3.52 2.85 0.45 0.99 
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Figure 2. Completeness of the BALFINDER from LYACOLORE mocks as 
a function of SNR. The completeness is shown in bins of 0.5 up to 
SNR = 10. Relati vely fe w spectra hav e higher SNR, and abo v e this threshold 
the completeness asymptotes to 100 per cent. We use a simple, analytic 
approximation to the completeness versus SNR ( dotted line ) to determine the 
average completeness of quasar catalogues with different SNR distributions. 
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ogical studies of large-scale structure with quasars, we recognize
hat applications such as quasar population studies, stacking, and
ariability require high completeness and purity. Those who wish to
se this catalogue for such applications may find the BI > 0 cut to be
 more pure and complete sample, due to the more extreme absorption
egions. This work did not estimate the BI > 0 completeness and
urity using our mock spectra. Furthermore, masking objects with
ad χ2 

PCA fits (i.e. > 10) could also serve to further impro v e the purity
f the sample. 

.1 Purity 

he purity is defined as the number of true BAL quasars reco v ered
y the BALFINDER divided by the total number of BAL quasars
dentified by the BALFINDER . We use the AI criterion through-
ut, so that if the BALFINDER identifies any AI > 0 troughs, we
onsider this a BAL quasar. On average, we find that the purity
f the BALFINDER is a little under 50 per cent for mock quasars.
or comparison, Busca et al. ( 2013 ) measured a pseudo-purity of
7 per cent and Guo & Martini ( 2019 ) measured a pseudo-purity
f 40 per cent. The significant difference relative to Busca et al.
 2013 ) is because we use AI > 0 to define BALs, while they use a
ample based on visual inspection that is biased towards BALs with
tronger features. Our results are more similar to Guo & Martini
 2019 ) because they similarly used the AI > 0 threshold to identify
ALs. 
The 50 per cent pseudo-purity based on the mock spectra is not

ndicative of the purity we estimate for the BAL catalogue presented
n this work. This is because purity (and completeness) depend
eavily on SNR. By binning the SNR of simulated BAL quasar
pectra and e v aluating the purity of each bin, we fit a simple model,
imilar to that shown in Fig. 2 . We find that the purity is very nearly
00 per cent for SNR < 11, but decreases rapidly to 50 per cent for
NR > 14. Using an estimation for the SNR blueward of the C IV
eature (‘SNR CIV’ column in the catalogue, see Section 4.1 ), we
an then apply the purity function for each quasar to estimate the
xpected purity of the sample. From this, we estimate that the BAL
uasar sample as a whole has a purity of ∼ 99 per cent . This seems
easonable since the average ‘SNR CIV’ of the entire BAL sample
s ∼ 3. 

The decrease in purity for SNR > 11 is caused by the BALFINDER

lgorithm’s failure to fit PCA components to high SNR spectra. This
ntroduces a larger false-positive rate and drives down the purity.
o we ver, false positi ves are not a significant issue for cosmological

nalysis, as their main impact is that a small fraction of good
ata are thrown out, rather than the introduction of a source of
ontamination. This is also why we do not include a criterion based on
he significance of the AI measurement, as the number of additional,

asked pixels is very small. 
NRAS 532, 3669–3681 (2024) 
.2 Completeness 

he completeness is defined as the number of BAL quasars success-
ully reco v ered by the BALFINDER divided by the total number of true
AL quasars from the mocks. We again use the AI > 0 criterion
nd find the average completeness is about 68 per cent for the mock
atalogue. This is less than the 98 per cent pseudo-completeness
eported by Busca et al. ( 2013 ) and the 97.4 per cent measured by
uo & Martini ( 2019 ). We attribute our lower completeness to both
ur AI > 0 criterion and the lower average SNR of our spectra. 
As with purity, we investigate the completeness as a function of

NR. The accompanying plot can be seen in Fig. 2 . We use the same
ethod to estimate the completeness of the BAL quasar as purity,
nding an average completeness of ∼ 45 per cent . Unlike the purity,

he completeness is a very strong function of SNR in the low-SNR
egime ( SNR < 1), while at higher SNR the completeness rapidly
symptotes to ∼ 95 per cent and is consequently comparable to the
erformance of previous algorithms. Unsurprisingly, it is harder for
he algorithm to identify BAL quasars in noisy data, as noise spikes
ay interrupt a systematic depression of the quasar flux for the

50 km s −1 necessary to identify an AI > 0 BAL. 
Unlik e previous w ork, our truth sample is not biased to only

onsider BALs in high SNR data, as it does not rely on visual
nspection and the BAL features were added independent of the
oise. As DESI quasar spectra will generally have lower SNR than
DSS spectra, especially for the tracer quasars at z < 2 . 1, we expect

ower completeness. On the other hand, such lower completeness are
ot a significant cause for concern for cosmological studies, as the
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AL features are less important relative to the noise properties of the
ata for those spectra. 

 DESI  BA L  C ATA L O G U E  

e construct the DESI EDR + M2 BAL catalogue from quasar 
atalogues for SV1, SV3, and M2 as described in Section 2 . While
e conduct most of our analysis with the combined catalogue, we 

lso analyse them individually as the y hav e some what dif ferent noise
roperties. The key difference is that the SV1 data are deeper and
herefore higher SNR than what DESI plans to achieve at the end
f the main surv e y, SV3 is representative of the four observations
f z > 2 . 1 quasars that DESI aims to achieve at the end of the main
urv e y, and DESI-M2 mostly contains a single observation of each
 > 2 . 1 quasar and therefore is lowest in SNR. In the first subsection
elow we present the key properties of the BAL data model that is
rovided in the BAL catalogue. The following subsection presents 
 summary of the BAL properties, and lastly we derive the BAL
ractions for the SV1, SV3, and M2 data sets. 

.1 Data model 

ll of the DESI BAL catalogues have the same information as in
 DESI quasar catalogue plus additional columns with the BAL 

roperties. There are a total of 39 additional columns. The 33 
etermined by the BALFINDER are summarized in Table 1 . We 
dd the remaining six after we mask the BAL features and refit
he redshifts. Those additional columns are described below in 
ection 5 . Each of these properties is measured by the code provided

n the public baltools repository. The remainder of this subsection 
xplains each of the columns of the BAL catalogue in more detail
han is presented in Table 1 . The online catalogue also includes
ocumentation. 6 

Columns 65 and 66 of the BAL catalogue have information 
ertaining to the PCA fit used by the BALFINDER and discussed
n Section 2.2 . The ‘PCA COEFFS’ column specifies the coef- 
cients for each of the five eigenspectra used to construct the 
CA fit to each quasar (Guo & Martini 2019 ), and the linear
um of these eigenspectra multiplied by the coefficients is the 
CA fit to the spectrum. The column ‘PCA CHI2’ is the re-
uced χ2 value of this fit. Any object in the catalogue in the
edshift range 1 . 57 < z < 5 . 0 will have values in both of these
olumns, regardless of whether or not there are BAL features in the
pectrum. 

Column 67 ‘BAL PROB’ is not calculated in this implementation 
f the BALFINDER . This column is an artefact of the CNN approach
sed by Guo & Martini ( 2019 ). The value for each object for
BAL PROB’ will be either zero or −99. A value of zero indicates
hat the object has been run through the BALFINDER code whereas 
 value of −99 means that BAL information was not evaluated 
or the object. The latter will indicate the quasar is outside of the
edshift range in which the BALFINDER searches for BALs. We 
aintain this column for backwards compatibility and in the event 
e apply a CNN code or other classifier to future DESI quasar

atalogues. 
Columns 68 through 95 record the strength and location of 

bsorption BAL troughs in the quasar spectra. These values are 
alculated for the AI and BI criteria relative to both the C IV and Si IV
ines. This includes a value for the absorption strength, errors for
 https:// data.desi.lbl.gov/ doc/ releases/ edr/ vac/ balqso/ 

S  

i  

B  
hat value, the number of troughs, velocity ranges for each trough,
nd the location and depth of the minimum for each absorption
eature. For each, a qualifier is specified for clarity in what the value
orresponds to. For example, ‘ 2000’ corresponds to values where 
he BI criterion was used and ‘ 450’ corresponds to values where
he AI criterion was used. Similarly, ‘ SIIV’ corresponds to features
lueward of the Si IV λ1398 line and the ‘ CIV’ indicator corresponds
o features blueward of the C IV λ1549 line. Since the Si IV line is
lueward of C IV , BAL data for the Si IV feature are not available for
he lowest-redshift BALs. 

The column ‘BALMASK’ is a bitmask that encodes information 
bout any issues with running the BALFINDER on a given quasar.
he definitions for ‘BALMASK’ are that 0 means the BALFINDER 

an successfully, 1 that the BALFINDER was not run, 2 that an object
s outside of the BAL z range, and 4 that the redshift difference
etween the input quasar catalogue and the redshift after BAL 

asking are greater than 0.001. The bitmasks sum to specify any
ossible combinations of these cases. 
The ‘SNR CIV’ column has the average SNR in the wavelength 

egion where we search for BAL features associated with C IV . We
alculate the SNR of each pixel as the flux in a given pixel divided
y the flux error provided by the spectroscopic pipeline (Guy et al.
023 ). The average SNR is the average of all pixels that range from
 = 25 000 km s −1 blueward of the C IV λ1549 emission line to the
ine centre at v = 0 that have f ( v) > 0. 

.2 Summary properties 

he BALs identified in this work are broadly similar to the BALs
dentified in earlier quasar catalogues from SDSS. F or e xample,
he AI and BI distributions of quasars in the DESI sample are
ualitatively similar to the distributions in P ̂ aris et al. ( 2017 ) and
rump et al. ( 2006 ) which examined SDSS DR12 and SDSS DR3
uasars, respectively (see Fig. 3 , left ). The AI distribution shows an
xcess of BALs at log(AI C IV ) < 3 . 3, which is not as noticeable in
he SDSS DR12 or DR14 quasars studied by P ̂ aris et al. ( 2017 ) and
uo & Martini ( 2019 ). This difference in the AI distributions is likely
ecause the DESI catalogues use a simple AI > 0 criterion without
onsideration of the uncertainty in AI , while the earlier Guo &
artini ( 2019 ) and SDSS catalogues used classifiers that rejected
easurements of marginal significance. The BI distribution shown 

n the right panel of Fig. 3 is in better agreement with previous work.
his is because BAL features need to be much more prominent to
ass the BI criterion, and therefore this quantity is less impacted by
 range of SNR values. 

We summarize a number of other important properties of the BAL
atalogues in Table 2 . These include the total number of quasars
n each catalogue, the number in the redshift range where we can
dentify BALs, the number of quasars with one or more AI > 0 and
I > 0 troughs, and the per cent of quasars in the redshift range that
ere identified as BAL quasars by each criterion. 
We also provide the average SNR of the quasars in the redshift

ange where we can identify BALs and an estimate of the complete-
ess and purity of the BAL catalogues. The average SNR corresponds 
o all quasars in the range 1 . 57 < z < 5, and not just those identified
s BALs. We then use the SNR distribution for each catalogue, 
ombined with a simple function that matches the completeness and 
urity as a function of SNR presented in Section 3 , to calculate the
verage completeness and purity of each catalogue. Fig. 4 shows the
NR distribution of the BAL and non-BAL quasars. This is the SNR

n the region blueward of C IV . Note the mean SNR is higher for the
AL sample, which is expected based on our study of completeness.
MNRAS 532, 3669–3681 (2024) 
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Figure 3. Logarithm of AI ( left panel ) and BI ( right panel ) values for BAL quasars. The distributions are normalized by the total number of quasars identified 
in each of the samples. The distributions for SDSS DR14 quasars from Guo & Martini ( 2019 ) are shown for comparison. The normalizations are different for 
the AI and BI histograms (see Table 2 ). 

Figure 4. Distribution of SNR in the C IV region for the BAL quasars ( solid 
blue line ) and non-BAL quasars ( orange dotted line ). The SNR is calculated 
in the region where we search for absorption, which extends from the systemic 
wavelength of the C IV emission to 25 000 km s −1 blueward of the C IV line. 
The SNR is the average of the product of the flux and the square root of the 
inverse variance for each pixel in this range. See Section 4.1 for more details. 
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.3 BAL fraction differences 

s shown in Table 2 , the predicted completeness is highest for SV1,
s it has the highest average SNR. This is because SV1 used longer
xposure times than planned for DESI in order to obtain greater
edshift completeness and thereby better quantify the performance
f the target selection algorithms. SV1 also has the highest BAL
ractions. The SV3 catalogue is somewhat lower SNR than SV1,
s the aim of SV3 was to obtain the same depth expected upon the
ompletion of DESI. Lastly, the DESI-M2 main surv e y catalogue has
he lowest SNR as those spectra typically only have one observation
f each Ly α quasar to date, while the goal is to obtain four or
NRAS 532, 3669–3681 (2024) 
ve observations of these quasars by the end of the surv e y. The
ompleteness is consequently lowest for the main surv e y, and the
AL fractions are correspondingly lowest. We expect the main
urv e y spectra will achieve the SV3 values by the end of the surv e y.

 I M PAC T  O N  REDSHI FTS  

he presence of BAL absorption features may impact the shape of the
 IV and other emission lines, sometimes spectacularly (see e.g. Fig.
 ), and produce redshift errors. In this section, we demonstrate that
f we mask the locations of BAL features, we obtain better redshift
easurements for the BAL quasars. The first subsection describes

he masking procedure, and the second subsection describes the new
edshift measurements and compares them to the values prior to
asking the BAL features. The impro v ement in redshift has also

een demonstrated with mock BAL spectra by Garc ́ıa et al. ( 2023 )
nd with observational data by Brodzeller et al. ( 2023 ). 

.1 Masking pr ocedur e 

edshift estimation algorithms typically rely on some form of
emplate fitting, and are especially susceptible to redshift errors if the
bserved quasar is not a great match to the templates. Due to the rich
iversity of BALs in quasar spectra, it is not practical to account for all
f this diversity with templates, and redshift errors are consequently
ore common in this subset of the quasar population. To reduce the

ias and inherent redshift errors for the BAL sample, we adopted a
rocedure for masking out the wavelengths associated with the BAL
eatures. 

Our approach starts with the BAL features cataloged on the
lue side of the C IV line and then assumes that absorption will
lso be associated with Si IV , N V , and Ly α at the same rela-
iv e v elocities. Absorption is sometimes present in these shorter
avelength features, such as shown in the stacked BAL spectra

tudied by Mas-Ribas & Mauland ( 2019 ), but this is not al w ays
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Figure 5. Distribution of velocity differences between the original pipeline redshift and the new redshift after masking BAL features. The distributions are 
binned into quartiles by AI value. The mean difference is a strong function of AI value in the sense that the velocity different is relatively modest for weak BALs 
(smallest AI quartile) and increases to 582 . 3 kms −1 for the greatest quartile, which shows redshift errors are more significant for larger AI values. In addition, 
the velocity differences are strongly ske wed to wards positi v e v elocity differences, which correspond to a systematic underestimate of the true redshift before 
masking. This is due to the absorption on the blue side of the line. 
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he case. Consequently, the masking procedure implemented in this 
ork is a conserv ati ve one, tending to overmask the spectra before

ecomputing the redshift. These emission features are important for 
edshift measurements, as they are among the strongest emission 
ines in the observed wavelength range at high redshifts ( z > 1 . 5). 

The procedure used to mask the absorption features is relatively 
imple. Each object identified as a BAL quasar by the balfinder 
s assigned a ‘VMIN CIV 450’ and ‘VMAX CIV 450’ for each
bsorption feature. These numbers represent the velocity corre- 
ponding to an absorption feature up to 25 000 km s −1 blueward 
f the C IV emission line. For most quasars in the sample, only
ne absorption trough is present, although in extreme cases there 
ay be many features. We mask these wavelengths by setting the 

nverse variance to zero for all of the wavelength values between 
ach ‘VMIN CIV 450’ and ‘VMAX CIV 450’ pair from the BAL
atalogue, and repeat this for each of the emission lines considered. 
e make these changes in a copy of the original quasar spectral data,

nd the resulting file is identical to the original data except for the
hanges to the inverse variance values. 

.2 Masked BAL redshifts 

ur next step is to rerun Redrock and measure new redshifts for the
AL quasars. The data used to create the quasar catalogues boast a
igh completeness and purity for quasars, especially in the redshift 
egime for which BALs are characterized (Chaussidon et al. 2023 ). 
ecause of this, we only fit the masked BAL quasar spectra with
edrock’s quasar spectral templates, rather than all templates, as 
e are confident that the objects are quasars. We also assume that
asked quasar redshifts will not significantly differ from the non- 
asked redshifts already available in the catalogue. We therefore use 

he best (pre-masking) redshift to set a Gaussian prior for Redrock,
ith a width of 0.1. 
The outputs from Redrock 7 include the redshift ‘Z’, redshift 

rror ‘ZERR’, a warning flag indicating the reliability of the red-
hift from Redrock ‘ZWARN’, the χ2 of the best-fitting template 
CHI2’, the difference between the best and second-best fit template 
DELTACHI2’, and the spectral classification ‘SPECTYPE’ (Bailey 
t al., in preperation). These data are appended to the BAL catalogue
ith the extra qualifier ‘ MASK’ to make clear that these data come

rom the run of Redrock after BAL features are masked. Objects
hich are not BAL quasars will have non-sensical values for all

 MASK’ column values, for example, ‘Z MASK’ for a non-BAL
uasar is set to −99. ‘SPECTYPE MASK’ is al w ays ‘QSO’ for BAL
uasars since only quasar templates are used to rerun Redrock after
AL features are masked. 
The velocity differences c( z nomask − z mask ) / (1 + z mask ) before and

fter masking range from on order −1000 to + 1000 km s −1 , with the
verage ske wed to wards positi ve v alues. This of fset means that the
edshifts after masking are lower than the redshifts before masking, 
hich is consistent with our expectation that the BAL absorption has

emo v ed flux from the blue side of the emission lines and biases the
ine centres redward of their true location. Fig. 5 shows histograms
f the velocity differences. The velocity difference averaged over all 
f the BALs is 243 km s −1 . 
MNRAS 532, 3669–3681 (2024) 
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We separated the BAL sample into four quartiles of AI to determine
f there is a trend in the size of the velocity shift with the strength of
he absorption. This trend is significant and is shown in Fig. 5 . The
hift ranges from an average velocity shift of 56 . 2 km s −1 for the first
uartile of AI to 582 . 3 km s −1 for the fourth quartile. The tail of the
istribution also becomes longer when more highly absorbed objects
re in the sample. This result is expected, as more absorption in the
uasar spectra corresponds to a larger portion of the spectra with a
ow flux contribution, and this causes the fits to misinterpret the peak
f emission line features. 
In addition to this systematic shift in the velocity, we found

hat 6.7 per cent of the BAL quasars in the sample have changes
n redshift greater than the catastrophic error regime required for
racer quasars in DESI ( �v > 1000 km s −1 ) whereas 9.3 per cent
ave redshift changes greater than the cut-off required for random
rrors ( �v > 750 km s −1 ; DESI Collaboration 2023a ). 

 PROSPECTS  F O R  R A R E R  BA L  CLASSES  IN  

ESI  

he large samples of BAL quasars from spectroscopic surv e ys like
DSS and DESI offer a great opportunity to identify larger samples of
are BALs (e.g. Hall et al. 2002 ), and the frequency and properties of
uch systems may lead to new insights into quasar physics. In a study
f quasars in the SDSS Third Data Release (DR3), Trump et al. ( 2006 )
easured the incidence of HiB ALs, LoB ALs, and FeLoB ALs. They

ound 26 per cent of quasars are HiBALs with the AI > 0 criterion
n the redshift range 1 . 7 ≤ z ≤ 4 . 38 where they could detect C IV

bsorption. The rate for LoBALs was much lower at 1.31 per cent in
he redshift range 0 . 5 ≤ z ≤ 2 . 15, and the rate for FeLoBALs was
ower still at about 0.33 per cent. Many of the rarer classes of BALs
ere identified through visual inspection, especially the FeLoBALs,

s the absorption may be so significant that automated techniques fail.
 further complication is that BAL quasars, especially LoBALs and
eLoBALs, tend to have greater reddening than non-BAL quasars
e.g. Hall et al. 1997 ; Najita, Dey & Brotherton 2000 ; Morabito et al.
019 ). 
Alexander et al. ( 2023 ) performed visual inspection of a large

umber of quasars from DESI SV and identified many BAL quasars.
e have performed a complimentary visual inspection of BALs

dentified with the balfinder that exhibited poor fits. The example
pectra shown in Fig. 6 include ones dominated by high-ionization
eatures of Al III , C IV , and Si IV ( top panel ), and below that examples
f a LoBAL quasar with Mg II absorption and two FeLoBALs with
rominent absorption that is blueshifted relative to the Fe II multiplets
ear 2400 and 2600 Å. DESI will observe approximately two million
uasars in the redshift range where it could detect BALs associated
ith Mg II and Fe II , and therefore has the potential to identify several

ens of thousands of LoBALs and several thousand FeLoBALs. This
ould include extremely rare objects like the one studied by Choi
t al. ( 2020 ). 

Many studies of BALs have used their variability to study their
hysical properties. For example, Filiz Ak et al. ( 2014 ) measured
hanges in the C IV , Si IV , Al III features and compared correlations to
isc wind models. One such correlation is that lines of sight with more
ow ionization material also exhibit broader and deeper C IV troughs.
rier et al. ( 2016 ) used multi-epoch observations from several SDSS
rograms and found that the vast majority show no evidence of
cceleration, which implies most of the absorbing material is at
arge distances from the black hole and/or is not decelerating due
o collisions with ambient material along the line of sight. McGraw
t al. ( 2015 ) studied the absorption line variability of the subclass
NRAS 532, 3669–3681 (2024) 
f FeLoBAL quasars and concluded that the absorbing material can
e up to tens of parsecs from the central source. DESI will obtain
ultiple observations of quasars at z > 2 to impro v e the SNR of

he Ly α sample. This will enable variability studies of a significant
ubset of the many thousands of LoB AL and FeLoB AL quasars that
ESI will disco v er. 
Even though the vast majority of DESI spectra will be lower

NR than targeted follow-up studies of BAL quasars, these data
ill be valuable for stacking analyses. Hamann et al. ( 2019 ) created

omposite spectra based on C IV strength and Al III to investigate
eaker features, including ones normally compromised by Ly α

orest absorption. They found interesting constraints on the typical
ensities and distances of the absorbing material, and that the
oBALs tend to have the largest outflow column densities and highest
elocities. In another application of stacked BAL spectra, Mas-
ibas & Mauland ( 2019 ) found evidence of radiative acceleration

hrough line locking in the C IV line. High SNR stacks of DESI
ALs or of individual, rare objects could lead to further insights
ith the continued growth in sophistication of analysis tools, such

s the SIMBAL analysis code (Choi et al. 2022a , b ; Leighly et al.
022 ). 

 SUMMARY  

he DESI BAL catalogues together comprise one of the largest
amples of BAL quasars to date, with just under 30 000 BAL quasars
dentified by our automated searching algorithm. In this paper, we
escribe the algorithm employed by the DESI Collaboration to
dentify and measure the properties of BAL quasars. This algorithm
dentifies BALs via absorption on the blue side of the C IV emission
eature, and therefore we only identify BALs in quasars between
 . 57 < z < 5 when this spectral region is clearly visible by DESI.
his restriction means that all of the BAL quasars appear to be
iBALs, although we have not conducted a similar, systematic search

n the vicinity of low-ionization features such as Mg II . We record
he number of absorption troughs that satisfy both the AI and BI
riteria and find the distribution of both quantities is similar to
revious results from SDSS, except that DESI is somewhat more
ensiti ve to lo wer AI v alues. We also record the velocity limits of
ach absorption trough. The limits of each absorption feature are
mportant to mask spectral regions that may be contaminated by BAL
bsorption. 

We used mock catalogues to analyse the completeness and purity
f our algorithm. These mock catalogues use a range of empirical
emplates derived from high SNR BAL spectra from SDSS that
re randomly assigned to the mock quasars. We find that the
ompleteness of our algorithm depends on SNR and decreases
ignificantly for SNR < 2 per pixel. This dependence implies that
he completeness will vary between surv e ys, and we see a difference
n the BAL fraction for different DESI catalogues that is consistent
ith the average completeness of the spectra in each catalogue. The
ne-Percent Surv e y was designed to be representativ e of the final
ESI data set. Our results from the SV3 catalogue suggest that the

xpected fraction of BAL quasars identified by the BALFINDER with
t least one AI absorption trough should be ∼ 19 per cent once DESI
eaches full surv e y depth. 

Historically, one major moti v ation to identify BALs in cosmo-
ogical surv e ys was to eliminate them as a potential source of
ontamination. One rationale was that BAL features may produce
reater redshift errors, which ne gativ ely impacts quasar clustering.
nother was that BAL absorption features in the Ly α forest region
ay contaminate measurements of the neutral hydrogen distribution
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Figure 6. Examples of BALs from the DESI EDR. The top panel shows a BAL at z = 2 . 21 dominated by high-ionization troughs associated with Al III , C IV , 
and Si IV , although there is weak evidence for some broad, highly blueshifted absorption associated with Mg II . The second panel from the top shows a BAL at 
z = 1 . 78 with the broad Mg II absorption characteristic of LoBAL quasars, in addition to the common high-ionization features. The third panel shows a BAL at 
z = 1 . 90 with weak Fe absorption, most notably Fe II absorption, that is characteristic of FeLoBALs. The bottom panel shows a BAL at z = 2 . 26 with the very 
strong Fe absorption characteristic of FeLoBALs. The flux uncertainty is also shown in each panel ( green, dotted line ). 
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n quasars abo v e z > 2. In order to mitigate the impact of BALs on
uasar redshift errors, we mask the BAL features associated with
he C IV , Si IV , N V , and Ly α lines and report new redshifts for
hese quasars. Mock quasar studies by Garc ́ıa et al. ( 2023 ) show
hat masking the BAL features decreases the redshift errors to be
omparable to those for non-BAL quasars. We show that the velocity
hifts of quasars before and after masking are correlated with the
trength of absorption and that masking the BAL troughs shifts the
edshifts somewhat to the blue. In some cases, the velocity shifts
fter masking are as large as thousands of km s −1 , which are greater
han the 1000 km s −1 criterion that DESI has adopted to define
atastrophic redshift errors, although the av erage v elocity shift is

243 km s −1 . 
Keeping BAL quasars in DESI increases the statistical power

or quasar clustering measurements and increases the number of
ightlines that probe the Ly α forest. The projected BAL quasar frac-
ion of ∼ 19 per cent identified by the BALFINDER will significantly
mpact the number of sightlines ultimately kept for the cosmological
nalysis. Specifically, Ennesser et al. ( 2022 ) showed with eBOSS
bservations that adding back in the 12 per cent of BAL quasars in
BOSS decreased the uncertainties on the autocorrelation function
y 12 per cent. While some of the spectral range is masked in BALs,
his is offset by the higher average SNR of each BAL quasar relative
o non-BAL quasars, or at least relative to quasars where we do
ot detect BAL features. In the DESI sample, the average SNR
er pixel of BALs is about five, as opposed to just under three
or non-BAL quasars. This and future BAL catalogues will be an
nvaluable part of maximizing the scientific return of the DESI
urv e y. 
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