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A B S T R A C T 

Reverberation mapping is the leading technique used to measure direct black hole masses outside of the local Universe. 
Additionally, reverberation measurements calibrate secondary mass-scaling relations used to estimate single-epoch virial black 

hole masses. The Australian Dark Energy Surv e y (OzDES) conducted one of the first multi-object rev erberation mapping surv e ys, 
monitoring 735 AGN up to z ∼ 4, o v er 6 years. The limited temporal co v erage of the OzDES data has hindered reco v ery of 
individual measurements for some classes of sources, particularly those with shorter reverberation lags or lags that fall within 

campaign season gaps. To alleviate this limitation, we perform a stacking analysis of the cross-correlation functions of sources 
with similar intrinsic properties to reco v er av erage composite rev erberation lags. This analysis leads to the reco v ery of av erage 
lags in each redshift-luminosity bin across our sample. We present the average lags recovered for the H β, Mg II , and C IV samples, 
as well as multiline measurements for redshift bins where two lines are accessible. The stacking analysis is consistent with the 
Radius–Luminosity relations for each line. Our results for the H β sample demonstrate that stacking has the potential to impro v e 
upon constraints on the R –L relation, which have been derived only from individual source measurements until now. 

K ey words: galaxies: acti ve – galaxies: nuclei – quasars: emission lines – quasars: general – quasars: supermassive black holes. 
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 I N T RO D U C T I O N  

everberation mapping is a powerful technique that can resolve 
he cores of active galactic nuclei (AGN) in the time domain. 
he accretion disc around the central supermassive black hole 

SMBH) produces intrinsically variable emission at UV-optical 
avelengths. The surrounding broad-line region (BLR) is ionized 
y this continuum emission, which drives a reverberation response 
n the emission-line flux from the BLR on time-scales of weeks to
onths (Blandford & McKee 1982 ; Peterson 1993 ). Multi-epoch 

hotometric and spectroscopic observations can be used to trace 
he variability of the continuum and the emission-line response, 
espectively. 

The size difference between the accretion disc (light-days to 
eeks) and the BLR (light-weeks to months) introduces a delay in the

esponse of the BLR to the variation in the ionizing flux. The delay,
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.e . rev erberation lag, τ , can be reco v ered by cross-correlating the
wo light curves, in order to measure the radius of the BLR ( R BLR =
 τ ). The velocity dispersion of the BLR ( � V ) can be estimated from
he width of the broadened emission lines. The mass of the central
lack hole ( M BH ) can then be measured using the virial theorem: 

 BH = f 
R BLR �V 

2 

G 

, (1) 

here f is the virial coefficient; a dimensionless scale factor that
ccounts for the geometry, orientation, and kinematics of the BLR 

Woo et al. 2015 ). 
Reverberation mapping (RM) is presently the only method that can 

e used to directly measure SMBH masses beyond the local Universe, 
s other techniques are reliant on resolving the gravitational sphere- 
f-influence of the black hole, which remains challenging even with 
igh-angular resolution instruments (e.g. Gebhardt et al. 2000 , 2011 ;
 uo et al. 2011 ; Ev ent Horizon Telescope Collaboration et al. 2019 ).
o we ver, RM is by nature observationally intensive. It requires

epeated observation o v er the rele v ant v ariability time-scales of AGN
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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Figure 1. Distribution of redshifts and monochromatic luminosity at 5100 Å
for the 690 AGN in the OzDES RM sample. The H β sample extends to 
z = 0.75, with 13 sources o v erlapping with our Mg II sample. The Mg II 
sample extends to z = 1.92, with 106 sources o v erlapping with our C IV 

sample. 
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n order to ensure the light-curve variability and reverberation lag
re resolved (Horne et al. 2004 ). Early surv e ys monitored AGN on
 source-by-source basis, making observations o v er sev eral months
o years. Lag measurements were made for dozens of sources, using
he H β line (e.g. Peterson et al. 1998 ; Kaspi et al. 2000 ; Peterson &
orne 2004 ; Bentz et al. 2009 ). From these measurements, a tight

orrelation was found between the AGN luminosity and the radius of
he BLR ( R –L relation; e.g. Bentz et al. 2009 , 2013 ). Lags reco v ered
sing higher ionization emission lines (e.g. C IV ) were found to be
horter than lags reco v ered using lower ionization emission lines
e.g. H β), demonstrating the ionization stratification of the BLR
Gask ell & Spark e 1986 ; Dietrich et al. 1993 ). The R –L relation
s importantly used to calibrate secondary mass-scaling relations to
stimate single-epoch virial BH masses (e.g. Shen et al. 2011 ), and
as also been proposed as a way to standardize AGN for use as a cos-
ological distance indicators (Watson et al. 2011 ; Mart ́ınez-Aldama

t al. 2019 ). 
Through the advent of wide-field photometric surveys such as

he Dark Energy Surv e y, (DES; Dark Energy Surv e y Collaboration
t al. 2016 ), multi-epoch photometric data for large samples of AGN
as become readily av ailable. Concurrent observ ations can be made
ith multi-object spectrographs; ho we ver, the demand for these

nstruments is high and therefore limits the number of epochs that can
e feasibly acquired. The Australian Dark Energy Surv e y (OzDES)
nd Sloan Digital Sky Survey Reverberation Mapping (SDSS-RM)
roject have conducted the first multi-object RM surv e ys, observing
undreds of AGN probing a wide range of AGN luminosities and
edshifts (King et al. 2015 ; Shen et al. 2015 ). These programs have
eliv ered o v er one hundred new lag measurements (Grier et al. 2017 ;
rier et al. 2019 ; Hoormann et al. 2019 ; Homayouni et al. 2020 ; Yu

t al. 2021 ; Malik et al. 2023 ; Yu et al. 2023 , Penton et al. in prep).
his allowed the Mg II and C IV R– L relations to be constrained for

he first time using statistically significant samples; ho we ver, there
s significant scatter in the measurements. This is mostly due to
hallenges with data quality (low signal to noise, limited sampling;
ee Malik et al. 2022 ) and lag reco v ery reliability (Li et al. 2019 ;
enton et al. 2022 ). These factors have limited the lag recovery
fficacy of each survey to about 10–25 per cent. 

Stacking can be used to combine the cross-correlation signals of
hysically similar AGN to reco v er av erage lags for these objects. The
echnique was first applied by Fine et al. ( 2012 , 2013 ) using only
wo spectroscopic epochs, which yielded a marginal result. After
emonstrating the success of the technique with the Bentz et al.
 2013 ) H β sample, Li et al. ( 2017 ) measured composite lags with H α,
 β, He II , and Mg II using a subset of the SDSS-RM sample. Stacked

verages are not swayed by the systematic errors from individual
ources. Their consistency (or not) with the measurements made for
ndividual sources is therefore important. Additionally, with the wide
edshift range co v ered by our sample, the gaps in the observational
indow function can be filled in to some extent. Therefore, stacking

everages the data in a way that cannot be done with traditional
ndividual measurements. 

We present a stacked lag analysis of the entire OzDES sample,
or the H β, Mg II , and C IV lines. Section 2 details the observations
btained by OzDES and the data calibration procedures. In Section 3 ,
e describe the technique used to reco v er stacked lags. In Section 4,
e present our average lag measurements, and comparisons with

ndividual measurements on the respective R– L relationships for
ach emission line. We summarize our results and the discuss the
utlook to the future in Section 5 . 
Throughout this work we adopt a flat � CDM cosmology, with
� 

= 0.7, �M 

= 0.3, and H 0 = 70 km s −1 Mpc −1 . 
NRAS 531, 163–182 (2024) 
 DATA  

ur photometric data were obtained as part of the Dark Energy
urv e y (DES) Superno va Program, which observ ed 10 deep fields
o v ering 27 de g 2 , comprising the ELAIS, XMM–LSS , Chandra
eep-field South, and SDSS Stripe 82 fields (Kessler et al. 2015 ;
organson et al. 2018 ). These fields were observed in the griz filters,
ith the Dark Energy Camera (DECam) on the 4-m Blanco telescope

t Cerro Tololo Inter-American Observatory (CTIO; Flaugher et al.
015 ). The fields were observed with ∼6 d cadence o v er a 5–6
onth season (August to January) from 2013 to 2018, with additional

cience verification data taken in 2012. The OzDES project (Yuan
t al. 2015 ; Childress et al. 2017 ; Lidman et al. 2020 ) conducted
ollo w-up spectroscopic observ ations with the 2dF multi-object fibre
ositioning system and the AAOmega spectrograph (3700–8800 Å,
harp et al. 2006 ) on the 3.9-m Anglo-Australian Telescope (AAT),

aken with approximately monthly cadence o v er the same seasons,
rom 2013 to 2019. After the conclusion of the Supernova Program,
dditional DECam observations were taken monthly in the 2018–
9 season, taking the baseline of our photometric light curves to
 years. 
The OzDES Reverberation Mapping sample comprises 735 AGN,

anging from 0.1 < z < 4.0, with apparent magnitudes 17.2 < r AB 

 22.3 (Tie et al. 2017 ). Of these 735 AGN, we remo v ed 9 of the
8 AGN from the H β sample due to broad-absorption lines (BALs)
r incorrect classification as a Type 1 AGN, 3 of the 453 AGN from
he Mg II sample for the same reason (these sources o v erlapped with
he H β sample), and 88 of the 378 AGN from the C IV sample due to
ALs. These sources were included in the initial surv e y selection to

mpro v e the source density in the sky and study BAL variability, but
av e pro v en challenging for rev erberation analysis. The final sample
e use in this analysis comprises 69 H β sources, 450 Mg II sources,

nd 290 C IV sources (690 AGN in total). The redshift and luminosity
istribution of these targets is shown in Fig. 1 . 
As done for the individual lag measurements made by Yu et al.

 2023 ) and Malik et al. ( 2023 ), for the H β and Mg II samples, we
easure the emission-line flux from spectra obtained on different

ights as separate epochs in order to maximize the cadence of
ur sampling for our emission-line light curves. As we have lower
ignal to noise for the C IV sample, we co-add the spectra o v er each
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Figure 2. The luminosity bins for the H β sample, labelled with the number 
of binned sources. Within each bin, the standard deviation of the expected 
lags for the individual sources (measured using the source luminosity and 
the Bentz et al. ( 2013 ) R– L relation for H β) is ∼10 per cent of the expected 
mean lag for the binned sample (measured as the mean of the expected lags 
for the individual sources). 
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bserving run (typically 4–7 nights during dark time each month), 
s done by Hoormann et al. ( 2019 ). 

We do not measure the continuum luminosity directly from the 
pectra due to fibre aperture effects from variable atmospheric 
eeing and fibre placement uncertainties. From the average r -band 
agnitude and redshift of the AGN, we estimated the monochromatic 

ontinuum flux at rest frame 5100, 3000, and 1350 Å, using the
ECam r -band filter transmission curve and the SDSS quasar 

emplate (Vanden Berk et al. 2001 ). The template is scaled to the
agnitude of the source, assuming L bol = 9 λL λ (5100 Å) (Kaspi

t al. 2000 ). The source properties for the OzDES sample used in this
ork are provided in Section A , and complete sample characteristics 

or the final OzDES RM sample will be provided in a future OzDES
M Program paper. 
The DES photometry is calibrated using the DES data reduction 

ipeline (Burke et al. 2018 ; Morganson et al. 2018 ). We perform
 spectrophotometric flux calibration following Hoormann et al. 
 2019 ). For the H β and C IV samples, we measure the line fluxes as
one by Hoormann et al. ( 2019 ). For the continuum subtraction, the
ocal continuum windows we use for H β are 4760 to 4790 Å and 5100
o 5130 Å, and for C IV are 1450 to 1460 Å and 1780 to 1790 Å. For
he Mg II sample, the iron subtraction and line flux measurement is
erformed as detailed in Yu et al. ( 2023 ). The calibration uncertainties
f the line flux for each line are measured using the F-star warping
unction method as detailed in Yu et al. ( 2021 ). 

 LAG  R E C OV E RY  M E T H O D  

s reverberation lags should be dependent on the intrinsic AGN 

uminosity alone (at least to first order), we bin the sources by
heir continuum luminosity. Further details are provided for each 
mission-line subsample in Section 4 . 

For each source in a redshift-luminosity bin, we co v ert the observa-
ion dates to the rest frame of the source by dividing by (1 + z). We
se the PyCCF code to perform the interpolated cross-correlation 
unction method for each individual source (ICCF; Gaskell & 

eterson 1987 ; Sun, Grier & Peterson 2018 ). The continuum and
mission-line light curves of each source are linearly interpolated to a 
rid spacing of 3 d. The interpolated light curves are cross-correlated 
s a function of time-lag. We then average the cross-correlation 
unctions (CCF) of each source in the bin to obtain the stacked CCF.

e search for lags o v er a (rest-frame) lag range of [ −100, 300] d for
 β and C IV , and [ −100, 500] d for Mg II as it has a longer expected

ag for our sample. 
We measure the average lag and its uncertainties by bootstrapping 

he sample in each bin. We perform the abo v e procedure to calculate
he stacked CCF’s for each bootstrapped re-sample of the original 
inned sample. We repeat this 1000 times, and record the centroid of
ach CCF ( r max ) to build the bootstrap distribution, from which we
dopt the median and 16th and 84th percentiles of this distribution
s the reco v ered av erage stacked lag, τ , and lower and upper
ncertainties, σ τ , for the bin. 
Following Li et al. ( 2017 ), we shuffle the spectroscopic epochs and

epeat the stacking for 100 Monte Carlo realizations, and compare 
he stacked CCF produced by these uncorrelated light curves to the 
riginal stacked CCF. This is similar to the null hypothesis test used
y Malik et al. ( 2023 ) to check that the lag reco v ery is not simply
 product of the interaction of the window function with underlying 
ed-noise correlation in the photometric light curves, considering the 
elati vely lo w sampling density and modest signal to noise of our
ight curves. 
 RESULTS  

e present the results of our stacking analysis for each emission line
ample in the OzDES RM sample, and a multiline analysis of the
ubsamples for which two emission-lines are present. With the basic 
ssumption that the lag of a source is dependent on the intrinsic AGN
uminosity alone, by using the stacking method, we are assuming the
ags of each source within a bin are similar (in the rest-frame) so that
e reco v er a representativ e av erage lag for these AGN. Since the
inned sources are at different redshifts, when the light curve data
s converted to the rest-frame, different variability and reverberation 
ime-scales are probed by each source through their unique rest- 
rame observational window function. By stacking, we can partially 
ircumvent the usual impact of the sparse sampling (particularly the 
-month seasonal gaps) in the light curves of any one source, as we
re combining the CCF’s for all sources in a bin. We compare the
verage lag measurements to the sample of existing individual lag 
easurements on the respective R –L relations for each line. 

.1 H β

e divide our sample into five luminosity bins of equal size, as
hown in Fig. 2 . The size of the bins were chosen as to maximize the
umber of sources in each bin while a v oiding introducing a broad
nderlying distribution in the expected lags. The highest luminosity 
ource was excluded from the analysis for this reason. Although 
here are a relatively small number of sources stacked in each bin,
articularly when compared to stacking done by Fine et al. ( 2012 ,
013 ), the signal to noise of our stacked CCF’s are sufficiently high
s we have much more light curve data. 

The stacked CCF’s for each bin of the H β sample are shown
n Fig. 3 , alongside the total number of o v erlapping light curv e
pochs as a function of time-lag for all sources stacked within the
in. As the observation dates of each source in a bin are converted
o the rest-frame of the source, and there is a distribution of source
edshifts within each bin, the total light curve sampling of the stacked
ample begins to in-fill the rest frame observational gap imposed by
he observed frame 7-month seasonal gap present in the individual 
bserved light curves. 
MNRAS 531, 163–182 (2024) 
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M

Figure 3. Left column: The coloured solid lines are the stacked cross correlation functions (CCF) for each of the five luminosity bins for the H β sample. The 
colours correspond to the respective bins in Fig. 2 . The 1 σ scatter of the bootstrapped CCF’s is shown by the coloured shaded region. The vertical dashed and 
dotted lines indicate the reco v ered av erage lag and its uncertainty, as measured from the bootstrap distribution (coloured histogram). The black solid line and 
grey shaded area show the mean and 1 σ scatter of the CCF’s generated using the randomized spectroscopic light curves following the procedure described in 
Section 3 . Right column: The number of o v erlapping spectroscopic and photometric epochs as a function of time lag, in total, for each source in the corresponding 
bin. The expected mean lag for the bin is indicated by the black dashed line. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/531/1/163/7668477 by Southam
pton U

niversity user on 06 June 2024
NRAS 531, 163–182 (2024) 



OzDES RM stacking analysis 167 

Figure 4. The Radius–Luminosity relation for H β (dotted lines), including 
the stacked average lag measurements made using the OzDES H β sample, and 
existing individual lag measurements from Bentz et al. ( 2013 , and references 
therein); SDSS-RM (Grier et al. 2017 , quality 4 and 5); SEAMBH (Du et al. 
2014 ; Wang et al. 2014 ; Du et al. 2015 , 2016 , 2018 ; Hu et al. 2021 ); Lick AGN 

Monitoring Project (LAMP, U et al. 2022 ); and other measurements from 

Bentz et al. ( 2009 ); Barth et al. ( 2013 ); Bentz et al. ( 2014 ); Pei et al. ( 2014 ); 
Lu et al. ( 2016 ); Bentz et al. ( 2016a , b ); Fausnaugh et al. ( 2017 ); Rakshit 
et al. ( 2019 ); Zhang et al. ( 2019 ); Li et al. ( 2021 ), of which measurements 
published before 2019 are compiled by Mart ́ınez-Aldama et al. ( 2019 ). The 
multiline average lag measurement is presented in Section 4.4 . 
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of binned sources. Within each bin, the standard deviation of the expected 
lags for the individual sources (measured using the source luminosity and the 
Trakhtenbrot & Netzer ( 2012 ) R –L relation for Mg II ) is ∼20 per cent of the 
expected mean lag for the binned sample. 
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Comparing the stacked CCF, and its scatter measured from 

ootstrapping, to the stacked CCF’s after light curve randomization, 
e see significant correlation signal present. This implies that the 

ignal is not dominated by the correlation of any individual source. 
n all cases, there is one major peak present; ho we ver, the lo west
uminosity bin (blue) has a flatter CCF. There is limited but non-
ero data o v erlap around the e xpected mean lags for the two highest
uminosity bins, as they coincide with the first seasonal gap in our
ight curves. Ho we ver, we recover significant average lags in each of
hese bins. This demonstrates the ability of stacking to o v ercome the
imitations imposed by sparse sampling, which impede lag reco v ery 
or individual sources. 

We plot the reco v ered av erage lags from each luminosity bin on
he R –L relation, as shown in Fig. 4 . Our stacked measurements are
onsistent with the Bentz et al. ( 2013 ) slope, which agrees with the
hysically moti v ated slope of ∼0.5. The uncertainty in the average
ags is consistent to the uncertainties in the eight lags reco v ered
or individual sources (Malik et al. 2023 ), and is inconsistent with
he distribution of the SDSS-RM measurements (Grier et al. 2017 ; 
i et al. 2017 ), for which shorter lags are reco v ered. Giv en the
imilarities of our programs and sample selection, the reason for 
his discrepancy is unclear. Although the main difference between 
he surv e ys is the baseline and cadence of the data, simulations by
onseca Alvarez et al. ( 2020 ) and Malik et al. ( 2022 ) find that this
oes not bias the lag reco v ery of SDSS-RM to shorter lags, or OzDES
o longer lags. For our composite lags, we bin across our entire H β

ample, and do not reject any sources based on light curve signal to
oise, or any other criteria. 
As a test, we repeated the stacking after excluding all the objects

ith individual reco v ered lags (Malik et al. 2023 ). We show the
esults of this test in Section B . Although the average lag uncertainties
ncrease after the exclusion, the lags remain in close agreement with
hose from the original analysis. 

.2 Mg II 

he three luminosity bins used for the Mg II sample are shown
n Fig. 5 . The lowest and highest luminosity bins are slightly
ider to include sources close to the edge of the bin. Ten sources
ere excluded from the analysis to optimize the bin densities and

educed smoothing of the stacked CCF’s. Larger luminosity bins 
ere required to achieve adequate signal to noise in the stacked
CF’s for this sample. 
We present the stacked CCF’s in Fig. 6 . The strength of the

orrelation signals in each bin is lower than for the H β sample;
o we ver, comparing to the CCF’s produced using randomized light
urves, we can see there is significant signal present. The signal to
oise of the Mg II light-curve input data is lower than for the H β

ample, as the Mg II sample is fainter and requires subtraction of
e II from the emission-line (Yu et al. 2021 , 2023 ). Ho we ver, we
ave 450 AGN in the Mg II sample, and are therefore stacking many
ore sources in each bin. Since sample size is not the limiting factor

n this case, the lower signal to noise of the Mg II line light curves
ust be producing weaker stacked cross correlation signals. In the 

owest luminosity bin, the signal is flat and no clear peak is present.
or the other two bins, a dominant peak is present, and the bootstrap
istributions are adequately constrained to reco v er av erage lags. 
We plot the reco v ered av erage lags from each luminosity bin

n the Mg II R –L relation in Fig. 7 , along with the 25 individual
easurements made with this sample by Yu et al. ( 2023 ). The average

ags are in agreement with the recent individual measurements from 

omayouni et al. ( 2020 ) and Yu et al. ( 2023 ). There is no clear
rogression to longer lags with higher luminosities given that the 
verage lags for the lowest and intermediate luminosity bins are not
articularly well constrained. As shown in Fig. 6 , there is limited
ata co v erage o v er the e xpected mean lags for the lowest luminosity
in (blue), which coincides with the first seasonal gap in our light
urves. The time-dilation distribution over the binned sample is 
ot sufficient to ‘fill in’ the short time-scales, but it is able to
MNRAS 531, 163–182 (2024) 
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Figure 6. Left column: The coloured solid lines are the stacked cross correlation functions (CCF) for each of the three luminosity bins for the Mg II sample. The 
colours correspond to the respective bins in Fig. 5 . The 1 σ scatter of the bootstrapped CCF’s is shown by the coloured, shaded region. The vertical dashed and 
dotted lines indicate the reco v ered av erage lag and its uncertainty, as measured from the bootstrap distribution (coloured histogram). The black solid line and 
grey shaded area show the mean and 1 σ scatter of the CCF’s generated using the randomized spectroscopic light curves following the procedure described in 
the text. Right column: The number of overlapping spectroscopic and photometric epochs as a function of time lag, in total, for each source in the corresponding 
bin. The expected mean lag for the bin is indicated by the black dashed line. 
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ufficiently bridge the second seasonal gap. This could explain why
he uncertainty on the reco v ered av erage lag for the lowest luminosity
in is larger than the uncertainties for the intermediate and highest
uminosity bins. The average lags for the three luminosity bins are
ormally consistent with both the steeper R –L relation measured by
rakhtenbrot & Netzer ( 2012 ), and the shallower relation recently
onstrained by Yu et al. ( 2023 ), ho we ver, the better constrained mean
ag for the highest luminosity bin is only consistent with the shallower
elation. 

.3 C IV 

s for the previous samples, we present the luminosity bins for
he C IV sample in Fig. 8 , and the stacked CCF results in Fig. 9 .
s required for Mg II , larger luminosity bins were necessary to

chie ve suf ficient signal to noise after stacking, and nine sources were
xcluded from the analysis to a v oid overly wide bins in luminosity.
he OzDES C IV sample has lower signal to noise than the H β and
NRAS 531, 163–182 (2024) 
g II samples, as the AGN are faint. The bootstrap distributions
re not well constrained for the lowest or highest luminosity bins.
o we ver, Li et al. ( 2017 ) found that the mean recovered lag remains

table when the light curve signal to noise is degraded, although the
ncertainty increases proportionally with the decline. Therefore, we
ontinue to reco v er the average lags and compare with individual
ource measurements. 

We plot the stacked average lags from the C IV sample alongside
xisting measurements from the literature in Fig. 10 . The average
ags for the intermediate and highest luminosity bins are in agreement
ith the R –L relations constrained by Hoormann et al. ( 2019 ) and
rier et al. ( 2019 ), although the uncertainty on the average lag for the
ighest luminosity bin is large. As discussed for the Mg II sample,
he time dilation o v er the binned samples does not sufficiently bridge
he first of the 7-month seasonal gaps in our light curves. With the
horter expected lags for C IV , the average lags for the lowest and
ntermediate luminosity bins coincides with this gap. In addition to
he lower signal to noise of the light curves, this may be contributing
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Figure 7. Radius–Luminosity relation for Mg II , with existing individual lag 
measurements from Metzroth, Onken & Peterson ( 2006 ); Lira et al. ( 2018 ); 
Czerny et al. ( 2019 ); Zaja ̌cek et al. ( 2020 , 2021 ) and SDSS-RM (Homayouni 
et al. 2020 , gold sample), along with the OzDES individual measurements 
(Yu et al. 2023 ), and our stacked average lag measurements. The multiline 
average lag measurements are presented in Section 4.4 . 

Figure 8. The luminosity bins for the C IV sample, labelled with the number 
of binned sources. Within each bin, the standard deviation of the expected 
lags for the individual sources (measured using the source luminosity and the 
Hoormann et al. ( 2019 ) R –L relation for C IV ) is ∼15 per cent of the expected 
mean lag for the binned sample. 
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o the poorer quality of the stacked CCF’s. It is unclear why the
v erage lag reco v ered for the lowest luminosity bin is much longer
han expected. 

.4 Multiline measurements 

oth the H β and Mg II lines are visible for 13 AGN, and Mg II and
 IV for 106 AGN (see Fig. 1 ). We attempt to reco v er av erage lags

ndependently with each line, in order to compare the lag ratios to
nvestigate the ionization stratification of the BLR. 

We repeated the stacking procedure for the sample of 13 AGN 

ith the H β and Mg II light curves. As there are few sources we
o not bin them by luminosity. We present the stacked CCF’s for
ach line in Fig. 11 . We measure an average lag of 75 + 14 
−16 d for the

 β sample, and an average lag of 79 + 22 
−53 d for the Mg II sample. We

ormally reco v er a Mg II to H β lag ratio of 1.05 ± 0.54; ho we ver,
he inherent uncertainty is significant due to the large uncertainty 
f the Mg II average lag. This result is broadly consistent with the
xpectation that these two BLRs are approximately cospatial. This 
atio is consistent with previous multiline measurements made by 
omayouni et al. ( 2020 ), who found that Mg II is emitted from a

imilar or slightly larger region than H β in several individual sources,
s well as Clavel et al. ( 1991 ) and Czerny et al. ( 2019 ). 

We repeated this for the sample of 106 AGN with Mg II and
 IV , and present the stacked CCF’s in Fig. 12 . The signal to noise
as insufficient to divide the sample into two luminosity bins. We
easure an average Mg II lag of 182 + 128 

−37 d, and an average C IV lag of
4 + 165 

−45 d. We formally reco v er a Mg II to C IV lag ratio of 2.84 ± 4.84;
o we ver, this is poorly (if at all) constrained given that the average
ags are not well constrained (particularly for the CIV sample). The
verage lags are broadly consistent with the BLR stratification model, 
nd the multiline comparison made for a single source by Homayouni
t al. ( 2020 ). 

We include the average lags recovered from the multiline samples 
n the respective R –L plots presented in Figs 4 , 7 , and 10 . We also
ro vide all av erage lags reco v ered in this work from each multiline
nd emission line sample in Table 1 . 

 SUMMARY  

e use the stacking technique developed by Fine et al. ( 2012 , 2013 )
o measure average lags in luminosity bins for the H β, Mg II , and
 IV samples from the OzDES Reverberation Mapping Program. 
y utilizing the bulk of our sample to reco v er composite lags, we
 v oid the potential selection biases in the lag reco v ery for individual
ources. We successfully reco v er significant cross-correlation signals 
or each emission-line sample: 

(i) The average lags from each luminosity bin of the H β sample are
onsistent with the R –L relation constrained by Bentz et al. ( 2013 ),
nd the size of the uncertainties on the average lags are on par
ith that of individual measurements, despite the relatively small 
umber of sources stacked in each bin. This provides confidence 
n the individual measurements, and demonstrates the potential for 
tacked RM analyses to impro v e upon constraints that have thus far
een made with individual source measurements alone. 

(ii) For Mg II and C IV , the stacked cross-correlations are weaker,
ut still present abo v e the correlation signal generated using ran-
omized light curves. Further data or larger samples are required 
o reco v er significant av erage lags for these samples across each
uminosity bin. 

(iii) From our multiline analysis, we measure a Mg II to H β lag
atio that is consistent with earlier findings that the size of each of
hese line-emitting regions is similar. Our average lags for the Mg II
nd C IV multiline samples are not well-constrained due to the limited
ample size; ho we v er, the lag ratio we reco v er is largely consistent
ith the BLR ionization stratification model. 

Stacking can be applied beyond RM-specific surveys. It can be 
one with just a few spectroscopic epochs, using large AGN samples,
rovided the continuum behaviour is well sampled. With LSST 

orthcoming, high cadence photometry of the deep-drilling fields will 
ield quality continuum light curves for tens of thousands of AGN.
he SDSS-V Black Hole Mapper (BHM) will be spectroscopically 

ollowing these fields. In addition to their dedicated RM surv e y
f ∼1000 AGN, SDSS-V BHM will monitor 25 000 AGN o v er
MNRAS 531, 163–182 (2024) 
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Figure 9. Left column: The coloured solid lines are the stacked cross correlation functions (CCF) for each of the three luminosity bins for the C IV sample. The 
colours correspond to the respective bins in Fig. 8 . The 1 σ scatter of the bootstrapped CCF’s is shown by the coloured shaded region. The vertical dashed and 
dotted lines indicate the reco v ered av erage lag and its uncertainty, as measured from the bootstrap distribution (coloured histogram). The black solid line and 
grey shaded area show the mean and 1 σ scatter of the CCF’s generated using the randomized spectroscopic light curves following the procedure described in 
the text. Right column: The number of overlapping spectroscopic and photometric epochs as a function of time lag, in total, for each source in the corresponding 
bin. The expected mean lag for the bin is indicated by the black dashed line. 
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ultiple epochs, which will be combined with earlier SDSS spectra
Kollmeier et al. 2017 ). The Time Domain Extragalactic Surv e y
TiDES) will also be following up these fields to conduct an
M surv e y of ∼700 AGN up to z ∼ 2.5 (Swann et al. 2019 ).
tacking analyses of these future, large samples have promise to
ignificantly extend the reverberation mapping results from these
rojects. Although the impro v ed signal to noise and surv e y sampling
f these future programs are expected to yield an increased number of
NRAS 531, 163–182 (2024) 
igher quality individual lag measurements than the first generation
f multi-object RM surv e ys, these data sets can benefit from the
bility of stacking to alleviate the impact of the una v oidable seasonal
aps on lag reco v ery (Malik et al. 2022 ). Stacking also presents an
pportunity to combine all large time-domain data sets to reco v er
verage lags that are potentially more robust than individual lags,
hich remain challenging to reco v er reliably, particularly at high

edshift. 
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Figure 10. Radius–Luminosity relation for C IV , with our stacked average 
lags and existing individual lag measurements from Peterson et al. ( 2005 , and 
references therein); Kaspi et al. ( 2007 ); Trevese et al. ( 2014 ); Lira et al. ( 2018 ), 
and SDSS-RM (Grier et al. 2019 ; Shen et al. 2019 , gold sample), Kaspi et al. 
( 2021 ), along with the OzDES individual measurements (Hoormann et al. 
2019 ). The multiline average lag measurement is presented in Section 4.4 . 

Figure 11. The stacked cross correlation functions (CCF) for the multiline 
sample with both H β and Mg II , comprising 13 AGN. 

Figure 12. The stacked cross correlation functions (CCF) for the multiline 
sample with both Mg II and C IV , comprising 106 AGN. 

Table 1. The average lags for each luminosity bin or multiline 
sample, for each emission-line sample from the OzDES RM 

Program. Luminosities are given in erg s −1 , and average lags 
are in the rest frame. 

H β

Binned sample Average lag (d) 
43.45 < log( λL λ) < 43.77 16 + 44 

−9 

43.77 < log( λL λ) < 44.09 56 + 16 
−16 

44.09 < log( λL λ) < 44.41 65 + 15 
−13 

44.41 < log( λL λ) < 44.73 63 + 13 
−13 

44.73 < log( λL λ) < 45.05 93 + 14 
−21 

multiline H β + Mg II 75 + 14 
−16 

Mg II 
Binned sample Average lag (d) 
44.40 < log( λL λ) < 45.00 157 + 30 

−71 

45.00 < log( λL λ) < 45.50 143 + 38 
−34 

45.50 < log( λL λ) < 46.10 191 + 14 
−29 

multiline Mg II + H β 79 + 22 
−53 

multiline Mg II + C IV 182 + 128 
−37 

C IV 

Binned sample Average lag (d) 
44.90 < log( λL λ) < 45.50 124 + 11 

−25 

45.50 < log( λL λ) < 46.00 43 + 12 
−13 

46.00 < log( λL λ) < 46.60 71 + 196 
−23 

multiline C IV + Mg II 64 + 165 
−45 
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Table A1. Properties for our OzDES H β stacking sample. Columns left 
to right: DES name (J2000), redshift, r -band apparent AB magnitude, 
monochromatic luminosity at 5100 Å. The superscript a flags sources that 
also have Mg II data. 

DES ID z m r log ( λL 5100 ) (erg s −1 ) 

DES J002802.42 −424913.52 0.127 17.88 43.67 
DES J033633.16 −284027.18 0.129 17.73 43.74 
DES J022024.92 −061731.51 0.139 18.04 43.69 
DES J003515.60 −433357.64 0.145 17.75 43.84 
DES J003245.59 −421441.67 0.183 18.85 43.62 
DES J025007.02 + 002525.49 0.198 18.02 44.03 
DES J024347.34 −005354.84 0.237 19.19 43.73 
DES J024340.97 −002601.16 0.268 19.16 43.86 
DES J025021.72 −005413.02 0.271 19.87 43.59 
DES J025211.61 −003629.35 0.294 20.10 43.58 
DES J034028.46 −292902.41 0.310 18.09 44.43 
DES J022249.67 −051453.01 0.314 19.03 44.07 
DES J025240.59 −002117.04 0.315 20.37 43.53 
DES J022851.50 −051223.00 0.317 18.01 44.48 
DES J003954.13 −440509.97 0.332 19.53 43.92 
DES J022330.16 −054758.06 0.354 19.87 43.85 
DES J024325.53 −000412.67 0.356 20.47 43.62 
DES J024902.03 −004322.43 0.360 20.75 43.52 
DES J024320.36 −001825.41 0.373 19.47 44.07 
DES J024519.82 −010245.63 0.381 20.46 43.69 
DES J024225.86 −004142.50 0.383 20.74 43.59 
DES J003622.82 −424759.11 0.390 21.02 43.49 
DES J004009.06 −431255.29 0.434 19.04 44.40 
DES J003834.47 −433807.12 0.453 20.61 43.82 
DES J025042.90 −004138.74 0.457 20.54 43.86 
DES J022258.90 −045852.28 0.466 19.77 44.20 
DES J024712.89 −011106.21 0.486 20.56 43.92 
DES J024211.93 −010959.69 0.488 20.18 44.08 
DES J024538.29 −004705.32 0.488 20.49 43.96 
DES J003017.47 −422446.39 0.491 18.48 44.77 
DES J022133.82 −054842.69 0.501 18.77 44.67 
DES J024643.04 −013149.55 0.502 19.32 44.45 
DES J033002.93 −273248.31 0.527 20.33 44.10 
DES J003552.21 −423352.14 0.530 21.29 43.72 
DES J022019.61 −060729.77 0.541 20.07 44.23 
DES J021910.57 −055114.76 0.558 19.49 44.49 
DES J025119.79 −004831.62 0.559 19.98 44.30 
DES J033758.00 −294618.46 0.561 19.27 44.58 
DES J024939.57 + 000700.39 0.564 20.90 43.94 
DES J024646.73 −001220.60 0.564 19.73 44.41 
DES J022717.88 −051623.78 0.566 20.87 43.95 
DES J033946.12 −295030.94 0.582 20.33 44.20 
DES J003114.43 −424227.81 0.591 20.53 44.13 
DES J033905.07 −292134.36 0.600 18.66 44.89 
DES J022329.27 −045451.85 0.604 20.78 44.05 
DES J033738.50 −272306.75 0.613 18.60 44.94 
DES J022246.23 −041450.67 0.614 19.94 44.40 
DES J024651.86 −010732.56 0.622 20.36 44.25 
DES J033910.13 −264311.77 0.622 21.39 43.84 
DES J024442.77 −004223.14 0.628 19.92 44.43 
DES J021923.29 −045148.69 0.630 19.36 44.66 
DES J033051.45 −271254.90 0.633 20.24 44.31 
DES J032718.70 −281857.85 0.634 19.52 44.60 
DES J002904.43 −425243.04 0.644 19.54 44.61 
DES J021820.49 −050426.42 0.650 19.59 44.60 
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Table A1 – continued 

DES ID z m r log ( λL 5100 ) (erg s −1 ) 

DES J034056.37 −293339.67 0.652 20.44 44.26 
DES J003013.70 −425733.44 a 0.654 20.31 44.32 
DES J024533.65 −000744.91 a 0.655 19.66 44.58 
DES J003010.25 −423356.22 a 0.667 20.14 44.40 
DES J003231.39 −433511.71 a 0.679 20.39 44.32 
DES J004334.89 −440546.53 a 0.681 19.62 44.63 
DES J021952.14 −040919.86 a 0.692 20.30 44.37 
DES J022452.19 −040519.38 a 0.695 19.85 44.55 
DES J002906.71 −423904.49 a 0.703 18.69 45.03 
DES J021514.27 −053321.33 a 0.703 20.01 44.50 
DES J033819.34 −274346.33 a 0.706 18.81 44.98 
DES J022617.85 −043108.99 a 0.708 19.52 44.70 
DES J021524.99 −045353.83 a 0.714 20.51 44.31 
DES J021808.24 −045845.20 a 0.716 18.18 45.25 

Table A2. Properties for our OzDES Mg II stacking sample. Columns 
left to right: DES name (J2000), redshift, r -band apparent AB magnitude, 
monochromatic luminosity at 3000 Å. The superscript a flags sources that 
also have H β data, and b flags sources that also have C IV data. 

DES ID z m r log ( λL 3000 ) (erg s −1 ) 

DES J003013.70 −425733.44 a 0.654 20.31 44.47 
DES J024533.65 −000744.91 a 0.655 19.66 44.73 
DES J003010.25 −423356.22 a 0.667 20.14 44.56 
DES J003231.39 −433511.71 a 0.679 20.39 44.47 
DES J004334.89 −440546.53 a 0.681 19.62 44.78 
DES J021952.14 −040919.86 a 0.692 20.30 44.53 
DES J022452.19 −040519.38 a 0.695 19.85 44.71 
DES J002906.71 −423904.49 a 0.703 18.69 45.18 
DES J021514.27 −053321.33 a 0.703 20.01 44.66 
DES J033819.34 −274346.33 a 0.706 18.81 45.14 
DES J022617.85 −043108.99 a 0.708 19.52 44.86 
DES J021524.99 −045353.83 a 0.714 20.51 44.47 
DES J021808.24 −045845.20 a 0.716 18.18 45.40 
DES J033545.58 −293216.49 0.724 20.30 44.56 
DES J024126.71 −004526.12 0.727 18.92 45.12 
DES J033227.00 −274105.28 0.730 19.81 44.77 
DES J024727.97 −013008.97 0.741 20.26 44.60 
DES J022421.67 −064613.71 0.755 20.48 44.53 
DES J032724.94 −274202.77 0.756 19.78 44.81 
DES J021902.96 −062107.22 0.758 20.42 44.55 
DES J022244.40 −043346.88 0.761 19.23 45.03 
DES J025048.65 + 000207.62 0.766 19.12 45.08 
DES J003155.93 −434225.34 0.768 19.30 45.01 
DES J021705.51 −042253.46 0.788 20.24 44.66 
DES J033459.10 −293317.41 0.801 19.99 44.77 
DES J032850.20 −271207.84 0.802 19.42 45.00 
DES J003350.95 −435606.17 0.806 19.61 44.93 
DES J022155.25 −064916.59 0.807 18.06 45.55 
DES J024801.09 −004015.63 0.811 20.05 44.76 
DES J025146.78 −004035.49 0.813 19.63 44.93 
DES J022326.46 −045705.99 0.825 20.72 44.50 
DES J025100.99 + 004802.99 0.829 20.03 44.78 
DES J021628.43 −040147.11 0.831 19.52 44.99 
DES J033246.02 −282232.12 0.839 20.07 44.78 
DES J033328.93 −275641.20 0.839 20.29 44.69 
DES J022255.89 −051351.61 0.849 19.01 45.21 
DES J004042.70 −440341.05 0.851 19.78 44.91 
DES J033332.81 −282220.34 0.858 19.14 45.17 
DES J024637.94 −004105.24 0.859 20.10 44.79 
DES J033137.70 −284808.03 0.862 21.68 44.16 
DES J033230.63 −284750.36 0.862 20.70 44.55 
DES J033235.64 −290202.05 0.866 19.33 45.10 

Table A2 – continued 

DES ID z m r log ( λL 3000 ) (erg s −1 ) 

DES J003527.80 −443411.36 0.869 19.90 44.88 
DES J002831.10 −421538.06 0.871 18.98 45.25 
DES J033523.52 −280723.67 0.871 17.25 45.94 
DES J003331.34 −441039.28 0.878 19.64 44.99 
DES J004020.36 −432053.98 0.880 19.49 45.05 
DES J002641.26 −424900.31 0.882 19.95 44.87 
DES J021557.63 −045009.52 0.884 18.73 45.36 
DES J003301.72 −440750.87 0.886 19.86 44.91 
DES J024831.08 −005025.58 0.887 20.42 44.69 
DES J002951.05 −433629.34 0.892 20.66 44.60 
DES J002702.17 −431755.99 0.900 20.15 44.81 
DES J021413.01 −042930.02 0.901 19.08 45.24 
DES J024159.74 −010512.38 0.904 20.16 44.81 
DES J024357.90 −011330.42 0.905 20.22 44.79 
DES J022440.72 −043657.71 0.907 20.14 44.82 
DES J025217.48 −005249.30 0.912 20.52 44.67 
DES J002930.76 −432724.34 0.914 18.35 45.54 
DES J003437.73 −424318.36 0.915 19.09 45.25 
DES J033520.08 −284258.52 0.931 20.14 44.84 
DES J003435.26 −441127.90 0.933 19.40 45.14 
DES J024425.38 −004652.99 0.937 18.90 45.34 
DES J003809.48 −435241.29 0.937 19.40 45.14 
DES J033435.50 −282812.24 0.940 19.88 44.95 
DES J002926.51 −431250.54 0.944 18.96 45.33 
DES J002917.61 −433759.92 0.951 18.58 45.48 
DES J024237.79 −012354.10 0.957 19.65 45.06 
DES J033435.49 −283631.56 0.963 20.09 44.89 
DES J022049.53 −053731.08 0.974 20.00 44.94 
DES J022344.57 −064039.01 0.983 20.83 44.61 
DES J022712.98 −044636.25 0.983 18.13 45.69 
DES J033945.79 −275333.88 0.984 21.29 44.43 
DES J033404.10 −275629.92 0.984 20.75 44.65 
DES J033339.36 −281724.26 0.987 20.02 44.94 
DES J033509.98 −283255.27 0.993 18.03 45.74 
DES J002933.85 −435240.66 0.995 18.06 45.73 
DES J022114.78 −050832.95 0.996 20.60 44.72 
DES J032853.99 −281706.94 1.000 20.29 44.84 
DES J024514.00 −003535.43 1.005 19.41 45.20 
DES J025237.80 −004627.79 1.008 19.49 45.17 
DES J021500.22 −043007.46 1.012 19.76 45.06 
DES J024300.44 −003030.10 1.018 20.52 44.76 
DES J022449.86 −043025.80 1.024 20.44 44.80 
DES J024924.67 + 002536.38 1.025 19.93 45.00 
DES J033531.95 −271825.19 1.029 19.14 45.32 
DES J033408.25 −274337.81 1.029 20.69 44.70 
DES J003914.17 −443844.22 1.033 19.62 45.13 
DES J033854.56 −291001.97 1.049 20.21 44.91 
DES J032831.40 −285249.79 1.050 20.47 44.80 
DES J022104.63 −044239.89 1.052 20.25 44.89 
DES J002826.18 −433829.09 1.063 20.90 44.64 
DES J003710.86 −444048.06 1.067 18.53 45.59 
DES J033810.75 −275153.11 1.077 19.45 45.23 
DES J033948.28 −275438.98 1.077 17.51 46.01 
DES J021817.44 −045112.40 1.083 19.25 45.32 
DES J002949.39 −434806.73 1.088 19.29 45.31 
DES J025228.55 + 003109.14 1.110 18.81 45.52 
DES J025128.38 + 001144.60 1.117 20.17 44.98 
DES J033045.54 −284150.29 1.119 19.57 45.22 
DES J003145.76 −421747.61 1.129 19.38 45.30 
DES J003834.04 −432457.69 1.133 20.29 44.94 
DES J034020.28 −291750.48 1.135 18.28 45.75 
DES J003536.95 −443104.40 1.136 20.06 45.04 
DES J002639.87 −432307.71 1.139 19.58 45.23 
DES J024617.07 −000602.60 1.143 18.42 45.70 
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Table A2 – continued 

DES ID z m r log ( λL 3000 ) (erg s −1 ) 

DES J003452.22 −434613.99 1.146 20.77 44.76 
DES J024854.80 + 001054.04 1.146 19.57 45.24 
DES J033836.19 −295113.53 1.148 20.95 44.69 
DES J003444.53 −433749.06 1.153 20.12 45.03 
DES J021631.35 −043207.93 1.155 19.74 45.18 
DES J022501.68 −040754.18 1.157 19.67 45.21 
DES J003332.28 −430526.16 1.159 18.53 45.67 
DES J022718.54 −053124.86 1.159 21.06 44.66 
DES J033350.23 −284244.42 1.161 21.12 44.63 
DES J021849.86 −035835.29 1.162 19.18 45.41 
DES J033612.01 −290152.96 1.164 19.58 45.25 
DES J033353.02 −283022.38 1.165 18.51 45.68 
DES J033429.54 −293904.49 1.167 20.57 44.86 
DES J033416.89 −274504.73 1.168 20.12 45.04 
DES J033719.99 −262418.84 1.169 19.56 45.27 
DES J003725.23 −431710.85 1.173 19.94 45.12 
DES J022556.83 −045853.05 1.180 21.09 44.66 
DES J022823.19 −041223.67 1.181 17.57 46.07 
DES J022533.79 −050801.95 1.183 18.40 45.74 
DES J033744.23 −262559.74 1.187 18.85 45.56 
DES J025036.99 −002408.04 1.195 20.68 44.84 
DES J033335.92 −264915.24 1.199 19.99 45.12 
DES J024840.98 −001228.80 1.199 19.11 45.47 
DES J003848.77 −434518.55 1.200 21.03 44.70 
DES J003549.87 −424526.29 1.208 20.26 45.02 
DES J033627.43 −294149.95 1.218 18.59 45.69 
DES J022212.40 −061246.20 1.220 20.71 44.85 
DES J022108.60 −061753.21 1.225 20.00 45.13 
DES J033534.69 −283149.26 1.225 19.71 45.25 
DES J022134.35 −062941.64 1.228 20.71 44.85 
DES J024544.78 −004415.24 1.229 19.82 45.21 
DES J022423.52 −065001.40 1.229 20.15 45.08 
DES J022023.48 −064959.19 1.232 20.35 45.00 
DES J033525.23 −270200.72 1.233 19.31 45.42 
DES J022055.16 −060136.43 1.234 20.55 44.92 
DES J003703.65 −434759.50 1.236 19.87 45.20 
DES J004111.46 −441014.38 1.237 20.20 45.06 
DES J033211.42 −284323.98 1.237 21.86 44.40 
DES J033928.30 −291714.73 1.241 20.08 45.12 
DES J003125.94 −434743.50 1.243 20.25 45.05 
DES J024918.24 −001731.03 1.244 19.82 45.22 
DES J021906.15 −063000.89 1.250 20.12 45.10 
DES J002743.35 −425258.79 1.252 19.94 45.18 
DES J033635.40 −273427.02 1.254 20.17 45.09 
DES J003322.53 −442412.38 1.257 19.47 45.37 
DES J022445.39 −065556.80 1.261 21.11 44.72 
DES J022115.87 −062217.45 1.273 18.82 45.64 
DES J024306.66 −002531.29 1.279 20.36 45.03 
DES J022245.85 −041932.10 1.283 20.61 44.93 
DES J034106.19 −291410.86 1.287 21.20 44.70 
DES J022529.40 −050946.39 1.288 20.93 44.81 
DES J024939.57 −001157.73 1.295 20.97 44.80 
DES J024621.09 −000152.02 1.296 18.64 45.73 
DES J021957.86 −060534.66 1.296 20.74 44.89 
DES J025323.64 + 000446.97 1.297 20.18 45.12 
DES J022024.34–061401.95 1.297 21.31 44.66 
DES J033911.64 −290601.76 1.298 20.06 45.16 
DES J025224.97 + 001308.30 1.300 20.68 44.92 
DES J003819.73 −443134.02 1.305 18.80 45.67 
DES J024455.17 −002501.41 1.308 19.29 45.48 
DES J034032.74 −270521.33 1.310 20.91 44.83 
DES J024811.51 −012609.51 1.313 19.29 45.48 
DES J003639.49 −430400.30 1.317 20.20 45.12 
DES J033308.48 −285832.12 1.318 19.72 45.31 
DES J025005.69 −004054.86 1.320 20.41 45.04 

Table A2 – continued 

DES ID z m r log ( λL 3000 ) (erg s −1 ) 

DES J033030.59 −282135.43 1.322 18.89 45.65 
DES J022024.93 −053744.40 1.322 21.14 44.75 
DES J003245.16 −440451.51 1.323 20.84 44.87 
DES J033216.20 −273930.61 1.324 20.60 44.96 
DES J033525.44 −265531.09 1.325 17.55 46.19 
DES J033939.33 −272454.08 1.325 19.19 45.53 
DES J033303.99 −271531.43 1.329 20.13 45.16 
DES J033533.91 −264847.02 1.330 20.25 45.11 
DES J002855.47 −434210.06 1.331 20.14 45.15 
DES J024214.97 −003131.71 1.332 19.93 45.24 
DES J033057.32 −284737.42 1.335 20.99 44.81 
DES J033635.49 −263735.76 1.336 19.99 45.22 
DES J033824.55 −263527.10 1.340 19.65 45.35 
DES J024652.16 −011242.95 1.340 19.44 45.44 
DES J024326.61 −002056.06 1.345 20.51 45.01 
DES J022351.09 −053750.25 1.347 18.61 45.77 
DES J033723.98 −294917.22 1.351 19.00 45.62 
DES J022446.16 −050827.57 1.357 18.85 45.69 
DES J022436.17 −065912.26 1.360 20.78 44.91 
DES J022419.74 −062142.31 1.361 18.52 45.82 
DES J025324.69 −002655.67 1.364 19.41 45.47 
DES J003922.97 −430230.45 1.369 19.71 45.35 
DES J024234.93 −010351.83 1.371 19.46 45.45 
DES J025252.02 −002211.61 1.371 20.68 44.96 
DES J025318.92 + 001559.61 1.374 20.92 44.87 
DES J002857.80 −424644.03 1.377 18.74 45.74 
DES J033923.53 −265229.48 1.379 20.57 45.01 
DES J034027.16 −285641.30 1.379 18.74 45.74 
DES J004055.63 −441249.41 1.383 20.42 45.08 
DES J033444.13 −264215.40 1.384 19.57 45.42 
DES J003738.22 −443838.25 1.385 20.13 45.19 
DES J025145.09 −004639.64 1.386 19.81 45.32 
DES J021749.09 −041215.57 1.386 20.13 45.19 
DES J022815.08 −041942.59 1.387 20.10 45.21 
DES J024746.99 −011334.42 1.389 20.63 44.99 
DES J003814.08 −433314.92 1.390 18.27 45.94 
DES J022032.25 −044217.60 1.401 20.25 45.16 
DES J021451.07 −044236.60 1.401 20.97 44.87 
DES J022446.95 −055739.13 1.409 20.88 44.91 
DES J022402.07 −062943.14 1.412 20.17 45.20 
DES J022124.53 −050205.23 1.415 19.02 45.66 
DES J032942.54 −272012.09 1.415 19.94 45.29 
DES J003827.69 −433518.19 1.419 19.96 45.28 
DES J022436.64 −063255.90 1.423 20.95 44.89 
DES J024935.55 −001336.76 1.423 19.99 45.28 
DES J024606.20 −005531.75 1.426 20.38 45.12 
DES J003052.76 −430301.10 1.428 19.39 45.52 
DES J024929.19 −002104.15 1.428 19.00 45.67 
DES J022216.72 −041719.73 1.432 19.89 45.32 
DES J033918.13 −293008.14 1.436 21.12 44.83 
DES J024340.09 −001749.37 1.436 19.68 45.41 
DES J024753.20 −002137.75 1.437 20.16 45.22 
DES J024212.65 −010339.46 1.438 20.77 44.97 
DES J033435.10 −262635.67 1.441 19.45 45.50 
DES J021939.92 −061407.00 1.446 20.60 45.05 
DES J022041.19 −055039.80 1.454 20.27 45.19 
DES J022006.60 −061936.36 1.460 19.83 45.37 
DES J033630.87 −291753.39 1.462 19.63 45.45 
DES J024820.90 −002546.67 1.463 19.98 45.31 
DES J025030.77 −000801.72 1.466 18.31 45.98 
DES J002940.83 −424308.05 1.472 19.66 45.44 
DES J025024.52 −001419.03 1.472 19.98 45.31 
DES J033310.16 −282433.18 1.476 20.99 44.91 
DES J003253.01 −435626.33 1.476 20.01 45.30 
DES J022644.23 −040720.13 1.479 19.76 45.41 
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Table A2 – continued 

DES ID z m r log ( λL 3000 ) (erg s −1 ) 

DES J003035.42 −433249.60 1.480 18.77 45.80 
DES J024944.09 + 003317.50 1.480 19.71 45.43 
DES J003053.45 −432344.99 1.490 20.58 45.09 
DES J033213.36 −283621.03 1.492 20.36 45.18 
DES J003232.61 −433303.00 1.492 19.77 45.41 
DES J032604.02 −275629.36 1.494 18.53 45.91 
DES J022429.11 −045807.69 1.498 20.30 45.20 
DES J003621.41 −435139.13 1.501 20.21 45.24 
DES J034101.59 −293056.44 1.504 20.49 45.13 
DES J022350.77 −043158.10 1.504 19.90 45.37 
DES J021620.91 −053417.45 1.508 20.11 45.29 
DES J033253.86 −283139.33 1.509 20.61 45.09 
DES J024959.77 −000104.11 1.512 20.09 45.30 
DES J024920.97 + 004206.39 1.524 20.66 45.08 
DES J021630.87 −042051.45 1.528 19.90 45.39 
DES J024455.45 −011500.42 1.529 20.51 45.15 
DES J033951.49 −291713.89 1.530 20.83 45.02 
DES J032643.99 −280657.07 1.532 19.73 45.46 
DES J004232.48 −440757.18 1.532 18.38 46.00 
DES J003207.44 −433049.00 1.533 19.65 45.50 
DES J033400.71 −271540.89 1.538 20.04 45.35 
DES J003254.85 −420236.96 1.541 20.28 45.25 
DES J022338.53 −063246.90 1.546 21.24 44.88 
DES J025311.70 −004241.62 1.547 20.36 45.23 
DES J022059.48 −044917.03 1.547 18.51 45.97 
DES J033355.67 −282651.58 1.551 20.39 45.22 
DES J033853.03 −271735.34 1.553 21.16 44.91 
DES J022509.54 −040838.19 1.553 20.43 45.21 
DES J003006.53 −435107.85 1.555 20.46 45.20 
DES J022520.75 −041246.56 1.559 20.38 45.23 
DES J022154.21 −061941.56 1.559 20.13 45.33 
DES J021612.83 −044634.12 1.560 19.86 45.44 
DES J003433.01 −423342.34 1.561 20.28 45.27 
DES J033410.83 −280949.16 1.562 21.54 44.77 
DES J033058.53 −275148.31 1.562 20.90 45.03 
DES J025318.76 + 000414.19 1.563 20.15 45.33 
DES J033101.15 −275125.44 1.563 19.12 45.74 
DES J004016.88 −442556.16 1.565 20.24 45.29 
DES J003829.91 −434454.27 1.567 17.83 46.26 
DES J003858.70 −443045.51 1.569 19.95 45.41 
DES J003653.08 −435441.53 1.572 19.32 45.67 
DES J033211.64 −273726.16 1.574 19.22 45.71 
DES J033325.92 −290142.07 1.574 20.77 45.09 
DES J022422.63 −061943.20 1.575 21.53 44.78 
DES J002939.03 −431253.68 1.577 20.70 45.12 
DES J033553.51 −275044.68 1.578 18.99 45.80 
DES J025148.53 −004637.61 1.579 19.50 45.60 
DES J003413.73 −432600.36 1.588 21.23 44.91 
DES J022733.98 −042523.34 1.590 20.57 45.18 
DES J032801.84 −273815.71 1.590 20.14 45.35 
DES J003952.64 −442753.23 1.591 20.03 45.40 
DES J003254.79 −423926.69 1.597 19.28 45.70 
DES J003307.13 −424912.19 1.598 20.49 45.22 
DES J024603.67 −003211.73 b 1.601 18.99 45.82 
DES J033304.62 −291230.05 b 1.603 20.19 45.34 
DES J024823.76 −010002.36 1.603 20.48 45.23 
DES J022152.62 −062834.38 b 1.604 20.96 45.03 
DES J033617.72 −300224.76 b 1.605 19.88 45.47 
DES J033604.07 −292659.88 b 1.610 20.07 45.39 
DES J021505.09 −045855.98 1.610 19.33 45.69 
DES J033721.40 −292323.42 b 1.612 19.99 45.43 
DES J033918.18 −293142.92 b 1.612 21.04 45.01 
DES J033407.62 −291607.55 b 1.615 19.59 45.59 
DES J002950.78 −423801.20 b 1.616 20.69 45.15 

Table A2 – continued 

DES ID z m r log ( λL 3000 ) (erg s −1 ) 

DES J003723.59 −442258.09 b 1.618 19.98 45.44 
DES J033139.43 −284939.85 1.619 20.93 45.06 
DES J003426.66 −422807.96 1.622 21.07 45.00 
DES J022016.53 −043209.15 1.624 21.22 44.94 
DES J025225.52 + 003405.92 1.624 19.97 45.44 
DES J021600.36 −043829.30 b 1.624 20.33 45.30 
DES J033220.31 −280214.82 1.625 21.11 44.99 
DES J021947.13 −043754.70 b 1.626 20.63 45.18 
DES J033835.80 −274224.52 b 1.629 20.00 45.44 
DES J003501.58 −425344.26 b 1.632 19.98 45.45 
DES J003454.09 −425716.21 b 1.633 20.62 45.19 
DES J022247.88 −043330.04 b 1.635 20.24 45.34 
DES J003234.33 −431937.83 b 1.641 19.40 45.68 
DES J022224.82 −062626.69 b 1.641 20.16 45.38 
DES J025254.18 −001119.67 b 1.641 21.25 44.94 
DES J022716.52 −050008.33 b 1.642 20.50 45.24 
DES J022337.73 −062354.60 1.646 20.91 45.08 
DES J034044.75 −270720.15 1.647 21.14 44.99 
DES J024207.50 −004423.41 1.647 22.32 44.52 
DES J033437.58 −275826.84 b 1.648 18.69 45.97 
DES J022008.73 −045905.31 b 1.649 20.52 45.24 
DES J033657.91 −274244.39 b 1.649 20.14 45.39 
DES J003015.00 −430333.45 b 1.650 19.97 45.46 
DES J022029.60 −051022.59 b 1.652 20.68 45.18 
DES J024422.20 −011247.11 1.654 20.14 45.40 
DES J022228.25 −060547.60 1.658 20.34 45.32 
DES J022319.01 −070927.36 1.659 21.32 44.93 
DES J003143.64 −425420.21 b 1.662 20.03 45.44 
DES J022208.15 −065550.48 1.662 21.12 45.01 
DES J003245.74 −431453.18 1.671 20.78 45.15 
DES J003548.43 −431444.38 b 1.673 20.47 45.27 
DES J022424.16 −043229.83 b 1.674 20.32 45.34 
DES J025340.94 + 001110.20 b 1.675 18.31 46.14 
DES J024906.74 + 000823.79 1.677 20.68 45.19 
DES J003956.32 −442047.73 b 1.680 20.08 45.44 
DES J021439.12 −051355.34 1.683 20.96 45.08 
DES J033903.66 −293326.48 b 1.684 21.85 44.73 
DES J003948.24 −445323.16 b 1.684 19.59 45.63 
DES J025429.12 −000404.45 1.685 21.98 44.68 
DES J003635.93 −434636.05 b 1.689 19.90 45.51 
DES J025220.53 + 002735.19 b 1.690 19.86 45.53 
DES J033341.61 −284603.55 1.693 21.02 45.07 
DES J021902.58 −044628.33 b 1.694 19.92 45.51 
DES J025356.07 + 001057.54 b 1.695 19.47 45.69 
DES J003325.69 −434826.13 b 1.696 20.26 45.37 
DES J024527.72 −010602.84 b 1.696 20.05 45.46 
DES J003030.66 −420243.68 1.696 20.65 45.22 
DES J033457.77 −274956.61 1.700 21.58 44.85 
DES J022445.77 −061149.99 b 1.701 20.19 45.40 
DES J003213.12 −434553.39 1.706 17.34 46.55 
DES J003256.53 −441451.15 1.708 19.89 45.53 
DES J022907.98 −045102.02 1.714 20.91 45.12 
DES J022014.98 −062253.15 b 1.716 19.91 45.52 
DES J024207.18 −002818.79 1.716 19.83 45.56 
DES J003721.82 −443051.40 1.716 20.33 45.36 
DES J003221.43 −423908.40 1.719 21.21 45.01 
DES J024632.55 −003439.14 b 1.724 19.87 45.55 
DES J022134.97 −070831.84 b 1.728 20.70 45.22 
DES J032940.47 −275143.61 b 1.730 19.87 45.55 
DES J022602.20 −061626.10 b 1.736 19.97 45.51 
DES J003734.68 −441539.48 1.738 20.15 45.44 
DES J024611.20 −003134.33 1.738 20.52 45.29 
DES J021647.25 −044029.81 1.746 21.58 44.87 
DES J003206.50 −425325.23 b 1.750 19.84 45.57 
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Table A2 – continued 

DES ID z m r log ( λL 3000 ) (erg s −1 ) 

DES J033814.33 −294213.78 b 1.750 19.94 45.53 
DES J002920.73 −420425.08 1.750 19.66 45.64 
DES J033453.60 −264121.34 b 1.751 20.14 45.45 
DES J033817.74 −290324.90 b 1.753 19.61 45.67 
DES J021732.31 −052950.95 1.755 21.84 44.77 
DES J033211.80 −284257.07 1.755 20.26 45.41 
DES J022115.04 −043155.51 b 1.757 21.33 44.98 
DES J033452.89 −265215.54 b 1.757 19.10 45.87 
DES J033451.51 −280041.23 1.758 21.49 44.92 
DES J022117.44 −063856.45 b 1.763 19.83 45.58 
DES J024140.99 −012712.41 1.768 20.33 45.39 
DES J024257.19 −004549.41 b 1.770 21.08 45.09 
DES J022119.91 −045948.62 b 1.770 20.76 45.22 
DES J003120.86 −425145.98 b 1.771 20.14 45.47 
DES J002859.58 −423239.47 1.776 19.43 45.75 
DES J022024.08 −045709.48 1.776 19.84 45.59 
DES J033912.33 −293043.57 1.778 21.35 44.98 
DES J004029.04 −441704.97 b 1.783 20.04 45.51 
DES J003255.12 −435757.56 b 1.784 20.07 45.50 
DES J022533.36 −065917.56 1.784 18.95 45.95 
DES J032759.97 −271921.90 b 1.785 20.37 45.38 
DES J024222.95 −011527.57 b 1.785 20.24 45.43 
DES J032914.81 −290130.69 1.787 20.50 45.33 
DES J033328.60 −290314.66 b 1.787 19.58 45.70 
DES J022027.32 −045115.53 b 1.788 21.14 45.08 
DES J033922.52 −292857.78 1.789 21.27 45.02 
DES J022002.08 −050101.91 b 1.791 19.69 45.66 
DES J022751.50 −044252.66 b 1.795 20.60 45.30 
DES J003939.41 −444612.90 b 1.797 20.17 45.47 
DES J022503.11 −065258.79 b 1.798 20.09 45.50 
DES J032835.62 −274406.09 b 1.800 19.94 45.56 
DES J033722.89 −274020.85 b 1.804 19.93 45.57 
DES J003921.57 −441844.65 1.813 19.91 45.58 
DES J003920.50 −440441.16 b 1.814 19.79 45.63 
DES J003739.59 −432521.40 b 1.815 20.40 45.39 
DES J022231.63 −043256.29 1.816 19.67 45.68 
DES J033047.84 −281521.39 1.818 21.53 44.94 
DES J034001.87 −270136.24 1.819 21.05 45.13 
DES J004156.96 −435856.50 1.821 20.36 45.41 
DES J024635.61 −000850.46 b 1.822 19.26 45.85 
DES J033002.51 −274858.28 b 1.823 20.70 45.27 
DES J033017.79 −280231.25 1.823 20.61 45.31 
DES J033548.18 −290943.65 b 1.826 20.33 45.42 
DES J022352.09 −064029.96 b 1.827 20.50 45.35 
DES J022409.89 −044718.00 b 1.832 20.11 45.51 
DES J033319.58 −290431.65 b 1.833 20.73 45.27 
DES J024716.32 −010401.36 b 1.834 21.10 45.12 
DES J021958.13 −041707.68 1.837 21.09 45.12 
DES J033222.47 −285935.09 b 1.837 20.68 45.29 
DES J033301.69 −275818.80 b 1.840 20.94 45.19 
DES J004014.18 −431716.29 b 1.842 19.87 45.62 
DES J021643.70 −052236.21 1.844 20.57 45.34 
DES J021903.49 −043935.00 b 1.845 20.48 45.37 
DES J033539.94 −265025.37 1.846 19.68 45.69 
DES J024737.50 −000458.97 b 1.847 19.88 45.62 
DES J024608.67 −013933.97 b 1.848 19.68 45.70 
DES J022515.35 −044008.91 b 1.850 19.82 45.64 
DES J025038.68 −004739.06 b 1.856 18.67 46.10 
DES J002729.28 −431501.02 b 1.863 19.67 45.71 
DES J024723.54 −002536.48 b 1.864 19.42 45.81 
DES J022845.57 −043350.18 b 1.864 17.41 46.61 
DES J024748.87 −000147.41 b 1.868 19.58 45.75 
DES J024133.65 −010724.20 b 1.874 20.86 45.24 
DES J003940.80 −443718.32 b 1.875 19.49 45.79 

Table A2 – continued 

DES ID z m r log ( λL 3000 ) (erg s −1 ) 

DES J024838.93 −000325.87 1.876 20.61 45.34 
DES J022047.63 −051835.83 b 1.878 19.55 45.77ff 
DES J021544.02 −053607.56 1.885 21.31 45.06 
DES J025513.03 + 000639.59 1.885 19.78 45.68 
DES J021707.96 −055152.07 b 1.885 19.70 45.71 
DES J033145.20 −275435.75 b 1.891 21.19 45.12 
DES J033225.90 −282208.45 1.894 21.55 44.97 
DES J022213.31 −041030.05 1.903 20.14 45.54 
DES J024242.50 −002212.87 b 1.904 20.57 45.37 
DES J022828.19 −040044.25 b 1.905 18.31 46.28 
DES J003626.44 −430820.66 b 1.907 19.80 45.68 
DES J022050.39 −061748.80 b 1.908 21.89 44.85 
DES J021953.45 −061123.39 b 1.910 19.90 45.64 
DES J003150.13 −432726.88 b 1.912 18.68 46.13 
DES J022328.88 −040134.71 b 1.915 19.82 45.68 
DES J033739.88 −272045.97 b 1.916 19.21 45.92 
DES J033924.44 −271250.15 b 1.918 20.52 45.40 
DES J025428.31 + 002418.43 b 1.918 20.42 45.44 
DES J033415.37 −265535.62 b 1.922 19.85 45.67 
DES J033011.77 −283636.65 b 1.922 20.99 45.21 
DES J022327.85 −040119.16 b 1.922 20.81 45.29 
DES J024639.22 −012731.85 b 1.923 20.34 45.47 

Table A3. Properties for our OzDES C IV stacking sample. Columns left 
to right: DES name (J2000), redshift, r -band apparent AB magnitude, 
monochromatic luminosity at 1350 Å. The superscript b flags sources that 
also have Mg II data. 

DES ID z m r log ( λL 1350 ) (erg s −1 ) 

DES J024603.67 −003211.73 a 1.601 18.99 45.93 
DES J033304.62 −291230.05 a 1.603 20.19 45.45 
DES J022152.62 −062834.38 a 1.604 20.96 45.14 
DES J033617.72 −300224.76 a 1.605 19.88 45.57 
DES J033604.07 −292659.88 a 1.610 20.07 45.50 
DES J033721.40 −292323.42 a 1.612 19.99 45.53 
DES J033918.18 −293142.92 a 1.612 21.04 45.11 
DES J033407.62 −291607.55 a 1.615 19.59 45.70 
DES J002950.78 −423801.20 a 1.616 20.69 45.26 
DES J003723.59 −442258.09 a 1.618 19.98 45.54 
DES J021600.36 −043829.30 a 1.624 20.33 45.41 
DES J021947.13 −043754.70 a 1.626 20.63 45.29 
DES J033835.80–274224.52 a 1.629 20.00 45.54 
DES J003501.58–425344.26 a 1.632 19.98 45.55 
DES J003454.09–425716.21 a 1.633 20.62 45.30 
DES J022247.88–043330.04 a 1.635 20.24 45.45 
DES J003234.33–431937.83 a 1.641 19.40 45.79 
DES J022224.82–062626.69 a 1.641 20.16 45.48 
DES J025254.18–001119.67 a 1.641 21.25 45.05 
DES J022716.52–050008.33 a 1.642 20.50 45.35 
DES J033437.58–275826.84 a 1.648 18.69 46.08 
DES J022008.73–045905.31 a 1.649 20.52 45.35 
DES J033657.91–274244.39 a 1.649 20.14 45.50 
DES J003015.00–430333.45 a 1.650 19.97 45.57 
DES J022029.60–051022.59 a 1.652 20.68 45.28 
DES J003143.64–425420.21 a 1.662 20.03 45.55 
DES J003548.43–431444.38 a 1.673 20.47 45.38 
DES J022424.16–043229.83 a 1.674 20.32 45.44 
DES J025340.94 + 001110.20 a 1.675 18.31 46.25 
DES J003956.32–442047.73 a 1.680 20.08 45.54 
DES J033903.66–293326.48 a 1.684 21.85 44.84 
DES J003948.24–445323.16 a 1.684 19.59 45.74 
DES J003635.93–434636.05 a 1.689 19.90 45.62 
DES J025220.53 + 002735.19 a 1.690 19.86 45.63 
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Table A3 – continued 

DES ID z m r log ( λL 1350 ) (erg s −1 ) 

DES J021902.58–044628.33 a 1.694 19.92 45.61 
DES J025356.07 + 001057.54 a 1.695 19.47 45.79 
DES J003325.69 −434826.13 a 1.696 20.26 45.48 
DES J024527.72 −010602.84 a 1.696 20.05 45.56 
DES J022445.77 −061149.99 a 1.701 20.19 45.51 
DES J022014.98 −062253.15 a 1.716 19.91 45.63 
DES J024632.55 −003439.14 a 1.724 19.87 45.65 
DES J022134.97 −070831.84 a 1.728 20.70 45.32 
DES J032940.47 −275143.61 a 1.730 19.87 45.66 
DES J022602.20 −061626.10 a 1.736 19.97 45.62 
DES J003206.50 −425325.23 a 1.750 19.84 45.68 
DES J033814.33 −294213.78 a 1.750 19.94 45.64 
DES J033453.60 −264121.34 a 1.751 20.14 45.56 
DES J033817.74 −290324.90 a 1.753 19.61 45.77 
DES J022115.04 −043155.51 a 1.757 21.33 45.09 
DES J033452.89 −265215.54 a 1.757 19.10 45.98 
DES J022117.44 −063856.45 a 1.763 19.83 45.69 
DES J024257.19 −004549.41 a 1.770 21.08 45.20 
DES J022119.91 −045948.62 a 1.770 20.76 45.32 
DES J003120.86 −425145.98 a 1.771 20.14 45.57 
DES J004029.04 −441704.97 a 1.783 20.04 45.62 
DES J003255.12 −435757.56 a 1.784 20.07 45.61 
DES J032759.97 −271921.90 a 1.785 20.37 45.49 
DES J024222.95 −011527.57 a 1.785 20.24 45.54 
DES J033328.60 −290314.66 a 1.787 19.58 45.80 
DES J022027.32 −045115.53 a 1.788 21.14 45.18 
DES J022002.08 −050101.91 a 1.791 19.69 45.76 
DES J022751.50 −044252.66 a 1.795 20.60 45.40 
DES J003939.41 −444612.90 a 1.797 20.17 45.58 
DES J022503.11 −065258.79 a 1.798 20.09 45.61 
DES J032835.62 −274406.09 a 1.800 19.94 45.67 
DES J033722.89 −274020.85 a 1.804 19.93 45.67 
DES J003920.50 −440441.16 a 1.814 19.79 45.74 
DES J003739.59 −432521.40 a 1.815 20.40 45.49 
DES J024635.61 −000850.46 a 1.822 19.26 45.95 
DES J033002.51 −274858.28 a 1.823 20.70 45.38 
DES J033548.18 −290943.65 a 1.826 20.33 45.53 
DES J022352.09 −064029.96 a 1.827 20.50 45.46 
DES J022409.89 −044718.00 a 1.832 20.11 45.62 
DES J033319.58 −290431.65 a 1.833 20.73 45.37 
DES J024716.32 −010401.36 a 1.834 21.10 45.23 
DES J033222.47 −285935.09 a 1.837 20.68 45.40 
DES J033301.69 −275818.80 a 1.840 20.94 45.29 
DES J004014.18 −431716.29 a 1.842 19.87 45.72 
DES J021903.49 −043935.00 a 1.845 20.48 45.48 
DES J024737.50 −000458.97 a 1.847 19.88 45.72 
DES J024608.67 −013933.97 a 1.848 19.68 45.80 
DES J022515.35 −044008.91 a 1.850 19.82 45.75 
DES J025038.68 −004739.06 a 1.856 18.67 46.21 
DES J002729.28 −431501.02 a 1.863 19.67 45.81 
DES J024723.54 −002536.48 a 1.864 19.42 45.92 
DES J022845.57 −043350.18 a 1.864 17.41 46.72 
DES J024748.87 −000147.41 a 1.868 19.58 45.85 
DES J024133.65 −010724.20 a 1.874 20.86 45.34 
DES J003940.80 −443718.32 a 1.875 19.49 45.89 
DES J022047.63 −051835.83 a 1.878 19.55 45.87 
DES J021707.96 −055152.07 a 1.885 19.70 45.82 
DES J033145.20 −275435.75 a 1.891 21.19 45.22 
DES J024242.50 −002212.87 a 1.904 20.57 45.48 
DES J022828.19 −040044.25 a 1.905 18.31 46.38 
DES J003626.44 −430820.66 a 1.907 19.80 45.79 
DES J022050.39 −061748.80 a 1.908 21.89 44.95 
DES J021953.45 −061123.39 a 1.910 19.90 45.75 

Table A3 – continued 

DES ID z m r log ( λL 1350 ) (erg s −1 ) 

DES J003150.13 −432726.88 a 1.912 18.68 46.24 
DES J022328.88 −040134.71 a 1.915 19.82 45.78 
DES J033739.88 −272045.97 a 1.916 19.21 46.03 
DES J033924.44 −271250.15 a 1.918 20.52 45.51 
DES J025428.31 + 002418.43 a 1.918 20.42 45.55 
DES J033415.37 −265535.62 a 1.922 19.85 45.78 
DES J033011.77 −283636.65 a 1.922 20.99 45.32 
DES J022327.85 −040119.16 a 1.922 20.81 45.39 
DES J024639.22 −012731.85 a 1.923 20.34 45.58 
DES J022250.47 −060104.89 1.925 21.54 45.10 
DES J022206.47 −060746.70 1.927 20.89 45.36 
DES J022514.39 −044700.14 1.928 18.83 46.19 
DES J034005.69 −292312.82 1.928 19.04 46.10 
DES J033701.63 −282753.94 1.933 20.20 45.64 
DES J034016.06 −270925.57 1.935 19.72 45.84 
DES J033832.50 −291215.65 1.935 20.77 45.41 
DES J022537.03 −050109.34 1.936 20.03 45.71 
DES J033316.17 −292917.48 1.947 19.95 45.75 
DES J033607.36 −263207.88 1.948 20.02 45.72 
DES J033401.79 −265054.28 1.952 19.72 45.84 
DES J033232.00 −280309.98 1.954 19.98 45.74 
DES J025233.79 + 004340.74 1.954 20.60 45.49 
DES J033646.40 −291617.17 1.956 20.47 45.54 
DES J033052.19 −274926.84 1.958 21.49 45.14 
DES J033559.60 −280324.41 1.965 20.60 45.49 
DES J024918.63 + 000548.34 1.966 20.66 45.47 
DES J033650.66 −293142.07 1.972 21.68 45.06 
DES J032926.49 −271844.01 1.978 20.33 45.61 
DES J021949.99 −064208.13 1.984 19.93 45.77 
DES J033839.06 −292351.17 1.987 20.33 45.61 
DES J025159.70 −005159.89 1.988 21.84 45.01 
DES J022812.23 −043227.58 1.992 21.04 45.33 
DES J004016.18 −435116.09 1.995 19.98 45.75 
DES J033912.95 −273516.85 2.006 20.08 45.72 
DES J032821.07 −282055.17 2.011 19.50 45.95 
DES J022352.19 −043031.68 2.012 19.75 45.85 
DES J033040.28 −274203.95 2.013 19.96 45.77 
DES J022657.24 −035944.42 2.018 20.17 45.68 
DES J025019.26 + 003100.81 2.018 20.26 45.65 
DES J022530.19 −065458.19 2.030 19.49 45.96 
DES J032703.62 −274425.27 2.031 19.45 45.98 
DES J022034.93 −052956.02 2.036 18.20 46.48 
DES J034036.10 −284811.29 2.039 20.13 45.71 
DES J022629.26 −043057.07 2.040 20.18 45.69 
DES J002959.21 −434835.24 2.041 17.77 46.65 
DES J022045.50 −045121.91 2.045 19.92 45.80 
DES J021935.78 −064227.17 2.060 21.83 45.04 
DES J003146.74 −423601.03 2.061 19.54 45.95 
DES J033635.40 −280828.78 2.067 20.28 45.66 
DES J021905.63 −055958.78 2.069 20.11 45.73 
DES J003549.05 −440236.08 2.072 19.23 46.08 
DES J021957.25 −043952.46 2.077 18.90 46.22 
DES J004143.04 −440234.42 2.081 20.32 45.65 
DES J024453.25 −011256.33 2.083 20.73 45.49 
DES J024344.30 −000201.08 2.083 20.04 45.77 
DES J032602.35 −281031.00 2.085 20.01 45.78 
DES J021850.07 −050954.10 2.091 19.52 45.98 
DES J021921.81 −043642.21 2.092 20.04 45.77 
DES J021941.16 −044100.36 2.096 21.15 45.33 
DES J033015.97 −280219.79 2.097 20.18 45.72 
DES J004022.52 −442820.25 2.100 19.42 46.02 
DES J022431.59 −052818.78 2.102 17.53 46.78 
DES J024628.49 −004457.13 2.104 19.94 45.81 
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Table A3 – continued 

DES ID z m r log ( λL 1350 ) (erg s −1 ) 

DES J003848.52 −440202.07 2.105 19.72 45.90 
DES J024357.91 −005447.75 2.105 21.03 45.38 
DES J022044.45 −050905.95 2.108 21.19 45.32 
DES J025209.79 + 000549.21 2.108 19.95 45.81 
DES J024756.35 −001555.92 2.119 18.70 46.32 
DES J022813.61 −042251.65 2.121 19.63 45.95 
DES J033640.29 −284423.00 2.124 20.80 45.48 
DES J024739.11 −005221.01 2.124 20.50 45.60 
DES J022411.52 −060915.92 2.128 19.82 45.87 
DES J024550.79 −004328.13 2.131 20.52 45.59 
DES J003816.16 −434647.44 2.141 19.54 45.99 
DES J003936.81 −443439.72 2.144 19.97 45.82 
DES J022219.46 −062539.66 2.146 19.04 46.19 
DES J032829.96 −274212.23 2.150 20.12 45.76 
DES J024632.44 −003214.12 2.152 18.89 46.25 
DES J021441.86 −043709.03 2.152 22.17 44.94 
DES J022028.95 −045802.58 2.153 20.53 45.60 
DES J033326.24 −275829.85 2.161 20.53 45.60 
DES J022351.07 −044729.93 2.163 20.93 45.44 
DES J033217.15 −271956.41 2.169 19.24 46.12 
DES J032923.16 −280022.78 2.175 19.77 45.91 
DES J002913.21 −433044.56 2.180 20.11 45.78 
DES J025335.12 −003039.26 2.184 20.41 45.66 
DES J032939.97 −284952.40 2.188 20.22 45.73 
DES J024557.22 −000823.36 2.199 20.05 45.81 
DES J022001.63 −052216.92 2.219 20.17 45.77 
DES J003320.08 −430428.45 2.231 20.19 45.76 
DES J024840.78 −003548.15 2.235 18.89 46.28 
DES J022358.64 −045351.63 2.235 20.29 45.72 
DES J003448.83 −442519.26 2.237 20.13 45.79 
DES J033852.79 −282256.93 2.246 19.78 45.93 
DES J022402.32 −061740.34 2.246 19.91 45.88 
DES J002907.77 −420916.39 2.247 20.77 45.54 
DES J024907.29 −000649.35 2.251 20.31 45.72 
DES J003743.89 −434715.68 2.257 19.60 46.01 
DES J022725.81 −033837.75 2.257 18.20 46.57 
DES J021757.52 −045059.15 2.257 20.73 45.56 
DES J003516.08 −432451.82 2.260 19.47 46.06 
DES J022557.62 −045005.32 2.271 19.55 46.03 
DES J022229.62 −044941.93 2.275 21.22 45.37 
DES J033604.00 −274203.95 2.277 21.41 45.29 
DES J022729.22 −043227.66 2.280 19.75 45.96 
DES J033655.83 −290218.23 2.283 19.41 46.09 
DES J024204.58 −003835.64 2.287 20.21 45.77 
DES J022451.98 −041210.79 2.294 20.14 45.80 
DES J022612.64 −043401.32 2.306 21.08 45.43 
DES J022748.85 −042820.90 2.311 20.08 45.84 
DES J022410.96 −050653.95 2.315 20.66 45.60 
DES J024950.74 −004224.16 2.317 20.45 45.69 
DES J024520.05 −004534.45 2.321 20.79 45.55 
DES J021730.92 −041823.54 2.322 19.75 45.97 
DES J033843.76 −294922.54 2.328 20.67 45.60 
DES J022824.68 −041545.71 2.328 19.63 46.02 
DES J003436.78 −440043.41 2.330 19.58 46.04 
DES J025128.73 −002650.64 2.330 19.95 45.89 
DES J022055.10 −061842.21 2.340 21.09 45.44 
DES J024337.15 −002340.17 2.347 19.36 46.14 
DES J033822.77 −275910.73 2.349 19.64 46.02 
DES J024505.03 −003441.97 2.350 20.60 45.64 
DES J025033.20 + 003829.22 2.364 19.96 45.90 
DES J004056.56 −431446.40 2.384 19.56 46.07 
DES J033734.80 −294213.92 2.390 19.84 45.96 

Table A3 – continued 

DES ID z m r log ( λL 1350 ) (erg s −1 ) 

DES J033953.34 −270053.36 2.410 18.53 46.49 
DES J003430.47 −433311.36 2.415 20.75 45.60 
DES J025102.06 −004142.78 2.425 22.15 45.05 
DES J032942.28 −281906.69 2.436 20.42 45.74 
DES J033605.57 −290354.17 2.450 20.17 45.85 
DES J022354.81 −044814.94 2.452 18.74 46.42 
DES J022014.33 −042917.10 2.458 19.30 46.20 
DES J024511.94 −011317.50 2.462 20.46 45.74 
DES J024757.67 + 001542.65 2.467 20.87 45.57 
DES J033430.30 −275958.91 2.472 21.32 45.40 
DES J022540.58 −043825.15 2.477 20.27 45.82 
DES J032640.93 −283206.80 2.492 20.28 45.82 
DES J024717.40 −000052.27 2.497 20.30 45.81 
DES J003017.36 −423144.34 2.497 20.00 45.93 
DES J003957.42 −434107.92 2.500 20.14 45.88 
DES J033237.62 −271448.07 2.519 20.30 45.82 
DES J033608.10 −285245.81 2.522 20.30 45.82 
DES J003145.23 −424618.45 2.523 20.70 45.66 
DES J033545.52 −275451.69 2.540 20.28 45.83 
DES J003341.34 −420811.51 2.541 19.80 46.02 
DES J033216.69 −272411.37 2.547 19.77 46.04 
DES J022259.87 −063326.65 2.563 20.60 45.71 
DES J003547.38 −430558.81 2.565 20.03 45.94 
DES J022434.33 −043200.27 2.568 20.06 45.93 
DES J033518.30 −275304.01 2.576 19.33 46.22 
DES J003530.07 −444539.88 2.587 20.06 45.93 
DES J003352.72 −425452.55 2.593 19.10 46.32 
DES J033331.37 −275634.38 2.602 20.37 45.81 
DES J024719.59 −003313.11 2.607 20.48 45.77 
DES J032739.71 −281934.84 2.616 20.18 45.89 
DES J034121.52 −265901.04 2.621 19.44 46.19 
DES J021457.21 −043011.44 2.636 18.34 46.63 
DES J022104.88 −060728.52 2.648 20.05 45.95 
DES J022631.82 −045127.47 2.655 20.77 45.66 
DES J022330.15 −043004.09 2.677 20.78 45.66 
DES J021719.45 −052305.27 2.695 19.36 46.23 
DES J022034.52 −045132.47 2.732 20.40 45.83 
DES J033944.09 −284604.07 2.744 19.33 46.27 
DES J022620.86 −045946.48 2.745 21.30 45.48 
DES J025223.48 −003623.57 2.769 20.20 45.93 
DES J033526.38 −285747.93 2.770 18.08 46.78 
DES J033938.51 −291019.54 2.778 21.16 45.55 
DES J021921.22 −044315.03 2.794 20.17 45.95 
DES J022636.07 −043428.92 2.801 19.88 46.07 
DES J022354.85 −054839.89 2.814 19.31 46.30 
DES J021659.87 −053203.49 2.818 17.60 46.99 
DES J022305.97 −054015.26 2.823 20.04 46.01 
DES J022321.26 −055600.27 2.846 21.55 45.42 
DES J022255.51 −044410.32 2.871 20.31 45.92 
DES J033720.58 −272434.70 2.896 20.16 45.99 
DES J003255.24 −430948.41 3.010 19.57 46.26 
DES J022423.43 −070627.92 3.030 21.48 45.50 
DES J003318.29 −434301.10 3.082 19.31 46.38 
DES J033246.76 −280846.78 3.180 19.17 46.47 
DES J021438.15 −052024.38 3.214 20.93 45.77 
DES J025250.10 + 000830.68 3.237 20.27 46.04 
DES J003133.50 −422953.97 3.248 20.62 45.90 
DES J021906.24 −041933.94 3.330 21.60 45.54 
DES J033712.16 −285146.74 3.364 20.33 46.06 
DES J003411.44 −424329.48 3.373 20.83 45.86 
DES J002926.44 −420752.35 3.403 19.71 46.32 
DES J022543.53 −042834.48 3.411 20.64 45.95 
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Table A3 – continued 

DES ID z m r log ( λL 1350 ) (erg s −1 ) 

DES J024325.96 −003145.11 3.435 19.63 46.36 
DES J022133.35 −065713.47 3.440 20.16 46.15 
DES J034122.60 −291302.04 3.470 20.33 46.09 
DES J033512.61 −292351.14 3.712 19.98 46.27 
DES J024509.76 −010001.28 3.807 20.58 46.05 
DES J022144.21 −062745.18 3.856 20.14 46.24 
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Figure B1. The same as Fig. 2 after excluding sources with individual lag 
reco v eries. 
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PPENDIX  B:  H  β E X C L U D I N G  O B J E C T S  W I TH  

N D I V I D UA L  L AG S  

he luminosity bins for the H β sample excluding sources with
ndividual lags are shown in Fig. B1 , and the stacked CCF’s and
verage lags for this reduced sample are given in Figs B2 and
3 . Only the two lowest (blue and orange) and second highest

red) luminosity bins had objects excluded. The stacked CCF peaks
emain intact for each of these bins, although the signal to noise
egrades slightly, which is to be expected as the size of the
tacked sample decreased by ∼one sixth. The average lags are
n close agreement to those reco v ered in the original analysis in
NRAS 531, 163–182 (2024) 
ection 4 . This test indicates that the results from stacking are not
ominated by objects with high quality individual lags, although their
ddition does considerably impro v e the lag uncertainties for the final
esult. 
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Figure B2. The same as Fig. 3 after excluding sources with individual lag recoveries from the stacked sample. 
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