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21.

22.

23.
24.

fluxes and uncertainties reported here are the error-weighted
average of all EPIC detectors.

Column (106), LX: logarithm of rest-frame observed
2-10keV X-ray luminosity (in ergs ') after correcting
for Galactic absorption.

Column (107), CHANDRA_SOURCE: the catalog origin of
the nearest Chandra source within 10”. An entry of “1”
stands for the CDF-S catalog (Luo et al. 2017), “2” stands
for the E-CDF-S catalog (Xue et al. 2016), and “3” stands
for the CSC 2.0 catalog.

Column (108), CHANDRA_ID: Chandra source ID.
Columns (109)—(110), CHANDRA_RA, CHANDRA DEC:
R.A. and decl. (in degrees) of the matched Chandra
counterpart.

Multiwavelength properties

Columns (111)—(207) provide the multiwavelength proper-
ties of the matched counterparts with MATCH_FLAG =1
utilizing NWAY.

10.

11.

. Columns (126)—(129),

. Column (111), P_ANY: the posterior probability of the

X-ray source having any correct counterparts (Pany).

. Column (112), P_I: the relative probability (p_i) of the

reported MATCH_FLAG = 1 counterpart to be the correct
match.

. Column (113), FLAG_SECOND: warning flag for sources

where a second possible counterpart is indicated

by NWAY.

. Columns (114)~(121), IRAC_RA, IRAC_DEC, VIDEO_

RA, VIDEO_DEC, HSC_RA, HSC_DEC, DES_RA, DES_
DEC: R.A. and decl. of the counterpart in the DeepDrill/
VIDEO/HSC/DES catalog in degrees. Note that DES
counterparts are only reported in areas lacking HSC
coverage.

. Columns (122)~(125), SEP_IRAC, SEP_VIDEO, SEP_

HSC, SEP_DES: separation of the X-ray position from the
DeepDrill/ VIDEO/HSC/DES counterpart in arcseconds.
IRAC_1_MAG, IRAC_1_MA-
G_ERR, IRAC_2_MAG, IRAC_2_MAG_ERR: 1.9” aper-
ture photometry and uncertainties in the IRAC 3.6 ym
and 4.5 pum bands reported in the DeepDrill catalog.

. Columns (130)—(139), VIDEO 7 _MAG, VIDEO_ Z MA-

G_ERR, VIDEO_Y_ MAG, VIDEO_Y_ MAG_ERR, VIDEO_
J_MAG, VIDEO_J_MAG_ERR, VIDEO_H_MAG, VIDEO_
H_MAG_ERR, VIDEO_KS_MAG, VIDEO_KS_MAG_ERR:
VIDEO 2" aperture photometry and uncertainties in the Z, Y,
J, H, and K| bands.

. Columns (140)—~(147), HSC_G_MAG, HSC_G_MAG_ERR,

HSC_R MAG, HSC_R_MAG_ERR, HSC_I_MAG, HSC_TI_
MAG_ERR, HSC_Z_MAG, HSC_Z_MAG_ERR: HSC CMo-
del photometry and uncertainties in the g, 7, i, and z bands.

. Columns (148)«(157), DES_G_MAG, DES_G_MAG_ERR,

DES_R_MAG, DES_R MAG ERR, DES_I MAG, DES_I_
MAG_ERR, DES_Z_MAG, DES_Z_MAG_ERR, DES_Y_
MAG, DES_Y _MAG_ERR: DES Kron magnitude and
uncertainties in the g, 7, i, z, and Y bands.

Column (158), TRACTOR_ID: the object ID of the
VIDEO counterpart in the forced-photometry catalog (K.
Nyland et al. 2021, in preparation).

Columns (159)-(188), IRAC_1_FP_MAG, IRAC_1_FP_
MAG ERR, IRAC 2 FP MAG, IRAC_2 FP MAG ERR,
VIDEO_ 7 FP MAG, VIDEO Z FP MAG ERR, VIDEO_
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Y FP_MAG,VIDEO_Y FP_MAG_ERR, VIDEO_J_FP_
MAG, VIDEO_J_FP_MAG_ERR, VIDEO_H_FP_MAG,
VIDEO_H_FP_MAG_ERR, VIDEO_KS_FP_MAG, VIDEO
_KS_FP_MAG_ERR, HSC_G_FP_MAG, HSC_G_FP_MA-
G_ERR, HSC_R_FP_MAG, HSC_R FP_MAG_ERR, HSC_
I_FP MAG, HSC_I_FP MAG_ERR, HSC_Z_FP_MAG,
HSC_Z_FP_MAG_ERR, VOICE_U_FP_MAG, VOICE_U_
FP_MAG_ERR, VOICE_G_FP_MAG, VOICE_G_FP MA-
G_ERR, VOICE_R_FP_MAG, VOICE_R_FP_MAG_ERR,
VOICE_I_FP_MAG, VOICE_I_FP_MAG_ERR: forced
photometry and uncertainties of DeepDrill 3.6 um and 4.5
pm bands, VIDEO ZYJHK; bands, HSC griz bands, and
VOICE ugri bands reported in the forced-photometry catalog
(K. Nyland et al. 2021, in preparation).

Column (189), SPECZ: spectroscopic redshift adopted
for the X-ray source.

Column (190), SPECZ_CLASS: spectroscopic classification
of the source. “1” stands for BL AGNSs; “0” stands for
galaxies or non-BL AGNs; “—1” stands for stars.

Column (191), SPECZ_Q: spectroscopic quality flag of
the source reported in the original catalog.

Columns (192)—-(193), SPECZ_RA, SPECZ_DEC: R.A.
and decl.(in degrees) of the spec-z.

Column (194), SPECZ_SOURCE: the spectroscopic
catalog listed in Table 5 that provides the spec-z.
Column (195), SED_BLAGN_FLAG: flag for BL AGN
candidates identified in Appendix B. An entry of “1” stands
for sources that are classified as BL AGN candidates by two
different methods; “0.5” stands for sources identified as BL
AGN candidates using one method but not the other; “0”
indicates sources identified as non-BL. AGNs by both
methods.

Columns (196)—(197), PHOTOZ_RA, PHOTOZ_DEC: R.
A. and decl. (in degrees) of the source in the forced-
photometry catalog (K. Nyland et al. in 2021, in
preparation), which includes forced photometry from
DeepDirill, VIDEO, HSC, and VOICE that is utilized to
compute photo-zs.

Column (198), PHOTOZ_BEST: photometric redshift
adopted for the source. PHOTOZ_EAZY values are adopted
for sources that have SED_BLAGN_FLAG < 1 and are not
identified as BL AGNs in spectroscopic surveys, when
PHOTOZ_EAZY_Q < 1; PHOTOZ_LEPHARE values are
adopted for spectroscopically identified BL. AGNs, SED_
BLAGN_FLAG =1 objects, and SED_BLAGN_FLAG=0.5
objects with PHOTOZ_EAZY_Q > 1 (see Section 5.2 for
details).

Columns (199)—(202), PHOTOZ_EAZY, PHOTOZ_EA-
Z2Y_UERR, PHOTOZ_EAZY_LERR, PHOTOZ_EAZY_Q:
photometric redshift computed by EAZY, the associated
upper and lower uncertainties, and the photometric
redshift quality parameter (Q,).

Columns (203)—(205), PHOTOZ_LEPHARE, PHOTOZ_LE-
PHARE_UERR, PHOTOZ_LEPHARE_LERR: photometric
redshift computed by LEPHARE and the associated upper
and lower uncertainties. We only report LEPHARE photo-zs
with X?ed < 2 and band number > 10 (see Section 5.2 for
details).

Column (206), AGN_FLAG: flag for AGNs identified in
Section 6.

. Column (207), STAR_FLAG: flag for stars identified in

Appendix C.
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Table 7: X-ray source catalog in ELAIS-S1

X-ray properties

Columns (1)—-(110) give the X-ray properties of our sources
in the same format as that of Table 6.

Multiwavelength properties

Columns (111)—(198) provide the multiwavelength proper-
ties of the matched counterparts with MATCH_FLAG = 1
utilizing NWAY.

1. Columns (111)—(113), P_ANY, P_I, FLAG_SECOND:
see Columns (111)—(113) of Table 6.

2. Columns  (114)—(119), IRAC_RA, IRAC_DEC,
VIDEO_RA, VIDEO_DEC, DES_RA, DES_DEC: R.A.
and decl. of the counterpart in the DeepDrill/ VIDEO/
DES catalog in degrees.

3. Columns (120)—(122), SEP_IRAC, SEP_VIDEO, SEP_
DES: separation of the X-ray position from the DeepDrill/
VIDEO/DES counterpart in arcseconds.

4. Columns (123)-(126), IRAC_1_MAG, IRAC_I1_MA-
G_ERR, IRAC_2_MAG, IRAC_2_MAG_ERR: 1.9” aper-
ture photometry and uncertainties in the IRAC 3.6 ym
and 4.5 pum bands reported in the DeepDirill catalog.

5. Columns (127)~(136), VIDEO_Z_MAG, VIDEO_Z_MA-
G_ERR, VIDEO_Y_MAG, VIDEO_Y_ _MAG_ERR, VIDEO_
J_MAG, VIDEO_J_MAG_ERR, VIDEO_H_MAG, VIDEO_
H MAG_ERR, VIDEO_KS_MAG, VIDEO_KS_MAG_ERR:
VIDEO 2" aperture photometry and uncertainties in the Z, Y,
J, H, and K| bands.

6. Columns (137)~(146), DES_G_MAG, DES_G_MAG_ERR,
DES_R _MAG, DES_R_MAG_ERR, DES_I_MAG, DES_TI_
MAG_ERR, DES_Z7 MAG, DES_Z MAG ERR, DES_ Y_
MAG, DES_Y MAG_ERR: DES Kron magnitude and
uncertainties in the g, r, i, z, and Y bands.

7. Column (147), TRACTOR_ID: the object ID of the
VIDEO counterpart in the forced-photometry catalog
(Zou et al. 2021).

8. Columns (148)<(179), IRAC_1_FP_MAG, IRAC_1 _FP_
MAG_ERR, IRAC_2_FP _MAG, IRAC_2_FP MAG_ERR,
VIDEO_Z_FP _MAG, VIDEO_Z_FP_MAG ERR, VIDEO_
Y FP_MAG, VIDEO_Y FP_MAG ERR, VIDEO_J FP_
MAG, VIDEO_J_FP_MAG_ERR, VIDEO_H_FP_MAG,
VIDEO_H_FP_MAG_ERR, VIDEO_KS_FP_MAG, VIDEO
_KS_FP_MAG_ERR, DES_G_FP_MAG, DES_G_FP_MA-
G_ERR, DES_R_FP_MAG, DES_R FP_MAG_ERR, DES_
I_FP_MAG, DES_I_FP MAG_ERR, DES_Z_FP_MAG,
DES_Z_FP MAG_ERR, DES_Y FP MAG, DES_Y FP_
MAG_ERR, ESIS_B FP_MAG, ESIS_B_FP_MAG_ERR,
ESIS_V_FP MAG, ESIS_V_FP MAG ERR, ESIS R_
FP_MAG, ESIS_R FP_MAG_ERR, VOICE_U_FP_MAG,
VOICE_U_FP_MAG_ERR: forced photometry and uncertain-
ties of DeepDirill 3.6 um and 4.5 pum bands, VIDEO ZYJHK;
bands, DES grizY bands, ESIS BVR bands, and VOICE u
band reported in the forced-photometry catalog (Zou et al.
2021).

9. Columns (180)—(198), SPECZ, SPECZ_CLASS, SPECZ_
Q, SPECZ_RA, SPECZ DEC, SPECZ_SOURCE, SED_
BLAGN_FLAG, PHOTOZ_RA, PHOTOZ_DEC, PHOTO-
Z_BEST, PHOTOZ_EAZY, PHOTOZ_EAZY_UERR,
PHOTOZ_EAZY_LERR, PHOTOZ_EAZY_Q, PHOTO-
Z_LEPHARE, PHOTOZ_LEPHARE_UERR, PHOTOZ_LE-
PHARE_LERR, AGN_FLAG, STAR_FLAG: see Columns
(188)—(206) of Table 6.
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Appendix B
Identifying B AGN Candidates

Considering its X-ray sensitivity limit, the XMM-SERVS
survey would be able to detect ~95% of the spectroscopically
identified BL AGNs in the COSMOS field (e.g., Marchesi et al.
2016), which is a survey field with rich spectroscopic
observations.”> As the sky density of spectroscopically
confirmed BL AGNs (~60deg > for both W-CDF-S and
ELAIS-S1) in our study is much less than that of COSMOS
(=290 degfz; Marchesi et al. 2016), we also identify BL AGN
candidates in our X-ray catalogs that do not have spectroscopic
classifications utilizing their SEDs via two independent
methods: one method is based on machine learning, and the
other is based on SED template fitting. As each of these
methods has its own advantages and disadvantages, combining
the results from both methods provides more reliable predic-
tions for AGNSs in our catalogs.

B.1. Machine-learning-based Classification

For X-ray sources in W-CDF-S and ELAIS-S1 that have
both spectroscopic classifications and forced photometry, we
use machine learning to assess the differences between the
optical-to-IR SEDs of X-ray sources that are classified as BL
AGNs (260 in W-CDF-S and 179 in ELAIS-S1) and X-ray
sources that are not BL AGNs (470 in W-CDF-S and 333 in
ELAIS-S1). Utilizing all the available photometric data points,
we normalized the SEDs so that all the data points have a
maximum value of 0 in log space, and we use the interpld
function in scipy to interpolate the log-space SED shape. We
extract 16 data points at common observed-frame wavelengths
from the interpolated SEDs (see Figure 30) to feed a 1D
convolutional neutral network (CNN). Approximately 60% of
the objects are used as the training set; ~20% of the objects are
used as the validation set; the remaining ~20% of the objects
are used as the test set. After training the network and selecting
the best model utilizing the validation set, we could correctly
predict 86% of the BL AGNS in the test set and ~91% of the
sources that are not BL AGNs in W-CDF-S (see Figure 31(a)
for the confusion matrix). When we apply the trained model to
the remaining X-ray sources in the W-CDF-S forced-photo-
metry catalog with signal-to-noise ratio (S/N) > 3 detections in
more than five bands, ~790 (~30%) of the sources are
classified as BL AGN candidates. Combining these objects
with the spectroscopically identified BL AGNs, the BL AGN
density reaches ~ 230 deg 2. Considering that only ~ 80% of
the detected X-ray sources in W-CDF-S have reliably matched
counterparts in the forced-photometry catalog (K. Nyland et al.
2021, in preparation) with S/N > 3 detections in more than five
bands, this number is roughly consistent with the expectation
from the COSMOS field. Similarly, after training the network
in ELAIS-S1, we could correctly predict ~80% of the BL
AGNSs and ~ 85% of the sources that are not BL AGNs (see
Figure 31(c)). About 450 (=30%) of the remaining X-ray
sources in the ELAIS-S1 forced-photometry catalog with S/
N > 3 detections in more than five bands are classified as BL
AGN candidates. The BL AGN density reaches ~ 200 deg ~.
Considering that only ~70% of the X-ray sources detected in
ELAIS-S1 have S/N > 3 detections in more than five bands in

52 As estimated in Section 2.1.3 of Yang et al. (2018), the fraction of BL
AGNs missed by spectroscopic campaigns in the COSMOS field is likely less
than ~ 18%.
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Figure 30. Extracted data points from the interpolated SEDs of BL AGNs identified in spectroscopic surveys (blue) compared with other X-ray sources that have

spectroscopic classifications (red) in W-CDF-S (left) and ELAIS-S1 (right).

W-CDF-S ML W-CDF-S X-CIGALE
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BL AGN Others
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Figure 31. (a) The confusion matrix for the machine-learning-based classification of X-ray sources in W-CDE-S. (b) The confusion matrix for the X-CIGALE-based
classification of X-ray sources in W-CDF-S. (c) The confusion matrix for the machine-learning-based classification of X-ray sources in ELAIS-S1. (d) The confusion

matrix for the X-~CIGALE-based classification of X-ray sources in ELAIS-S1.

the Zou et al. (2021) forced-photometry catalog (while this
number is 80% for W-CDF-S), this relatively low BL AGN
density is also acceptable.

B.2. SED-template-fitting-based Classification

We also utilize X-CIGALE (Yang et al. 2020) to identify BL
AGNs from their optical-to-IR SEDs in combination with the
X-ray flux level. We do not provide redshift information to X-
CIGALE and allow X-CIGALE fit redshift as a free parameter.
We adopt a delayed exponentially declining star formation
history, a Chabrier initial mass function (Chabrier 2003), the
extinction law from Calzetti et al. (2000), the dust emission
template from Dale et al. (2014), the AGN component
SKIRTOR (which is established based on Stalevski et al.
2012, 2016), and the X-ray module following Yang et al.
(2020). Details of the fitting parameters are given in Table 8.
As X-CIGALE requires intrinsic X-ray fluxes, we convert the
observed X-ray flux derived in Section 3.5 to intrinsic
absorption-corrected X-ray flux following the method in
Section 4.4 of Luo et al. (2017). Basically, we assume that all
X-ray sources with D' < 1.8 suffer from some level of
intrinsic absorption, and their intrinsic spectra have power-law
shapes with a fixed photon index of 1.8. To identify AGNs, we
utilized the ratio between the Bayesian estimation of the AGN

30

2-10keV luminosity and the sum of the Bayesian estimation of
the 2—10 keV LMXB luminosity and HMXB luminosity in the
X-CIGALE output: if this ratio is greater than 10, we identify
the source as an AGN. As BL AGNs generally do not suffer
from high levels of extinction of the AGN emission, if the
Bayesian estimation for the E(B — V') parameter of the AGN
component is smaller than 0.2, we classify the AGN as a BL
AGN candidate. We tested the accuracy of the template-
fitting-based classification utilizing X-ray sources that have
spectroscopic classifications available; the confusion matrix
can be seen in the relevant panels of Figure 31. We correctly
predict ~78% of the BL AGNs and ~83% of the sources that
are not BL AGNs in W-CDF-S; we correctly predict ~70% of
the BL AGNs and ~86% of the sources that are not BL AGNs
in ELAIS-S1. When we fit the remaining X-ray sources in the
forced-photometry catalog that do not have spectroscopic
classifications available, ~690/350 of the sources in
W-CDF-S/ELAIS-S1 are classified as BL AGN candidates.
As template fitting strongly relies on the number of
photometric points available, the resulting BL AGN sky
density (~210/180deg > in W-CDF-S/ELAIS-S1) is
roughly consistent with the expectation from the COSMOS
field: only ~65% of the X-ray sources in W-CDF-S and
ELAIS-S1 without spectroscopic redshifts have S/N >3
detections in at least 10 bands.
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Figure 32. The Venn diagram for BL AGNs identified with the machine-learning-based approach and the X~CIGALE template-fitting-based approach.

Table 8
Utilized X-CIGALE Modules with Fitting Parameters
Module Parameters Values
Star formation history: sfhdelayed 7 (Myr) 100, 300, 500, 1000, 5000, 8000
t (Myr) 100, 300, 500, 1000, 2000, 3000, 5000, 7000, 10000
Stellar population synthesis model: bc03 Initial mass function Chabrier (2003)
Dust attenuation: dustatt_calzetti EB-YV) 0.2-1.0 with steps of 0.1
Dust emission: dale2014 ain dMg x U “dU 2.0
AGN emission: skirtor2016 Torus optical depth at 9.7 pym 7
Viewing angle (deg) 30
AGN fraction of total IR luminosity (fracagn) 0-0.9 with steps of 0.1, and 0.99
E(B — V) of AGN polar dust 0-0.6 with steps of 0.1
X-ray r 1.8
maX‘AOéoxl 0.2

Note. Default values are adopted for parameters not listed.

B.3. Assessing the Reliability of BL AGN Candidates Identified host-galaxy starlight, morphological information has been adopted
in selecting BL AGN candidates in some works (e.g., Salvato et al.
2009, 2011). In the HSC catalog presented in Ni et al. (2019), the
sdss_pointlike flag selects pointlike sources with the SDSS
algorithm, psfMag—Cmode1Mag < 0.145, in the reference band

The above two methods each have advantages and
disadvantages. The machine-learning-based method achieves
a higher apparent level of accuracy; at the same time, as the

mode} is. trained .based on BL AGNs With. spectroscopic (the band in which the source is detected with the highest S/N).
classifications (which are brighter compared with sources not Utilizing this sdss_point1ike column, 1346 X-ray sources in

identi'ﬁed in 'spectroscopi.c .surveys), 'there might be bigses W-CDF-S are considered to be pointlike through HSC morph-
associated with the predictions. While the template-fitting- ology. Among 731 X-ray sources where spectroscopic classifica-
based method does not suffer from the potential bias introduced tions are available, HSC morphology could correctly classify

from the training set, its accuracy is lower. Also, for both ~93% of the BL AGNs and ~ 82% of the sources that are not BL
methods, the prediction accuracy declines when the available AGNs. However, as HSC morphology becomes less accurate at
number of photometric data points is smaller. Thus, we create a higher redshift and fainter magnitudes, we only utilize it to assess
ﬂag,. SED_BLAGN_FLAG, for the. BL_ AGN candidates the reliability of objects marked with SED_BLAGN_FLAG = 1
identified. SED_BLAGN_FLAG =1 is assigned to~420/220 or=0.5: although not all pointlike sources identified from

X-ray sources in W-CDF-S /ELAIS-S1 that are identified as BL HSC morphology are BL AGNs, we do expect a substantial
AGN candidates by both methods; SED_BLAGN_FLAG = 0.5 fraction of the BL AGNs identified via SEDs to have sdss_

is assigned to ~ 630/350 X-ray sources in W-CDF-S /ELAIS- pointlike = 1. Figure 33 shows that~64% of the X-ray
S1 that are identified as BL AGN candidates with one method sources marked with SED BLAGN_FIAG=1 or=0.5 in
but not the other (see Figure 32 for the Venn diagram). W-CDF-S are identified as pointlike sources utilizing HSC

To assess the reliability of the BL AGN candidates identified, morphology. This fraction is ~ 87% for SED_BLAGN_FLAG = 1
we check the morphology and optical variability of BL AGN sources and ~48% for SED_BLAGN_FLAG=0.5 sources, sug-
candidates identified in W-CDF-S. As luminous BL AGNs gesting that SED_BLAGN_FLAG = 1 is more reliable in identify-
often appear to be pointlike sources when they dominate over ing BL AGNs, as expected.

31
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Figure 33. Left: the Venn diagram for the SED_BLAGN_FLAG = 1 or 0.5 sources, pointlike sources identified via HSC morphology, and reported optically variable
sources in the W-CDF-S field. Middle: similar to the left panel, but for the SED_BLAGN_FLAG = 1 sources. Right: similar to the left panel, but for the

SED_BLAGN_FLAG = 0.5 sources.

The catalogs of optically variable sources in W-CDEF-S from
Falocco et al. (2015) and Poulain et al. (2020) are also utilized to
assess the quality of the BL AGN candidates selected from SEDs.
A total of 333 of our X-ray sources in W-CDF-S are identified as
potential AGNs in these catalogs (CLASS > 0), and these sources
are likely to be BL AGNs. Approximately 160 of them have
spectroscopic classification: ~70% of them are real BL AGN:Ss.
Although the sample of BL AGN candidates identified via optical
variability is incomplete and may have contamination (e.g., from
supernovae or stars whose observed fluxes vary owing to internal
or external reasons), it remains a useful sample for testing the
completeness of BL. AGNs identified via SEDs. As can be seen in
Figure 33, SED_BLAGN_FLAG =1 or =0.5 objects in W-CDF-S
include ~ 81% of the optically variable sources; SED_BLAGN_
FLAG=1 objects alone only include=:58% of the optically
variable sources. Thus, the utilization of SED_ BLAGN_FLAG =1
alone will likely lead to a relatively incomplete BL AGN
identification.

For the purposes of this work, we would like to provide
reliable photo-z estimations for X-ray sources. About 70%/
60% of the SED_BLAGN_FLAG = 1/0.5 objects in W-CDF-S
and ELAIS-S1 do not have high-quality (Q, < 1) EAZY photo-
z measurements utilizing galaxy and obscured AGN templates
(see Section 5.2). Thus, we use the AGN-dominated SED
templates to fit all the SED_BLAGN_FLAG=1 objects
and all the SED_BLAGN_FLAG = 0.5 sources that cannot be

32

characterized well (i.e., with Q. < 1) by galaxy/obscured
AGN templates (see Section 5.2).

Appendix C
Identifying Non-AGN X-Ray Sources

We have identified Galactic stars among non-AGN X-ray
sources that are associated with reliable multiwavelength
counterparts (see Section 6) based on the g —z (or B—7)
versus z — K, diagram in W-CDF-S (or ELAIS-S1); sources
falling below the dashed line in Figure 34 are classified as stars.
Figure 34 demonstrates that this criterion successfully identifies
almost all of the spectroscopically confirmed stars. We also
match the non-AGN X-ray sources to Gaia sources (e.g., Gaia
Collaboration et al. 2018) with a matching radius of 1” and
classify sources with significant proper motions as stars. We
visually examined the optical imaging to remove contaminating
galaxies with obviously extended morphology. In total, 169 out
of the 486 non-AGN X-ray sources in W-CDF-S are classified
as stars; 92 out of the 345 non-AGN X-ray sources in ELAIS-
S1 are classified as stars. For the remaining non-AGN X-ray
sources, most are bright and large foreground galaxies
(identified via visual examination) that contain a population
of X-ray binaries and/or a low-luminosity AGN (see Figure 35
for example cutouts).
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Figure 34. Left: the g — z vs. z — K| diagram for sources in the W-CDF-S forced-photometry catalog (K. Nyland et al. 2021, in preparation) represented by the gray
circles, which can be utilized to separate stars from other X-ray sources. X-ray sources are marked as blue circles; spectroscopically confirmed BL AGNs are indicated
by red squares; spectroscopically identified stars are marked as green stars; X-ray sources with spectroscopic classification that are not identified as BL AGNs or stars
are represented by orange diamonds. The black dashed line is utilized to identify stars among non-AGN sources. Right: the B — z vs. z — K| diagram for sources in the
ELAIS-S1 forced-photometry catalog (Zou et al. 2021). Symbols are similar to the top panel.
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Figure 35. Example multiwavelength cutouts of (a, b) X-ray-detected stars and (c, d) X-ray-detected galaxies in W-CDF-S/ELAIS-S1. Each panel shows four 40” x 40"
cutouts: XMM-Newton 0.2—12 keV (top left), DeepDirill 3.6 ;zm band (top right), VIDEO K; band (bottom left), and HSC (or DES) i band (bottom right).
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